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VNAP2: A COMPUTER PROGRAM FOR COMPUTATION

OF TWO-DIMENSIONAL, TIME-DEPENDENT,
COMPRESSIBLE, TURBULENT FLOW

by

Michael C. Cline

ABSTRACT

VNAP2 is a computer prolFam for calculating tu_oul_t (as weft as laminar and
invlscid_ steady, and unready flow. VNAP2 solves _e tw_ time-
dependent, €ompress_ Navkr-SWkes equatlo_ The turbulence b modded with
elther an algebr_ mlxinS-k_th model, a one_iuation model, or the Jone_Laund_
two-equs21onmodel.The geometrymay be a slnsk-ora dual-fk_In8stream.The

_',_" gridIx_ts are €ornered ush_Sthe umplit MaeConaa_ ,eheme. Two cS_cm
to speed up the cakuJations for htsh Re_ls numbe_"_ are tnciod_ The
bounda_S_ Oelnuarecouq,utedusin8a_ tchemewith
the viscous tu'ms truttcdas source fimctJom.Au cxli_ _ viscosity b included
for sho_ €omputs_x_ The fluidis _ to be a _ gu. The flow boundL,.ics
may be 8d:_'ary curve:!solid walls, JnfMw/_ boundaries,or _e-jet
T)_ _ thttctnbe ,_'_ cooc_n_ _nku,Ja-pm,a...dt_txxrxs,
a_oih,andfree-jetexpansions.Theaccuracyande_'kncyof theIXOpamareslmwn
by ctlcult_m of severtl _ and turbuJ_ flows. The proFam 8ndJU use are
descn'bedc_q_qely,andsixsampkcasesand• code_ areincluded.

I. THE BASIC METHOD

A. Introduction

VNAP_. is a computer programfor calcu]atlngturbulent(as wel]as laminarand inviscid),steady, 8rid
.,,-_" unsteady flow. VNAP2 is a modifiedverz_ of the VNAP code discussed in Ref. 1. Like the VNAP

code, VNAP2 solves the tw_al (2D, axisymme_.'c), time-dependent,€om_ Navler-
Stokes couat]ons by • second-onkr-accurate t'mit_'-differcncemethod.Uniike the VNAP code, VNAP2
allows arbitrarygrid spacing, hts two options to speed up the cakulatk_ for high Reynokls number
flows, containsthreediffe_nt tm_tdence nxx_s, and can solve either _ or dual-flowing stream
gcomctrk_ This last option alkn_ the VNAP2 €ode to compute intenu_eztenud fk,ws, such as inku,
and jet-powu'cd aftatxxiies as w_l as airfot_.

Bectt_ of the variable grid tad tbe opfoas to speed up the cti_ulstiom far high _ number
flows, VNAP2 computes high P.eyn_ds numL-_flawsmo,'.hmored'fickndy than VNAP. Howew=, ful-
scale Reynolds numbers (lift-10s) still require fairly ioog run times (tee Sec. LG). In addition,
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determin_tkmof a reasonable variable grid and selection of the best numericalscheme paramete_ for
high Reynolds numberflows requirea certainamount of trialand error..

AlthougLthe VNAP code replacedthe NAP2 code, VNAP2 is not r_-cessa_y intendedto replace the
VNAP code. Although VNAP2 can handle all the flows that VNAP is capable of solving, as well as
many additionalflows, VNAP2 is approximatelydoublethe sizeof VNAP andsomewhat morecomplex.

As aresulLVNAP2ismoredifl'_-ulttomodifyu wellu torunonsraalk.rcomputingsystems.Forthese
reasons, many users may prefe_to use both codes.

B. Disculsbm

The VNAP2 code follows the philosophyof the VNAP code; that is, theboundarygridpoints arethe
mc_. important.In addition, except for purely supersonic inflow and outflow, these grid points are
generallythe mo_ dif_cult. For these reasons, the construction_1"boundary grid pointroutines is not left
to the generaluser, and V_AP2 contains complete and acctr.lte routines for cak:ulafingall boundary
grid points. Several differentboundary conditions are included as options, and all unspecit'_! variables
are calculated using a second-order-accurate, rcf'e_ence-plane-characteristicscheme, with the viscous
terms treatedas source functions. The code also continuallychecks for subsonic or supersonic flow, as
well as inflow or outflow, to apply the correct boundary €_Jnditions.Mostof the options for inflow and
outflow bounchtryconditions include nonreflectingcondi_.kmsto acoderate the convergence to steady
rtate.

Like VNAP, VNAP2 employs the unsplit MacCornutck scheme3 to compute the interiorgrid points.
The governingequations sue left in nonconservation form. For flows with thin boundarylayers or fre_
shearlays's` the smallIlridspacingrequiredfor resolutiongreatlym thecomputertime.To reduce
this time, the gridpoints L-tthef'me_partsof the meshare subeycled. In addition,an explicitmodif'mation
to the MscCon'nack scheme (allowing the removal of the speedof sound fromthe C-F-L conditionand
thus increasing the time-step size) is eJso included. An explicit ar_cial viscosity model stablises the
computationsfor shock waves.

C. GoverningEquations

The 2D time-dependent,compressible,Navier-Stokesequationsfor turbulentflow of a perfectgas can
be writtenas

I •

_p. _p _p+ (o. o,, y)_+_N+vTy p N+Ty+

=_ + +-_-TyJ" (')

-- vTy+..... (_+2,) +_at a, pa, pa, _,i _ a,I

" ,o_T_\p_,I ay_p_/ (x+,)+,a, p

n2 apq (2)
p3ax '
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+v+°+++v+++;+:;+r,_+,v+°o],+[(,v+)]-- 2_)-_y+T; ++t ay p a), p"YL ;_ 1' '_,+_y

+Orv+_,,o°).0(,,+)],[ (0,_)_+];-L _\T-_-y + _ -;--_-y +_ (x+2.) _y +

1 2 alXl

p 3 ay " (3)

++o_+'"'_++"+_:(,-'){(_-+_,.+[(__+_'+_+.,,_)l_.__"++. _-" [_+"_x + ay]

rr+,+' _'fl .-- ,+,o, - _,o.+_(+,.,,_;+(+y,_+,,._++,,._+k_)+_,(,,e)
[oc,,+,_+_,_,.0,)] ',-4+_+(o°0.1-aRT _\T-_,] +y_,pTy +-- _+_

+k_y_+ _R'r_.po_]+.}. (4)
and

p = pRT, (5)

where p is the density; p is the pressure;T is the temperature;u and v are the velocity components; q
is the turbulenceenergy; e is the turbulencedissipationrate;a is the speed of sotmd;R is thegas constant;
st = stM+ I_r:_"= Zu + Zr; It,,,,and Zu are the firs_ and second coefficients of molecuJarviscosity;
PTand Zr are the correspondingturbulentquan55es; ¥ is the ratio of specific heats;k = k. + _; ku is
the coefficientof molecularconductivity; kr is the turbulentvalue; x and y are the spacecoordinates;t is

-" the time; O is a constant; and _ is 0 for planar flow and 1 for axisyrnruetricflows. Equations (2}{4) are
written for the two-equation turbulencemodel. For themixing-lengthand one-equationmodelsdiscussed
below, Eqs. (2}{4) r.reslightly different.The density gradientterms, premul_pliedby the constant e, on
the right-hand s_deof Eqs. (!}{4) are from turbulentdensity fluctuations and are, therefore, zero for
laminar flows. Equation(I) is the conservation of mass or continuity equation,Eqs. (2) and (3) arethe x
and y momentum equations, respectively, and Eq. (4) is the internale_ergy equat_n written in termsof

_essure usingthe equation of state for a perfectgas, Eq. (5). Thus there is a system of fiveequations for
the eight unknownsu,v, p, p, 1",ttr, Z_, and kr (Inthe two-equationturbulence model, there are two
additionalequations for the unknowns q and e.) To close this set ofequafons, the turbulmce qmmtitles
St. Zr and kTneed definition. VNAP2 uses the followingthree turbulencemodels to accomplishthis.

1. Mixlng-LengthTurbulenceModel. The _ model is an algebraicmi_-length model that can he
written as

,.:,,[(++)+(+__+_'T__y/ j , (6)

= _,/" • (7)

and
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kr= _'R_r/(y- I)Pr_, (S)

where f is the mixing lengthdef'medbelow and Prr is the turbulentPrandtlnumber. Forfree shear layer
flows, the model follows Ref. 4. For monotonic velocityprordes,r is det'medas

t = C.,t. lY_- Yt] . (9)

whereCu,, is a constant and

U -- UL
yt=y for --=0.1 ,

u U -- u t

U -- UL
y==y for --=0.9,

u u -- u L

and u_ and uu are the lower and upper velocitiesof a monotonically increasing or decreasing velocity
profile.For free shearflows with a velocity profile that has the minimumvelocity uu in the interior, I is
deFm_as

t =cult•I y_- ytI • 00)

where CuLt is a constant and

U -- U L

y,=y for ----O.landy<y_,
u M -- UL

U -- Uu
y_=y for --= 0.9 and y > y: ,

UU -- Uu

and

y:=y for u----uu .

Theprogram continuallychecks to determinethe type of velocity profile present.Ifu, is within5% of the
_nimum OfULor uu,then the monotonic prordeis assumed. This check on the sizeofu u is intendedto
stop small velocity variations, away fromthe shearr_on. from switchingthe velocity prordetype. The
5% value is arbitraryand can be changed in subroutineMIXLEN (see Sec, II. A). On the centertineor
mJdplane,Eq. (6) is replaced by

Ittr

For boundary-layerflows,the Ceheci-Srnith_two-layermodelis used.In theinnerlayer,_'isdefinedas

t'----0.4y[ ,.0'exp(--YM/_--_'_]26.0I.% / " (|2)

wherey is the _stanm fromthe wall andtw is the sbe_stressat tlmwall.I, the outerlayer,Eq+.(6) and
(_2)am_iaeedby



E y___q-!PT=0.0168pu_6* 1.0+5.58_I ' (13)

whereu_isthevelocityattheedgeoftheboundarylayer,6istheboundary-layervelocitythickness,and
6"istheboundary-layerdisplacementthicknessgivenby

The switch from the inner-layermodel, given by F-_Is.(6) and (12), to the outer-layermodel, given by
Eq. (13), occurs when the inner PT is greater than the outer value. This model does not employ a
relaxation or lag parameter. The values for CuL, and Cuu are 0.125 for planar flows and 0.11 for
axisymmetric flows.

Forthisrood=l,thelasttermontheright-handsideofF.qs.(2)-(4)vanishes.Inaddition,theviscosity
coefficients_ and Pu inthel'u'stfourtermson theright-bandsideofEq.(4)aswellasthefirsttwo
axisymmetricterms,alsoin.Eq.(4),arereplacedby_.andg.

2.One-EquationTurbulenceModel.ThismodelwasdevelopedatLosAlamosNationalLaboratory
by BartJ.Daly.Atpresent,thismodelhasnotbeenextensivelyproof-testedand,therefore,shouldbe

consideredexperimental.The modelattemptstocombinethebestfeaturesofthealgebraicmixing-length
modelsandthetwo-equationmodels.

Thismodelconsistsofthefollowingtransportequa_'o,nfortheturbulenceenergyq,

aq aq 2 q( ap _P+v _)

.,_,,_,r_,,,,,'+:o,,,,,__,.,0oov_,,,,voo
L_, /\/JT" _ + p _x ay p _x ay

,o[(.,,.),,]+_,o[(+,_._o,,],,,,.,.,
,o°r_:,.oo)+o(,.0o)]:[,,..,_,,.,,,_,..,,0,,,,,1

where

s=cg, (_5)



5 for SPV/2-'q"_<5
PM

A=

sp,.,qq sp,.N
for _>5 , (16)

Pu l_u

t is the mixinglength from the firstmodel, and cq is a constant. The turbulentviscosity gtTis def'medas

0.1 C= P2S_q for SPV/_ _<5
PM P_

0.3534C,,PSV/'q for SPV_'-q> 5 , (17)
Pu

whereCa is 17.2forplanarflowsand 12.3foraxisymmetricflowsandC,, _=0.09.The quantitieskT and
kT aredeterminedfrom Eqs.(7) and (8), respectivdy.

- F_r this model, the last term on the right-handsideof Eq. (4) is replacedwith21_Mq_tSz.

3. Two-Eouation,.lones-Launder_ TurbulenceModelThismodelemploystwotransportequations,
oneforthet,=:oulenc¢e_ergyqandthesecondfortheturbulencedissipa6onratee.Theseequationscan
bewrittenas

__ " _ _'+'"'Fo.'_'(oq'1 _,[.y+{ ouy1-_-+ e= _-;y=--p_L +\ oylJ OylJ

p ex _y -I -I- I_M+ + I _ I'=Teqp _x_y p_yL\"'+

o,,(o_,o+'_"'_'+'F_.,,..,,_v:_.o._,_(,.+._Q°_I<,_,- --7\--_g --_-_/ YL p y_-p--l__+N] + .\ o./
and

,..,v,.})0.]-I- 2%r_u _v F + I_M+Z'z
p _x_y p ax,_y paxE\ o,

+l, __z Oe _..__,__.___z+_q.._)_.,,.(--
:.
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+ q p y p T+Ty + o,/

+_ _y/ " \y _,y/ Y _y _y' y ay ay' '

where

C_= 1.44, oq= 1.0, oe -- 1.3 , ]

C_ = _, I I.0 - 0.2222 exp(-O.02"/8R_){,
(20)

and

RT= IXI_/PMe.

The turbulentviscosityis calculatedfrom

PT= C. exp[-3.4/(l + 0.02 RT)Zl_/e, (21)

whereC. = 0.09. ThequantifiesXTand kzaredeterminedfromEqs.(7) and(8).respectively.The sold
wallboundaryconditionon e forthisversionof theJones-Laundermodelis ae/_y = 0.

For stronglyseparatedflows, this model has two numericalproblems.Oneproblemis that the
turbulencedissipationratebecomesextremelysmallnearareattachmentpoint.Toovercomethis,a lower
boundon q and e ata giveny wasaddedasanoptionto VNAP2inthemannerof CoakleyandViegas)_
The secondproblemis associatedwiththetreatmentof theconvectiontermsinEqs.(18) and(19).In the
far fieldwhereq -_ 0, the variationsofq and• aresuchinsomeproblemsthatextremelylargevaluesof
pr occur.Usingthedonorcellschemeinthex directionand the MacCormackschemein they direction
removesthisproblemforall cases testedso far.Also includedis the followi_,_gfourth-ordersmoothing
termaddedto Eq.(18):

( (u + a)Ax_ ,;Zq _q (v + a)Ay_I#'q I'a_q
Co

q -_xZ I-_-x_ + q I#y_ I-_y_ / (22)

where Co is a constant. A similar term with e replacing q and C_, replacing C o. is added to Eq. (19).
Thesesmoothingtermswereaddedas a possiblealternativeto thedonorcell differencing.However,at
thistime,the donorcelldifferencingappearsto bemoresatisfactory.

4. ArtificialViscos_yModel To stabilizethe numericalmethod for_hockwave calculations,an
explicit artiflvlal _,coslty model is included. This model replaces the explici*, fourth-order smoothing

usually employedby MacCormack."The procedurehere is first to calculate artificialviscosity
coefficientsp^. 1., and a thermalconductivitycoefficientk_ and. second,to add these valuesto the
molecularvalues.Thesequantitiesarecalculatedfromthe follewingequations:

1"'" yl;t._= CC__.Ay -_-x+ -_y + a , (23)

p^ = C,_)._/C_ , (24)

and

kx = ?Rp./(y -- l)Pr x , (25)
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whereC, C_,C,,_,and PrAareconstants,withPra_presentinganartificialPrandtlnumber,and Axand
Ay arethe meshspacing.Thefollowingartificialdensitysmoothingtermalso is addedto the right-hand
sideof Eq.(1).

whereCo is a constant.Whenthe divergenceof thevelocityis greaterthanzero(expansions),these
artificialquantitiesaresetequalto zero.

D. PhysicalandComputationalFlowSpaces

Figure1 showsthe physicalflow-spacegeometry,with flow fromleft to right.The upperboundary,
calledthe gall. can be eithera solidboundary,a free-jetboundary,or an arbitrarysubsonic(normal_o
theboundary)inflow/outflowboundary.Thelowerboundary,calledthe centerbody,can beeithera solid
boundaryor a plane (line) of symmet_. The g_ometrycan be eithera single-flowingstreamor, if th."
dual-flow-spacewallsare present,a dual-flowingstream.The dual-flow-spacewallsmay begin in the
interiorand continueto the exit(inletgeometry),may beginat the inletand terminatein the interioras
shown in Fig. i (afterbodygeometry),or may beginand endin ,he interior(airfoilgeometry).All of the
aboveboundariesmaybearbi:rarycurvedboundariesprovidedthey coordinateis a singlevaluefunction
of x. If the dual-flow-spacewallsbegin or end in the interior,then they r,,usthavepointedends. The
points can beveryblunt,but therecannotbe verticalwalls.The leftboundaryis a subsonic,supersonic.
or mixed inflowboundary,whereasthe right boundaryis a subsonic, supersonic,or mixedoutflow
boundaryor a subsonicinflow/outflowboundary.

The x, y, t physicalspaceis mappedinto a rectangular_ 11,_computationalspaceas shownin Fig. !.
The mapping is carriedout in two stages: the first maps the physicalspace to a rectangular
computationalspaceand thesecondmapsthe variablegridspacinyto a uniformgridspacing.Because
the single-and dual-flow-spacemappingsaredifferent,theywillbe discussedseparately.

!. Single-FlowSpace.The x, y, t phy-.icalspace,withvariablegridspacing,is mappedinto the_. q.
space, whichalso has variablegridspacing,by the followingtransformation:

_=x;q= Y-Y* ;_=t . (27)
Yw- Yc

whereYcis a functionof xanddenotesthecenterbodyyvalueandYwis a functionofx and t anddenotes
th: wall y value.The quantity_1varies between0 and 1. Th_svariablegrid_, _. _ space is mapped
into a uniform grid _. q. ¢ space by the following transformation:

that is,_ is an arbitrary tabular functionof_,'etc. UsingEqs.(27) and (28), the derivativesbecome

_=o_+u : 1_-2-: --= 6_ , 129)
c_x P_- Prl Py cq _t P_ Pq



where

[ dyc _-_'Y"7 ?)%d" drl 1 = 13 (_- 1) _xx ?x ..1 t_t
to=---__': 13= : a _ ; 6=-_13-- (30)

d_ d_l Y_.- Yc

The derivatives d_d_ and drl!dfl are computed numerica!!y using differences consistent with the
MacCormack scheme.

This results in a physical space grid with the followingproperties: one set of grid lines is straight and iv.
the y _irection with arbitraD' spacing in the x direction; the second set of g.ddlines approximately follows
the wall and centerbody contours; the Ay spacing of these grid lines is arbitrary at one x loca icn a.'_dis
proportional to those values at any other x location: and the proportionality ,"actor is based on the
distance betweet_Ywand Yc. For mare details on the physical space grid, see the example shown in Fig. 2
as well as the computed results in See. I.G.

2. Du_-Flow Space. If part of the flow in the dual-flow-space example is a single-flow space, then the
single-flow.space option discussed above is used in that pan. In the dual-flow-space section, the
procedure is to divide the dual-flow space into two slngle-flow spaces and then to use the
".ingle-flow-spacetrans,ormatio_s discussed above. Both the upper and lower dual-flow-space walls
collapse to the _ame grid line in the computational space, as shown in Fig. I. The flow varia-_: _.at the
grid points on the upper dual-flow-space wall are stored in the regular solution array, whereas the lower
wall variables are stored in a dummy array. These flow variabtes are continually switched between e
two arrays during the calculation. For the dual-flow-space example. Eq. (27) becomes

- v - Yc
,_-x: f]=c --: _=t for Yc <_ Y _< Yt •

Yt -Y¢
(31)

_=x: fl c+(1-c) Y-Yt-= --: _=t for Yt"_< Y <_.v_ , .
Y_ - Yt"

where Yt and Yt are functions of x and denote the lower and upper dual-flow-space walls, resi,ecti_:iy.

The parameter c is a constant arid equals (YL--YC)/(Y_" --Yt" + Yt --YC) evaluated at a s_cified x
location. For c_mpletely dual flows, c can be evaluated at any x and in practice is e_aluated at the left
boundary. However, for flows with both dual- and single-flow-space parts, c must be evaluated at the x
location where the dual-flow space walls either begin or end. "I'l:.isensures that the single grid line that
corresponds to the lower and upper dual-flow-space walls remains continuous as it extends into the
single-flow-space section. If the dual-flow-space walls begin and end in the interior, as in the _se of a
planar airfoil, then the values of c must be equal at both ends of the dual-flow-space walls. This
requirement means that it"Yc and Yware straigt.t horizcr,tal lines, then the airfoil must be at a zero angle
of attack. If the upper boundary or wall is the arbitraryinflow/outflow option, then y,¥can be adjusted to
produce an angle of attack. However, it the upper boundatT or wall is a fixed solid boundary, as in the
case of an air_oilin a wir.d tunnel, then the an_e of attack of the airfoil relative to the wall is fixed. For the
a.xisymmetriccase. the airfoil becomes a duct and the an_e of attack discussior, deals with the duct-axi-,d
area variation. For the dual-flow-space exanple. Eqs.(28) and (29) remain unchanged, and Eq. (30)
becomes
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o= 8=o

for Yc < Y <YL,

ar.d (32)

]--_-_c[ dy,, _Y'ld_; dq l-_; a= (_-l)--_---(.,1-c) _x .J ;o)=d--_- P=d_y.-yu

p(_- c) _y.,
6= I--c t_t for Yv < Y _ Yw •

3. TransformedGoverningEquations.UsingEqs.(2"/) and(29), theoriginalgoverningequationcan
be writfen in the _, q, _ variables.For exampleEq. (I) becomes

o-W+uo,-_-+_-_np + on+ on+-
__

where

= ua + vp + 8 , (34)

Y= Yc+ _1(Yw- Yc) for theslngle-flow space , ]

(Y, - Yc) for the lower dual-flow space, ] (35)

Y=Yc+ c

_-€
Y = Yu+ i_-"_(Yw-- Yu) for the upperdual-flow space,

and the u and v velocity components are the original values.

E. Numerical Method

The computational plane grid points are dividedinto interior and boundary points.The boeI:darygrid
points are further dividedinto left-boundary, fight-boundary, wall, centerbody, and dual-flow-space wall
points(seeFig.I).

1. Interior GHd Points. The interior gridpointsarecomputedusingtheunsplitMacCormack scheme
discussed in Ref. 3. This scheme is a second-order-accurate, no, centered, two*step, finlte-difference
scheme. Backward differmces are usedon the firststep, forward differenceson the second. The governing
equations are leR in nonconservation form. As an example of the basic scheme, the finite-difference
equations for Eq. (2) for planar (€ = 0), laminar (_ = q = 0) flow are

,o i
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/
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for the first step and

u N+I = 0.5 tlN -N+! -N+l Q L.LM U
L,M L,M+ Ut,.M --At uL.M _XX "

(.---,o=)( -)] }• p_.,.. - p_
_N+I UL,M+ i __ .1L ._L --N.I

+ .,_ :_y _.+, _ +Q 0;)PUM\
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for the secondstep,wherethe subscriptsL and M denoteaxial andradialgridpoints,respectively,the
superscriptN denotesthetimestep,thebardenotesvaluescalculatedonthefirststep,and Qdenotesthe
termsin thelast twobracketson theright-handsideof Eq.(36),thatis,theviscousterms.Equations(36)
and(3"/)showthatallviscoustermsarecalculatedusingcenterdS"ferencesinthe initial-valueplaneonly,
so that they are second-orderaccuratein space but first-orderaccuratein time. Raising them to
second-orderaccuracyin timerequiresre-evaluatingthem usingthefiN+,valuesfromthe firststep.For
mostproblems,thisgreater_ccuracydoesnotseemworththeincreasedeffort.

To improvethecomputationalefficiencyforhighReynoldsnumberflows,the gridpointsin the fine
partof thegrid maybe subcycled.This is accomplishedby firstcomputingthegridpointsin thecoarse
pan of thegridforone timestep At.Next,the gridpointsinthefinegridarecalculatedk times(wherek
is aninteger)withatimestepAt/k.Thegridpointsattheedgeof the['megridrequirea specialprocedure,
becauseone of theirneighboringpointsis calculatedas partof the coarse grid.Exceptfor the first
.t:bcycledtime step,this pointis unknown.However,the valuesat t and t + At are knownfromthe
coarsegridsolution,so thatthevaluesbetweent andt + At aredeterminedby linearinterpolation.

To improvethe computationalefficiencyfurther,a specialprocedure(calledthe QuickSolver)is
employedto increasethe allowabletimestepin thesubcycledpartof thegrid.Thisprocedureallowsthe
removalof the soundspeedfromthe time-stepC-F-Lcondition.Proceduresthataccomplishthishave
beenproposedby Hariowand Am_en=2and MacCormack.=_Theprocedureof HarlowandAmsden
removesthesoundspeed,in both the x andy directions,by an implicittreatmentof themass equation

- and the pressuregradientterms in the momentumequations.MacCormack'sprocedureis explicitand
removesthe soundspeed in only one direction.(It also includesan implicitprocedureto removethe
viscousdiffusionrestrictionfromthe time-stepC-F-Lcondition.)Becauseexplicitschemesareeasierto
programforefficientcomputationon vectorcomputersandbecausehighReynoldsnumberflowsusually
require[.megridspacinginonlyonedirection,aproceduresimilartoMacCormack'swaschosen.
MacCormack'sprocedureisbasedontheassumptionthatthevelocitycomponent,inthecoordinate

directionwiththe[.m'.gridspacing,isnegligiblecomparedtothesoundspeed.Thisallowsthegoverning
equationstobesimplified.MacCormackthenappliestheMethodofCharacteristicstothesesimplified
equations.However,forflowsoverbodieswithlargeamountsofcurvatureaswellasmanyshearflows,
thisassumptionisquestionable;andbecauseVNAP2 isintendedasageneralcodeforsolvingavariety
ofproblems,MacCormack'sassumptionseemstoorestrictive.Therefore,themaindifferencesbetween
MacCormack'sschemeandtheonepresentedbelowarethatthisrestrictionisremovedandthattheflow
intheyd_ectionisassumedtobesubsonic.
ThesoundspeedlimitationisassociatedwiththeinviscidpartoftheNavier-Stokesequations.In

addition,becausethefollowingprocedurcisusedonlyintheydirection,itcanbeillustratedbyusingthe
followinginviscid,one-dimensional(ID)equations

_P+v _P+ _v (38)p =0,

±ep=o 'm+ + (39)
_t _y p Dy

and

_p . _p Paz _v=0 (40) +VTy+ '
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where v is the velocity, p is the density, p is the pressure,a is the speedof sound, y is distance, t is time,
Eq. (38) is the continuity equation, Eq. (39) is the momentum equation, and Eq. (40) is the internal
energyequation written in terms of pressure using the equationof state for an idealgas. The time step for
expiicitmethods used to solve Eqs. (38)-(40) is the C-F-L conditionand can be writtenas At _ Ay/(_vJ
+ a). However,to improve the computational efficienc) in the boundarylayers,whereAy and v are small
but a is large, a procedure that allows At _ Ay/ivl is developed. WritingEqs. (38)-(40) in characteristic
form yields

d_p_p_ aZ dp for dy
dt dt -_ = V , (4 l)

d.p+padU=0 for dym = v + a , (42)Ot dt dt

and

du dy-pa--_-=O for---v-a.- (43)dt

Therefore,Eq.(41) appliesalongthe flow streamlineandEqs.(42) and (43) applyalongMachlines.
Thus,ff a time stepAt < Ay/_vJis selectedfor somefinite-differencemethod,thedomainofdependence

- for Eq.(41) is includedin theadjacentgridpoint=,but._hedomainof dependenceof Eqs.(42) and(43)is
outsidethe adjacentgridpoints.This largerdomainof dependencecanbedeterminedby solvingforthe
intersectionof the characteristicsof Eqs.(42) and (43) with the initial-valuesurface. Using these
intersectionpoints allowsdifferencesto be calculatedfor the largerdomainof dependencein much the
samemannerasfortheadjacentgridpoints.

The finalstepis to determinewhichderivativesinEqs.(38_40) dependonthestreamline(theadjacent
gridpoints)and which derivativesdependon the Mach lines (the characteristicinitial-valuesurface
intersectionpoints).Followingthe procedureusedby KentzerI' in his boundaryconditionschemeand
replacingthe total derivativesalong characteristicsin Eqs.(41)-(43)with partial derivatives,while
denotingthe spacederivativesin Eq.(42) withbars andEq.(43) withhats give

-:--p +,, =0 , (44)vy c_y

_t + 2 _y + 2 c_y 2 _y 2 =0,
(45)

and

aP+ v+a _P v--a c_15 (v+a Orv v-a O_-_y)=0 (46)c_t 2 _y + 2 c_y+ pa 2 _y 2

The derivativeswithoutbars or hats are calculatedby the unsplitMacCormackscheme using the
adjacentgridv_ints, with backwarddifferenceson the predictorstep and forwarddifferenceson the
correctorstep. For the bar derivativesthe followingprocedureis employed:fast, the valuesof the
dependentvariablesat the point(denotedby 1 in Fig.3) wherethe v + a Machline intersectsthe
initial-valuesurfaceN aredeterminedby lin-.arinterpolz,tion; then thebar derivatives,usingv as an
example,are evaluatedby
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| \, _J

\.

IC. +0 - +v=_a/2l-v,
(47)

-- YM-- Yl

on thepredictorstepand

a_ v_+l . N+l_ Vlil-I
• t

ay - YM-- Yu-I (48)

on thecorrectorstep.Thehat derivativesarecalculatedby

a_ v, - [C,_. + 0 - CO(_+, + v."_a/21
ay y_- YM (49)

on the predictorstepand

. N.I . N+I
aO VM+!-- vM

_Y YM+t- Yu (50)

on the correctorstep.Thecoefl'_entCs is usuallyset equalto 0.5. If theintersectionpoint_I and 2 in
Fig.3 lie outsidethe computationalgrid,thenreflectionis used to obtainflowvariablesatthese points
frompointsinsidethe grid.

The aboveanaly_ usedthe ID equationsto illus,'atethe method.The actualequationsused are
derivedfrom the _ --constantreference-plane-characteristicschemeused at the wallboundary.The
Machfine€ompatl'bHJtyequations,withoutthe viscousand/; directionconvectionsourceterms, are
computedon the largedomsinasdiscussedabove.Thestreamlinecompatibilityequation,includingall
sourceterms,is computedusingthestandardMacCormackscheme.

The aboveprocedurefor evaluatingthe termsthat dependon the soundspeedis only first-order
accuratein space.Usingthe ideasof the k schemeIscouldprobablyproducesecond-orderaccuracy.
However,thiswas notdonebecausetheprocedureis usedonlyinboundaryand shearlayerswherethe
viscoustermsdominatethe soundspeedtermsand, in addition,the k schemeincreasesthe size or"the
domainof dependenceof the differencescheme.

2. Left-BoundaryGridPoints.The leftboundarycan only he an inflowboundary.For supersonic
inflow,u,v,p,andparespecified.Thetemperatureis determinedfromtheequationof state.Forsubsonic
inflow,thereare threedifferentboundar/conditionoptions.Thefirstspecifiesthe totalpressurePT,total

-temperatureT_ andflowangleOasproposedtrySerra.I' Thesecondandthird,whicharediscussedby
Oligerand Sundstr6m,_7specifyeitheru,v, andp or p,v, andp. Fora discussionofthe relativemeritsof
theseboundaryconditions,seeSee. I.F.Followingthe ideasof Morettiand Ablx'tt,'"allthe unspecified
dependent variables arc computt:d using a second-order-accurate, refen'nce-plane-characterisfic scheme.

In this scheme,the partialderivativeswithrespectto q in theconvectivetermsarecomputedin the
initial-valueand solutionsurfacesusing noncentereddifferencingas in theMacCormackscheme.In the
viscousterms,the-partialderivafi'_-swithr_pectto 11arecomputedas in the interiorpointschemeand
thederivativeswith re_3x:ctto _arecalculatedusingreflection.The crossderivativeviscoustermsareset
equalto zero. Theseconvectionand viscoustermderivativesart then treatedas sourceterms,and the

_ resultingsystem of equationsh solved in the 11= constant referenceplanes u._g a two-step,
two-independent-variable€.h_acteri_¢scheme.The characteristicrelationthatcouplestheinteriorflow
to theboundaryis derivedtbllowingthe procedureof R,--r. 1and canbewrittenas

dp -- padu= (¥4+ a:vs-- pavz)dx for d_= _u- a)dx , (51)
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,wherethe first equation is called the compatibilityequation and the second is called the charactc_ti¢
curve equation, The V terms follow the ddinitions in Ref. 1. Equation (51) may be writum in
fmke-differenceform by fast replacingthedifferentialsby differencesalong the characterisiticcurve.Tee
coefficientsareeitherevaluatedin theinitial-valueplane(f'u_tstep)orconsideredu averagesof the
coefl'_entsevaluatedinbo_ theinitial-valueandsolutionplanes(secondstep).Adiscussionoftheunit
processesanddetailsoftheschemesaregiveninRef.1.

ForthePT,TT,and0 boundarycondition,the followingequationsthatrelatethe stagnationor total
conditionstothestaticconditionsarerequired.

p/p= II+ (y- I)MY2]_/(,-') (S2)

and

T:r = I + (1,- I)M'/2 , (53)

where I' is the ratio of specific heats, M is the Ma_h number,T is the temperature,and the subscriptT
denotes the stagnation or total conditions. The/_6htion procedureis as follows: M is assumed, p and T
are calculated from Eqs. (52) and (53), p is_[lculated from the equation of state, u is calculatedfrom

- Eq. (51), v is calculatedfrom the specified/flow angle, a new M is calculated from u, v,p, and p, and the
process is continued until the change _ has converged t,_ 10-).

For the u, v, and p boundary €io'ndition,there is only one unspecifiedvariable, p, which can be
calculated from F_. (51). Likewis_ the p, v, and p boundaryconditionhas one unspecifiedvariable, u,
which also can be dctermined//_romEq.(51). In both cases tim temperatu:e is determinedfrom the
equationof star=.

Both the u, v, and p and the p, v, and pboundary conditionsinclude a nonrefiectingoption based on
the ideas of the outflow boundarycondition of Rudy and Str_werda.s_Rudy and Str_werda use the
following equation

_p _u

•_-- pa-_+ co(p- p,.)=0 (54)

to r_placethe outflow boundary conditon p = p,, where p, is the exitpressur_and Co is a constant. The
first two terms of Eq. (54) can be interpr_.tedas the ID compatibilityequation on the incoming
characteristic (where this characteristic is parallel to the boundary) and the last term is included to
asymptotically enforce the specification of the exit pressure. Forcing the incoming characteristic to be
parallel to the boundary as if the outflow were sonic removes normal reflections back into the interior.
This interpretationof Rndy and Strikwerda'soutflow boundary condition allows formulationof a similar
procedurefor inflowboundaries.Tberefor_.,for the inflowcase, usingthe p, v, and pboundarycondition,
Eq. (54) becomes

_p . Ou
-_-+pa--_+c.(p- p_)=o, (55)

where lh is the spedf'.:dinflow pressure. Forthe th v, and p boundaryconditions,Eq. (54) becomes

- e_.+Ie_st _ +C.(u-u,)=o , (56)

whereu,isthespecifiedinflowvelocity.Equation(55)or(56)issolvedwithEq.(51)todetmnineu and
p at theinflowboundary.
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For mixed supersonic/subsonicinflow, VNAP2 uses the supersonicboundarycondition at gridpoints
where theflow is supersonicand eitherthe u, v, and por the p, v, and p boundaryconditions (but not the
PT,T_ and0 boundaryconditions) at the subsonicpoints. VNAP2 allows usingthe supersonic boundary
condition everywhereas an option.

The turbulencemodel boundary conditions are the specificationofq for the on.-.-equationmodal andq
and e for the Jones-Launder two-equation model The specifiedvalues of q and • can be determined
followinga proceduresimilar to that of Ref. 4. The value of q is calculated from

Pr_Pu/_Yl s
0.3p

whereJc_u/Py_ and p can be determinedfrom the inflow velocityprofileand _tTcan be determinedby the
mixing-lengthmodel. The value of © for the two-equationmodel can be calculated from Eq (21). For
large RT, Eq. (21) reduces to

P, = C. pq2/e ,

wEichcan be easily solved for e, and for small RTa trialand errorsolutioncan be used. For some flows
this procedure produces values of q that are much lowerthan the evolved value at the firstdownstream

grid point. However, increasingq to agreewith the firstdownstreamgrid point value,while adjusting • to
keep laTconstant, produces little change in the solution. If the PT,TT,and 0 inflow boundary condition is
used then a short run can be made, using the mixing-lengthmodel,to determinean inflow velocity prof'de.
If the inflowprofileis a uniformflow prorde,that is, no shearingflow is present,thenthe inflow valuesof

q and • can be set to some small values so that PTis negligiblewhen compared to the molecular v_ue.

3. Right-BoundaryGrid Points. The right boundary can be a supersonic outflow boundary or a
subsonic infow/outflow boundary. This subsonic inflow option is requiredfor internal flows with flow
separation at the right boundary. For supersonic outflow, the flow variablesare extrapolated. For
subsonic outflow, the exit pressure is specified and the remaining variables are calculated using a
characteristic scheme similar to the left-boundaryscheme. The characteristicrehtions that couple the
interiorflow to the boundary are derived following theprocedureof Ref. I and can be written as

dp --a2dp= v.d_ "l (57)
for d_ = _ud_

dv v_d, (58)

and

dp + padu = (_,, + aZv, + payz) dt for d_= _u + a)d: • (59)

These equations are writtenin finite-differ•neeformlike those for the left-boundaryscheme. The pressure
is specified,and the u velocity component is thencalculatedfrom Eq.(59); the densityfrom Eq. (57); the
v velocity component from Eq. (58); and the temperaturefrom the equationof state. If subsonic reverse

flow (inflow) occurs at the right boundary, inflow boundary conditions must be specified. This is
accomplishedby leavingp equaltothe specifiedexitpressure,settingp equalto thevalueat _e boundary
whereseparationoccurred,and settingtheflowangleequalto the valueobtainedby lhear interpolation
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betwe_.._theboundaries.Thepandvboundaryconditionsusedherearearbitraryandcanhechangedby
modifyingsubroutineEXITT (seeSec.II.A).

The codeincludesthenonreflectingoutflowboundaryconditionofRudyand Stdkwerda:9Here,u

andparecalculatedfromEqs.(54)and(59);thedensityfromEq.(57);vfromEq.(58);andT fromthe
equationofstate.Thisnonreflectionoptionisalsousedwhenreverseflowoccurs.

Formixedsupersonic/subsonicoutflow,VNAP2 usesthesupersonicboundaryconditionatgridpoints
wheretheflowissupersonicandthesubsonicboundaryconditionatsubsonicpoints.VNAP2 allows

usingeitherthesupersonicorsubsonicboundaryconditionseverywhereasanoption.

The turbulencemodelboundaryconditionsaretheextrapolationofqfortheone-equationmodelandq
andefortheJones-Laundertwo-equationmodel.

4.WallGridPoints.The wallboundarycanbeafree-slipboundary,afree-.jetboundary,a no-slip

boundary,or a constantpressureinflowloutflowboundary.The constantpressureinflow/outflow
boundary is requiredfor externalflows. ,,-

a. Free-$1_ Boundary. For a free-sllp boundary, a reference-plane-characteristicscheme is used.
Partial derivativeswith respect to _ in the convectiveterms are computed in the initial-valueand solution
surfaces using noncentered differencing as in the MacCormack scheme. All derivatives in the viscous
terms are computed in the initial-value surface only, using centered differencing. The vI and cross
derivativesin the viscous termsarecalculated byeith-.rreflectingorextrapolatinga row of fictitious mesh
pointsoutside the flow boundary.These convection and viscous term derivatives arc then treated as

source terms, and the resultingsystem of equationsis solved inthe _ = constant referenceplanesusinga
two-step, two-independent-variablecharacteristic scheme.

The characteristic relations that couplethe interior flow to the boundaryare derived followingthe
procedureof Re£ 1 and can be writtenas

/_du- edv= (l]Vz- av/3klz (60)

dp- a_dp=¥4dz for dq = Vdz (61)

and

dp+ _ du/u* + ppadv/a*= (_/4+ a2¥,+ poav_/a*+ pl3ayJn*)dt

for dq= (r¢+ a*a)d_, (62)

where

a* = (a2+ p_)':_ .

These equationsare writtenin f'm;te-differenceform like those for the left-boundaryscheme.
The boundary condition is that the flow is tangentto the boundary.This can be writtenas

v = u tan 0 + _y./Ot , (63)

where 0 is the local boundary angle. The time derivativeis presentbecause, in the free-jetoption, the wall
boundarycoordinatesarea functionoftime.Equation(63)is substitutedinto Eq.(60), andtheresulting
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equation is solvedfor thevelocity componentu. Then thev velocity component isobtained fromEq. (63);
the pressurefromEq. (62); the density from Eq. (61); and the temperaturefromthe equation of state.

The turbulencemodel boundaryconditions arethe extrapolationofq for the one-equationmodel andq
ande for the Jones-Laundertwo-equation model

This code has an option to improve the accuracy 04"the calculation of one sharpexpansion corner on
the wall contour.The.flow at this comer must be supersonicand the boundary condition option must he
the free-slipboundarywith no freejet. Thegridpoint is treatedby a specialprocedure.First, an upstream
solution is computed at the corner grid point, using the upstream flow tangency condition as the

boundary condition and backward _ differences in both initial-value and solution planes. Next, a
downstreamsolution is calculated, using the PrandtI-Meyerexact solution and thestagnation conditions
from theupstreamgridpoint. The upstreamsolutionis used whencomputing wallgridpoints upstreamof
the corner grid point as well as the adjacent interiorgrid point; the downstream solution is used when
computing downstreamwall grid points.

b. Free-JetBoundary.Thefree-jetboundarygridpointsarecomputedbythe wallroutineso that the
pressureequalsthe specifiedpressure.This is eccomplishedby firstassumingthe shape of the jet
boundaryand thenusingthe wall routineto calculatethe pressure.Next, the jet boundarylocationis
changedslightlyand a secondpressure is computed.Thesecantmethoddeterminesa newjet boundary
location. Thisprocedureis then repeatedat each gridpoint untilthe jet boundarypressureand the

-- ambientpressureagreewithinsomespecifiedtolerance.
Whena fr_-jetcalculationis made,the wallexitlipgridpointbecomesa singularity,so it is treatedby

a specialprocedure.First, an upstreamsolutionis computedat the exit grid point, using the flow
tangencyconditionas the boundaryconditionand backward_differencesin boththe initial-valueand
_lution planes.Next,a downstreamsolutionis calculated,usingthe specifiedpressureas theboundary
conditionandthe stagnationconditionscalculatedfromtheupstreamgridpoint.Theupstreamsolutionis
used in computingwall gridpoints upstreamof the exit grid pointand the downstreamsolutionin
computingdownstreamfree-jetgrid points. A third exit gridpoint solutionfor interiorgrid point
calculationis determinedas follows.Whenthe upstreamsolutionis subsonic,thetwo solutionMach
numbersare averagedtc be less than or equalto one. ThisMachnumber,a_ng with the upstream
stagnationtemperatureand pressure,is thenusedto calculatethe exitgrid pointsolutionforcomputing
the interiorgridpoints.Whentheupstreamsolutionis supersonic,it is usedto calculatetheinteriorgrid
points.

e. No-Slip Boundary. Unlike the VNAP code, VNAI'2 uses the characteristicscheme to enforce the

no-slipboun0._'ycondition.Theboundaryconditionis thevanishingof the velocitycomponentsand
either the vanL_hingof the temperaturegradientnormalto the boundary(adiabaticwall)or the
specificationofthe temperature.Thepressureis calculatedfromEq.(62)withthenormaltemperature
gradient set equal to zero and the density from Eq.(61). If the vanishing of the normal temperature
gradient option is desired, then the temperaturecan be determinedfrom the equation of state. If the

specifiedwalltemperatureoptionisdesired,then'.hepressureis recomputedfromtheequationof state.
The boundary conditions for the turbulencemodels are the vanishing of q for the one-equation model

and the vanishing of q and the specificationof e so that Be/By -- 0 for the Jones-Laundertwo-equation
model.

d. Constant Pressure l_ftow/_ Boundary. The constant pressure inflow/outflowboundary grid
- points are also calculated using the charaet_risticscheme.The pressure is always specified. If the flow

across t21eboundaryis outflow, then u and v are calculatedfrom Eqs. (60) and (62), and p is calculated
from Eq. (61), For inflow, u and p are specifiedand v is calculatedfrom Eq.(62). The actualvalues ofu
and p spechSed are the values at the grid point where the left boundary intersects the wall. The
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temperatureis determinedfromtheequationof state.A nonreflectingboundaryconditionoption,similar
to thatusedat the rightboundary,is employedhere.

Theturbulencemodelboundaryconditionsare theextrapolationofq forthe one-equationmodelandq
ande forthe Jones-Laundertwo-equationmodel.

5. CenterbodyGrid Points.The centerbodyboundary can be a free-sllpboundary,a no-slip
boundary,or a plane(axis)of symmetry.The free-slipandno-slipboundarycalculationsfollowthe wall
procedure.Thecharacteristicrelationthatcouplesthe interiorflowto theboundaryis derivedfollowing
theprocedureof Ref. ! andcanbe writtenas

dp- poadulct*- ppadvln*= (V4+ a_1- pea_sz,/u"- pj3avJu*)d¢ (64)

for dq = (9 - u* a)dr .

Equation(63)becomes

v = u tanO. (65)

The timederivativein Eq. (63) doesnot appearinEq.(65) becausethe centerbodycoordinatesarenota
functionof time.

Forflowswherethecenterbodyis a plane(axis)of symmetry,thecenterbodygridpointsarecomputed
by theinteriorpointscheme.Thebcundaryconditionis flowsymmetry.

Theturbulencemodelboundaryconditionsare the sameas the wallboundaryfor the free-slipand
no-slipcases.Forthe plane(axis)of symmetrycase,q ande arespecifiedso that0q/€?y= Oe/cgy= 0.

6. Dual-Flow-SpaceWallGridPoints.Thedual-flow-spacewallscanbe eithera free-slipora no-slip
boundary.The calculationsfollowthe wallandcenterbodyprocedures.The centerbodyequationsare
usedfor the upperdual-flowspace,and thewallequations,withEq.(65)replacingEq.(63),areusedfor
the lowerdual-flow-spacewall.Theturbulencemodelboundaryconditionsarethesame as the walland
centerbodyboundaries.

7, StepSize. The stepsizeAt is determinedby

At = rain(Ate,At,), (66)

where

= l(I.I + +p/AIpAx2l (6"/)
and

At, = A/[(lv[ + a)/Ay+ _A,pAyZJ, (68)

whereA andA, areconstantsthatusuallyequal0.9 and0.25,respectively.FortheQuickSolveroption,
Eq. (68)becomes

At_= A/([vl/Ay + I_/A_oAy2) . (69)

These conditionsarechecked at each gridpoint in the flow fieldat each time step. However,these
conditionsarenotcheckedon the subcycledtimesteps.

F. Commentson the Cakulationof Steady,Subso_ Flows

Becausesignals propagatein all directionsin subsonicflows, disturbancescan reflectinside the
computationalgridformany timestepsandcan signifw.antlyprolongtheconvergenceto steadystate.
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However, in supersonic flows, signals only propagatedownstream and are. therefore,swept out of the
grid. As a result, supersonicflows generally converge to steady state in fewer time steps than subsonic
flows. As an example,consider the following two inviscid accelerating flows: planarsubsonic sink flow
and planarsupersonicsource flow. The comptationalregions forthe subsonicsinkand supersonic source
flows are enclosed by the dashed lines in Figs. 4 and 5, respectively.The top dashedline is treatedas a
free-slipwall, the bottom dashed line is the flow midplane, and the left and rightdashed lines are inflow
and outflow boundaries,respectively. The outflow midplane Mach number for the subsonic case is 0.5,
and the inflow midplane Mach number for the supersonic case is 1.5. The boundary conditions for the
subsonic flow are the specificationof P-r,TT, and 0 at the inletand p at the exit. For the supersonicflow,
all inlet variables are specified and all outlet variablesare extrapolated.The initial-datasurface for both
flows is the ID solutiongenerated by the VNAP2 code. Figure 6 shows the pressure vs numberof time
steps for both flows. The top curve for both flows gives the solution at an interiorgrid point near the
inflow boundary, and the lower line is a grid point near the outflow boundary. The supersonic flow
reaches steady state in around 150 time steps, whereasthe subsonic case requiresapproximately 1200.
For very complex flows, this difference is often greater. Therefore, the following disc,'_sion wifl be
concerned with improving the convergence to steady stateof subsonicflo'_s.

Figure 7 shows the pressure vs number of time steps for the subsonic sink flow employing different
techniques to accelerate the convergence to steady state. Again, the Pr, Tz, and 0 inflow boundary

.- condition is used. Thegrid pointplottedin Fig. 7 is the one near the inlet in Fig. 6. The topcurve is for a
_alculationthatstartedfroman initial-datasurfaceconsistingof a stationary,'lowat thestagnation
pressure and temperature.At time equal to zero, the pressureat the outflow boundarywas droppedfrom
thestagnationvaluetothesinkflowexactsolution,thussimulatinga burstingdiaphragm.Theotherfour
calculations startedwith an initi_-data surfacegeneratedby the VNAP2 code, whichis the ID solution.

The third line from the top shows the solution using the Rudy and Sttikwerda'_ nonreflectingoutflow
boundary condition. The coefficient Co (ALE in Namelist BC) in Eq. (54) equals 0.1. (Namelists are
given in See. II.C.) The fourthcarvefrom the top shows the solution for whichallthe dependentvariables
were smoothed in space for thefirst500 time steps. This calculation multipliesthevalue at a gridpoint by
a weighting parameter and adds it to the averageof the values of its nearest neighboring grid points
multiplied by one minusthe weightingparameter. The weighting parameter was0.5 for the first time step
and linearly increasedto 1.0 (I,o smoothing) by the 500th time step (SMP -- 0.5, SMPF --- 1.0,and NST
-- 500 in Namelist AVL). The bottom curve used the extended-interval time-smoothingoption, which
stores the solution for all dependent variableson the first time step and then monitorsthe pressureat a
specified gridpoint on each time step. When this pressurechanges dh-ection,the solution at the current

time step is averaged with the solution at the first time step. This averaged solutionreplaces the current
time-step solution and, in addition, is stored in place of the first time-step solution. This process is
continued for the entire computation (SMPT = 0.5, SMPTF -- 0.5, NTST = 0, and NST -- NMAX in

Namelist AVL). The diaphragminitial-data surface solution requires around 1800 tin:e steps to reach
steady state, whereas the ID initial-data surface solution is steady in approximately I Io0 times. The
nonreflectingand space-smoothingoptions furtherincreasethe convergenceto steadys_ate.However, the
largest increase is due to the time smoothing, whichresults in a conv_ged solution in about 400 time

steps. The increa_,,:clconvergence rate of the time-smoothed solution over the other options is more
pronouncedfor more complex flows.

Figure 8 shows the pressure,vs the numberof timesteps for the u, v, and p inflowboundary condition.
The diaphragminitial-data surfacesolution producedresultssimilar to the 1D curveand, therefore, is not
shown. The top three curves correspcmdto the same options in Fig. 7. The bottom curve is the solution

using the nonreflectinginflow option discussed in Sec. I.F_.2.The coefficient Cm(ALl in Namdist BC) in
Eq. (56) equals 0.1. The top curve of Fig. 8 shows that the u, v, and p boundary conditiontrappedthe
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initial disturbancesin the computationalgrid. The Rudy and Strikwerdaj_ nonreflectingoutflow
boundaryconditionoption(notshown)did notsignificantlyimprovethisresult.Notethat theRudy and
Strikwerda boundaryconditionis usedin conjunctionwith the rd'erence-plane-characteristicscheme
whichis somewhatdifferentfrom the numericalprocedurethey used.Their proceduremay produce
differentresults.As Fig. 8 shows,the space-and time-smoothingoptions,as wellasthe nonrcflecting
inflowboundaryconditionoption,all producesteadysolutions.

The ID solution,whichis usedasthe initial-datasurface,hasanoutflowMachnumberof 0.55. The
sink flow exact solution has midplaneand upperwall outflowMach numbersof 0.5 and 0,42,
respectively.The high !D solutionMach numberwas chosenso that the I D solutionwould not
approximatethe 2D sinkflowsolutiontooclosely.However,this highMachnumberproducesa 12%
differencein massflowbetweenthe ID solutionand the 2D sink flow solution.Becausethe u, v, and p
inflowboundaryconditionspecifiesthe2D sinkflowsolutionmassflow,an expansionwaveis produced
at the inlet.This expansionwavecausesthelarge dropin pressure,shownin Fig. 8, duringthe early
stagesofthe calculation.AdJustingthe Machnumberofthe l D solutionsothatthe 1D massflowclosely
approximatesthe massflow specifiedby the u, v, andp boundaryconditionyieldstheresultsshownin
Fig.9 where,exceptfor the topcurve,the convergenceto steadystateis greatly improved.

From the aboveandothersimilarresults,somegeneralconclusionscan bedrawn. First of all, for
steady,subsonicflowsthe Pt, "It, and0 inflow boundaryconditionis preferredoverthe u, v, and p
boundarycondition.For subsoniccomputationsthat r_luire long run times,the extended-intervaltime

smoothingcansignificantlyreducecomputationaltime.Forsubsonic/supersonicnozzleflows,the Pt, Tt,
and 0 inflowboundaryconditionis also preferred,becausethe massflow is usu,.d]ynot known in
advance.If the u, v, and p boundaryconditionis usedfor steady,subsonicflows, then either the

nonreflectinginflowoptionof spaceor extended-intervaltime smoothingshouldbeused.The u,v, andp
inflowboundaryconditionisusefulforunsteadysubsonicflowswheretheuserwishesto specifythe mass
flow.VNAP2 allowsonlyconstantvaluesof u,v, andp to bespecified;however,the codecouldeasilybe
modifiedto allow time-dependentfunctionsfor u, v, and p. The u, v, and p inflow boundarycondition
also workswell for the subsonicpart of the boundarylayerin a supersonicflow.In many cases,this
subsonicpartof the boundarycanbe treatedwith supersonicboundaryconditions.However,wherethis
pracdcegivespoorresults,the u, v, and p boundaryconditionis an improvement.The testcasesrunto
date indicatethatthe u,v, andp boundaryconditionproducesresultsmoreconsistentwith thesupersonic
part ofthe flowthandoesthe1_r,Tt, and0 boundarycondition.As aresult,VNAP2 allowsonly theu,v,
andp optionat subsonicpartsof a mixedsubsonic/supersonicinflow.

Thep,v, andpboundaryconditionhasreceivedlittleuseto datebecause,ingeneral,it shouldbeused
with eitherthe u specifiedsubsonicoutflowboundaryconditionor supersonicoutflow.When p is
specifiedas thesubsordcoutflow boundarycondition,someflows arenot uniquelydef'med.For example,
if p, v, and p arespecifiedat theinflowandp is specif_l at the outflowfor inviscidsubsonicflow in a
constantareaduct,theMachnumberwouldnotbeuniquelyspecified.The speciF_:duoutflowboundary
conditionis not incorporated(msoriginallyintended)becausethereis little usefor it. The p, v, and p
boundaryconditioncan be used for subsonic/supersonicnozzleflows becauseit doesnot specifythe
massflow;however,the P-r,"It, and 0 boundary,conditionisprd'err_L

In general,thecloserthe inhial-datasurfaceisto thefinalsolution,thefasterthesolutionconvergesto
the steadystate.This is alsotruefor viscousflows,whereusinginitial datathat approximateall boundary
and fro-shear layers generally r_uc:s the run time.

Finally, Morettiand I disagree_-" on the u, v, and psubsonic inflowboundarycondition. Moretti feels
that the u, v, and pboundarycondition is incorrectfor a wall-posedproblem,because disturbancesreflcc-

- ted by this boundary conditionmay remainu'appedin the flnite-diffe_nce grid.Reference 22 Listsseveral
publishedproofs of the correctnessof this boundary condition. As a resultof theseproofs, I f¢€Ithat this
boundary condition is mathematically correct for a w.ell-posedproblem and that the trapping of distur-
bances is a numericalproblem ",hatcan be overcome. In addition to these mathematical proofs, the u, v,
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and p boundaryconditionsatisfiesthechara._teristicco,npatib_tyconditions,asdoesthePz_TT,and0
boundarycon..di_on.Bothboundaryconditionsfalsifythetime-dependentflowbyholdingquantitiesfixed
thatactuallyvaryintime(P-rand"ITareconstantonlyforsteadyflow).Asa result,bothcausenon-
physicalreflectionsatsubsonicboundaries.Theu,v,andpboundaryconditioncausesa reflectionthat
hasapproximatelythesameamplitude,when:asthePT,Tx,and0 boundaryconditionproducesa hig_ly
dampedreflection.Thesereflectionpropertiesdifferbecaasethey modeldifferentupstreamcon-
ditions--constantmassflowasopposedtoconstanttotalpressure--whichmakesthemsuitablefordif-
ferentproblems.In ReL23,Morettiseemsto implythatthe u,v, andp boundaryconditionrequires
knowledgeoftheexactsolution.AlthoughIspecifiedtheexactsolutioninRe/'.20,asdidMorettiinReL
23,theexactsolutionvaluesof u,v, andp orP'r,T_,and0 an:generallynotknowninadvance.(For
thespecialcaseofinvisdd,steadyflow,PTand"IT,butnot0,areusuallykno_.) Therefore,onespecifies
hisbestguessboundaryvalues.Thecomputedsolutionwillsatisfytheseboundaryvaluesaswellas the
governingequations,anditsaccuracywilldependon howwelltheseboundaryvalueswereestimated.
Therefore,Ifeelthatbothboundaryconditio,_sarecorrectandthatthebestchoiceisproblem-dependent.

A secondpointthatconcerns_is sectionisMoretti'sclaim"thattheinitial-datasurfaceandboundary
conditionsmustbe matchedso that the transientpartof a steadystatecalculationfollowsthe true
transientsolution.Althoughthisis themostcorrectwayto formulateproblems,it isgenerallynotthe
mosteconomical.It is truethatthereareflowswherefollowingthe truetransientsolutionis very
desirable.Onesuchcaseisthestartupofa supersonicwindtunnel.If,forexample,:heareaof thethroat
downstreamofthetestsectionis notlargeenoughtopassthestartupshock,thentheshockwillstandin
thetestsectionor nozzle.Beginninga time-dependentcalculationofthisflowwitha purelysupersonic
initial-datasurfacewillproducethe started,allsupersonic,steadysolution,even though thissolutionis
physicallyimpossible.Beginningthiscalculationwitha ID subsonicinitial-datasurfacewouldyieldthe
rightsolution.However,use of Morem'srecommendation_ of the diap._agminitial-datasurface,
discussed above, provides the Hght solution without requiring any knowledge of the starting of a
supersonicwindtunnel.Thus,thereareflowswhereeitherhysteresiseffectsorlackof understanding
suggestfollowingMoretti'srecommendation.However,forsteady,subsonicflow_thisrecommendation
canbeveryexpensive.Inaddition,I haveneverfounda subsonicflowcalculationusinga time-dependent
methodwherethesteadysolutiondependedontheinitial-datasurface(exceptforsmalldifferencesfrom
truncation errorsand provided the initial-data surface is subsonic). As a result, I feel that the sr'-cial

proceduresG_z,.'lssedabove for acceleratingthe convergence of subsonic flo_ to their steady state may
be used to redu,;ethese lengthy computational times. I have included these la_ two p,_ragraphsto war_
the users of VNAP2 that some of the ideas expressed above are my own and may not be universally
acceptedascorrectprocedures.

G. Results and Discussion

Presented here are three relatively simple flows that are intended to illustrate the three general classes
of flOWSthat can be computed with VNAP2: inte;'nal, external, and internal/external flows. The data f'des

for these threecases are included at the back of the Fortran listing ofthe VNAP2 code in the Avpendix.
Theinitial-datasurfacesfortheexternaland'.,nteraal/externalcasesassumesolutionarraysizesof41 by
25.Fortheapplicationof VNAP2to morecomplexflows,seeRef.24.

1. Inter'hal,InviscidFlow.Thefirstcaseis steady,subsonic/supersonic,inviscidflowin the 45-15°
conical,converging-divergingnozzleshownin Fig.10withtheflowfromlefttoright.Thiscalculationis
alsopresentedin Refs.1,2,and25.Theupperboun,'rayisa free-slipwellandthelowerboundaryisthe
centerline.Theleftboundaryisa subsonicinflowboundaryusingthePT,Tr,azd0 boundarycondition.
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The right boundary i_a supersonic outflow boundary, and, therefore, the variables are extrapolated. Tbe
•tach number contours and wa!l pressure ratio are shown in Fig. 11. The experimental data are those cf

CJffel et al.z6The computed discharge coefficient is 0.983, compared wSth the experimental value ef

0._5. The 2i by 8 uniform computational grid requir.'s 299 time planes and a computation time or35 s
on the CDC 6600 and 6 s on the CDC 7600.

Although the Mach number, wall pressure, and throat mass flow results are in good agreemcnt wi',.h
experiment, the ntano flow variation at differentaxial locations is fairly poor. For example, the mass fl_"
variation between the in)et and throat is 4.5%. If the grid spacing is hah'ed by using a 41 by 1-€ unitbrm
grid, the mass flow variation between the inlet and throat is 1.4%. Hah'ing the grid spacing again, by
using an 81 by 29 uniform grid, produces a mass flow variation betv,,...'._ the inlet and throat of 0.1%.
Therefore. the mass flow variation appears to go to zero at the grid spaciatggoes to .'.'to. Some of tt:.e
error in the coarse grid case may be due to the trapezoidal rule used to evaluate the mass rio,,-;ntegrzl.
However. much of the error is probably due to the large tnmcation error of the finite-difference equatier.s.
c_ing to the steep gradients in the nozzle throat region. The variation in throat mass flow betw_n the 81
by 29 and 2! by 8 grid cases is0.2.€%, whereas betw_n the 81 by 29 and 41 by 15grid cases it is0.06%.
Therefore. the throat mass flow is fairly good for coarse grid spacings even though the overall mass flow
conservation is fairly poor.

This case uses the convergence tolerance option to determine when the steady state has been reached.
That is, when the relative change in axial velocity in the throat and downstream regions is less thza

-- 0.003%, the flow is assumed to have reached steady state. In general. I have not found this convergen_

tolerance option to be very useful, because the value of the convergence tolerance depends or. the grid
spacing and flow conditions and as such is usually not known in advance. One exception to tl'.is is the
case inv._..vinga large parametric study. Here, once the convergence tolerance has been determined by
trial and error, it can be used repeatedly in the remaining runs of the parametric study. Ho_'ever, a
procedure based on the time of flight of an average fluid panicle seems to work more consiste._fly. In this
procedure, one sets the total number of time steps so that an average fluidparticle w_l travel through the
computational grid a particular number of times. The velocity of an average fluid particle can b-.
estimated from the ID solution or some other initial-data surface. This average velocity can ,also be .
estimated from the numericalsolution itself by running the program for a fairly short time and using _at
solution to estimate the average fluid panicle velocity. Use of the restm-t option allows this r,,m ,,) l_e
contiued to steady state. The time step can be obtained by "_anningthe code for one time step t.'wo for
viscous flows). Once the average fluid panicle velocity and time step have been determined, then _e
number of time steps required for one trip can be calculated. The last piece,of required inforr,,atJon is the
number of trips made b.vthe average fluid panicle through the grid to reach steady state. Fo; supersonic.
inviscid Eows. three trips are usually sufficient, whereas super_nic, viscous flows requir_ aro-,_d five.
Converging-diverging, supersonic, inviscid nozzle flows usually require around five trips, wh.'reas viscous
nozzle flows need around seven. "l_,enumbers of trips given above are only rough estimates and s_ould be
supplemented by the user's own ex_-_'iences.In addition, when in doubt as to how marry time s'_ps are.
necessary, alwa:,s use the re:tart o_'den.

Finally. for subsonic flows, neither the convergence tolerance nor the time of flight procedure _szealI:
effective. The most effective method that I have found is to monitor :be static pressure at secer,l struts in
the flow (s.-'eLPPI, MPPI in Namelist CNT.R.L).Provided that an average fluid panicle has made at
least one trip. then the flow can be assumed to be steady when the rressure is oscillating with at.
acceptab!e amplitude about a constant value. Looking at only the amplitude of the oscillation, without
regard to whether it occurs about a constant va]ue, is wmetimes not sufficient.

2. Exttrnak Turbulent Flo_,. The second case is steady-, subsonic, turbulent flow over a ,N3att_
afterbody with a solid body simulatL-agthe jet exhaust. The geometr)- is shown in Fig. 12,vdth tke dashed
line enclo_g the computational r_ion, and the flow is from left to ._;ht. This cslculadcn ;.s also
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presented in Ref. 24. The upperboundary is a constant pressure inflow/outflow boundary and the lower
boundary is a no-slip wall. The left boundary is a subsonic inflow boundary using the PT,"IT,and 0
boundary condition. The values of Pr and TT ERed-.terminedfrom an inviscid/boundERy-layersolution
procedure for the forebody. The fight boundaryis a subsonic outflowb_undary and, therefore, the static
pressure is specified. The free-strepmMach number is 0.8 and the Reynoldsnumber,based on the length
at the inflow boundary,is 10.5 X 106.For more detailson the geometryor experimentaldata, see Ref. 27.
The turbulence is modeled using the mixing-lengthmodel. This calculation employed the subcycling,
Quick Solver, and extended-intervaltime-smoothing options. Figure 13 shows the physical space grid,
pressure, and Mach number contours. Figure 14 shows the surface pressurecoefficienton the boattail
and jet exhaust simulator. Figures 13 and 14 show that the boundary layer remains attached. For cases
with separation and exhaust jets, see Ref. 24. This calculation employs a 40 by 25 variable grid that
requires"/50time steps (15 000 subcycled time steps in the boundarylayer) anda computationtime of 1
h on the CDC 7600. Swanson_ compared several different formulationsof the mixing-lengthmodel for
computing this case as well as separated cases.

3. Internal/External,Turbulent F!_€. The third case is steady, subsonic,turbulent flow for a plane.jet
in a uniform stream. The geometry is shown in Fig. 15 with the dashed line enclosing the computational
region, and the flow is from left to right. The upper boundary is a constant pressure inflow/outflow
boundaryand the lower boundaryis tire midplane. The dual-flow-spaceboundariesare no-slipwalls. The
left boundary is a subsonic inflow boundary using the u, v, and p boundary condition, with the
non'eflecting option. The right boundary is a subsonic outflow boundary and, therefore, the static
pressure is specified.The jet and external stream have initial Mach numbers of 0.14 and 0.02,
respectively,while the Reynoldsnumber,based on thejetheight,is 3.0 × 104.The turbulence is modeled

using the mixing-length and Jones-Laundertwo-equation models. This case, assuming free-slipinflow
profiles and a solid free-slip upper boundary and employing the mixing-lengthturbulencemodel, was
presentedinRef.1.ThephysicalspacegridandMachnumbercontoursforthemlx_g-lengthmodelare
shown in Fig. 16. Figu_ 17 shows the midplanevelocity decay for both turbulencemodels.The subscript
JE denotes the midplanevelocityjustdownstream of the end of the dual-flow-spacewalls.The increasein
the velocity is due to the a_eleration of the mean flow caused by the growthof the boundarylayer. The
experim_htaldata are fromRef. 29. This calculation employsa 41 by17 variable gridthatrequires6000
time steps aw2_ computation time of 24 rain(mixing-lengthmodel) on the CDC 7600.

Thisratherlengthyruntime,even though a fairlycoars: grid spacing was used, is because the flow is

almostincompressible.Thatis, theflowvelocityis muchsmallerthanthe soundspeed.Theexplicit
numericalschemeis limitedto timestepsso thatsoundwavestravellessthanonemeshspacing.(The
problem geometry did not allow the use of the Quick Solver option, although some reductlonin run time
could be made using the subcycle option.) Therefore, many time steps are requiredbefore a particle of
fluidtravelsfromthe inflowto theoutflowboundary.

II. DESCRIPTIONAND USE OFTHEVNAP2PROGRAM

A. SubroatineDescription

The computerprogramconsistsof I program,1 function,and 18subroutines.A completeFortran
listingof the VNAP2programis includedintheAppendix.

i. ProgramVNAP2. Program VNAP2 initiatesa run by readingin the input data. Next, the
programtitle, abstract,and inputdatadescd_ons areprinted-The programthen calls subroutines
GEOM,GEffMCB, and GEOMLUto calculatethe geometry.If requested,programV/qAP2 calls
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su_-outi_e0NEDIMto calculatethe ID, initial-valuesurface.ProgramVNAP2thenprintsthe
initial-valuesurface,whichincludesa massflowandmomentumthrustcalculationmadeby subroutine
MASFL0.Next,subroutinePL0_Tis calledtoplotthedataonf'dm.ThermalpartofVNAP2consistsof
thetime-steploop,whichcalculatesthe nexttime-stepsize;callssubroutineVISCOUSto calculatethe
artificial,molecular,andturbulentviscosity-heatconductionterms;callssubroutineQS_LVEtocalculate
thespecialderivativesusedbytheQuickSolverpackage;callssubroutineINTERtocomputetheinterior
meshpoints;callssubroutineWALLto computethewall,centerbody,anddual-flow-spacewallmesh
points;callssubroutineINLETtocomputetheinletmeshpoints;callssubroutineEXITTtocomputethe
exitmeshpoints;callssubroutineTURBCtosettheboundaryconditionsfortheturbulencevariables;if
requested,callssubroutineSMITH tosmooththesolution;callssubrou_eMASFL0to computethe
massflowandmomentumthrust;printsthe solutionsurface;callssubroutinePI._Tto plotthedataon
film;checksthe solutionforitsconvergenceto thesteady-statesolution;andpunches(writes)the last
solutionplateoncards(discortape)forrestart.

2. SubroutineGEOM.SubroutineGEOMcalculatesthewallcoordinatesandslopesforfourdhq'erent
wallgeometries:aconstantareaductwall;a circular-arc,conicalwall;andtwotabularinputwails.Inthe
caseof the firsttabularwall,_ completelygeneralsetof wallcoordinatesis readin.SubroutineGEOM
thencalls subroutineMTLUP,whichinterpolatesfor the coordinates.Next,subroutineGF.gMcalls
functionDIF,whichcalculatestheslopesofthecoordinates.Forthesecondtabularwall,thecoordinates
andslopesarereadin.

r

3. SubroutineGEOMCB.SubroutineGEOMCBcalculatesthecenterbodycoordinatesandslopesfor
fourdilTerentcenterbodygeometriesandissimilartosubroutineGE_M.

4. SubroutineGEOMLU.SubroutineGE_MLUcalculatestheupperandlowerdual-flow-spacewall
coordina,esandslopesfortwotabularinputgeometries.Thesetabularcasesarethesameas thosein
subroutineGEOM.

5. Subroutine MTLUP. Subroutine MTLUP (September 12, 1969) was taken from the National

Aeronautics and Space Administration (NASA) Langley programfibrary.This subroutine is called by
subroutines GEOM,GEOMCB, mid GE_MLU to interpolatethe wall, cent_body, and dual-flow-space
wall coordinates.

6. FunctionDIF. FunctionDIF(August1, 1968)wasalsotakenfromtheNASALangleyprogram
library.This function is called by subroutines GERM, GE_MCB, and GEJ_MLUto calculate the slopes
of the wall, centerbody, and dual-flow-spacewall coordinates.

7. Subroutine 0NEDIM. Subroutine0NEDIM is called by program VNAP2 to compute the ID,
isentropic initial-valuesurface. A Newton-Raphson scheme calculates the Mach number for _he are_,o
ratios, which are determined from the geometry.

8. Subroutine MAP. SubroutineMAP calculates the functions that map the physical plane to a
rect-n£ularcomputationalplane.Therefore,thissubroutineiscalledbeforeeachmeshpointiscalculated.

9. Subro+jtineMASFL0.SubroutineMASFLg[is calledbyprogramVNAP2tocalculatethe
flowandmomentumthrustfortheinitial-valueandsolutionsurfaces.The_'apezoidal rule evaluates the
massflowandmomentumthrustintegrals.

10.SubroutinePLOT. Subroutine PLCJTis calledby programVNAP2to produce velocity. _
.+

plots, the physical space _,rid,and contour plots of density, pressure, temperature, Mach _umber,
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turbulenceenergy,and dissipationrate,usingthe SC-4020microfilmrecorder.The SC-4020 recorder
usesa i022 by 1022arrayof plottingpointsor coordinateson eacht'_nframe.Theoriginistheupper
leftcomerof the array.Thecoordinatesto he plottedby the5C-4020recorderare assumedto heinteger
constants.Thefirstsection_etsup theplotsizebysettingthemaximumleft(XXL),right(XR),tog.(YT),
and bottom('YB)coordinatesin the physicalspace.Thenthe filmframecoordinatesand scalingfactors
aredeterminedwiththeplotbeginningat 900, insteadof 1022,to allowforlabeling.

Thenextsectiongeneratesthe velocityvectorplot.First,themaximumvelocityis determinedto scale
the plot,which.;sdone so that themaximumvelocityvectoris 0.9 Ax, whereAx is the averagev,Jue.
SubroutineADV (Los Alamcs systemroutine)advancesthefilmone frame.Thenthevelocityvectoris
calculatedin fixedpointfdmframecoordinates.SubroutineDRV (LosAlamossystemroutine)drawsa
line betweenthepoints(IXl, IYl) and (IX2, IY2), afterwhichsubroutinePLT (LosAlamos system
routine)plotsa plussignatthe point(IX1, IYI).SubroutineLINCN'T(LosAlamossystemroutine)skips
down58 lines.(Eachprintedlineheightequals16 fdmframepoints.)Theroutinethenreturnsto set up
theplotsize forthenextvelocityvectorplotifIVPTS> l, or goeson to thenextsectionifIVPTS< I.

Thenext sectionresetstheplot size for the contourplots in case the _differentscaledvelocityvector
plotswererequested(WPTS > I).

The nextsectionf'dlsthe plotting arraycalledCQ withthe folIzwingvariables:denshy(Ibm/ft3 or
kg/m3),pressure(psiaor kPa),temperature(°R or K), andMuchnumber.

The nextsectiondeterminesthe plottinglinequantitiesusingtheformula

CQx= CQMm + 0.1K(CQMAx-- CQMm),

whereK goes fromone tonine.This sectionalsolabelst_;eframes.
Thenext sectiondeterminesthe locationof each contourlinesegmentand plots it. The contourline

segmentdd'medby the filmframecoordinates(IXI, IYl) and(IX2,IY2)is drawnby subroutineDRV.
SubroutinePLTplotsan L on the lowcontour(K=I) andan Hon thehighcontour(K=9)..

The lastsectiondrawsthe geometryboundariesforthe contourplots.The upperboundaryis specified
by YW, the lowerby YCB,the upperdual-flow-spaceboundaryby YU,andthe lowerdual-flow-space
boundaryby YL Next, the routinereturnsto the sectionthatfdls the plottingarrayCQ for thenext
contourplot.

l !. SubroutineSWITCH.SuL.routineSWITCHswitchesthesolutionvaluesfromthe solutionarray
to thedummyarraywhendual-flow-spacebo,andariesarepresent.Thedummyarrayis requiredbecause
the twodual-flow-spa.,wallscollapseto onegridlinein thecomputationalplane.

12. SubroutineVISCffUS.FubroutineVISCOUScalculatesthe artificialviscositytermsforshock
computationsusinga vdoci_ gradientviseositycoefficient.It also calculatesthe molecularviscosity
termsin theNa','ier-Stokesequations.In addition,thissubroutinecalculatesthevariousturbulenceterms
in _e Navier-Stokesequations,aswellas the turbulenceenergyanddissipationrateequations.

13. SubroutineSMJ_TH.SubroutineSMITH is calledby programVNAP2to addeitherspaceor
time numericalsmoothingto stabilizethe calculationsfor nonuniforminitial-datasurfacesor to
acceleratethe convergenceto steadystate.The physicallycorrectmolecularviscousterms(witha large
viscoc;tycoc_cient)couldalsobeus_;however,theyaremuchslowerandcannotbereduced orturned
offduringarun.

14.SubroutineMIXLEN. Subroutin.-MIXLEN iscalledbysubroutineVISCOUStocalculatethe
shearlayerwidthor theboundarylayerthicknessandkinematicdisplacementthicknessforthe
mixing-lengthmodel (ITM = I). Theseparametersalsodeterminethe lengthscaleused bythe turbulence
energynxc-_el(ITM= 2).
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15. Subroutine TURBC. Subroutine TURBC is caUed by program VNAP2 to set the bouodary
conditions for the turbulenceenergy, Q, and the dissipation rate,

I5. Subroutine INTER. SubroutineINTER is called by lxogram VNAP2 1ocalculate the intedor

mesh points. The conservation & mass, momenta, internale_-rgy, turbulenceenergy, and diulpation rate
equations are solved by the MacCormacksecond-order,fmitc-differencescheme.SubroutineINTER also

contains pan of the Quick Solver package. Special values of the derivativesuw,v_, and p_, calculated by
subroutineQS_LVE,areusedinspecialformsofthegoverningequationsto_ow an i_creased timestep.

17.SubroutineWALL. SubroutineWALL iscalledby programVNAP2 tocomputethewall

centerbody,dual-flow-spacewalls,free-jetboundary,and sharpexpansioncomermeshIx_nts.This

subroutineuses a second-order,reference-plane-characteristicschen_ and also controls the interp_ation
process for locating the free-jet boundary. SubroutineWALL also contains part of the Quick Solver
package that allows an increased time step. However, this subroutinedoes not use the special derivatives
calcula:edby subroutine QS_LVE.

l& Subro_tie INLET. SubroutineINLET is caUedby programVNAP2 to compute the inlet mesh

points. If the flow is subsonic, a second-order, reference-plane-characteristicscheme is employed,
whereas specificationof the boundary conditions is used for supersonicflow. Th_ subroutinealso checks

- the Machnumberto determinewhichboundarycondition should be used eteach mesh point.In addition,
subroutineINLET contains pan of the Qu_ckSolverpackageand uses the specialderivativescalculated
by subroutineQSOLVE.

19.SubroutineEXHT.SubroutineEXITT is called bypm_'am VNAP2 to calculate the exit mesh
points. It uses a second-order, reference-plane-characteristicscheme when the flow is subsonic and
extrapolation when the flow is supersonic. This subroutinealso checks the Mach numberto detemdne
which boundary condition should be used at each mesh point. In addition, suhroutie EXFFFcontains

pan cf the Quick Solver package and uses the specialderivativescalculatedby subroutineQS_LVE.

20. SubroutineQSOLVE. SubroutineQS_LVE, which is partof theQuick Solver package, calculates
the partial derivatives u,, vw,and p_ that are used in subroutinesINTER, INLET, and EXI'FI'. These

spedaJ derivatives are calculated from the domain of dependence definedby the characteristics through
the solution point and, therefore, allow an increased time step,

B. Computational Grid Descr_t_on

The computational grid for the single-flow-spaceexample is shown in Fig. 18. The grid is rectangular
with equalspacingin the _ and 11dLrections,although/_ andA_Iarenot in generalequal.The grid
spacing (.__,Ay) in the physical space doesnot have to be equal.

The dual-flow-space grid (Fig. 1_) is the sameas tbe single-flow-spacefTid except for an extra row of

grid points (M = MDFS and L between LDFSS and LDFSF). The soltfdon values at these extra grki
points are storedin arrays UL, VL, PL, R_L, QL, and EL During the calculation, subroutie SWITCH
exchanges these values continually with the values in the solution arraysU, V, P, l_, Q, and E for M =
MDFS and L betweenLDFSS and LDFSF, For readingin in"tlal-__tavalues, the values in UL, VL, PL,

- R_L, QL, and EL arrayscorrepondto the lowerdua_flow-spa_ wall, whereasvalues in the U, V, P, R_,
Q, and E arrays for M = MDFS and L between LDFSS and LDFSF correspond to the upper
dual-flow-spacewall.

The computational grid for the sub_cled grid option is shown in Fig. 20. The code advances the
solution one firm ,tep in the large spacin8 gridpoints (fromM = I to MVCB - I and fromM = .-wvc'r
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+ I to MMAX) and thensubcy¢l_ the small spacinggridpoints (fromM ----MVCB to MVCT). In this
way, thesmall timestep requirement_tbe smallspacing gridpoints(smallspacing in thephysicalplane)
is not forced on the large spacinggrid points, l

Theflowisassumedtoenterfromtheleftandexitontheright.Inaddition,flovmayenterorexitthe !wall(seeIWALLinNamelistBC).

C. Input Data Description

The program input data are entered by a tide card and I0 narnelists:CNTRL, IVS, GF_.MTRY.
GCBL, BC, AVL, RVL, TURBL, DFSL, and VCL. The title card and each namdist are described

below. The program will continue reading in dat. decks and executing them until a rde mark is
encountered.After each data deckis executed,the default values for the inputdataare restoredbefore the
next data deck is read in.

I. T'_JeCard. The fast card of each datadeckis a titlecardconsisting orS0 alphanumericcharacters
that identifythe .job.This card must always be the first cardof the data deck, even if no informationis

specifiedon the card. The 10 namelists must appear in theorder in which they are discussed below.

- 2. Namelist CNTRL. This namelist reads in the parameters that control the overall logic of the
program.

LMAX An integer speci/ying the numberof mesh points in the x directionwith a maximum
value specified by a PARAMETER statement(see Sec. ILE.I). No defaultvalue is
specified.

MMAX An integ_ specifying the numberof mesh points in the y directionwitha maximum
value slx_r_dby a PARAMETER statement (seeSec. II.E.I). No default value _:
specified.

NMAX An integerspecifyingthemaximumnumber of timesteps.For NMAX = 0, only the
initial-datasurfaceis computedandprinted(providedNPRINT> 0).Thedefault
value is 0.

NPRhNT An integer specifying the amount of outputdesired.For NPRINT = N, every Nth '
solutionplane,plus the initial-dataand t'malsolutionplanes,is printed.For
NPRINT = -N, everyNthsolutionplane,plustheFinalsolutionplane,isprinted.
ForNPRINT = 0,onlythefinalsolutionplaneisprinted.Thedefaultvalueis0.

TCONV Specifiestheaxialvelocity_:ady-stateconvergencetoleranceinpercentage.Ifequal

tozero,theconvergenceisnotchecked.Thisparameterisafunctionoftheproblem
aswellasofgridspacingand,therefore,shouldbeusedcarefully.Thedefaultvalue
is0.0.

FDT Theparamete_A inEqs.(67)-(69)thatpremultipliestheallowableC-F-Ltimestep.
It is desirable to use as large a value of FDT as possib.b,without causing the i
computation to become trustable. Values as large as 1.3 havebeen used successfully !
for shock-freetic-#s, but smaller,values are requtredfor flows with shocks (see Sec. j
II.F). T_ defalut value is 0.9. I

FDTI ThesameasFDT,exceptita.opliesonthefasttimesteponly.Becausetheviscous
contributientothetime-steplimitationisnotusedonthe fhsttimestep,FDTImay
be used to get the calculation started with a small time step, without having to use
thissmallvaluefortheentirecalculation.Someflowsmayrequirea smalltimestep i
for the firstfewstepsowingtoinitialgradientsin theflowvariables.Thisisoften |
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trueforviscousflowswhentheQuickSolveroptionisused.Forthissituation,make
a shortrunwithsmallenoughvaluesofFDT orFDTI m thatthecodewillrun.

Then use the restartoption (see IPUNCH) to continue the run with more desirable

valuesof FDT or FDTI. For any longrunningproblem,itisusuallyworth

experimentingwithFDT andFDTI (aswellasVDT andVDTI) tomakesun:that
optimum values are beingused. The defaultvalue is FDT.

FDT! The same as FDT, except it appliesonly in the subeycled partof the mesh. That is,
FDTI is used from M = MVCB to M = MVCT(see Namellst VCL). The default
valueis1.0.

VDT The parameterAi inEqs.(67)-(69)thatpremultipliestheviscouspartofthe

time-stepequation,whereasFDT premultipliestheentiretimestep.IncreasingV'DT
increasesthetimestep.The defaultvalueis0.25.

VDTI The sameasVDT,exceptitappliesonlyinthesubcycledpartofthemesh.Thatis,

VDTI isusedfromM = MVCB toM = MVCT (seeNamelistVCL).The default
valueis0.25,althoughvalueslargerthan1.0havebeenusedinfree-shearlayers.

GAMMA Denotestheratioofspecificheats.Thedefaultvalueis1.4.

RGAS DenotesthegasconstantinIbf-ft/Ibm--eRifEngiishunitsareused,orJ/kg--Kif
metricunitsareused.Thedefaultvalueis53.35.

TST_P Specifies the physical time, in seconds, at which the computations willbe stopped.
The default valua is !.0.

IUI An integerspecifyingthe type of unlts to be usedfor the inputquantities.IF IUI = 1,
Englishunits are assumed; ifIUI = 2, metric unitsare assumed. In using any default
values, make sure the values correspond to the proper units. The defaultvalue is I.

IU_ The same as IUI except for output quantities.IF IU¢_-- 3, both Englishand metric
units are printed. The defaultvalue is I.

IPUNCH An integerwhich,ifnonzero,punches(writes)thelastsolutionplaneoncards(disc
ortape) for restart. The default valueisO.

NPLOT An integerwhich,ifgreaterthsnorequaltozero,plotsbothvelocityvectorsand

contoursofdensity,pressure,temperature,Mach number,turbulenceenergy,and
dissipation,rateon an SC-4020mic_ol'dmreeorder.ForNPLOT = N, allNth

solutionplanes,plustheinitial-dataand finalsolutionplane,areplotted.For
NPLOT = 0,onlythel'malsolutionplanei3plotted.The defaultvsiueis--I.

LPP I,MPPI Threesetsofintegersthatspecifythreegridpoints(thef_tpointisL= LPP I,M =

LPP2,MPP2 MPPI) forwhicllthepressureisprintedateachtimestep.When MPPI_IPP2 or
LPP3,MPP3 MPP3) = MDFS _ 0 (NamelistDFSL),theupperdual-flow-spacewallvalueis

printed.Thispressurehisto.'3"isveryusefulfordeterminingwhensubsonicflows

havereachedsteadystate.IfLPPI < 0,thepressureateachsubcycledgridpoint
(seeMVCB andMVCT inNamelistVCL) isalsoprin_d.Thedefaultvaluesare0
(no printing).

The remaining parameters in Namelist CNTRL arc less important than the parametersgiven above.
For most flows, these remaining parameterscan he left at their defaultvalue_
NASM An integer specifying which part of the flow I'_id is tested for steady-state

convergence. For NASM = 0, the entire flow field is tcs_d. For NASM -- I, th'.
transonic and suporsonic(throat regionto exit)regionsare tested. Thedefault value
isl.

- NAME An integer that, when nonzero, causes the 10 namelists to be printedin additionto
theregularoutput.The defaultvalueisO.

NC_NVI An integer specifying how many times the convergence tolerance TC_NV must be
satisf'Jed on consecutive time steps before tl:e solution b considered to have
converged.Thedefaultvalue isI.
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IUNIT An integer that, when equal to zero, cans_ the programto use either E_glish or
metric units (see IUI and IU_ For IUNIT = I, a nondimensionalset of units is
used. The default value is O.

PLOW If the pressurebecomes negativeduringa calculation,it is set equal to PI._W in psia
or kPa. The default value is 0.01.

R_L_W If the density becomes negative duringa calculation, it is set equal to R_I_W in i
lb/ft3 or kg/m3.The default value is 0.0001.

IVFTS An integerthat controls the scalingof thevelocity vector riots. IVPTS = I produces
one plot with tb, maximum vector equal to 0.9 _ wh_.e Ax is the average value.
IVPTS = 2 produces the above plotand a second plot where the maximumvector is
!.9 _ and _o on. The defaultvalue is 1.

3. Namelist IVS. This uamelist specifies the flow variablefor the initial-datasurface.

NID An integer spe_.ifyingthe type of initial-datasurfacedesired. For NID -- 0, a 2D
initial-datasurface is read in. A value OfU, V, P, andR_ (dik--ussedbelow) must he
read in for all mesh points from L -- 1 to LMAX andfrom M -- I to MMAX. In

addition,for dual-flow-space examples, values of UL, VL, PL, and R_L (discussed
b-.Iow)must be read in for all mesh points from L = LDFSS to LDFSF. For the

single-equation t-,rbulence model, a value of Q, along v4th QL for the
dual-flow-spaceexample, may he read in. For the two-equationmodel, a value of E,
along with EL foi the dual-flow-spaceexample, may also be readin. If the arraysQ
and QL and the arraysE and EL are not readin, they are set equal to FSQ and FSE
(Namelist TURBL), respectively. Valuesof Q and E may be read in for either NID
-- 0 or NID _ 0. For NID _ 0, a ID data surface iscomputed internally. _
The following combinations are posm'ble:

NID -_ -2 subsonic [ !

_ID -- -1 supersonicI see RSTAR and RSTARS
NID = ! subsonic-sontc-supe...sonic _ No
I41D = 2 subsonic-sonic-_bsonJc ] additional

NID = 3 supersonic-sonic-supersonic[ data are
NID = 4 supersonic-sonic-subsonic ) needed.

"I'h..default value is 1.

U(L,M,I) An array denoting the x-dh'ectionvelocity component in ft/s or m/s. For NID = 0,
U(L,M,I) must be read in for cases from L = 1 to LMAX and from M = 1 to

MMAX. For NID 4: 0, U(L,M,I) is not read in. No defaultvalues are specified.
V(L,M,I) An anay denoting the y-dinction velocity component in flJs or m/s. See U(L,M,I)

for additional information.No default values are specified.
P(L,M,I) An array denoting the pressure in psia or kPa. See U(L,M,I) for additional

information. No defaultv'_luesare specified.

R_(L,M,I) An array deno_ng the density in lbm/R) or kg/ms. See U(L,M,I) for additional
information. No default values are specil'a:d.

Q(L,M,I) An array denoting the turbulence energy in ft2/sz or m2/s2. See U(L,M,I) for
additional information.The default value is FSQ(M) in Namelist TURBL.

E(L,M,I) An arraydenoting the dissipationrat_in ft:/s_or m2/s_.SeeU(L.M,I)for additional
information.The default value is FSE(M) in Namelist TURBL.

- UL(L,I) An array denotingthe x-directionvelocitycomponentin ft/s or m/s an_
correspondingto the lowerdual-flow-spacewall. The valuesfor the upper
dual-flow-spac_ wall are read in by U(L,MDFS, I). For N1D -- 0 and MDFS _ 0,
UL(L,1) must he read in for cases from L = LDFSS to LDFSF. For N1D _ 0 or
MDFS -- 0, UL(L,I) is not read in. No default valt:_ arespecked.
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VL(L,I) An arraydenotingthe y-directicmvelockT.._zq>onentin fU'sor ntis. See _I) for
additional infon_ation. No defaultv•lues are SpecE'zd.

PL(L,I) An array denoting the pre_mn'ein psi• or kPa. Sce UL(L,I) for additk.n.d
information.No defaultva_t_esare specified.

R_L(L,I) An array denoting the density in lbm/t_3 or kg/m3. See UL(L,I) for additional
information.No defaultvalues are _cit'_d.

QL(L,I) An array denoting the turbulence en_gy in f12/s2 or m2/s2. See UL(LI) for
additionalinformation.The defaultvalue is FSQL in Namelist TURBL.

EL(L,I) An array denotingthe dissipation ratein ft2/$_or m2/s3.See UL(L,I) for additional
information. The default value is FSEL in Ntmelist TURBL.

RSTAR, IfNID = -1 or -2, either RSTAR for planaror RSTARS for axisymme_¢ flow
RSTARS must be readin. RSTAR is the areaperunit depthor height (in in. or cm) where the

Math numberis unity. RSTARS is the areadivided by n that is the radius squared
(in in.: or cm2)where the Mach number is unity, No defaultvalues are _-if'ted.

If the r_tart option is to be used, the initial runmustbe madewith IPUNCH _ 0 in CNTRI_ thereby
causing • new IVS Namelist deck to be punched or writtenon disc or tape. The new IVS Narnelht
replaces the one used initially and includes two additionalparameters,NSTART and TSTART, which
denote, respectively, the time step and the physical time where the solution was restarted.

When NID _ 0. the initial data are calculated using ID isentroplc theory. However, the • and y
-- velocity co_ts are adjusted whilethe magnitudeis keptconstant and the flow angle is satisfied.The

flow angles arc linearly interpolated between the slope of. the wall and the centerbody. For the
dual-flow-spaceexample, the Mach number is assumedto he equal in bothflow spaces at • givenvalue of
x. However, the flow angles are interpolated betwe_n the centerbody and the lower dual-flow-space
boundaryfor the lowe_ space and betweentheupperdual-flow-spaceboundaryand the wall for theupper
space.

4. Namdh_ GEMTRY. Thisname.listspecifies the param_.z_ that ddine the wall contour.
NDIM An integer denotingthe flow geometry.For NDIM ffi0, 2D planar flow is assumed,

and for NDIM = 1, uisymmetric flow is auumed. The defaultvalue is I.

NGE_M An integer specifying one of four differentwall geometries. A discussion of these
four cases follows the dei'mifionsof tl : additionalparamete_ in this nan.s•. No
default valr_ is specified.

XI The x coordinate, in in. or cm, of the wall inlet. No default valu_ is Specii'_d.

RI The y coordinate, in in. or cm, of the wall inlet. No d_'aultvalue is specified.
RT The y coot_nt_ in in. or crn,of the wall throat. No defaultvtlue is specified.
XE The x coordinate, in in. or cm, of d_e wall or free-jet exit. No default value is

specified.
RCI The radiusof curvature, in in. or cm, of the wall _ No default value is specified.
RCT ]'he radius of curvature,in in. or cm, of thewall ",hroat.No deft_t value is spectSed.

ANGI The angle, in degrees,of the convergingsection. No default value is specified.
ANGE The angle,in degrees, of the divergingsection. No defaultvalue is
XWI AID array of nonequaUySpacedx coordinates in in. or cm. No default values are

_x'cified.
YWI AID array of y ct_-dinate_ in in. or cm, correspondingto the x _t_ in

array XWI. No default valuesare specified.
NWF_ An integer Specifyingthe numberof entrie_in arraysXWI and YWL Thenut.mum

value h specifiedby • PARAMETER_.atement(see Sec. HE. 1).No defs_t vah_ is

lINT An integer specifying the orde_of interpolationused. The maximumvalue is 2. TI_
d_faultvalue is 2.
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IDIF An integerspecifying theorder ofdifl'erent]ationused. The maximumvalue is 5. The
defaultvalue is 2.

YW AID array of y coordinates, in in. or cm, which correspond to LMAX x

coordinates, given by XP in Nameli_tVCL. No defaultvaluesare specified. I
NXNY AID array (floatingpoint)of the negativeof the wall slopes corresponding to the

¢Jementsof YW. No defaultvalues are specif's_d.
JFLAG An integer that, when equal to I, denotes that a free-jetcalcula_nis to be carried

out and, when equal to -1, denotes that a supersonic sharpexpansion comer is
present on the wall. These two options are allowed only for the free-sfip wall
boundary condition. Many free-jet flows contain shocks and will, therefore, require
artificialviscosity (see Namelist AVL). The defaultvalue is 0 (no free jet and no
sharp expansion corner).

I.JET An integer that, when JFLAG -- I, denotes the first mesh point of the free-jet
boundary(the last wall mesh point is LJET - I). However, when JFLAG --- -I,

LJETis the next mesh pointdownstreamof thesharpexpansion comer (the comer
mesh point is LJ_I"- I). The program assumes that either the wall ends exa_y at
I.JET-- ! (JFLAG = I) or the sharpexpansion corneris located exactlyat LJET -
1) (JFLAG = -1). Also, for the sharp expansion comer case (JFLAG = --1), t_te
slope of the wall at the corner 0.JET -- 1) should be the upstream value. The

:- programdoes not allow both _ ,.harpexpansioncomer and a free-jetcalculation. In
addition I.JET must be > 2 and < LMAX - I. No defaultvalue is g_ven.

The following is a discussionof the four differentwallgeometries€onsideredbythisprogram.

u.ConatantAreaD_ (N6_M = I).TheparametersXI,RI(radiusoftheduct)andXE mustbe
specified, z

b.Circular-Are,Co,dml Wall(NGJ_M = 2).The8eometryforthiscaseisshowninFig.21.The
parametersXI,RI,RT,XE, RCI,RCT,ANGI, andANGE arespecified.Thexcoordinateofthethroat
andtheradiusoftheexitarecomputedinternally.

€. General Wall (?v'OE_M= 3). An arbitrarywall contour is specified by tabularinput. NWPTS x-
and y-coordinatepairsare specifiedby the arraysXWI and YWI, respectively.The tabulardata need not
be equally spaced.Fromthe specifiedvalues of NWPTS, XWI, YWI, lINT, and IDIF, the programuses
liNT-order interpolation to obtain LMAX y €, ordinates that correspond to the x coordinates given by
XP in Namelist VCL. Next, IDIF-order differentiationis used to obtain the wall slope at these LMAX
points.

d. General Wall (NG_M = 4). An arbitrary wall contour is specified by tabular input. LMAX y
coordinates and the negative of their s!opos _ specifiedby the arrays YW and NXNY, respectively.
These y coordin,ttesco_r.,'spondto the LMAX x coordinatesgiven by XP in Narn_st VCL. XI and XE
also must be read in.

5. NameHn GCBL. This namelist specir_es_e parameter; t_, define the centerbodygeometry. If no
centerbody is l_'esent,thisname.list is left blank but must still be present in the data deck.

NGCB An integerthat, when nonzero, specifiesone of fon.-differentcenterbodygeometries.
A discus_on of these four _ will follow the def'mitions of the additional
parametersinthis namer/st.Thedefaultvtlueis0.

RICB The y coordinate, in in. or cm, of the centerbodyinlet.No defaultvalue is specified.
RTCB The y coordintte, in in. or cm, oft_e centerbody maximum radius.No defaultvalue

is _ecified.
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RCICB The radiusofcurvature,inin.orcm,ofthecenterbodyinlet.No deflultvalueis

specirzd.
RCTCB The radius of curvature, in in. or cm, of thecenterbodymaximumradius. No default

value is specified.

ANGICB The angle, in degrees, of the converging section. No defaultvalue is specified.
ANGECB The angle, in degrees,of thediverging section. No defaultvalue is specified.
XCBI AID array of no, equally spaced x coordinates in in. or cm. No default values are

specified.
YCBI AID array of y coordinates, in in. or cm, corresponding to the x coordinates in

array XCBI. No defaultvalues are specified.
NCBPTS An integer specifying the number of _.fies in arrays XCBI and YCI_I. tr_

maximum value is specified by a PARAMETER statement (see Sec. II.E.l). No
default value is specified.

IINTCB An integerspecifying the order of interpolationused. The maximum value is 2. The
defaultvalue is 2.

IDIFCB Anintegerspecifyingtheorderofdifferentiationused.Themaximumvalueis5.The
default value is 2.

YCB A ID L_ay of y coordinates,in in. or cm, which correspondto LMAX x
_ coordinatesgiven by XP in NameEstVCL.The defaultvaluesare 0.0.

NXNYCB The 1D array(floatingpoint) of the negativeof thece_lterbodyslopes corr_ponding
to thedementsof YCB.Thedefaultvaluesare0.0.

The foUowingis a discussion of the four differentcenterbody geometries considered by this program.

a. C._ol. _zaertk_ (NGCB = 2). The parameterRICB (radiusofthe centerbody) must be
specif._.

b. Circular-Are, Conk_ C¢_,tterbody(NGCB = 2). The geometryfor _hisc_se is shown in Fig. 22. The
parametersRICB, RTCB, RCICB, RCTCB, ANGICB, and ANGECB are specif_d. T_ x coordinate
of themaJdmumradiusandtheradiusoftheexitarecomputedinternally.

€. General CenzedTody(NGCB = 3). An arbitrary _nterbody contour is specified by tabular input.
NCBFTS x- and y-coordinate pairs are specified by the arrays XCBI and YCBI, respectively. The
tabular data need not be equallyspaced. From the specifiedvalues of NCBPTS, XCBI, YCBI, fIN rOB,
and IDIFCB, the program uses llNTCB-order interpolation to obtain LMAX y coordinates that
correspond _o the x coordinates given by XP in Namdist VCL. Next, IDIFCB-order differentiation is
used to obtain the centerbody slope at these LMAX points.

d. General Centn'body (NGCB = 4). An arbitrary centerbodycontour is specified by tab_dar input.
LMAX y coordinatesand the negatives of their slopes are specifiedby the arraysYCB and NXNYCB,
respectively.These y coordinates correspondto the LMAX x €oordinate_given by XP in Nan_Rst VCI..

6. Namellst BC. Ti_ namelist specLf'_:sthe flow boundary conditions for all computational
boundarie_
NSTAG _n integer that, when nonzero,denotes that variabletotalpressure PT, va.dabk t_sl

temperature"IF, and variable flow L'_,le THETA (.11discussed below) have been
specked. If NSTAG _ 0, then a valuefor PT, TT, an_ THETA mu_ be W_'_ed at
all thepoints f,'omM - 1 to MMAX, even if one or two c,"thevariablesareconstant

or some gridpoints are not used (]SUPER ---2 or 3). If NSTAG -- 0, only the first
vaJuefor each of the thr_ arraysneeds to be spec_'_L The dffau.ltvalue is 0.

PT(M) AID array denoting the stqna_o_ p_, in _ or kP& acron the imet (see
ISUPER). This array is usedtocakulam the ID _ surfa_:_as well as the

inflow conditions for ISUPER = 0, 2, or 3. No defaultvales are
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TI'(M) AID arraydeno0algthe stagnationt_mperature,in °R orK, acrossthe inlet(see
ISUPER).Thisarrayis usedto calculatethe ID initial-datasurfaceas well as the
inflowconditionsforISUPER-- 0, 2, or 3. No defaultvaluesarespecif')ed.

THET!_v[) A ID arraydenotingtLeflowangle,in degrees,acrosstheinlet(seeISUPER).The
defaultvalueis THETA(1)= 0.0.whichis meaningfulonlywhenNSTAG= 0.

PTL Denotesthe stagnationpressure,in psia or kPa, at the pointwherethe lower
dual-flow-spacewall intersect1the inlet (see Nan_ist DFSL). The upper
dual-flow-spacewallvalueis readin by FT(MDFS).If NSTAG-- 0 or MDFS= 0
or LDFSS_ 1, thenPTLis notreadin. No defaultvalueis specified.

TTL The same asPTL,exceptdenotesthe stagnationtemperaturein °R orK.
THETAL Thesameas PTL,exceptdenotesthe flowangleis degrees.
P_M) A ID arraydenotingthepressure,in psia or kPa,to whichtheflowis exiting.This

pressureis usedto computethe flowexit conditionswhenthe flowis subsonic,the
free-jetboundarylocation when a free-j_ calculationis r.-quested,or the wall
inflow-outflowboundarywhen IWALL-- 1. The free-j_or wall inflow/outflow
boundarypre_ure is assumedto beconstantandequaltoPE(MMAX).Subroutine
WALLcouldbe modifiedto allowPEto be a functionof x or L This arraystarts
with the centerlineor centerbodyvalue andendswith the wallvalue. If the exit
pressureis constant,onlythe f'trstvalueofthearrayneedsto bereadin.The default

: valueis 14.7.
PEL Denotesthepressure,inpsiaor kPg,to whichh'teflowis exitingatthepoint where

the lowerdual-flow-spacewallintersectsthe exit (see NamelistDFSL).The upper
dual-flow-spacewallvalue is readin by PF_.(MDFS).If MDFS-- 0 or LDFSF
LMAX,PEL is notreadin.No defaultvalueis specified.

UI(M) AID array denotingthe x velocity,in ft/s or m/s, acrossthe inlet(seeISUPER).
Thisarray, as wellas thearraysVI,PI, andROI_iow, surtswiththe ."enterlineor
centerbodyvalue and endswiththewallvalue.Valuesmustbe specifiedforpoints
fron'.M = I to MMAXevenif somegridpointsarenotused(!SUPER= 2 or 3).
No defaultvaluesare specified.

VI(M) The sameas UI, excepty velocity.
PI(M) T_- sameasUI, exceptdenotespressurein psiaorkPa.
R_I(M) "Le sameas UI, exceptdenotesdensityin Ibm/ft3orkg/m_.
UIL Denotes thex velocityin ft./sor m/sat the pointwherethe lowerdual-flow-space

wallintersectsthe inlet(seeNarnelistDFSL).Theupperdual-flow-spacewallvalue
is readinby UI(MDFS).For MDFS= 0 or LDFSS_ I, UILis not read in. See
ISUPERfor additionalinformation.No defaultvalueis specified.

VIL ThesameasUIL,exceptyvelocity.
PIL ThesameasUIL,exceptdenotespr_sureinpsiaorkPa.
RI_IL The same asI.HI.,ex.-'eptdenotesdensityinIbm/ft3orkg/m_.

TW AID array_enotingthe walltemperaturein °R or K corrtspondingtothe x mesh
points.IfTW is not specified,the wallis assumedto be adiabatic.

TCB ThesameasTW,exceptdenotescenterbodytemperature.
TL Thesameas TW,exceptdenoteslowerdual-flow-spacewall(seeNamelistDFSL).

If MDFS= 0, TL is notread in.
TU The sameas TW,exceptdefies upperdual-flow-spacewall(seeNamdistDFSL).

Ir MDFS= 0, TU is noCreadin.

ISUPER An integer thai specifieswhetherth_ inletflow is subso_c, supersonic,or beth.
ISUPERmay _a-': the foIlowingvxh_es:



ISUPER-- 0 Subsonicinflowwith PT, TI', and THETAas the-r.p_c,t'_d
quantities.

ISUPER-- l Subsonic,supersonic,ormixedinflowwithUI,VI, PI,and R0I
as the specifiedquantities.For subsonicflow, PI is only an
L-titialguess if INBC = 0, and UI is only an initialguess if
[Bc o.

ISUPER -- 2 Subsonic,supersonic,or ndxedinflowbetweenthe centerbody
and lowerdual-flow-spacewallwithUI, VI,PI,andR_I as the
specifiedquantities.For subsonicflow,Pl is only an initial
guess if INBC= 0, and UI is only -..ninitialguess if INBC

O. ISUPER= 2 is subsonicinflow betweenthe upper
dual-slow-spacewallandthe wallwithPT,TF, andTHETAas
the specifiedquantities.

ISUPER= 3 The same as ISUPER= 2, except subsonicand subsonic,
supersonic or mixed sides are switched.

The defaultvalueis 0.
INBC An integerthat specifieswhethe:, or p willbe theinflowboundaryconditionfor

ISUPER_ 0. If INBC= 0, u ,_ the boundaryconditiona'_dp is calculated.If
INBC_ 0, the reverseis true.Thedefaultvalueis 0.

r IWALL An integerthat denoteswhetherthe _va)lis a solidboundary.(includesfree-jet
option)or a constantpressurei_ow/outflow boundarythatis fixedwithrespectto
time.

IWALL= 0 Specifiesa solidor free-jetboundary.
IWALL= I Specifiesa constantpressure[PE(MMAX)]boundary.When

there is inflowacrossthisconstantpressureboundary,u andp
areset equalto thewall-inietvalue.Thisoptioncannotbe used
withJFLAG_ 0 inNamelistGEMTRY.The defaultvalueis
0.

IWALL_ An integerthat, whennotequalto 0, forceslinearextrapolationof the pressureat
thewallfortheIWALL= 1case.Thisoptionis usefulwhena shockwaveexitsthe
wallboundaryor whentheflownormalto theboundaryis supersonicoutflow.The
defaultvalueis 0.

IINLET An integerthat, when not equal to 0, forcesspecificationof all variablesas the
inflowboundaryconditionregardlessoftheMachnumber.Itappliesonlywhen
ISUPER_ O.ThedefaultvalueisO.

IEXI'I'I" An integerthat, whennot equalto 0, forceseitherextrapolation(IEXYIT= 1)or
specifiedpressure(IEXlTT = 2) as the outflowboundaryconditionregardlessof
the Machnumber.Thedefaultvalueis 0.

IEX An integerthat denotesthe typeof extrapolationto beusedfor supersonicoutflow.
IEX= 0 denoteszerO-order extrapolation,andIEX--- 1denoteslinearextrapola-
tion.Thedefaultvalueis I.

IVBC An integerthat specifieswhether_trapolationorrefL-etionis usedto determinethe
viscoustermsat boundaries.FiBC = 0 specificsreflection,IVBC= 1 SlX.'cifies
linearextrapolation,nnd IVBC= 2 specifieszemth-orderextrapolation.Reflection
is alwaysused_t thecenterlineor told.plane.The adiabaticwallboundarycondition
(thatis, TW,TCB,TL,andTUnotspecified)requ_esIVBCffi 0.Thedefaultvalue
is0.

Nt_LIP An integerthat,w_n equalte zero,specifk'sfr,.'e-slipwarswhe_asN_SLIP= I
si.,edfiesno-slip(u = v -- O)wills forall s<x':dbo,.mdafies.Theno-slipboundary
conditionis notenforcedat thewallwhenIWALL_ O.Thedefaultval_ is O.
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DYW A parameterthat specifies themaximum dumge that isallowedon each time step in
the free-jetbounda.,'ylocation. The defau_ value is 0.001, that is, 0.1% maximum
change per time step.

/AS An integer that, if not equal to zero, causes theupperandlowerdual-flow-spacewall
slopes to be set equal to the average of the two slopes. Thisoccurs only at the point
or points wherethe two dual-flow-spacew_s intersect. Thatis, for LDFSS : l, the
slopes at LDFSS will be set equal to theiraverage.Also, if LDFSF _: LMAX, the
same occurs. The defaultvalue is O.

ALI The coefficient C,, in F_s. (55) and (56). Thiscoefficient controls thenonreflecting
inflow boundary condition employed at the leR boundary. Any nonzero value will
activatethenonreflectingoption;however,valuesof approximately0.1appearto
work well for many problems.SpecifyingALl _ 0.0 forthe Px, Tz, and 0 boundary
condition or supersonicinflowhas no effect.The default value is 0.0.

ALE The coefficient CainEq.(54).This coefficientcontrols the nonrefleetinginflow and
outflow boundaryconditionat the rightboundary.See ALI for further details.
Specifying ALE _ 0.0 for supersonic outflow has no effect.The defaultvalueis 0.0.

ALW ThecoefficientC, LaEq.(54).Thiscoefficientcontrolsthenonreflectinginflowand
outflowboundaryconditionat the wallboundary.SeeALI forfurtherdetails.
Specifying ALW :_ 0 when IWALL -- 0 (Namelist BC)has no effect.The defauh
value is 0.0.

7. Namelist AVL. This namelist specifies the pa,ameters that determine.the artificial viscosity used to
stabilize the calculations for shocks and control the space- and time-smoothing options. For flows
without shocks or where space or time smoothing is not desired, this namelist is left blank. See Sec. II.F
for additional information.

CAV Denotes the artificial viscositypremultiplierC in Eq. (23). See Sec. II.F for typical
values. The defaultvalue is 0.0.

XMU Denotes the coefficient C_! in Eq. (24) in the artificial viscosity model. A
nondimensional value is used. The default value is 0.4.

XLA Denotes the coefficient Ca in Eq. (23) in the aritificial viscosity model. A
nondimensional value is used.The default value is 1.0.

PRA Denotes the coefficient Pr, in Eq. (25) in the artificialviscositymodel and represents
an artificial Prandtl number. The default valueis 0.7.

XRt_ Denotes the coefficient Co in Eq. (26) in the artificial viscosity model. The default
value is 0.6.

LSS, Integers that specify the x mesh points at which the a_-4itionof the artificial

LSF viscosity willbegin (LSS) andend (LSF). Theseparameters can significantly reduce
the run time for inviscid flog_ where a shockoccupies only a small part of the flow.
The default values are LSS = 1 and LSF = 999.

MSS, The same as LSS and LSF, except that these specify the y mesh points at which the
MSF addition of the artificial viscositybegins (MS,S)and ends _iSF). The default values

are MSS -- I and MSF -- 999.

IDIVC An integer that, when not equal to 0, bypasses the check on the sign of the velocity
divergence in the artificial viscosity model. That is, the artificial viscosity will be
nonzero for both expansions and compressions. This improves some complex
multiple shock interactions, but also increases the smearing of expansions. The
default value is 0.

lSS An integer that, when not equal to 0, _dds the sound speed gradient to the velocity
divergenc€ in Eq. (23). For ISS = 1, :.he sound speed gradient is added to the



velocity divergence only if the velocity divergence is <0. For ISS = 2, the sound

speed gradient is always added. This tern_improves contact surface calculations (see
See. I.F). The default value ts 0.

SMACH Denotes the Math number below which no art_cial viscosity for _ock calculations
is added to the solution. This option is useful for moderate-to-high Reynelds
number, steady flow, where the artificial viscosity swamps the molecular and
turbulent viscosities in the boundary layer. By setting SMACH equal to --0.5, the
artificial viscosity is zero for most of the subsonic pan of the boundary layer. See
Sec. I.F for additional details. The default value is 0.0.

NS") An integer denoting the time step at which a small amount of numerical space or
time smoothing is stopped. Smoothing is employed on the regular time steps and not
the subcycled steps (see Namelist VCL). This smoothing may be required to stabilize
the calculations for vet7 nonuniform or irn.pulsivelystra'ted initial-data surfaces.
Some initial smoothing in space causes subsonic flows to reach steady state faster,
but this is not the case for transonic and supersonic flows. Time smoothing also
causes subsonic flows to converge to steady state faster. When using the restart
option, make sure NST is set equal to zero unless additional smoothing is desired. If
additional smoothing is desired on a restart, make sure that the values of SMP or

SMPT on the restart equal the final values of the previous run (see SMP and SMPT
discussion below). The default valve is 0 (no smoothing).

SMP A parameter that. along :vith NST and SMPF, controls the amount of space
smoothing (provided NST _ 0). SMP must be between 0.0 and 1.0. The dependent
variables are smoothed by the followin_ formula: ut.M = SMP*u,..M + (1.0 -
SMP)'(uL+2.u+ ut.u+_ + ut-t.u + ut..M__)/4.0.The value of SMP changes on each
time step by the followingreplacement formula:
SMP = SMP + (SMPF - SMP)/NST,

where the nnderlined SMP denotes the original input value. The inlet (L = 1) and
exit (L = LMAX) columns of grid points are not smoothed. Tbe default value is 1.0.

SMPF A parameter that, along with NST and SMP, controls the amount of space
smoothing (see SMP for details). SMPF must be between 0.0 and 1.0. The default
value is 1.0.

SMPT A parameter that, along with NST and SMPTF, centrols the amount of time

smoothing or relaxation (provided NST :_ 0). The dependent variables are
smoothed by the followingformula:

ut,M=s-_ SMPT*u[_,. + (I.0 - SMPT,_ur[...,_.

The value of SMPT changes on each time step by the follo_,,ing replacement
formula:

SMPT = SMPT + (SMPTF -SMPT)/NST,
where the tmderlined SMPT denotes the original input valtm. Where some initial
sp_ce smoothing followed by longer &nation time smoothing is desired, flowscan be
computed using the re.;tart option. T_ default value is 1.0.

SMPTF A parameter that, along with NST and SMPT, controls the amount of time
smoothing (see SMPT fer details). The default value is 1.0.

NTST An integer that specifies the inter, A of time steps over, which the solution is time

smoothed (provided NST _ 0 and SMPT _ !.0). For example,if NTST = 10,then
after every. I0 time steps the solution at the current time step N is time averag-,d with
the solution at time step N - 10. This zveraged sclutien is then store5 and used to
average with the solutien at N + 10. For NTST = 0, th.- code monkers the
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pressureat theL = LPPIand M = MPPI gridpoint (NamelistCNTRL)andtime
smoothswhenthispressurechangesdirection.IfLPPIandMPP1arenotspecified
and NTST= 0, there is no timesmoothing.Thisextended-intervaltimesmoothing
usually improvesthe convergenceto steady state of subsonicflows.To use this
option withNTST= 0 or >!, the arraysUS, VS, PS, R¢_S,QS,andES mustbe
dimensionedfor LMAXand MMAX,whilearraysULS,VLS,PLS,R0fLS,QLS,
and ELSmustbe dimensionedforLMAX.Thesearraysarelocatedin Common
AV. The defaultvalue is I.

IAV Anintegerthat,whennoteque3to0, causestheviscous-turbulenceterms,turbulence
energy,and dissipationrate (or lengthscale) to be printedat the solutionplanes
specifiedby NPRINT.IAV -- 2 causes the viscoustermsforeach subcycledtime
stepto beprinted(providedMVCBandMVCTinNamelistVCLarenonzero).The
defaultvalueis 0.

8. NamelistRVL This namelistspecifiesthe real or molecularviscosityparameters.For inviscid
flows,this namelistis leftblank.

CMU, Theseparametersspecifythe molecularviscosity;aby the followingequation:EMU

p : CMU. T EMu .

whereT is thetemperaturein °R or K. Theunitsof _ areIbf'-s/ft_or Pa-s.The
defaultvaluesare0.0.

CLA, Theseparametersspecifythe secondcoefficientof viscosity_.by the following
ELA equations:

_.=CLA.T ELA,

whereT is the temperaturein °R or K. The unitsof _.areIbf-s/ft2or Pa-s. The
defaultvaluesare 0.0.

CK, Theseparametersspecifythe thermalconductivityk by the followingequation:EK

k : CK - T_x ,

where T is temperature in °R or K. The unitsof k are Ibf/s-ORor W/m-K. The "he
default values are 0.0.

9. Name.listTURBL This namelist specifies the turbulen_ modelparameters. For laminaras well es
inviscid flows, it is lef[ blank. For t'arbulentflows, Namelist RVL cannot be blank.

ITM An integer that, when nonzero, specifies one of three different turbulencemodels.

ITM = i specifies a mixing-length model; ITM = 2 specifies a one-equation,
turbulence energy model; and ITM = 3 spechqesa two-equation,turbulenceenergy-
dissipation-ratemodel. The default value is 0.

, IMLM An integer, requiredfor ITM = 1 or 2, that specifies whetherthe flow is a freeshear
layer (IMLM = 1) or a boundary-layer flow (L_/LM : 2). This irformation is

requiredbecause the equations for the mixing length (ITM = 1) and the length scal_"
- of the one-equation model (ITM = 2) are different dependingon whether the flow is

a free shear or boundary layer. For single-flow spaces, the shear-layer option
assumes eider that the boundariesare free slipre. that the lower boundaryis a
symmetry boundaryand the wall must be a constantpressureinflow/outflow
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boundazy. The boundary-layeroption assumes one no-slip boundary, which is tither
a centerbodyor a wall,bu: not both. For dual-flowsp_ces (seeNsmelis_DFSL),the
dual-flow-spacewalls are assumed tobeno-slipboundaries,but the lower boundary
must be a symmetry boundary and the wall must be a constant pressure
inflow/outflow boundary. The program then uses the boundary-layer option
between the dual-flow-space walls and the shear-layeroption elsewhere, _gardless
of IMLM. Therefore,for dual-flog"spaces IMLM does not need to be specified.The
default value is I.

CMLI, These coefficients, defined in Eqs. (9) and (10) and requi _ for ITM = l or 2, are
CML2 used in the shear-layeroption (for IMLM = l or for dual-flow spaces). The mixing

length, used in both ITM = l and 2, is calculated by multiplying the shear-layer
thickness by these coefficients. CML2 is for velocity prot'deswhere the minimum
velocity is in the flow interior, and CMLI is for monotonic profdes. The default
values for both coefficients are 0.125 for planar flows and 0.11 for axisymmetric
flOW.

CAL Denotes the coeffici,'nt _'in the governing equations, Eqs. (1)-(4). This coefficient
controls the effectof variabledensityfor all threeturbulencemodels.The
recommended and default value is 1.0.

CQL This coefficient, which is Cq in Eq. (15) and .'equlred by ITM = 2, is multipliedby
the mixing length to obtain the length scale used in the one-equation model. The
defaultvalue is 1"/.2for planar flows and 12.3 for axisymmetricflow.

CQMU This coefficient, which is Cuin Eqs. (17) and (21) and requiredby ITM _ 2 or 3,
premultipliesthe expression for the turbulentviscosity in the one- and two-equation
models. The recommended and default value is 0.09.

C1,C2, Cne_cients,which are C_,_2, oq, and o€, respectively, in Eq. (20) and requiredby
SIGQ,SIGE ITM --3,forthetwo-equation,turbule_ceenergy-dissipation-ratemodeL The

recommendedanddefaultvaluesare1.44,1.8,1.0,and1.3,respectively.

BFST A parameter,requiredbyITM --3,thatsetsalowerboundforqand•inthetwo-
equationmodelby'..hefollowingrelation:

qt,u >IBFST*FSQ(M)
eLM/> BFST*FSF.(M),

where FSQ and FSE are defined below. A valuebetween0.0 and 1.0is necessary for
some separated flows. If MDFS _ 0 and L < LDFSS or L > LDFSF {'Namelist
DFSL), then BFST is set to zero. The default value is 0.0,

FSQ(M) AID array that denotes the inlet or free-stream_rbulence energy level(ITM = 2 or
3) in ft_/s2or m_/s2.This array, as well as the arrayFSE, sta.-tswith the centerlineor
centerbodyvalueandendswiththewallv_ue.Thedefaultvalueis0.0001.

FSE(M) ThesameasFSQ,exceptthatthedissipationratelevel(ITM--3)isgivenint_2/s3or
m2/s_. The default value is 0.1.

FSQL D_,otes the inlet or free-stream turbulence energy level 0TM -- 2 or 3) in t_2/s2or
m2/s' at thepointwhere the lower dual-flow-spacewall intersects the inlet (see
Namelist DFSL). The upper dual-flow-space wJdlis read in by FSQ(MDFS). For
MDFS -- 0 or LDFSS _- l, FSQL is not read in. The default value is 0.0001.

FSEL The same as FSQL, except that the dissipation rate levd (ITM-- 3)isgiveninft2/s3
or m'/s 3. The default value is 0. !.

QLOW If during a calculation the turbulence energy (1TM-- 2 or 3) becomes less than or
equalto QLOW,itis setequalto QL0W.Thedefaultv_lueis0.0001.



ELOW ThesameasQL_Wexceptforthedissipationrate(ITM-- 3).Thedefaultvalueis
0.1.

LPRINT, lnteg_s that, when greater than zero, cause the convection, production,dissipation,
MPRINT anddiffusiontermsoftheturbulenceenergy(ITM= 2 or 3)anddissipationrate

(ITM= 3)tobeprintedforL= LPRINT,M= MPRINTateverytimestep.The
axisymmetHcterms are not included. The defaultvalue is 0.

PRT Denotes the turbulent Prandtl num_.'r in Eq.(s).The turbulentviscosity)_r is €
calculated by the turbulence model, after which the turbulent conductivity kT is ii
calculated from PRT. The default value is 0.9.

STBQ, Denote the coefficients Co and C,, respectively, in Eq. (22). These coefficients
STBE control the fourth-ordersmoothing for the two-equationmodel (ITM -- 3). This

smoothingmayimprovethe results for stronglyseparatedflows. The defaultvalues
are0.0(nosmoothing).

10.NamelistDFSL Thisnamelistspecifiesthedual-flow-spacewalls.Forsingle-flow-spaceex-
amples,this namelist is left blank.
MDFS An integerthat.whennonzero,specifiestheMrowof gridpointsalongwhichthe

dual-flow-space wails are positioned. MDFS cannot be set equal to 2 or
MMAX -- I. The defaultvalue is 0.

LDFSS, Integersthatspecifythex gridpointswherethedual-flow-spacewallsstartandend,
LDFSF respectively. LDFSS and LDFSF cannot be set equal to 2 or LMAX - !,

respectivdy. The default values are 0.

NDFS An integerspewingone of two differentdual-flow-space wall geometries. A
discussion of these two cases follows the dd'mitionsof the additional paramaers in
thisnamdist.Nodefaultvalueisspecified.

YU, ID arrays of y coordinatesin in. or cm,whichcorrespondto the LMAXx
YL coordinates givenby XP in Namelist VCL. YU denotes the upperdual-flow-space

wallandYLdenotesthelower.Thedefaultv_luesare0.0.
NXNYU, ID arrays (floating point) of the negative of the dual-flow-space wall dopes
NXNYL corresponding to theelementsof YU and YL, respectively.The default values are i

0.0.

XUI, 1D arraysof nonequally spacedx coordinates in in. or cm. XUI corresponds to the ,,
XLI upperdual-flow-spacewall and XLI correspondsto the lower. No defaultvalu-.sare

specif_, i
YUI, ID arraysofy coordinatesinin.orcm,correspondingtothexcoerdinatesinarrays
YLI XUI ,rodXLI,respectively.No defaultvaluesarespecified.

NUPTS, Integerss1:ec_yingthenumberof entriesinarraysXUI-YU_T and XLI-YLI,

NLPTS respectively. The maximum value is specifiedby a PARAMETEK statement (see
Sec. II.E.I). No defaultvalues are specified.

IINTDFS An integerspecifyingtheorderofinterpolationused.Themaximum valueis2.The
defaultvalueis2.

IDIFDFS An integerspecifyingtheordero!"differentiationused.Themaximumvalueis5.The
defaultvalueis2.

Thefollowingisa discussionofthetwodifferentdual-flow-spacewallgeometriesconsideredbythis

program. If the dual-flow-space walls begin in the interior(LDFSS _ 1), the values of YL and YU (or
YLI and YUI) for L = LDFSS must be equal. The same is tnl: at L = LDFSF if the dual-flow-space
wails end h_the interior (LDFSF _ LMAX). If the dual-flow-spacewalls begin and end in the interior,
than the ratio (YL -- YCB)/(YW - YCB) at L = LDFSS must equal that at L = LDFSF. The angle of
attack of the dual-flow-space walls can be v_,riedsomewhat by changingthe shape of the centerbodyand
wall.However,ifthecenterbodyandwallshapesarefixed,thentheangleofattackcannotbevaried.
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a. General Dual-Flow-Space Wall (NDFS = 1). An arbitrary dual-flow-space wall contour is
spedfied by tabular input. NUPTS x and y coordinatepairs are spedfied by the arraysXUi and YUI,
respectively.NLPTS x and y coordinatepairsL-e specifiedby thearraysXLI and YLI,respectively.The
tabulardata need not beequally spaced. From the specit'axlvalues of NUFTS, XUI, YUI, NLPTS, XLI,
YLL IINTDFS, and IDIFDFS, the program uses llNTDFS-order interpolationto obtain (LDFSF --
LDFSS + 1) upper and lower dual-flow-space wall y coordinates that correspond to the (LDFSF -
LDFSS + 1) x coordinates given by XP(LDFSS) to XP(LDFSF) in Namelist VCL. Next, IDIFDFS-
orderdifferentiationis used to obtain the upperand lowerdual-flow-spacewallslopesat these (LDFSF --
LDFSS + !) points.

b. General Dual.Flow-Space Wall (NDF$ = 2). An arbitrary wall contouris specified by tabular

input. (LDFSF - LDFSS + 1) y coordinates and the negative of thdr slopes arespecifiedby the arrays
YU and NXNYU for the upperdual-flow-spacewall and YL and NXNYL for the lower, respectively.
The y coordinates ce _pond to the (LDFSF -- LDFSS + 1) x coordinates given by XP(LDFSS) to
XP(LDFSF) in Namelist VCL.

!I. NameHstVCL. This namelistspecifies the variablegrid coordinatesas well as the parametersthat
control thesubcycleandQuickSolveroptions.Forequaloruniformgridspacing,thisnamelistisleft
blank.

.- Thesubcycleoptionallowsthepartofthemeshwiththesmallgridspacingtobecomputedformany

time steps with the requiredsmall time step, whereas the rest of the meshis calculatedonly one time step.
The QuickSolver optioncan be used with thesubcycle option to increase the timestep in the smallgrid
part of the mesh and, therefore, reduce the number of time steps or subcycles, The Quick Solver allows

the increased time step by a procedure that removes the sound speed from the usual C-F-L stability
condition. The Quick Solver assumes the fio_vin the y directionis subsonic.
IST An ;ntegerthat, when nonzero, _'ifies that ooth tl,e x andy coordinates will have

variable grid spacings. When IST = 0, the program w_l generate equally spaced
values of XP and YI. The defaultvalue is 0.

XP A 1Darraythatdenotesthe x coordinategridspacing.TheelementsofXPbegin
withthe inlet (L = I) and extendto the outla (I, = LM.AX).The first (dementXP(1)
must equal XI [or XWI(1)] of NamelistGEMTRY and XP(LMAX) must equal XE
[or XWI(NWPTS)]. For IST = 0, the default values of XP consist of LMAX
equally spaced grid points. For IST _ 0, no defaultvalnes aregiven.

YI AID array that specifies the y coordinate gridslgcing at the in!_. or x = XP(I)
column of gridpoin:s.The elements of YI beginwith the centedine or _--nterbody
and extend to the wall. If MDFS _ 0 and LDFSS = 1 (Namdist DFSL), then
YI(MDFS)mustequalYU(I)anda valueofYI= YL(1)isnotreadin.Thegrid
spacing for the columns corresponding to x = XP(2), XP(3), .... XP(LMAX) is
proportionalto the YI spacings.For IST= 0, the default values of YI consist of
MMAX equally spaced gridpoints. For IST _ 0, no dd'aultvalues are given.

MVCB, Integers that, when non:ero, denote which grid points _ b¢ subcycled. The
MVCT subcy_led grid points are M = MVCB to MVCT for all L The restric¢k_r.sare

MVCB _ 2, MVCT _ MMAX - 1, andMVCT > MVCB + 1. Where dual-flow-

spar--wallsarepresent,MVCB_ MDFS+ 1andMVCT_MDFS- 1.Finally,if
the subcycledgridpoints extend on each sideof thedual-flow-spacewalL%MVCB <
MDFS - 1 and MVCT > MDFS + 1. The defaultvalues are0.

NVCMI An integer that when nonzero, specifies the numberof times the small spaclag grid
points are subcycled. If NVCMI = O,the programdeterminesthe value internally.
NVCMI mustbean oddintegerforindexingreasons.SeeNIQSS andNIQSF for
additional details. The defatzltvalue is O.

41
i :I



II

IQS An integer the.t, when nonzero, specifies the Quick Solver option. This option
a.,._mes thatthe flow in they directionis subsonic.Also, if MVCT = MMAX, then
the wail boundarymust be a no-s/ip solid wall (IWALL --_0 and N_SLIP = I in

NamelistBC). If MVCB = I, then the centerbodyboundary mustbe a _o-slip solid
wall (NGCB = 1 in Na._dist GCBL and N_SLIP = 1). If dual-flow-spacewalls are
present (see Namdist DFSL), the Quick Solver assumes that the subcycled grid
points extendon each side of the dual-flow-spacewalls; that is, MVCB < MDFS <
MVCT. The defaultv&lueis O.

NIQSS, Integersthat, when nonzero, denote at whichtimestep N the QuickSolver will start
NIQSF (NIQSS) and stop (NIQSF). If NIQSS > 1 and NVCMI is nonzero, then the

programinternallycalculatesthe numberof timesto subcycle the small spacing grid
points for N < NIQSS and uses NVCMI when N _ NIQSS. The defaultvalues are
NIQSS -- 2 and NIQSF = NMAX in Namelist CNTRL.

CQS A parameterthat specifies the convergence tolerance for the iterationthat locates
the characteri_c intersectionpoints in the Quick Solver.The defaultvalue is 0.001.

ILLQS An integer that specifies the maximum numberof iterations allowedin locating the
characteristicintersection points in the Quick Solver.The defaultvalue is 30.

SQS The coefficient Cs, in Eqs. (47) and (49), that controls the amount of numerical
smoothing necessary to stabilize the Quick Solver. The recommendedand default

+-- value is 0.5.

D. Output Description

Programoutput consists of printed output, t'dmplots, and punchedcards (c_iscor tape t'de)for restart.
The first two pages (or first threepages in the tabular inputgeometrycase)of outputincludetheprogram
tide, abstrac':, list of control parameters, fluid model, flow geometry, nozzle geometry, boundary
conditions,artificialviscosity, molecular viscosity, turbulencemodel, and variablegridparameters.

Following the title pages is the initial-data surfac_ Before each initial-data surface, a
pageis printed that gives the mass flow, ratio of mass flow to inlet(L = !) mass flow, exit momentum
thrust, and ratio of momentumthrust to inlet momentum thrust for L = 1 to LMAX. These data are

either data that havebeenread in or a ID solutionthat has beencomputed by the program. All unitsare
given. For planarflow, the mass flow units are lbmfm.-s or kg/cm-s and the momentum thrustunits are
lbffm, or N/cm.

After the initial-datasurface has been printed,the solution surfacesare printed. Before each solution
surface, a page is printed that gives the mass flow, ratio of mass flow to inlet (L = 1) mass flow, exit
momentum thrust, and ratioof momentum thrustto inletmomentum thrust for L = 1 to LMAX. ARer
the mass flow page, the solution surfaces are printed.These surfaceshave the same formatas the initial-

data surface. Each solution surface gives the flow field for a certain value of time. At the top of each
solution surface page is the numberof time steps N, the time, the time step, the number of subcycles
NVCM, and the subcycled Courant numberCNUMS. At the top rightof each page are two pairs of
rumbe:'.senclosed in parentheses.These give the gridpoints wherethe Lirruting time step was found. The
one on the right is for the subeyeled grid.As many solutionplanes as desired may be printed by varying
the_putdata.

Ifrequested(IAV_ 0),artificialviscosity,molecularviseos_ty,andturbulenceparametersareprinted
beforeeachsolutionplane.QUI"denotesthexmomentumequationright-hand-sidetermsinftJsorm/s,

QVT denotesthey momentum equationright-hand-sidetermsin_s orm/s,QPT denotestheinternal

_e:gyequationright-hand-sidetermsinpsiaorkPa,andQRffI"denotesthecontinuityequationright-
hand-s_etermsinIbm/It_ockg/m3.AVMU.R andTLMUR aretheratiosofarthqcialandturbulent

viscositZesto the laminar value, respectively,Q is the turbulenceenergy at theN - I timestepin ft=/s=or
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m2/s2, an_ E is the dissipation rate at the N - I timestep in/_2/s3or m2/sI.QQT is theturbulenveenergy
equation right-hand-sideterms in ft.2/s' or m2/sz, QET is the dissipttion rate equation fight-hand-side "

terms in ft2/s3or m2/s_,and TML is the mixlng-length(ITM-- I) or lengthscale (ITM_ 2) in in. or cm.
The parametersfor the upperdual-flow-spacewallare printedon the last page of the viscous printout.At
the end of theviscosity parametersare the gridpoints whose viscous terms limit the time-step size in the
x and y directions.Al:o printedis the ratio of the y terms to the x terms.The largerthisratio, the more
restrictive the y direction termsbecome in limitingthe time step size. If LPRINT and MPRINT are read
in, the tudoulenceenergyand dissipationrateconvection,production,dissipation, anddiffusionterms(not
including axisymmetri€ terms) are also printed in internal units. Also, film plots with the units of the
printedoutputare made for each requestedtimestep. When thecomputation is stoppedbecause the flow
has satisfied the convergence tolerance, the physical timeequals TST_P, or the maximumnumberof time

steps has beenreached, the final solution plane is always printedand plotted.

E. Computing System Compatibi_ty

I. Deck Set-Up. The deck begins with the common deck called MCC, followed by the main progra_
called VNAP2 and the remainingfunctionand subroutines.The common deck is prececdedby the card
*C_MDECK,MCC, beginning in column I. This common deck is separated from the mahl program
VNAP2 by the card *DECK,VNAP2, also bc_nning in cclu_._nI. Any rou_,,.ethat uses the common
deck MCC has the card "CAIJ..,MCC, beginningin column I, at the location wherethe common deck

should be in that routine. The CDC routine UPDATE will p/ace the common deck in each routine
containing a "CALL,MCC card. This simplifiesmaking changesto the COMMON statements as well as
array sizes (see below). Forcomputing systems without an UPDATE or comparableroutine, remove the
"C_MDECK, MCC and "DECK,VNAP2 cards and replaceall *CALL,MCC cards with the common
deck, MCC.

2. Array Sizes. This version of the program allows for a maximum of 41 x and 25 y mesh points.
These values are set by use of a PARAMETER statement, which is the firstcard in the common deck
MCC. In this PARAMETER statement,LI _ LMAX, MI _ MMAX, LII -- LI + I, and MII = MI +

I. MQS _ MVCT sets the Quick Solver arraysizes. Whenthe QuickSolver is not beingused (IQS -- 0),
then MQS can be set equal to one to reduce the amount of storage. LTS ---LI and Mrs = MI set the

extended-interval time-smoothing array sizes. When the extended-interval time smoothing is not being
used (NTST = I or NST - 0), then LTS and MTS can be set equal to one to r_luce the amount of

storage. By using the routine UPDATE, discussed above, the arrey sizes may be changed by changing
the one PARAMETER statement card. For computing systems that do not allow a PARAMETER
statement, removethe PARAMETER statementand replace the integers LI, MI, LI1, MII, MQS, LTS,
and MTS inthe common block, _ well as the two cards def'mingLD and MD (followingtheNAMELIST
statements in program VNAP2) with the desired values.

3. Film Plotting. The subroutinePL_T discussion in Sec. II.A describes the Los Alamos National
L_boratory system routinesused by this code. Forother computing systems, the Los Alamos routines in
subroutine PI._T will have to be replaced by comparable routines. On the other hand,if velocity vector
and contour plots are not needed, then subroutine PLOTcan be replaced by a dummy subroutine.

4. SingloSubserip_edArrays. Unlike VNAP, VNAP2 contains no singlembscripfingof arrays that
are dimensioned with multiple subscripts, because mozt currentFortran compilers ge.,_eratenearly as
€fl_cicnta code with either single or multiple subscripts. For example, tbe single subsoriptvcr_n of
VNAP2 was approximately 1 to 2% faster than th_ mul_le subscril_ versSonu_ng the CDC FTN 4.8
compiler. Th_s ._mallincrease in emc:,cneydid not seem to be worth the added¢omp_xky.
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F. Artificial Vigosity Discussion

The artificialviscosity model contains many parameters. However, in nmst cases the userneeds to be

concerned with only two, CAV and FDT. CAV controls the overall amount of smoothing and FDT
controls the time step. If the space oscillations 0hat is, osc'.l!ationsfrompoint to point in the same time
plane) aretoo large,then increaseCAV. If the shock is too smear_, then decreaseCAV. However, if the
time oscillations (that is, osc_ations at the same space point in different timeplanes) are too large, then
decreaseFDT. Increases in CAV often r_4:_e decreases in FDT, where.as0ecreases in CAV often allow
increases in FDT. For computationelgi,:iencyone uses large values of FDT and, therefore, small values
of"CAV. In calculations where FDT ,s too large, the solution usually "blowsup" in less than 10 time
steps. For calculations where CAV is too small, the solution usually takes longer to blow up. It"FDT is
sma_er than necessaryand CAV is larger than required,thesolution willnot blowup but, instead,willbe
inaccurate and inefficient. However, there is _ lower limit of FDT _:low which space oscillation; will
appear.The code includesan artificial viscosity contributionin the time step calculation and, therefore, a
given valueof FDT willusually suffice for a wide rangeof CAV.

As an example, an oblique shock produced by supersonic flow (Mach naumber= 3.2) over a 30°
wedge (pressure ratio = 6.84) requireda CAV of 1.5 and an FDT of 0.8. In generai,stronger shocks
requirelargervalues of CAV and smaller values of FDT. The opposite is truefor weaker shocks.

.- The artificial viscosity discussed above is intended for shocks and is very small for contact surfaces

and zero for expansions.Because of this, ffcontact surfaces are present,additionalsmoothing is usually
needed. This can be accomplished by using the sound speedgradientoption (ISS _ 0). For ISS _ O,the
sound speed gradientis added to the velocity divergence. If ISS = I and the divergenceof the velocity is
<0, then the sound speed gradient is set equal to zero, whichagain mainlysmoothsonly :.hocks. lflSS =
2, the sound speed gradknt is always nonzero, wi_ch smooths shocks, contact surfaces, and,
unfortunately,expansions.Therefore,for contact surfaces or dual flows withverydifferentdensities,use
the ISS = 2 option. The IDIVC :_ 0 (ISS = l) option ccraldalso be used, but here both the velocity
divergenceand the sound speed gradient are nonzero,causingadditionalsmearingof any ex.r_nsionsthat
may be present.

Anotherprobl_mconcerningthe artificialviscosity is theshock wave-boundarylayerintera_on. Here,
the artificialviscosity that is necessary for the shock may swampthemolecularand turbulent viscosities

in the boundary layer. To minimize this problem, the an_cial viscosity depends on the velocity
divergence and not the shear gradients. In addition, _.x and tJx are multipEedby the Mach number

squared in the subsonic part of the boundary layer. If this is not sufficient, theSMACH option can be
used. There are no claims that this artificialviscosity modal is the bestway to treatshockwave-boundary
layer interactions. It is to be hoped that additional work willproduce better procedures.

G. SampleCalculations

I. Case No. h Subsonic Constant Area, Supersonic Source Flow. The geometry for this case is

shown :n Fig. 23 and consists of a constant areaduct on top containing subsonic flow and a diverging
ductcn the bottom containing supersonic sourceflow. The data deck andprintedoutput are presentedin
Figx 24 and 25, respectively.

n. N_ CArTRL. This case u.,es a 21 by II mesh, therefore LMAX = 21 and MMAX = !I.
The maximumnumberof tirr_steps NMAX is setequal to 500. After 500 timesteps, the supersonicflow
is steady, but the subsonic flow is still changing slightly. Film plo¢_of the final solution plane are
requested by setting NPLOT = ._00. A nondimensional set of units is used, so IUNIT = 1. The gas
constant for this nondimensional s_ o/"un_is 0.0I; therefore RGAS = 0.01. So that the calculation _11
not be stopped before the nurrberof time steps reaches NMAX, TST_P is increased to I00.0. The
additionalparameters are left equal to their default values.
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b. Nasw_Es¢/'VS. An initial-datasurfacethat is subsonic in the upperflow space andsupersonic in the knver
is desired. B_causethis is not possible using the internallygeneratedinitialdata, a generalinitial-datasurface is
read in. Therefore, NID = 0 and values for the arraysU, V, P, RIJ,IlL, VL, PL, and RIlL must be read in. All
the values are assumed to be constant in each flow space. The additional parametersare left equal to theirdefault valuer,.

€.A'ame_stGF__3fTRy.Theflowgeometryforthiscaseis2D planarflow;thereforeNDIM = 0.Thewallis

aconstantareaduct;thereforeNGF__M = I.TheinletlocationX[ equals0.0,theexitlocationXE equals4.0,
andtheradiusRI equals2.1547.No otherinputisrequired.

d.Nan_llstGCBL. Beca-,.-*.hiscasehasnocenterbody,noinputisrequired.

e.NarnelistBC. Becausethelowerflow-spaceinflowissupersonicandtheupperflowspaceissubso_c,

ISUPER = 2.ThestagnationpressurePT,_'tagnationtemperatureTI',andexitpressurePE fortheupperflow
spaceare213.514,124.2,and 180.0,respectively.ValuesforthearraysUI,VI,PI,andR_I,aswellasthe

variablesUIL,VIL,PIL,andRJ_IL,arereadinforthelog_rrflowspace.No otherinputisrequired.

f.NamdistA VL. Becausetherearenoshocksandtheinitialdataissmooth,noinputisrequired.

g. NamdfstRVL. Becausetheflowisinviscid,noinputisrequired.

It.NarneIisfTUR._L.Becausetheflowisinviscid,noinputisrequ'ired.

L Name@atDFSL. Forthiscase,theupperandlowerdual-flow-spacewallsarespecifiedby LMAX
equallyspacedvaluesofYL and YU and thecorrespondingnegativeoftheirslopesNXNYL and

NXNYU; thereforeNDFS = 2.Thedual-flow-spacewailsbeginattheinletandendattheexit;therefore

LDFSS = Iand LDFSF = 21.Thedual-flow-spacewallscorrespondtotheM = 6rowofgridpoints;
thereforeMDFS = 6.No otherinputisrequired.

J.NamelinVCL. Becauseauniformgridisus:d,no inputisrequired.

2.CaseNo.2:SupersonicSource,Sub_oni¢ConstantAreaHow, ThiscaseisthesameasCaseNo.

I,exceptthatthelowerdual-flowspaceisthesubsonicconstantareaductandtheupperflowspaceisthe

supersonicsourceflcw.The geometryisshown inFig.26.The datadeckand printedoutputare
presentedinFigs.27 and28,respectively.Becausethediscussionforthiscasecloselyfollowsthatof
CaseNo. I,hisnotincludedhere.

3.CaseNo,3:SubsonicAirfoil.ThegeometryforthiscaseisshowninFig.29andcons_sofa I0°

doublewedg=airfoilbetweentwosolidwalls.Thedatadeckandprintedoutputaxeprrs_mtedinFigs.30
and3I,respectively.

a. Nameb_ CNTRL. Thiscaseusesa21by IImesh;thereforeLMAX = 21andMMAX = lI.The

maximum numberoftimestepsNMAX issetequalto500.Filmplotsofthel'malsolutionplaneare

requestedbysettingNPI._Tequalto500.A nondimensionalsetofunitsisused,soIUNIT= I.Thegas

45



1_ .....................

constant for this nondimensionalset of unitf is 0.01; thereforeRGAS = 0.01. So thatthe calculationw_

not be stopped before the number of time steps reaches NMAX, TST_[Pis increased to !00.0. The
additionalparameters are left equal to their defaultvalues.

b. Namelist/VS. A subsonic initial-datasurface is computed by the program, so NID = -2. The

Much numbereverywhereis sa by specifyingthe height for _h¢areawherethe Mach numberequals 1.0;
thereforeRSTAR = 0.7464. No other inputis required.

¢. Nametist GEMTRY. The flow geometryforthis case is 2D planarflow; therefo_ NDIM = 0. The
wall is a constaat area duct, therefore NGE_M = !. The inlet location XI = 0.0, the exit location XE =

4.0, and the radiusRI = 1.0. No other inpu: is required.

d. Namellst GCBL. The centerbody is a horizontal wall, and so NGCB = 1. The r_diusRICB = 0.0.
No other inputis required.

e. Nametlst BC. The stagnationpressure PT = 213.514, thestagnation temperature"IT -- 124.2, and
the exit pressurePE = 180.0. No other input is required.

f. Namelis" AVL. Because there are no shocks and the initialdata is smooth, no input is required.

g. Namelist RVL. Because the flow is inviscid, no input is required.

h. Namelist TURBL. Because the flow is inviscid,no input is required.

L Namelist DFSL. For this case, the upper and lower dual-flow-space walls are specified by 11

(LDFSF - LDFSS + 1) equa_iyspaced valuesof YL and YU and the correspondingnegative of their
slopes NXNYL and NXNYU; thereforeNDFS = 2. The dual-flow-spacewalls begin at L = 6 and end
at L = 16, thereforeLDFSS = 6 and LDFSF = 16.The dua!-flow-spacewalls correspondto the M = 6
rowof grid points;therefore MDFS = 6. No other input is required.

J. Namelist VCL. Becausea uniform grid is used, no input is required.
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P(I.8.')-21.,80.0.P(I.9.,)-21.180.0.P(I.l0.1)-2I a I80.0.P(I.II.I)-21·180.0.
RO(I. I.I)-21.86.6.RO(I.2.1)-21.S6.6.RO(I.3.I)-21.86.6.RO(I.4.1)-21.86.6.
RO(I.5.1)-21·B6.6.ROl-21.86.6.ROll.6.1)-21al50.0.~O(I.7.1)-~I~150.0.

RO( 1.8. I )-2 I. 150.0.ROI 1.9.1 )-2 I· 150.0.RO( I. '0. I )-21. 150.0.
RO(I.l1.I)-2'·150.0 S
SGEMTRY NOIM-0.NGEOM-'.XI-0.0.XE-4.0.RI-2.1547 $
SGCBl S
SBC JSUPER-2.PT-213.514.1T-124.2.PE-I80.0.
UI-l.301538.1.3092.I.3276.1.3494.I.370l.Ull-I.3877.
VJ-0.0.0.07559.0.1533.0.2337.0.3164.VJl-0.4006.
PI-loo.O.98.7152.95.4717.91.22oo.S6.53oo.Pll-SI.7273.
ROJ-loo.0.99.0805.96.7441.93.6450.90.1800.~OIL-86.5775 S
SAVl S
SRVl S
$TURBl S
SOFSl NOFS-2.LOFSS-l.LOFSF-21.MOFS-6.
Yl-0.5.0.5577.0.6155.0.6732.0.7309.0.7887.0.8464.0.9041.0.9619.1.0196.
1.0774.1.1351.1.1928. 1.2506. I. 30S3. l. 3660.1.4238. 1.48 15.1. 5392.1. 5970.
1.6547.
NXNVl-21 o ·0.28868.
YU~21- I .6547.
NXNYU-21·-0.0 S
svel S

F... 24.
C&.K No. I data deck.
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VNAP2. A COMPUTER PROGRAM FOR THE COMPUTATION OF TW0-DIMENSIONAL. TIME'DEPENDENT. COMPRESSIBLE. TURBULENT FLOW

BY MICHAEL C. CLINE, T-3 - LOS ALAMOS NATIONAL LABORATORY

PROGRAM ABSTRACT -

THE NAVIER-STOKES EQUATIONS FOR TWO-DIMENSIONAL, TIME-DEPENOENT FLOW ARE SnLVEO USING THE
SECOND-ORDER, MACCORMACK FINITE-DIFFERENCE SCHEME. ALL BOUNDARY CONDITIONS ARE COMPUTED USING
A SECOND-ORDER, REFERENCE PLANE CHARACTERISTIC SCHEME WITH THE VISCOUS TERMS TREATED A_ SOURCE
FUNCTIONS. TI4E FLUID IS ASSUMEb TO BE A PERFECT GAS. THE STEADY-STATE SOLUTION IS OBTAINED AS
THE ASYMPTOTIC SOLUTION FOR LARGE fINE. THE FLOW BOUNDARIES MAY BE ARBITRARY CURVED SOLID WALLS
AS ¥ELL AS dET ENVELOPES. THE GEOMETRY MAY CONSIST OF SINGLE AND DUAL FLOWING STREAMS. TURBULENCE
EFFECTS ARE MODELED WITH EITHER A MIXING-LENGTH. A TURBULENCE ENERGY EOUATION. OR A TURBULENCE
ENERGY-DISSIPATION RATE EQUATIONS MODEL. THIS PROGRAM ALLOWS VARIABLE GRID SPACING AND INCLUDES
OPTIONS TO SPEED UP THE CALCULATION FOR HIGH REYNOLDS NUMBER FLOWS.

JOB TITLE -

VNAP2 CASE t - SUBSONIC CONSTANT AREA-SUPERSONIC SOURCE F_.OW

CONTROL PARAMETERS -

LMAX-21 MMAX-11 NMAX= 5OO NPRINT= O NPLOT = 500 FDT= .90 FDTf=I.OO FDTI- .90 IPUNCH=O
IUI-1 IU0=f IVPTS=t NCONVI- I TSTOP= .1DE+D3 N1D- O TCONV-O.OCK) NASM=I IUNIT=I
RSTAR- 0.OOOOOO RSTARS- 0.000(3000 PLOW" .OIOO ROLOW= .000100 VDT" .25 VOTI" .25

FLUID MOOEL -

THE RATIO OF SPECIFIC HEATS, GAMMA =1.4000 AND THE GAS CONSTANT. R - .OtO0 (FT-LBF/LBM-R)

FLOW GEOMETRY -

TWO-DIMENSIONAL. PLANAR FLOW HAS BEEN SPECIFIED

DUCT GEOMETRY -

A CONSTANT AREA DUCT HAS BEEN SPECIFIED BY Xl = 0.0000 (IN), RI" 2.1547 (IN). AND XE- 4.0000 (IN)

Fig. 25.
Case No. I output.



SPACE DOUF4DARY GEOMETRY -

GENERAL BOUNDARIES HAVE BEEN SPEC:IFIED BY THE FOLLOWZNG PARAMETERS.

k XP(IN) YL(IN) SLOPEL VU(Zfi) SLOPEU

1 0.(3000 .5000 .2887 1.6547 0.0000
2 .2000 .5577 .2887 1.6547 0.000(3
3 .4000 .6155 .2887 1.6547 0.00(30
4 .6000 .6732 .2887 1.6547 O.CK:X_
5 .8000 .7309 .2887 1.6547 0.0000
6 1,0000 .7887 .2887 1.6547 0.0000
7 1.2000 .8464 .2887 1.6547 0.0000
8 1.4000 .9041 .2887 1.6547 0.0000
9 1.6000 .9619 .2887 1.6547 0.0000

10 1.8000 1.0196 .2887 1.6547 0.0000
11 2.0000 1.0774 ,2887 !,6_47 0,_
12 2.2000 1.1351 .2887 1.6547 0.0000
13 2.4000 1.1928 .2887 1.6547 0.0000
14 2.6000 1.250€ .2887 1.6547 0 0000
15 2.8000 1.3_'_3 .2887 1.6547 0.0000
16 3.0000 1.3660 .2887 1.6547 0.00(30
17 3.2000 1.4238 .2887 1.6547 0.000(3
18 3.4000 t.4815 .2887 1.6547 O.OOO0
19 3.6000 1.5392 .2887 1.6547 0.0000
20 3.8000 1.5970 .2887 1.6547 O.OOQO
2t 4.0000 1.6547 .2887 1.6547 0.00(30

F_.Z_.(_)
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BOUNDARY CONDITIONS -

M PT(PSIA) rT(R) THETA(DEG) PE(PSIA) FSD(FT2/S2) FSE(FT2/S3) \

1 213.5140 124.20 0.00 180.00000 .0001 t
2 213.5140 124.20 0.OO 180.C)OO(_3 .OO<31 1
3 213.5140 124.20 0.00 180.00000 .OOO1 1
4 _1u._140 124.20 0.00 leO.OOOOO .000_ 1
5 213.5140 124.20 0.00 180.00()00 .0001 I
G 213.5140 124.20 O.OO 180.OOOOO .0OO1 1
6 213.5140 124.20 O.OO 180.0OOOO .OOO1 1
7 213.5140 124.20 0.00 180.00000 .O00t 1
8 213.5140 124.20 O.DO 180.(_OOO .(_1 1
9 213.5140 124.20 0.00 180.00000 .0001 1

10 213.5140 124.20 0.00 180.00000 .000t I
11 213.5140 124.20 O.O0 180.00000 .0001 .1

IINLET-O IEXITT=O IEX-t ISUPER=2 DYW- .OO10 IVBC-O INBC=O I_ALL-O IWALLO-O ALI-O.OO ALE-O.OO
ALW-O,OO NSTAG=O NPE= O PEI= O.O(_

FREE-SLIP WALLS ARE SPECIFIED

ADIABATIC UPPER WALL IS SPECIFIED

ADIABATIC LOWER DUAL FLOW SPACE BOUNDARY IS SPECIFIED

ADIABATIC UPPER DUAL FLOW SPACE BOUNDARY IS SPECIFIED

ARTIFICAL VISCOSITY -

CAV-O.O0 XMU- .40 XLAmt.O0 PRA- .70 XR0" .60 LSS = I LSF-999 IOIVC-O ISS-O SMACH-O.00
NST- O SMP-I._3 SMPF=I.OO SMPT=I.(_0 SMPTF=t.CK) NTST= 1 IAV-O MSS= 1 MSF=999

MOLECULAR VISCOSITY -

CMU-O. (LBF-S/FT2) CLA = O. (LBF-S/F12) CK-O. (LBF/S-R) EMU-O.OO ELA=O.00 EK=O.OO

TURBULENCE MODEL -

NO MOOEL IS SPECIFIED

VARIABLE GRID PARAMETERS -

IST'O MVCB- O MVCT= O IQS'O NIOSS-2 NIOSF=O NVCMI= O ILLQS=30 SOS" .50 COS- .OOt

*'*** EXPECT FILM OtITPUT FOR N= 0 it=.*

N= IO. T- .670771t8 SECONDS. DT= .06533031 SECONDS. NVCM • 1. CHUMS = 1.OO. ( 5. 2) ( O. 0)
N- 20. T- 1.30994032 SECONDS. OT- .O_310698 SECONDS. NVCM • 1. CNUMS • 1.OO. ( 4. 2) ( O. O)
N- 30. T- 1.92866943 SECONDS, DT- .06108173 SECONDS. NVCM - 1. CHUMS • I.OO. ( 7. 2) ( O. O)
N- 40, T- 2.52996808 SECONDS, DTm .059479OO SECONOS. NVCM - 1. CNUMS • I.OO. ( 9. 2) ( O. O)
N= 50. T= 3.11792749 SECONDS. DT= .05828222 SECONDS. NVCM • 1. CHUMS • I.OO. (12. 2) ( 0. O)
N- 60. T- 3.69420884 SECONDS. DT" .05712885 SECONDS, NVCM = t. CHUMS • t.OO. (16. 2) ( O, O)
N= 70. T= 4.25870480 SECONDS, 0T= .05587706 SECONDS, NVCM - I. CHUMS = 1.00. (19. 2) ( O. O)
N= 80. T- 4.82666822 SECONDS, DT= .05753545 SECONDS. NVCM = 1. CHUMS • I.OO, (20. 2) ( O. 0)

F_.25.(corn)
f
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N- 90. T- 5.40287119 SECONDS. DT- .05753144 SECONDS. NVCM - 1. CNUMS • .OO (20. 2) ( O. O)
N- 1OO. T- 5.97_23303 SECONDS DT- .O575543_ SECONDS. NVCM - 1. CNUMS - .OO (20. 2) ( O. O)
N- t10. T- 6.55370146 SECONDS. DT- .05754307 SECONDS. NVCM • 1. CNUMS • .OO (20. 2) ( O. O)
N- 120. T- 7.12915448 SECONDS. DT- .05754566 SECONDS. NVCM - I. CNUMS - .00 (20. 2) ( O. O)
N- t30. T- 7.70460850 SECONDS. DT = .O5754561 SECONDS. NVCM • 1. C_UMS • .OO (20. 2) ( O. O)
N- 140, T- 8.28006455 SECONDS, OT- .O5754551 SECONDS, NVCM - 1, CNUMS - .CO (20, 2) ( O, O)
N• t50, T- 8.85551982 SECONDS, DT- .05754552 SECONDS, NVCM - I, CNUMS • .CO (20. 2) ( O, O)
N- 160. T- 9.a3097477 SECONDS, DT- .05754549 SECONDS, NVCM • I. CNUMS • .OO (20, 2) ( O, O)
N- 170. T- IO.00642073 SECONDS, DT- .05754550 SECCNDS, NVCM • 1, CNUNS • .OO (20, 2) ( O, O)
N- 180. T- IO.58188469 SECONDS, DT- .O5754550 SECONDS. NVCM - 1, CNUMS - .OO (20, 2) ( O, O)
N- 190. T- 11.15733965 SECONDS, DT- .05754550 SECONDS, NVCM • 1, CNUMS - .00 (20, 2) ( O, O)
N- 200, T- 11.73279462 SECONDS, DT- .O5154550 SECONDS, NVCM - I, CNUMS • .CO (20, 2) ( O, O)
N- 210. T- 12.30824958 SECONDS, DT- .05754550 SECONDS, NVCM - 1, CNU_S • .00 (20, 2) ( O, O)
N- 220, T- 12.88370455 SECONDS, OT- .05754550 SECONDS, NVCM - I, CNUMS - .OO (20, 2) ( O, O)
N- 230. T- 13.45915951SECONOS, DT• .05754550 SECONDS, NVCM - 1. CNUMS • CO (20, 2) ( O, O)
N• 2AO, T- 14.03461448 SECONDS, DT- .05754550 SECONDS. NVCM • 1. CNUMS • .00 (20, 2) ( O, O)
N- 250, T- 14.61006944 SECONDS, DT- .05754550 SECONDS, NVCM • 1. CNUMS = .00 (20, 2) ( O, O)
N- 260, T• 15.18552440 SECONDS, DT- .05754550 SECONDS, NVCM - I, CNUMS • .00 (20, 2) ( O, O)
N- 270, T• 15.76097937 SECONDS. DT- .05754550 SECONDS, NVCM • t, CNUMS • .CO (20, 2) ( O, O)
N- 280. T- 16.33843433 SECONDS. DT- .05754550 SECONDS, NVCM - I. CNUMS - .OO (20. 2) ( O. O)
N- 290. T- 16.91188930 SECONDS. DT- .05754550 SECONOS. NVCM • 1. CNUMS - .OO (20, 2) ( O, O)
N- 300. T- t7.48734426 SECONDS, DT- .05754550 SECONDS, NVCM - 1, CNUMS - .00 (20, 2) ( O, O)
N- 310, T- 18.06279923 SECONDS. OT- .05754550 SECONDS, NVCM - I. CNUMS • .00 (20. 2) ( O, O)
N- 320, T- 18.63825419 SECONOS, OT= .05754550 SECONDS, NVCM - 1, CNUMS • .00 (20, 2) ( O, O)
N• 330. T- 19.21370915 SECONDS, DT- .O5754550 SECONDS, NVCM - 1, CNUMS • .OO (20, 2) ( O, O)
N- 340, T- 19.78916412 SECONDS, DT- .05754550 SECONDS, NVCM - I, CNUMS - .OO (20, 2) ( O, O)
N- 350, T- 20.36461908 SECONDS, DT- .05754550 SECONDS, NVCM - 1, CNUMS • .00 (20, 2) ( O, O)
N- 360, T- 20.94007405 SECONDS, DT- .05754550 SECONDS, NVCM - 1, CNUMS - 1.OO (20, 2) ( O, O)
N• 370, T- 21.51552901 SECONDS, DT- .05754550 SECONOS. NVCM - 1, CNUMS • 1.00 (20, 2) ( O, O)
N- 380, T- 22.09098398 SECONDS, DT- .05754550 SECONDS. NVCM • 1, CNUMS • 1.00, (20, 2) ( O, O)
N- 390, T- 22.66643_94 SECONDS, DT• .05754550 SECONDS, NVCM • 1, CNUMS • 1.OO (20, 2) ( O, O)
N- 400. T- 23.24189390 SECONDS, DT- .05754550 SECONDS, NVCM - 1, CNUNS - 1.00 (20, 2) ( O, O)
N- 410, T- 23.81734887 SECONDS, Dr- .05754550 SECONDS, NVCM - 1, CNUMS • f.(_ (20, 2) ( O, O)
N• 420, T- 24.39280383 SECONDS, DT• .05754550 SECONDS, NVCM • 1, CNUMS • 1.00 (20, 2) ( O, O)
N= 430, T= 24.96825880 SECONDS, DT= .05754550 SECONDS. NVCM • 1, CNUMS • 1.00 (20, 2) ( O, O)
N= 440, T- 25.54371376 SECONDS, OT- .O5754550 SECONDS, NVCN • 1 CNUNS • 1.00 (20, 2) (O,'O)
N- 450, T- 26.11916873 SECONDS, DT- .O5754550 SECONDS, NVCM • t CNUMS - 1.00 (20, 2) ( O, O)
N- 460, T- 26.69462369 SECONDS, DT- .05754550 SECONDS, NVCM - I CNUMS • 1.00 (20, 2) ( O, O)
N- 470. T- 27.27007865 SECONDS. DT- .O5754550 SECONOS, NVCM • 1 CNUMS - 1.OO (20. 2) ( O. O)
N- 480, T- 27.84553362 SECONDS, DT- .C5754550 SECONOS, NVCN • 1 CNUMS - 1.00 (20, 2), ( O, O)
N- 490, T- 28.42098858 SECONDS. DT- .O5754550 SECONDS. NVCM - 1 CNUMS - 1.OO (20. 2). ( O. O)
N- 500, T- 28.99644355 SECONDS, DT- .05754550 SECONDS, NVCM • 1 CNUNS - l.OO (20, 2), ( O, O)

F_. 25.(€o.,i
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HASS FLOW ANO THRUST CALCULATION. N= 500

L MF(LBH/S) MF/MFX T(LSF) T/T!

I 112.31686 1.0000 116.3781 1.0000
2 113.59665 1.0114 131.6404 1.1311

_t4.00741 1.0151 140.5393 1.2076
4 114.20202 1.0168 146.8395 1.2617
5 114.31913 1.0178 151.7055 1.3036
6 114.40858 1.0186 155.6649 1.3376
7 114.46970 1.0t92 158.9635 1.3659
8 114.51786 1.0196 161.7840 1.3902
9 114.56452 1.0200 164.2508 1.4114

10 114.59610 t.0203 166.4094 1.4299
11 114.62785 t.0206 168.3425 1.4465
12 114._4830 t.0208 170.0656 1.4613
13 114.66477 1.0209 171.6242 1.4747
14 114.68467 1.0211 173.0564 1.4870
15 114.69615 1.0212 174.3582 1.4982
t6 1t4.70792 1.0213 175.5579 1.5085
17 114.71788 1.0214 176.6759 1.5181
18 114.73392 t.0215 177.7096 t.5270
t9 1t4.71499 t.0214 178.6491 1.5351
20 114.89094 1.0229 179.9148 1.5460
21 114.86489 1.0227 180.7273 1.5529

I'i_. 25.(corn)



SOLUTION SURFACE NO. 500 - TIME - 28.99644355 SECONDS (DELTA T • .05754550. NVCM - !, CNUMS - 1.00, (20, 2), ( O. 01|

L M X y U V P RHO VMAG MACH T
(IN) (]N) (F/S) (F/S] (PSIA) (LRM/FT3) (F/S) NO (R)

1 o oooo o.cx>oo ,3015 0,0000 100.00000 I00.000000 1.3015 1.1000 100.0000
2 0.0000 .1000 .3092 .0756 98.71520 99.080500 1.31t4 1.1104 99.6313
3 0.0000 .2000 .3276 .1533 95.47170 96.744100 1.3364 1.1370 98.6848
4 0.0000 .3000 .3494 .2337 91.22000 93.645000 1.3695 1.1727 97.4104
5 0.0000 .4000 .3701 .3164 86.53000 90.180000 1.4062 1.2132 95.9525
6 0.0000 .50r'jO .3877 .4006 8t.72730 86.577500 t.4444 1.2564 94.3979
6 0.0000 1.6547 ,6441 0.0000 179.92863 152.129942 .6441 .5006 118.2730
7 0.0000 1.7547 .644t 0.0000 179.92863 152.129942 .644t .5006 118.2730
8 0.0000 1.8547 .6441 0.00_ 179.92863 152.129942 .6441 .5006 118.2730

9 0.0000 1.9_47 .6,41 0.0000 179.92863 152.129342 6441 .5006 118.2730
10 0.0000 2.O547 .6441 0.0000 179.92863 152.129942 .6441 .5006 118.2730
11 0.0000 2.1547 .644t 0.0000 179.92863 152.129942 .6441 .5006 118.2730

................................................................................................ ° ....................

2 I 2000 0.0("00 5437 0.0000 70.424L_ 77.366711 1.5437 I 3675 91.0262
2 2 2000 .11_b 5460 .0941 69.R4010 76.921446 1.5488 1 3738 90.7941
2 3 2000 .2231 5485 .1857 6_.51261 75.925220 1.5596 1 3876 90.2370
2 4 2000 .3346 5515 .2765 66.53859 74.403717 1.5759 t 1084 89.4291
2 5 2000 .4462 5540 .365t 64.12068 72.501138 1.5963 I 4345 88.4409
2 6 20_ .5577 5492 .4472 62.00111 70.846121 1.6125 I 4560 87.6162
2 6 2000 1.6_47 6441 0.0000 179.92401 152.127155 .644 5006 118.2721
2 7 2000 I._547 644t .0000 179.92401 152.127155 .644 .5006 118.2721
2 8 2000 1.8547 644t -.0000 179.92401 152.127155 .644 .5006 118.2721
2 9 2000 1.9547 6441 .0000 179.92401 152.127155 .644 .5006 118.2721
2 10 2000 2.0547 6441 -.0000 179.92<01 t52.127155 .644 .5006 118.2721
2 11 2000 2.1547 6441 0.0000 t79.92401 152.127155 .644 .5006 118.2721

3 1 .4000 0.0000 1.6850 0.0000 54.68094 64.419078 .6850 1.5457 84.8831
3 2 .4000 .1231 1.6841 .1023 54.44593 64.240050 .6872 1.5489 84.7539
3 3 .4000 .2462 1.6807 .2019 53.77164 63.725641 .6928 1.5575 84.3799
3 4 .4000 .3693 1.6756 ,2990 52.69850 62.868180 .7021 1.5712 83.8238
3 5 .4000 ,4924 1.6609 .3913 51.31118 61.731773 _-'2 1.5891 83.1196
3 6 .4000 .6155 1.6572 .4784 49.91357 60.590319 "_,! 1.6061 82.3788
3 6 .4(X_ 1.6547 .6441 0.0000 t79.92725 Ir2.129108 _4.1 .5006 t18.2727
3 7 °4000 1.7547 .6441 -.0000 t79.9272_ 152.129108 .6441 .5006 118.2727
3 8 .4000 1.8547 .6441 -.0000 179.92725 152.129108 .6441 .5006 118.2727
3 9 .4000 1.9547 .6441 .0000 179.92725 152.129108 .6441 .5006 118.27273 10 400 2054, 6441 0000 t79.92725t5129108 6441 500 118.2727

....... :400o 2.1547 64,1 00000 179.92725152.129108 6441 118272,
........................................................ _ ............................................

4 1 .6000 0.0000 1.7836 0.0000 44.63367 55.651536 t.7836 1.6832 80._020
4 2 .6000 .1346 1.7614 .1065 44.53166 55.579614 1.7845 1.6850 80.1223
4 3 .6000 .2693 I 7752 .2108 44.14704 55.288347 t.7877 1.6908 79.8487
4 4 .6000 .4039 1.7657 .3123 43.51038 54.770628 1.7931 1.7002 79.4411
4 5 .6000 .5386 1.7544 .4090 42.57997 53 982336 1.8015 1.7143 78.8776
4 6 .60GO .6732 1.7390 .5020 41.49522 53.054077 1.81(_0 t.7297 78.213t
4 6 .6000 1.6547 .6441 0.0000 179.93296 152.132558 .6441 .5005 118.2738
4 7 .6000 1.7547 .6441 -.0000 t79.93296 152.132558 .6441 .5005 118.2738
4 8 .6000 1.8547 .6441 .0000 179.93296 152.132558 .6441 .5005 118.2738
4 9 .6000 1.9547 .644t .0000 t79.93296 152.132558 .6441 .5005 118.2738
4 10 .6000 2.0547 .6441 -.0000 179.93296 152.132558 .6441 .5005 118.2738
4 11 .€O00 2.t547 .6441 0.0000 179.93296 152.132558 .6441 .5005 118.2738

............................ . .......................................................................................

5 1 .8000 0.0000 1.8584 0.0000 37.61577 49.212201 1.8584 1.7965 76.4359

Fil. 25.(©ore)
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SOLUTION SURFACE NO. 500 - TIME - 28.99644355 SECONDS (DELTA T - .O5754550, NVCW - 1, CNUMS - 1.00. (20. 2). ( O. O)) I
I

i M x v U V P R_O VMAG MACH T !
_ (IN) (IN) (F/S) (F/S) (PSIA) (LBt4/FT3) (F/S) NO (R) ,

5 2 .BOO0 .1462 1 8556 .1090 37.56076 49.178536 1.8588 1.7976 76.3?63
5 3 .8000 .2924 I 8481 .2t65 37.30861 48.990486 1.8607 t.8020 76.1548
5 4 .flO00 ,43fl5 1 8_a .3215 36.R7358 48,631677 1.8543 1.8005 75.8221
5 b .8000 ,5847 1 8226 .4228 36.16039 48.005901 1.8710 1.8220 75.3249
5 6 8000 .7309 1 8047 .5210 35.25577 47.196082 1.8784 t.8368 74.7006
5 6 8000 1.6547 6440 O.00(_ 179.94062 152.137183 .6440 ".5005 118.2752
5 7 8000 1.7547 6440 -.0000 179.94062 152.137182 .6440 .5005 118.2752
5 8 8000 1.8547 6440 .0000 179.94062 152.137183 .6440 .5005 118.2752
5 9 8000 !.9547 6440 -.0000 179.94062 152.137183 .6440 .5005 118.2752
5 10 8000 2.0547 6440 -.0000 179.94062 152.t37183 .6440 .5005 118.2752
5 t1 8000 2.1547 .6440 0.0000 179.94062 152.137183 .6440 .5005 118.2752

....................................................................................................................

6 1 .0000 0.0000 9181 0.0000 32.42246 44.234596 1.9181 1.8935 73.2966
6 2 .0000 .t577 9152 .tl09 32.37947 44.209019 1.9184 1._945 73.2418
6 3 .0000 .3155 9070 .2209 32.18301 44.061170 1.9197 1.8964 73.0417
6 4 .0000 .4732 8942 .3290 31.83592 43.767295 1.9226 t.9052 72.7391
6 5 .0000 .6310 8790 .4343 31.23841 43.223165 1.9285 1.9172 72.2724
6 6 .0000 .7887 8592 .5367 30.45887 42.495530 1.9351 1.9318 71.6755
6 6 ,0000 1.6547 6440 0.0000 179.94731 152.141222 .6440 .5004 1t8.2765
6 7 .0000 1.7547 6440 .0000 179.94731 152.141222 .6440 .5(X)4 118.2765
6 R .0000 1.fl541 0440 .0000 179.94731 152.141222 .6440 .5004 118.2765
6 9 .0000 1.9547 .6440 .0000 179.94731 152.t41222 .6440 .5004 118.2765
6 10 .0000 2.0547 .6440 -.0000 179.94731 152.141222 .6440 .5004 118.2765
6 11 .0000 2.1547 .6440 0.0000 t79.94731 152.141222 .6440 .5004 118.2765

....................................................................................................................

7 1 2000 0.0000 t.9676 0.0000 28.41421 40.241246 1.9676 1.9789 70.6097
7 2 2000 .1693 1.9646 .1127 28.36953 40.210997 1.9679 1.9801 70.6517
7 3 2000 .3386 1.9562 .2248 28.19273 40.072029 t.9691 t.9840 70.3551

- 7 4 2000 .5078 1.9429 .3356 27.88247 39.798801 1.9717 1.9908 70.0586
7 5 2000 .6771 1.9266 .4443 27.35629 39.301382 1.9772 2.0029 69.6064
7 6 2000 .8464 1.9055 .550t 26.67300 38.638731 1.9833 2.0174 69.0318
7 6 2000 1.6547 .6440 0.0000 179.94594 152.140394 .6440 .5004 118.2762
7 7 2000 1.7547 .6440 .0000 179.94594 152.140394 .6440 .5004 118.2762
7 8 2000 1.8547 .6440 .0000 179.94594 152.140394 .6440 .5004 118.2762
7 9 2000 1.9547 .6440 .0000 179.94594 152.140394 .6440 ,5004 118.2762
7 10 2000 2.0547 .6440 .0000 179.94594 152.140394 .6440 .5004 118.2762
7 11 2000 2.1547 .6440 0,0000 179,94594 152.1_C394 .6440 .5004 118.2762

....................................................................................................................

8 1 1.4000 0.0000 2.0096 0.0000 25.21985 36.945647 2.0096 2.0557 68.2620
8 2 1.4000 .1808 2.0068 .1144 25.16963 _6.906817 2.0100 2.0571 68.1978
8 3 !.4000 .3616 1.9982 .2285 24.99772 36.763487 2.0112 2.0614 67.9960
8 4 1.4000 .5425 1.9847 .3418 24.70364 36.492815 2.0139 2.0687 67.6945
8 5 1.4000 .7233 1.9676 .4532 24.22841 36.027167 2.0192 2.0809 67.2504
8 6 1.4000 .9041 1.9453 ,5616 23.62296 35.419115 2.0248 2.0954 66.6955
8 6 1.4000 1.6547 .6440 0.0000 179.94038 152.137043 .6440 .5004 118.2752 ,
8 7 1.4000 1.7547 .6440 ".0000 179.94038 152.137043 .6440 .5004 118.2752
8 O 1.4000 1.8547 .6440 ".0000 t79.94038 152.137043 .6440 .5004 118.2752
8 9 1.4000 t.9547 .6440 -.0000 179.94038 152.137043 .6440 .5004 118.2752
e 10 1.4000 2.0547 .6440 .0000 179.94038 152.137043 .6440 .5004 t18.2752
8 11 1.4000 2.1547 .6440 O.OOOO 179.94038 152.137043 .6440 .5004 118.2752

....................................................................................................................

9 I 1.6000 0.000/3 2.0461 0.0000 22.61059 34.166358 2.0461 2.1257 66.1779
9 2 1.6000 .1924 2.0433 .1162 22.55543 34.119462 2.0466 2.1274 66.1072

FII. 25. (¢o_I)



SOLUTION SURFACE NO. 500 - TIME - 28.99644355 SECONDS (DELTA T - .O5754550, NVCM • 1. CNUMS - I.OO. (20, 2), ( O, O))

L M X V U V P RHO VMAG MACH T

(IN) (IN) (F/S) (F/S) (PSIA) (LBM/FT3) (F/S) NO (R)

9 3 .600U .3848 2.0348 .2321 22.38412 33.968206 2.0480 2.1322 65.8973
9 4 .6000 .5771 2.0210 .3476 22.09955 33.694880 2.0507 2.1401 65.5873
9 5 .6000 .7695 2.0034 .4613 21.66517 _3.254731 2.0558 2.1526 65.1491
9 6 .6000 .96t9 1.9801 .5716 2t.12425 32.693800 2.0610 2.1670 64.6124
9 6 .6000 1.6547 .6440 0.0000 179.93258 152 132332 .6440 .5005 118.2737
9 7 .6000 1.7547 .6440 -.0000 179.93258 182 132332 .6440 .5005 !18.2737
9 8 .6000 1.8547 .6440 -.0000 179.9325_ 152 132332 .6440 .5005 118.2737
9 9 .6000 1.9547 .6440 .CO00 179.93258 152 132332 .6440 .5005 118.2737
9 10 .6000 2.0547 .6440 .0000 t79.93258 152 132332 .6440 .5005 118.2737
9 II .6000 2.1547 .6440 0.0000 t79.93258 152 132332 .6440 .5005 118.2737

....................................................................................................................

10 1 8000 0.0000 2.0783 0.0000 20.43660 31.781310 2.0783 2.1904 64.3038
10 2 8000 .2039 2.0756 .1181 20.37869 31.728703 2.0789 2.1924 64.2279
10 3 8000 .4078 2.0670 .23_7 20.20_32 31.570578 2.0804 2.1976 64.0100
10 4 8000 .6t18 2.0531 .3530 _.93247 3t.295166 2.0832 2.2061 63.6918
10 5 8000 .8157 2.0349 .4686 19.53324 30.877874 2.0881 2.2189 63.2597
10 6 8000 1.0196 2.0108 .5805 19.04665 30.358132 2.0929 2.2332 62.7398
10 6 8000 1.6547 .6440 0.00(30 179.92792 152.129500 .6440 .5005 118.2729
10 7 8000 1.7547 .6440 -.0000 179.92792 152.129500 .6440 .5005 t18.2729
10 8 8000 1.8547 .6440 .0000 179.927_2 152.129500 .6440 .5005 118.2729
10 9 4000 1.9547 .6440 .O C00 179.92792 152.129500 .6440 .5005 118.2729
t0 10 8000 2.0547 .6440 .0000 179.92792 152.129500 .6440 ._005 II8.2729
10 11 8000 2.1547 .6440 0.0000 179.92792 152.129500 .6440 .5005 t18.2729
....................................................................................................................

11 t 2.0000 0.0000 2.1071 0.0000 14.59719 29.707043 2.1071 2.2507 _2.6019
11 2 2.0000 .2155 2.1043 .1199 18.53893 29.651490 2.t077 2.2529 62.5228
11 3 2.0000 .4010 2.0957 .2392 18.37146 29.489336 2.1093 2.2586 62.2987
tl 4 _.0000 .6464 2.0816 .3582 18.10560 29.214569 2.1122 2.2676 61.9746
11 5 2.0000 .8619 2.0629 .4752 17.73778 28.818925 2.1169 2.2805 61.5491
11 6 2.0000 t.0774 2.0382 .5884 17.29735 28.335426 2.1214 2.2948 61.0450
11 6 2.0000 1.6547 .6440 0.0000 179.92841 182.129794 .6440 .5005 !18.2730
II 7 2.0000 1.7547 .6440 -.0000 179.92841 152.129794 .6440 .50_5 118.2730
11 8 2.0000 1.8547 .6440 -.0000 179.92841 152.129794 .6440 .5005 t18.2730
11 9 2.0000 1.9547 .6440 -.0000 179.9284t 152.129794 .6440 .5005 118.2730
11 10 2.0000 2.0547 .6440 -.0000 179.92841 152.129794 .6440 .5005 !18.2730 ~
11 tl 2,0000 2.1547 ,6440 0.0000 179.92841 t52.129794 .6440 .5005 tl8.2730
.................................. o .................................................................................

12 1 2.2000 0.0000 2.1330 0.0000 17.02108 27.883243 2.t330 2.3073 61.0441
12 2 2.2000 .2270 2.t303 .1216 16.96446 27.827205 2.1337 2.3096 60.9636
12 3 2.2000 .4540 2.1215 .2426 16.80203 27.664177 2.1353 2.3157 60.7357
12 4 2.2000 .6811 2.1072 .3330 .16.54782 27.393221 2.1382 2.3251 60.4084
12 5 2.2000 .9081 2,088t .4813 16.20857 27.018521 2.1428 2.3382 59.9906
12 6 2.2000 1.1351 2.0628 .5955 15.80773 26.567110 2.1470 2.3524 59.5011
12 6 2.2000 1.6547 .6440 0.0000 t79.93270 152.132432 .6440 .5004 1t8.2737
12 7 2.2000 t.7547 .6440 -.0000 179.93270 152.132433 .6440 .5004 118.2737
12 8 2,2000 1.85_7 .6440 -.0000 179.93270 152.132433 .6440 .5004 118._737
12 9 2,2000 1.9547 .6440 -.0000 179.93270 152.132433 .6440 .5004 118.2737
t2 10 2,2000 2.0547 .6440 -.0000 179.93270 152.132433 .6440 .5004 118.2737
t2 It 2.2000 2.1547 .6440 O.OOPA_ 179.93270 15;.132432 .6440 .5004 118.2737
.....................................................................................................................

13 I 2.4000 0,0000 2.1567 0.0000 15.65648 26.265270 2.1_67 2.3608 59.6091
13 2 2.4000 .2386 2.1538 .1233 15.60287 26.210640 2.1573 2.3631 59.5288

13 3 2.4000 .4771 2.1449 .2458 15.44724 26.049531 2.1589 2.3695 59.2995

F_. 2_.(coat)



SOLUTION SURFACE _0. 500 - TIME • 28._9644355 SECONDS (DELTA T • .05754550. NVCH = 1, CNUMS • 1.00. (20. 2). ( O. 0))

L M _ y U V P RHO VMAG MACH T
(IN) (IN) (F/S) (F/S) (PSIA) (LBM/FT3) (F/S) NO (R)

13 4 2 4000 .7157 2.1304 .3674 15.20602 25._85211 2.1618 2.3792 58.9719
13 5 2.4000 .9542 2.tlC8 .4868 14.89292 25.430803 2.1662 2.3924 58.5625
13 6 3.4000 1.1928 2.0850 .6019 14.52626 25.007682 2. t702 2.4065 58.0867
13 6 2.4000 1.6547 .6439 0.0000 179.93859 152 135984 .6439 .5004 118.2748
13 7 2.4000 1.7547 .6439 -.0000 179.93859 152 135984 .6439 .5004 118.2748
13 8 2.4000 t.0547 .6439 -.0000 179,93_59 152 135984 .6439 .5C;04 118.2748
19 _ 2.400(3 1.9547 .6439 -.0000 179.93859 152 135984 .6439 .5004 118.2748
13 10 2.4000 2.0547 .6439 -.0000 179.93859 152 135984 .6439 .5004 !18.2748
13 11 2.4000 2.1547 .6439 0.0000 179.93859 152 135984 .6439 .5004 t18.2748
.................................... ..............................................................................

14 I 2.6_ Q.O000 2. 1783 0,0000 14.46522 24.819942 2. 1783 2.4115 58.2807
14 2 2,6000 .2501 2.1753 .1248 14.41545 24.768017 2.1789 2.4138 _8.2019
14 3 2.6000 .5002 2.1663 .2488 14.26784 24.611024 2.1805 2.4203 57.9734
14 4 2.6000 .7504 2.1515 .3716 14.04046 24.955569 2.1833 2.4303 57.6478

14 5 2.60_0 .0005 2.1315 .4919 13.75138 24.020806 2.1875 2.4435 57.2478
14 6 2.6000 .2505 2.1052 .6077 13.41446 23.823374 2.1912 2.4576 56.7847
14 6 2,600<3 .6547 .6439 0.0000 179.94405 152.139205 .6439 .5004 18.2759
14 7 2,6000 ,7547 .6439 .0000 179.94405 152,139205 .6439 .5004 18.2759
14 8 2.6000 ,8547 .6439 .0000 179.94405 152.139205 .6439 .5004 18.2759
14 9 2.6000 .9547 .6439 .0000 179.94405 152.139205 .6439 .5004 18.2759
14 10 2.G0_ .0547 .643_ .0000 179.94405 152.139205 .6439 .5004 18.2759
14 11 2.6000 .1547 .6439 0.0000 179.94405 152.139205 .6439 .5004 18,2759
....................................................................................................................

15 1 2.8000 0.0000 2.1982 0.0000 13.41706 23.520057 2.1982 2.4597 57.0452
15 2 2.8000 .2617 2.195_ .1263 13.37150 29.471611 2.1988 2.4621 56.9688
15 3 2.8000 .5233 2.t859 .2516 13.23257 23.320296 2.2003 2.4687 56.7427
15 4 2.8000 .7850 2.1708 .3754 13.01938 23.075264 2.2031 2.4788 56.4214
15 5 2.8000 _.0466 2.15C5 .4966 12.75228 22.759286 2,2071 2.49_9 56.0311
15 6 2.8000 1.9003 2.1238 ,6t31 12.44127 2_.3fl4540 2,2t05 2,5060 5_,5798
lb 6 2.8000 1.6547 .6439 0.0000 t79.94865 152.142000 .6439 .5003 J8.2768
15 7 2.8000 1.7547 .6439 .0000 179.94865 152.142000 .6439 .5003 18.2768
15 8 2.8000 1.8547 .6439 .0000 179.94865 152.142000 .6439 .5003 18.2768
15 9 2.8000 1.9547 .6439 .0000 179.948C5 152.142000 .6439 .5003 18 2768
15 t0 2.8000 2,05_7 .6439 .0000 179.94865 152.142000 .6439 ,5003 18.2768
15 I1 2.8000 2.1547 ,8439 0.(,'_ 17_.94865 152.142000 .6430 ._OCJ t8.2768
....................................................................................................................

16 I 3,0000 0.0000 2.2165 _.0000 12.48999 22.346238 2.2165 2.5057 55.8930
16 2 3.0000 .2732 2.2134 .1276 12.44870 22.301650 2.2171 2.5080 55.8196
16 3 3.0000 .5464 2.2040 .2542 12.31873 22.157049 2.2186 2.5147 55.5973
18 4 3.0000 .8196 2.1886 .3790 12.11967 21.923448 2.2212 2.5248 55.2818
16 5 3.G000 1.0928 _.1679 .5009 11.87278 21.625516 2.2250 2.5979 _4.9017
16 6 3.0000 1.3660 2.1408 ,6100 11.58481 21.271525 2.2283 2.5519 54.4616
16 6 3.0000 1.6547 .6438 0.0000 179.95352 152.145039 .6438 .5003 118.2776
16 7 3.0000 1.7547 .6438 .0000 179.95352 152.145039 .6438 .5003 118.2776
16 8 3.0000 1.8547 .6438 .0000 179.95352 152.145039 .6438 .5003 118.2776
16 9 3.0000 1.9547 .6438 .0000 179.95352 152.145039 .6438 .5C03 118.2776
16 tO 3.0000 2.0547 .6438 .0000 179.95352 152.145039 .6438 .5003 118.2776
16 11 3.0000 2.1547

.6438 0.0000 179._5352 152.145039 .6438 .5003 118.2776
....................................................................................................................

17 1 3.2000 O.O0(J_) 2.2337 0.0000 11.66280 21.277714 2.2337 2.5499 54.8123
17 2 3.2000 .2848 2.2305 .1288 11.62563 21.237063 2.2342 2.5521 54.7422
17 3 3.2000 .5695 2.2208 .2565 11.50454 21.099725 2.2356 2.5588 54.5246
17 4 3.20_ .05_3 2.2052 .3823 11.31923 20.878028 2.2381 2.5689 54.2160

.=ig.25. (_ont)



~Olll"ON SURFAC[ NO. ')00 TIME· 28.99644355 SECONDS (DELTA T •.05754550. NVCM = '. CNUMS z 1.00. (20. 2). ( O. 0»

L )(

( IN)
y

( IN)
U

(F/S)
v

(F/S)
p

(PSIA)
RHO

(lBM/FT3)
VMAG
(F/S)

MACH
NO

T
(R)

53.8461
53.4158

118.2189
118.2189
118.2189
11b.2789
118.2189
118.2789

2.5819
2.5959

.5003

.5003

.5003

.5003

.5003

.5003

2.2417
2.2448

.(438

.6438

.6438

.6438

.6438

.6438

20.596966
'0.260958

152.148947
152.148947
152. ~48941
152.148947
152.148941
152.140947

11.09066
10.82254

179.96004
179.96004
t"7~.96oo4

1;9.96004
179.96004
179.96004

.5049

.6226
OOסס.0

ooסס.

.OOOC

ooסס.

• .OOVO
OOסס.0

"}.1841
:2.1567

.6438

.6438

.6438

.6438

. fj438

.6436

1. 13~0
1.4238
1.6547
1.1547
1.8547
1.9547
2.0541
2. 15~7

3.:2000
3.2000
3.2000
~.2000

3.2000
3.2000
:J.2000
3.2000

5
6
6
7
8
9

10
1.1

17
17
, 7

17
17
11
11,.,
--------~-----_ .. _----------------_._------_._------_.---------------------------------------------------------------18
13
18
18
18
18
18
18
18
18
18
18

1
'2
3
4
5
6
6
7
8
9

10
11

3.4000
3.4OCf)
:1. 4 0\.. (J

3.4000
3.4000
3.4000
3.4000
3.4000
3.4000
3.4000
3.4000
3.4000

0.0000
.2963
.5926
.8889

1.1852
1.4815
1.6547
1.7541
1. a~47
1.9547
2.0547
2.1547

2.24'34
2.24t:1
2.236.'2
2.2203
2.1989
2.1712

.643 7

.6437

.6437

.6437

.6437

.6437

0.0000
.1300
.2587
.3853
.5085
.62Gd

OOסס.0

- ooסס.
- .0000
- ooסס.
- .0000
OOסס.0

10.92156
10.89422
10.18171
10.60953
10.39790
10.14841

119.96894
179.96894
179.96894
179.96894
179.96894
179.9(894

20.309865
20.273038
20.143218
19.933~51

19.668722
19.350539

152.154211
152.154211
152.154211
152.154211
152.154211
152.154211

2.2494
2.2498
2.2511
2.2535
2.2569
2.2598

.6437

.6437

.6431

.6437

.6437

.6437

2.5917
2.5939
2.6005
2.6106
2.6234
2.6373

.5003

.5003

.5003

.5003

.5003

.5003

53.8042
53.7375
53.5253
53.2245
52.8652
52.4454

118.2806
118.2806
1t8.2AC6
118.2806
118.2806
118.2806---_ ... __ .. _----------------------_ .. _------------ .. _------------_ .. ------------------------------------------------

19
19
19
19
19
19
19
19
19
19
19
19

1
2
3
4
5
6
6
7
8
9

10
11

3.6000
3.6000
3.6000
J.6000
3.6000
3.6000
3.6000
3.6000
3.6000
3.6000
:J.6000
J.tJOOO

OOסס.0

.3078

.6151

.9~35

1.2314
t.5392
1.6541
1.1541
1.8547
1.9541
'J.0547
2.1!'41

2.2648
2.2€14
2.2513
2.2351
2.2134
2.1853

.6437

.6437

.6437

.6437

.6437

.ti .. 31

00000
.1310
.2608
.3881
.5120
.6309

OOסס.0

· ooסס.
- ooסס.
- ooסס.
- ooסס.
OOסס.0

10.25387
10.22406
to.11976
9.96008
9.76366
9.52893

179.97978
179.91978
179.97978
179.97978
179.97978
179.97918

19.401756
19.31456"1
19.252252
19.054503
18.004465
18.499550

152.160190
152.160190
152.160790
152.160790
152.160791)
15,2.1fl0790

2.2648
2.2652
2.2664
2.2686
2.27i9
2.2746

.6431

.6437

.6437

.6431

.6437

.6437

2.6334
2.6354
2.6420
2.6519
2.6646
2.6185

.5002

.5002

.!»OO2

.5002

.5002

.5002

52.8339
52.7705
52.5640
52.2716
5 t. 9220
51.5090

118.1826
113.2826
118.'826
118.2u26
118.2826
118.2826

------------------------------_ ..• _------------------------_._--------------------------------_ .. _-------------------
20
20
~o

20
20
20
20
20
20
20
20
:Jo

1
2
3
4
5
6
6
7
8
9

10
11

3.8000
3.8000
.'J.8000
3.8000
3.8000
3.8000
3.8000
3.8000
3.3000
1.8000
3.8000
~on()()o

OOסס.0

.3194

. (.30B

.9582
1.2176
1.5970
1.6547
1.7541
1.8547
1.9547
2.0547
'J. 1!')41

2.2785
2.2750
2.:1647
2.2483
2.2263
2.1979

.6437

.6437

.6437

.6437

.6437

. (i4:l1

OOסס.0

.1319

.26~6

.3905

.5150

.6345
OOסס.0

- ooסס.
· ooסס.

.0000

ooסס.

OOסס.0

9.69812
9.61116
9.51.404
9.42515
9.24183
9.01826

119.99068
119.99068
179.99068
179.99068
179.99068

.119.99068

18.639909
18.609177
18.494481
18.307660
18.071130
17.776265

152.161451
1b2.167457
152. 167457
152.167457
152.167451
152. 167457

2.2785
2.2788
2.2799
'2.282l)
2.2850
2.2876

.6437

.6437

.6437

.6437

.6437

.6437

2.669·,
2.6716
:l.6781
1.6879
2.1005
2.7144

.5002

.5002

.5002

.5C02

.5002

.5002

52.0288
51.9681
51.7670
51.4820
51.1414
50.7320

118.284&
118.2846
118.2846
118.2846
118.284E
1 18 284f;------- --- - - - ---- --- - - -------------- ---- ------------------------- .. ---.. ----. ---. -------------'. ------------ --------. - ..

21
21
21
:1t
21

1
2
3..
5

4.0000
4.0000
4.0000
.. 000')

4.0<JO()

OOסס.0

.3309

.6619
H.J:lt •

1. :J:l~U

2.2921
2.2886
2.2181
'J.1fit!i
2.2:)'.)1

OOסס.0

.1327

.26it3

.3930

.!)180

9.14238
9. t 1825
9.02832
8.8902'
8.1 HIlJU

17.872062
17.844986
17.736723
'7.560817
t 0' . 3 J I '/ 'J '!}

2.2921
2.2924
2.2934
2.2953
2.2CJU2

2.7085
2.1104
2.7168
2.7265
:J.1JUU

51. 15~6
51.0970
50.9018
50.6253
!\o. 2~14°7

Fig. 2~. (r.ont)



SOLUTION SURFACE NO. 500 - TIME' 28.99644355 seCONOS (DeLTA T " . 05754550. NVCfo( " '. CNUIo4S " 1.00. (20 • 21. ( O. oll

L M ~ Y U v P RHO V"'AG II.ACH T
( IN) ( IN) IF/SI ,F/S) (PSU) lLBM/F"T3 ) IF/S) NO (R)

21 6 4.0000 1.6547 2.2104 .6381 8.50758 17 .052'179 2.3007 2.7529 49.8891
21 6 4.0000 1.6547 .6436 0.0000 180.00000 152.173097 .6436 .5002 118.2863
21 7 4.0000 1.7547 .6436 .0000 180.00000 152.173097 .6436 .5002 118.2863
21 8 4.OCOO l. 8547 .6436 .0000 180.OC'VOO 152.173097 .6(36 .5002 118.2863
21 9 4.0000 t.9547 .64.16 .0000 180.0C'000 152.173097 .6436 .5002 118.Z863
21 to 4.0000 2.0547 .6436 .0000 180.OCOOO 152.173097 .643li .5002 ~18.2863

21 II 4.0000 2.1547 .6436 0.0000 180.00000 152.173097 .6436 .5002 118.2863

...•. ExpeCT FILM OUTPUT FIJI? N' 500 •••••

Fig. 25. (cont!

---. .



v Fill. =6.
elISe No.2 lleometry.

oo~---_..L-_--_-J..._---'o---'------'

VNAP2 CASE 2 - SUPERSONIC sr ~CE-SUBSONtC CONSTANT AREA FlGW
'CNTRl LMAX=21.MMAX=II,NMAX-500,NPlOT-500.tUNIT-I,RGAS=0.01.
TSTOP-lOO.O S
$IVS NIO=O.
U( I, I, I ) -21 -0.67. U( I ,2, I ) =2 t -0.67, U{ I ,3. I ) -21-0.67. U( t . ~, 1 ) =21 -0.67.
U{ I ,5, I : - 2 t -0.67, Ul - 2 t -0.67. U ( 1,6, I) -2 t - I .39, U{ 1 ,7, I) -21- I .39,
UlI,8, 1)-21-1.39,U( 1,9,1)-2I o 1.39,U{ I, 10, 1)=21-1.39,U{I, II, 1)-21-1.39,
V( I, 1, I) -2 t -0. O. V( t, 2,1) -21-0.0, V{ 1,3, 1) -21-0.0, V{ 1,4, t) -21-0. 0,
V( 1,5,1 )=21 0 0.0,Vl-21-0.0,V{ 1.6,1)-21-0.4 ,V{ 1,7, 1)-= 100.4,
III I, a, 1) -21 00. 4, V( 1.9. t ) -21-0. 4, v( t, 10, I) -21-0. 4. V( I, t 1, t ) 021-0. 4.
P( I , 1.1) -21- 180.0, P( 1 ,2.1) -21- 180 .O.P( t .3,1)-21 0 180.0, P( 1.4, I) -21- 180.0,
P ( 1 ,5, I ) - 2 I - 180.0, P l'- 2 I - 180.0, P ( I .6. 1 ) - 21 - 8 I . 7 ,P ( 1 ,7, 1 ) - 21 - 8 I .7,
P ( 1 .8, 1) =21- 8 I .7, P ( 1,9, 1) -2,. 8 I .7, P ( I. 10. 1) -21 -8 I .7, P ( 1, 11 , 1 ) -21 - 8 t .7,
RO ( 1 , 1 , I ) - 2 I 0 150.0, RO ( I ,2. I ) - 2 I - 150.0, RO ( 1 ,3. 1 ) - 2 1 - 15"'.0, RO ( 1 .4, I ) - 2 I - 150.0,
RO(I,5,1)-2I 0 150.0,ROl-21-150.0.RO(I.6,1)-21-86.6,RO(1.7,1)-21-86.e.
RO( t ,8, I )·21-86.6,RO{ 1.9, I )-21-86.6.RO( 1. 10,0-21-66.6,
RO{I.II,I)-21-86.6 S
SGEMTRY NDIM=O,~GEOM·4,Xt-O.v,XE-4.0,

VW-l .0,1.1155,1.2:'109.1.3464, 1.4619,1.5773, l. 6928. 1.8083, 1.9238,2.0392.
2.1547,2.2702,2.3856,2.~C",2.6166.2.732,,2.8475,2.9630.3.0785.3.1939,

3.3094,
NXNV=21--0.57735 S
SGCBl S
~8C ISUPER-3,PT-213.5t4,TT=124.2,PE-t80.0,
UI( 6) - 1.3877 ,1.4010, 1.4099. 1.4142,1.4143, 1.41032.
VI(6)=0.4006,O.4853,O.5698.0.6532.0.7349,O.81425.
PI(6)=81.7273,76.9763,72.3470.67.9110,63.7063,59.7460,
ROt(6)=86.~775.82.9519,79.~570.75.8503.72.4653.69.2182 S
SAVl S
SRVl S
STURIlL $

SDFSl NDFS=2,LDFSS-I,lOFSF-21,MDFS-6,
Vl-21-0.5.
NXNYL=21--0.0.
YU-0.5,O.~577.0.6155.0.6732.0.7309.0.7887,O.8A64.0.9041.0.9619,1.0196.

t .0774. I. 1351, 1.1928.1.2506. 1.3083. 1.3660.1.4238.1.4815. 1.5392,1.5970,
1.6547.
NXNYU-21°-0.28868 S
$VCl S

Fig. 27.
ea~ No. 2 d.a~ d«k..
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VNAP2. A CO_4PUTER PROGRAM FOR THE COMPUTATION OF TWO-D1MENSIONAL. TIME-DEPENDENT. COMPRESSIBLE. TURBULENT FLOW

BY MICH;_EL C. CLIHE. T-3 - LOS ALAMGS NATIONAL LABORATORY

PROGRAM ABSTRACT -

• THE NAVIES-STOKES EOJAT_ONS FOR TWO-OIMENSIONAL. TZME-DEPENOFNT rLOW ARE SOLVED USING THE
SECOND-ORDER. MACCORMACK FINITE-D:FFERENCE SCHEME, ILL BOUNDARY CUNOITIDNS ARE COMPUTED USING
A SECQNI}-ORDER, REFERENCE PLANE CHARACI"ERI_TIC SCHEME WITH tHE VISCOUS TERMS TREATED AS SOURCE
FUNCIIONS. 1HE FLUID IS ASSUMED TO BE A PERFECT GAS. THE STEADY-STATE SOLUTION IS OBTAINED AS
TI4E ASYMPTOTIC SOLUTION FOR LARGE TIME. THE FLOW BOUNDARIES MAY BE ARBITRARY CURVED S_LIO WALLS
AS WELL AS dET ENVELOPES. THE GEOMETRY M_Y CONSIST CF SINGLE AND DUAL FLOWING STREAMS. TURBULENCE
EFFECTS ARE MODELED WITH FITHER A MIXING-LENGTI4, A TURBULENCE ENERGY EQUATION. OR A TURBULENCE
ENERGY-DISSIPATION RATE EQUATIONS MOOEL. THIS PROGRAM ALLOWS VARIABLE GRID SPACING ANn INCLUDES
OPTIONS 10 SPEED UP THE CALCULATION FOP HIGH REYNOLDS NUMBER FLOWS.

dOB TITLE -

VNAP2 CASE 2 - SUPERSONIC SOURCE-SUBSONIC CONSTANT AREA FLOW

CONTROL PARAMETERS -

LMAX•21 _MAX=11 NMAX- 500 NPRINT= 0 NPLOT= 500 FDT= .90 FOTI=I.00 FOTI= .90 IPUNCH•O
IUI•t IU0=I IVPTS=t NCOHVI- _ TSTOP- .1OE.O3 NID• O TCONV=O.OOO NASM•I IUNIT-I
RSTAR= 0.00_ RSTARS• O.OOCOCX_ PLOW• ,0100 ROLOW- .000_00 VOT= .25 VDTI= .25

FLUID MODEL -

THE RATIO OF SPECIFIC HEATS. GAMMA -1.4OCK_ AND THE GAS CONSTAN1. R • .OICX) (FT-LBF/LBM-R)

FLOW GEOMETRY -

TWO-DIMENSIONAL. PLANAR FLOW HAS BEEN SPECIFIED

Fig. 28.
Cssc No. 2 outpuL
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GEOMETRY -

A GENERAL WALL HAS BEEN SPECIFIED BY THE FOLLOWING PARAMETERS. XT= O.OOOO (IN), RT= 1.OOOO (IN),

L XP(IN) YW(IN) SLOPE

I 0.0000 0000 .5773
2 .2000 1155 .5773
3 .4OOO 2309 .5773
4 .6000 3464 .5773
5 .8000 4619 .5773
6 1.0000 5773 .5773
7 1.2000 6928 .5773
8 1.4000 8083 .5773
9 1.6000 9238 .5773

10 1.8000 2,0392 .5773
11 2.0000 2.1547 .5773
12 2.200U 2.2702 .5773
13 2.4000 2.3856 .5773
14 2.6000 2.50tl .5773
15 2.8000 2.6166 .5773
16 3.0000 2.7321 .5775
17 3.2000 2.8475 .57,3

18 3.4000 2.9630 .5773
19 3.6000 3.0785 .5773
20 3.8000 3.1939 .5773
21 4.0000 3.3094 .5773

Fig. 28. (cont)



SPACE BOUNDARY GEOMETRY -

GENERAL BOUNDARIES HAVE BEEN SPECIFIED BY THE FOLLOWING PARAMETERS,

L XP(ZN) YL(IN) SLOPEL YU(IN) SLOPEU

I O.O(X_O 5000 0.0000 .5000 .2887
2 .2000 5000 0.0000 .5577 .2887
3 .40C_) 50('X} O.OCK_ .6155 .2087
4 ,6000 5000 • .0000 .6732 .2887
5 .80OK) 5000 0.0000 .7309 .2887
6 !.0000 5000 0.0000 .7887 .2887
7 t . 2000 . 50(X} O. _ . 8464 . 2887
8 1. 4000 . 5C_0 0. CK_CK_ . 904 1 . 2887
9 1.6000 .5000 0.0000 .9619 .2887

10 1, 8(_00 . 5000 0. (_OCKZ) 1 . 0196 . 2887
11 2.0000 .5000 0.0000 1.0774 .2887
12 2.2(X_Q .5CK_0 O.OCK:X) 1.1351 .2887
13 2.4000 .50C,0 C.O000 1.1928 .2887
14 2.60<_0 .6CK:X_ O.CKX_ 1.2506 .2887
15 2.8000 .5000 0.0000 1.3083 .2887
16 3.00<_D .5000 O.O(X_,,O 1.3660 .2887
17 3.2000 .5(X_ O.O(_'vJ 1.4238 .2887
18 3.4(X)0 .50CX) O.(:X_O0 1.4815 .2887
19 3.6000 .5(X)0 0.0000 1.5392 .2887
20 3.8000 .5000 O.CCO0 1.5970 .2887
21 Z.C<_X) .50C0 0.0000 1.6547 .2887

Fig. 28. (cont)



BOUNDARY COM)! I I ONS -

M PT(PSXA) TT(R) THETA(DEG) PE(PSIA) FSO(FT2/S2) FSE(FT2/53)

t 213.5140 124.20 O.OO 180.00000 .000t
2 213. 5140 124.20 0.00 180.00000 .0001
:1 :_ I:1. _, 140 124.20 O, DO 11t0.OOOOO .OOOI
•I 213,5140 124.20 O. OO 180. 00000 .0001
5 213.5140 124.20 O.OO 180.0OOOO .flOO 1
6 2 13.5 140 124.20 O.O0 180. O(O)O) .OOO1
6 213.5140 124.20 0.00 !80.00G00 .0001

..7 2 13.5 140 124.20 O.(_ IBO. O_'__0OO .OOO1
I1 2 1.'1.5140 124.20 O.CK_ 1RO. O<_(O) . O(O) 1
_J ;) 13.5140 124.20 O.OO 180. CK)OC_) .OOO1

IO 2 13.5 140 124.20 O.OO 180. OOO(_0 .O(0) 1

11 2 13.5t40 124.20 0.OO 180.OOOOO .0001

TINLfT-O IEXTTT=O I['X= I IRUPER,3 DYW = ,OO10 IVRC-O INRC-O IWALL =O ZWALLO-O At I-O.OO ALE-O.OO
ALW-O.OO NSIAG=O NPE= 0 PE]= O. 0OOOO

FREE-SLIP WAttS ARE SPECIFIED

ADIABATIC UPPE_t WALt IS SPECIFIED

AI)IABATXC tOWER E)UAL rLOw SPACE I]OUNDARV IS SPECIFIED

ADIABATIC UPPER DUAL FLOW SPACE BDUNOA'RY IS SPECIFIED

ARTIFICAL VISCOSITY -

CAV-O.OO XMU- .40 XLA-I.CK) PRA- .70 XR0- .60 LSS- ! LSF-999 IDIVC-O ISS-O SMACH-O.CO
NST- O SMP=I.00 SMPF-1.OO SMPT-I.00 SMPTF-I.00 NTST- 1 IAV-O MSS- 1 MSF-999

MOLECULAR VISCOSITY -

CMU-O. (LBF-S/FT2) CLA- O. (LBF-S/FT2) CK-O. (LBF/S-R) EMU-O.OO ELA-O.OO EK-O.OO

TURBULENCE MODEL -

NO MODEL IS SPECIFIED

VARIABLE GRID PARAMETERS -

IST-O MVCR- O MVCT- O tOS,O NIOSSo2 NxQsr-o NVCMI- O |LLOS-30 SOS- .50 COS = .OOI

***** EXPECT FILM OUTPUT FOR N= 0 "*'**

N= 10, T- .68420880 SECONDS. DT= .06810572 SECONDS NVCM - t, CNUMS - 1.OO, ( 2, 7], ( O, O]
N- 20, T= 1.34793476 SECON3S, DT= .O6534079 SECONDS NVCM • I, CNUMS • 1.OO, ( 4, 7), ( O, O)
N- 30. 1= I OBG30646 SECONDS. OT- .O6307091 SECONDS NVCM - 1. CNUMS = 1.OO. ( 6. 7). ( O. O)
N- 40. T- 2.607365_9 SECONOS, DT- .06132799 SECONDS NVCM = 1, CNUMS - I.OO. ( 9, 7), ( O, O)
N- 50, T, 3.21411644 SECONDS, OT- .06OO7029 SECONDS NVCM - 1, CNUMS • I.(X), (12, 7), ( O, O)
N- 60, T- 3.80843898 SECONDS, DT- .058_8989 SECONDS NVCM - 1, CNUMS • 1.OO. (15. 7), ( O. O)
N- 70, T- 4.3904_913 SECONDS. DT- .O574844B SECONDS NVCM - 1, CNUMS - 1.OO, (18, 7), ( O, _)
N- 80, T- 4.973451G7 SECONDS. DT- .05944419 SECOI_K)S NVCM - I CNUMS - 1.OO, (20, 7), ( O. O)

F_.2_(corn)



N= 90. T= 5.57260436 SECONDS, DT= .0598705t SECONDS, NVCM = I, CHUMS • 1.OO, 19, 7), O, O)
N- IOO, T= 6.170.59463 SECONDS, DT= .05982064 SECONDS, NVCM = 1, CNUMS= 1.OO, 20, 7), O, O)
N- 110. T= 6.76882330 SECONDS, DT- .O5981464 SECONDS. NVCM - 1. CNUMS- I.OO. 20. 7), O. O)
N- 120, T- 7,:1fJ7(_424 5ECON()S, DT- ,OS_fl2OIR SECDND_, NVCM • I, CNUMS• 1.OO, 20, 7), O, O)
N- t_O, Io 7.Ub519419 SECONDS, DT- .O5981884 SECONDS, NVCM - 1. CNUMS- 1.OO, 20, 7), O. O)
N- 140. T- 8.56338521 SECONDS. DT= .O5981901 SECONDS. NVCM • 1, CNUMS- 1.OO, 20. 7), O, O)
N- 150. T- 9.16157502 SECONDS. DT = ,05981902 SECONDS. NVCM - 1. CNUMS• 1.OO. 20, 7). O, O)
N- 160. T- 9.75976499 SECONDS. DT= .05981899 SECONDS, NVCM = 1, CNUMS• I.OO, 20, 7), O, O)
N- 170. T- IO.35795503 SECONDS. DT- .O59819OO SECONDS. NVCM = I, CNUMS= 1.OO. 20. 7), O, O)
N= 180, T- IO.95614503 SECONDS, DT- .O59819OO SECONDS, NVCM = 1, CNUMS- 1.OO, 20, 7), O, O)
N- 190. T= 11.55433504 SECONDS. DT- .O59819OO SECONDS, N_CM - l, CNUMS= 1.(',O, 20. 7), O, O)
N= 200. T= 12.15252505 SECONDS, DT= .05981900 SECONDS, NVCM = I, CNUMS• 1.OO, 20. 7), O, O)
N- 210, T- 12.75071507 SECONDS DT- .05981900 SECONDS, NVCM = 1, CHUMS = 1.OO, 20, 7), O, O)
N- 220. T= 13.34890508 SECONDS DT- .05981900 SECONDS, NVCM = 1, CNUMS• 1.OO, 20. 7), O, O)
N= 230. T= 13.94709509 SECONDS DT= .05981900 SECONDS. NVCM - !. CNUMS• I.OO, 20, 7), O, O)
N= 240. T= 14.54528510 SECONDS DT= .O59819OO SECONOS, NVCM • 1, CNUMS= 1.OO. (20 7), O, O)
N= 250, T- 15.14347511 SECONDS DT= .O59819OO SECONDS, NVCM = 1. CNUMS• .OO, (20 7). O, O)
N= 260. T- 15.74166512 SECONDS DT= .059819OO SECONDS, NVCM = I. CNUMS= .OO, (20 7), O. O)
N= 270. T= 16.33905513 SECONDS DT= .O59819OO SECONDS. NVCM = I. CNUMS• .OO. (20 7). O, O)
N= 280. T= 16.93804515 SECONDS DT= .05981900 SECONDS. NVCM = 1. CNUMS= .OO, (20 7), O, O)
N= 290. T= 17.53623516 SECONDS DT= .05981900 SELONDS, NVCM • 1, CNUMS= .OO, (20 7), O, O)
N= 3OO, T= 18.13442517 SECONDS DT= .05981900 SECONDS, NVCM = 1, CNUMS= .OO, (20 7). O. O)
N= 310. T= 18.73261518 SECONDS DT= .05981900 SECONDS, NVCM • 1, CNUMS• .OO, (20 7). O, O)
N = 320. T= 19.33080519 SECONDS DT • .O59819OO SECONDS, NVCM • I, CNUMS= .OO, (20 7), O. O)
N_ 330, T= 19.92899520 SECONDS DT= .059819OO SECONDS, NVCM • t. CNUMS= .(30. (20 7), O, O)
N= 340, T= 20.52718522 SECONDS DT= .05981900 SECONDS, NVCM = 1, CHUMS • .OO, (20 7), O, O)
N= 350. T= 21.12537523 SECONDS O_, .0598t9OO SECONDS, NVCM = I, CHUMS = .OO, (20 7) O, O)
N- 350. T• 21.72356524 SECONDS DT= .O%9819OO SECONDS. NVCM = 1, CNUMS= .OO (20, 7) O. O)
N- 370. 1= 22.32175525 SECONDS DT= .O59819OO SECONDS, NVCM = 1, CNUMS= .OO (20, 7) O, O)
N1 380. T• 22.91994526 SECONDS, DT• .059S19OO SECONDS NVCM • 1. CHUMS • .OO (20, 7) O, O)
N= 390 T= 23.51813527 SECONDS, DT= .05981900 SECONDS NVCM • 1, CNUMS• .OO (20 7) 0, O)
N= 400 T= 24.11632528 SECONDS. DT• .05981900 SECONDS NVCM = 1. CNUMS• .OC (20. 7) O. O)
N= 410 T• 24.71451530 SECONDS, DT= .O59819OO SECONDS NVCM • 1, CNUMS= .OO (20, 7) O. O)
N- 420 T- 25.31270531 SECONDS, DT- .O59819OO SECONDS NVCM = CNUMS• .C<) (20, 7) O. O)
N- 430 T= 25.91089532 SECONDS, OT= .O59819OO SECONDS NVCM = CNUMS• .OO (20. 7) D. O).
N= 440 T- 2F.50900533 SECONDS, DT= .O59819OO SECONDS NVCM • CNUMS= .CK) (20. 7) O, O)
N= 450 T• 2;.10727534 SECONDS, DT= .05981900 SECONDS NVCM • CNUMS• .OO (20. 7) O, O)
N= 460 T= 27.70546535 SECONDS. DT= .05981900 SECONDS NVCM • CNUMS• I.OO (20. 7) O, O)
No 470 T= 28 30365536 SECONDS. DT= .05981900 SECONDS, NVCN • CNUMS• 1.OO (20. 7) O. O)
N= 480 T- 2_.UO184538 SECONDS, DT= .059819OO SECONDS, NVCM • CNUMS= 1.OO, (20, 7) O, O)
N- 490 T= 29.50003539 SECONDS, DT= .O59819OG SECONDS, NVCM • CNUMS= 1.OO, (20. 7) O, O}
N= 500 T- 30.09822540 SECONDS, DT= .05981900 SECONDS NVCM • CNUMS= 1.OO, (20, _) O, O)

_g. 28. (toni)



rLOW LND THRUST CALCULATION, N- 500

L MF(L_M/S) MF/MFI T(LBF) TITI

I t03.66476 I.(_K_O 108.4936 t.0000
2 IO4.17112 I.OO49 116.7201 I.O758
3 104.3_35B 1.0069 122.2641 1.1269
4 104.55396 .0083 126.4669 1.1658
5 104.62213 .0092 129.8680 1.19"0
6 104.68099 .0098 132.6420 t.2226
7 t04.73904 .0104 135.0156 1.2445
B 104.78580 .0108 137.0625 !.2633
9 104.B1792 .0111 138.8408 t.2797

10 t04.84414 .0t14 140.4132 t.2942
11 tO4.86594 .0116 141.8178 1.3072
1_ 104.88962 .0118 143.0932 t.3189
13 104.90506 .OI20 144.2406 1.3295
14 104.91802 .0121 145.2872 !.3301
Ib 104.93230 .0122 146.2559 1.3481
18 t04.94652 .0124 147.1501 1.3563
17 t04.94665 .0124 147.9603 1.3638
18 104.96477 .01_5 148.7347 1.3709
19 104.95407 1.0t24 149.4413 1.3774
20 105.09699 1.0138 150.3916 1.3862
21 105.08073 1.0137 151.0062 1.3918

FI8. 28. (cont)



30.09a22540 SECONDS (DELTA T •5CO . TIME • .05981900. NVCM· I. CNUIolS • 1.00. (20. 7), ( O. 0»
SOLUTION ~URFACE NO.

L N

1
2
3
4
5
I;
(;

7
e
'I

10
II

X
(IN;

O.QO()()
0.0000
0.0000
0.0000
0.0000
O.()()()(I
O.()OOO
0.0000
O. (){i'A)

0.0000
0.0000
C 'JOO

y
( IN)

0.0000
.1000
.2000
.3000
.4000
.5000
.5000
.6000
.7000
.8000
.9000

1.0000

U
(f/S)

.(.uo

.6440

.6440

.6440

.6440

.fi440
1.3877
1.4010
1.4099
1.4142
1.4143
1.4103

v
(F/S)

O.OO,)()
0.0000
0.0000
0.0000
0.0000
0.0000

.4006

.-1653

.5698

.6532

.7349

.6142

P
(PSIA)

179.93650
179.93650
179.93'550
179.93650
179.936!>0
179.93650
81.72730
76.97630
72.34700
67.911Q1"l
63.70630
59.74600

RHO
/LeN/FT3)

152.134697
152.134697
152.134697
152.134697
152.134697
152.134697
86.577500
62.951900
79.357000
75.650300
72.465300
69.216200

VIUG
(F/S)

.6440

.6440

.6440

.6440

.6440

.6440
1.444-1
1.48::!7
1.5207
1. 5576
1.5938
1. 6285

MACH
NO

.5005

.5005

.500S

.500S

.5005

.500:1
1.25b4
1.3008
1. 3460
1.3914
1.4367
1.4814

T
(A)

118.2745
118.2745
118.2745
118.2745
118.2145
I 18 .~74!>

94.:'979
92.1963
91.1665
89.5329
87.9128
86.3154

-~-,.;0 •...,

I
I
j,

2
2
2
2
2
2
2
;.>
2
2
2
2

1
2
3
4
5
6
6
7
6
9

10
11

. :2000

.::!OOO

.2000

.2000
.20QCl
.2000
.2000
.:JOOQ
.2000
.2G,)()
.2000
.2000

0.0000
.1000
.2000
.3000
.4000
.5000
.5577
.6693
.7608
.8924

1.0039
1.1150:;

.6440

.6440

.6440

.6440

.6440

.6440
1.5603
I.S558
1.5494
1.5405
1.5301
1. 5141

0.0000
.0000
.0000
.0000
.0000

0.0000
.4504
.5415
.6294
.'; 154
.1992
.6741

119.94450
179.94450
179.94450
179.94450
119.94450
179.94450
60.50799
58.14545
55.33358
52.45968
49.55768
41.12"'94

152.139524
152.139524
152.139524
152.139524
152.139524
152.139524
69.921220
61.617034
65.350453
62.925772
60.424814
58.310333

.64"'0

.6"'40

.6440

.6440

.6440

.6440
1.6240
I. 6414
1.6723
1.6985
1.1262
1.7483

.5005

.5005

.5005

.5005

.5005

.5005
1.4';'06
1.5021
1.5360
1.5122
1.6110
1.6"36

118.2760
118.2760
118.2160
118.2;60
118.2160
118.2160
87.1095
85.9161
84.6721
63.3676
82.0155
80.8175

:l
3
3
3
3
3
3
3
3
3
3
3

I
2
3
4
5
6
6

6
9

10
11

.4000

.4000

.4000

.4000

.4000

.4000

.4000

.4000
4000

.4000

.4000

.4000

0.0000
.1000
.2000
.3000
.4000
.5000
.6155
.7386
.A617
.9647

1.1078
1.2309

.6-140

.6440

.644C

.6440

.6440

.C140
1.6730
1.6605
1.6462
1.6299
\.6122
1.5902

0.0000
- .0000
- .0000
- .0000
- .0000
0.0000

.4630

.5787

.6700

.7565

.842'

.9181

179.9513(1
179.95138
179.95138
179.95136
179.95138
179.95138
46.48676
46.563!.2
44.59378
42.53974
40.48913
38.68948

152.143681
152.143681
152.143681
152.143681
152.1"'3681
15:.143681
59.307074
5'7.657919
55.936316
54.10/;554
52.240680
50.592252

.6440

.6440

.6440

.6440

.6440

.6440
1. 7413
1.7584
1.7773
1.7978
1.8190
I. 8362

.5005

.5005

.5005

.5005

.5005

.5005
1.6276
1.6538
1.6823
1.7135
1.7462
1.7746

118.2773
118.2773
118.2773
118.27 7 3
118.277:J
118.2713
81.7546
80.7589
79.1224
78.6251
77.5050
76.4731

4
4
4
4
4
4
4
4
4
4
4
4

:>
3
4
5
6
6
7
B
9

10
11

.6000

. (i000

.6000

.6000

.6000

.6000

.(;000

.6000

.6000

.6000

.6000

.6000

0.0000
.1000
.2000
.3000
.4000
.5000
.673'
.8078
.9425

1.0771
1. 2118
1.3464

.6440

.6440

.6440

.6440

.6440

.b4.t0
1.75b3
1.7392
1.7201
1.6988
1.6764
1.6503

0.0000
0000

- .0000
.0000
.0000

0.0000
.5070
.6061
.6999
.7899
.8746
.9528

179.95091
179.95091
179.95091
.79.95091
179.95091
179.95091
40.07869
38.61233
37.13224
35.59385
34.0373S
32.58::'63

152.143398
152.143398
152.143398
152.143398
152.143398
152.143396
51.712162
50.391387
49.034950
47.596833
46.115423
44.719000

.6440

.6440

.6440

.6440

.6440

.6440
1.8280
1.8" 18
1.8570
1.8735
1.8908
1.9056

.5005

.5005

.5005

.5005

.5005

.5005
1.7549
1.7782
1.8036
1.9310
1.8601
1.8868

118.2772
118.2172
118.2772
118.2712
118.2772
118.2772
17 .5034
76.6249
15.7261
74.78:10
73.8091
72.8631

a •••••• ~_ _ • ............... _ __ _ __ _ __

.8000 0.0000 .6440 0.0000

Fig. 28. ponl)

179.94718 152.141143 .6440 .5005 118.2765



SOLUTION SURFACE NO. _00 - TIME = 30.09822540 SECONDS (DELTA T - .05981900, NVCM • I, CNUN5 • I.OO, (20, 7), ( O, O))

I_ M X Y U V P _1;O VMAG MACH T
(IN) (ZN) (F/S) (F/S) (PSI&) (LBM/FT3) (F/S) NO (R)

5 2 .8000 .1000 .6440 .0000 179.94718 132.141143 .6440 .50G5 118.2765
5 3 .8000 .2000 .6440 .0000 179.94718 152. 141143 .6440 .5005 118.2765
5 4 .8000 .3000 .6440 .0000 179.94718 152.141143 .6440 .5005 118.2765
5 5 .fir)O() ,4000 .6440 .0000 179,94718 152.141143 .6440 .5005 118.2765
b _ .80_ .5000 .6440 0.0000 179.94718 152.141143 .6440 .5005 118.276_
5 6 .8_00 .730q 1.8217 .5259 33.98809 45.937772 .8961 .8631 73.9872
5 7 .8000 .8771 t.8016 .6274 32.81371 44.833210 ._077 .8846 73.1906
5 8 .8000 1.0233 1.7793 .7228 31.65328 43.724326 .9205 .9077 72.3928
5 9 .8000 1.1695 1.7546 .8143 30.44179 42.543676 .9344 .9327 71.5542
5 10 .8000 1.3157 1.7289 .9006 29.18547 41 297156 9494 .9598 70.67195 11 " •

• 8000 1.4619 1.6998 .9814 27.95671 40.064681 .9627 .9858 6_.7789
-T .....................................................................................

6 1 .0000 0.0000 .6441 0.0000 t79.94134 152.137620 ..............................6441 .5005 118.2754
6 2 .0000 ,1000 .6441 .0000 179.94134 152.137620 .6441 .5005 114 2754
6 3 .0000 .2000 .6441 .0000 170.94134 152.137620 .6441 .5005 118.2754
6 4 .0000 .3000 .6441 .0000 179.94134 152. 137620 .6441 .5005 114.2754
6 5 .0000 .4000 .6441 -.00,_0 179.94134 152.137620 .6441 .5005 118.2754
6 6 .0000 .51_)0 .6441 O.CO00 :79.94134 152.137620 .6441 .5005 118.2754
6 6 ,00(_0 .7887 1.8752 .5413 29.37709 41.375081 1.9518 1.9577 71.0019
6 7 .0000 .9464 1.8529 .6446 28.40590 40.425452 1.9619 1.9780 70.257-1
6 8 .0000 1.1041 1.8283 .7414 27.462_9 39.489769 1.9739 1.9995 69.5438
6 9 .0000 1.2619 1.8012 .8343 26.46292 38.477828 1.9851 2.0230 68.7745
6 10 .O("K)O 1.4196 1 7731 .9224 25.40415 37.386397 1.9987 2.0492 67.95026 11

.............. _0000 1.5773 1.7415 1.0055 24.34057 36.276694 2.0109 2.0748 67.0970

7 1 1.2000 0 . 0000 .6441 0 . UO00 179.93970 t52. 136628 .................................. 6441 . 5005 118. 2751
7 2 1.2000 .1000 .6441 -.0000 179.93970 152.136628 .6441 .5005 118.2751
7 3 1.2000 .2000 .6441 -.0000 179.93970 152.136628 .6441 .5005 118.2751
7 4 1.2000 .3000 .6_41 -.0000 179.93970 152.136628 .6441 5005 t18.2751
7 5 1.2000 .4000 .6441 ".0000 179.93970 152.136628 .644t .5005 118.2751
7 6 1.2000 .5000 .6441 0.0000 173.93970 152.136628 .6441 .5005 118.2751
7 6 1.2060 .8464 1.9201 .5543 25.77387 37.670133 1.9986 2.0420 64.4199
7 7 1,2000 1.0157 1.8962 .6590 24.95046 36.836126 2.0074 2.0615 67.7337
7 8 1.2000 1.1850 1.8698 .7569 24.15841 36.023058 2.0172 2.0818 67.0637
7 9 1.2000 1.3542 1.8400 .8514 23.30162 35.124801 2.0283 2.1047 66.3392
7 10 1.2000 1.5235 1.8109 .9413 22.32400 34 144972 2.0409 2.1304 65.55587 11

1.2000 1.6928 1.7774 1.0262 21.45017 33.134878 2._533 2.t558 64.7359
....................................................................................................................

8 t t.40_')0 0.0000 .6441 0.0000 179.94290 152.138561 .6441 .5005 118.2757
8 2 1.4000 .1000 .6441 "-_ 179.94290 152.138561 .6441 .5005 118.2757
8 3 .4000 .2000 .6441 -.0000 179.94290 152.138561 .6441 .5005 118.2757
8 4 .4000 .3000 .6441 -.0000 179.94290 152.138561 .6441 .5005 t18.2757
8 5 4000 .4000 .6441 -.0000 179.94290 152.138561 .6441 .5005 1t8.2757
8 6 .4000 .5000 .6441 0.0000 179.94290 152.13_561 .6441 .5005 118.2737
8 6 .4000 .9041 1.9586 .5654 22.88582 34.595375 2.0386 2.1183 66.1528
R 7 .4000 1.0849 1.9333 .67t3 22.17336 33.850018 2.0466 2.1371 65.5047
8 8 .4000 1.2658 1.9056 .7704 21.48936 33.125244 2.0555 2.1568 64.8731
8 9 .4000 1.4466 1.8753 .8664 20.73441 32.307548 2.0658 2.1794 64.1782
8 10 .4000 1.6275 1.8437 .9579 19.92505 31.414473 2.0777 2.2048 63.42648 11

.4OOO 1.8083 1.8086 1.0442 19.09689 30.488485 2.0883 _.2301 62.6364
.....................................................................................................................

1 1.6000 0.0000 .6440 0.0000 179.94924 152.142382 .6440 .5005 tl8.2769
9 2 1,6('K_ . 1000 .6440 -.000_ 17_.94924 152. 142382 .6440 .5005 118.2769

F_. 28.(corn)



I

5t)[tJTION SURFACE NO. SOL) - TIME - 30.09822540 SECONDS (DELTA T • .05981900. NVCM - I. CNUMS - 1.OO. (20. 7). ( O. O))

L M X y U V P RHD VMAG MACH T
(IN) (IN) (F/S) (F/S) (PSIA) (LBM/FT3) (F/S) NO (R)

9 _I .600_ .2OOO .6440 -.OOOO 179.94924 152.142382 .6440 5005 118.27699 4
.6OOO .3OOO .644q -.OOOO 179.94924 152.142382 .6440 .5005 118.2769

5 .GO00 .40OO .6440 -.OOOO 179.94924 152.142382 .6440 .5OO5 118.2769
9 6 .60OO .5OOO .6440 O.OOOO 179.94924 152.142382 .6440 .5OO5 118.2769
9 6 .60OO .9619 .9921 .5751 20.52185 31.997OI4 2.0734 2.1881 6_.1368
9 7 .60OO 1.1543 .9657 .6821 19.89505 31.321326 2.0807 2.2065 63.519_
9 8 GOOO 1.3467 .9370 .7824 19.29097 30.661937 2.0890 2.2259 62.9151
9 9 .6oOO 1.5390 .9055 .8798 18.61319 29.905045 2.0988 2.2484 62.2410
9 IO .GO00 1.7314 .8725 .9727 17.89087 29.083375 2.11OO 2.2737 61.5158
9 11 .6000 1.9238

.8361 t.O6OO 17.15044 28.229?34 2.1201 2.2988 60.7531
....................................................................................................................

10 1 .80OO O.OOOO .6440 O.OOOO 179.95680 152.146960 .6440 .5OO4 118.2783
10 2 .8000 .IOOO .6440 -.OOOO 179.95680 152.146960 .6410 .5OO4 118.2783
IO 3 .8OOO .2OOO .6440 -.OOOO 179.95680 152.146960 .6440 .5OO4 118.2783
10 4 .800_ .3000 .6440 -.0000 179.95680 15"2.t46960 .6440 .5004 118.2783

IO 5 .8000 .4010) .6440 -.C K)00 179.95680 t52.146960 .6440 .5OO4 118.2783 \
10 6 .80OO .5OOO .6440 O.OOOO 179.95680 152.146960 .6440 .5OO4 118.2783 ,
_O G .8000 1,O_96 2.O216 .5_36 18.55307 29.768315 2.1042 2.2526 62.3249
_ 7 1.80OO 1.2235 1.9944 6917 17.99419 29.148766 2.1109 2.2707 61.7323

iO 8 1.80OO 1.4274 1.9647 .7_31 17.45156 28.539665 2.1187 2.2899 61.1485 _ _,
9 1.80OO 1.6314 1.9322 .8919 16.83548 27.831693 2.1282 2.3126 60.4903 '\

IO IO 1.80OO 1.8353 1.898t .9859 16.18554 27.071089 2.1_88 2.3378 59.7890
10 11 1.8000 2.0392 1.8605 1.O742 15.51887 26.280284 2.1483 2.3628 59.O514
...................................................................................................................

1 2.0000 0.0000 .6439 0.0000 179.96285 152.150622 .6439 .5OO4 118.2794
2 2.0000 .IOOO .6439 .OOOO 179.96285 152.150622 .6439 .5CO4 118.2794
3 2.0¢00 .20OO .6439 .00(_D 179.96285 152.150622 .6439 .5004 118.2794
4 2.04.X)O .3000 .6439 .0OOO 179.96285 152.150622 .6439 .5OO4 118.2794
5 2.OCOO .4000 .6439 .OOOO 179.96285 152.150622 .6439 .5004 118.2794
G 2.OOOO .5OOO .6439 O.0OOO 179.96285 152.150622 .6439 .5OO4 118.2794
G 2.0000 1.O774 2.0480 .5912 16.88929 27.832515 2.1316 2.3127 60.6819
7 2.C_)O 1.2929 2.0200 .7OO3 16.38558 27.259293 2.1379 2.3305 60.1101
8 2.0000 1.5083 1.9895 .8029 15.89210 26.690556 2.1454 2.3498 59.5420
9 2.O000 1.7238 1.9562 .9029 15.32754 26.024145 2.1545 2.3726 58.8974

10 2._)O 1.9392 t.9210 .9978 14.73910 25.316975 2.1647 2.3977 58 2183II _.()LW)O 3.1547
I,U024 1.U868 14.t3497 24.581054 2.1737 2.4226 57.5035

........................................................................... .........................................

12 1 2 2000 O.OOOO .6439 O.OOOO 179.96793 152 153669 .6439 .5OO4 18.2804
12 2 2 2000 .10OO .6439 .OOOO 179.96793 152 153669 .6439 .5OO4 18.2804
12 3 2 2000 .2OOO .6439 .OOOO 179.96793 152 153659 .6439 .5OO4 18.2804
12 4 2 2_')O .3OOO .6439 .0OOO 179.96793 152 153669 .6439 .5OO4 18.2804
12 5 2 2OC_ .4000 .6439 .0000 170.96793 152 153669 .6439 .5OO4 18.28;,J
12 6 2 2000 .5OOO .6439 O.OOOO 179.96793 152 15366_ .6439 .5004 18.2804
12 6 2.2000 1.1351 2.O718 5981 15.46617 26.133668 2.1564 2.3690 59.1810 '
12 7 2.2000 1.3621 2.0430 .1082 15.OO826 25.599550 2.1623 2.3867 58.6271

12 8 2.2000 1.589t 2.Ol18 .81_9 14.55552 25.064617 2.1695 2.4061 58.0720
12 9 2.2000 1.8162 1.9777 .q129 14.0354! 24.434968 2.1783 2.4291 57.4398
12 10 2.2000 2.0432 1.9a16 1.OO_ 13.49995 23.775252 _ 1880 2.4540 56.781512 It

2.21_O 2.2702 I.GO23 1.U983 12.94929 2".O87544 2.1966 2.4788 56.0878
....................................................................................................................

13 1 2.4000 O._ .6439 O.OOOO 179.97290 152.156657 .6439 .5004 118.2813
13 2 2.4")00 .10OO .6439 .0OOO 179.97290 152.156657 .6439 .5004 118.2813
t3 3 2.4000 .20OO .6439 .OOOO 179.97290 152.156657 .643_ .5OO4 1t8.2813

Fig. 28. (coni)



SOLUTION SURFACE tJo. 5@) - TIMF - 30.09822540 SECONDS (DELTA T - .O5981900. NVCM - I. CNUMS - 1.OO, (20. 7). ( O. O))

L M X Y U V P RHO VMAG MACH T

(IN) (IN) (FIS) (F/S) (PSIA) (LBM/FT3) (F/S) NO (R)

13 4 2.4000 .3000 .6439 .0000 179.97290 152.156657 .6439 .5004 113.2813
13 5 _.40('_ .4000 .6439 ,0000 179.97290 152.156657 .6439 .5004 118.2813
13 G P,4_OO .50_0 ,fi4_9 o,o0o0 17q,972_|0 152.1566_? .64:19 .5004 118.2813
13 i, 2.40U0 1,1928 2.0934 .6043 14.23589 24.629139 2.1789 2.4222 57.8010
13 7 2.4000 1.4314 2.0640 .7154 13.E1672 24.128653 2.1845 2.4397 57.2627
13 8 2.4000 1.6699 2.0321 .8202 13.39873 23.623069 2.19t4 2.4592 56.7191
13 9 2.4000 1.90R5 1.9973 .9221 12.91781 23.026793 2.1999 2.4823 56.0990
13 10 _.4()00 2,1470 1.9604 1.01R5 12.42841 22,409512 2.2092 2,5072 55.4604
1:! II :'.4000 2.3Bb(1 1.9203 1,1087 1t.92377 21.76430! 2.2174 2.5319 54.7859
....................................................................................................................

14 I 2.6000 0.0000 .6438 0.0000 179.97908 152.160424 .6438 .5003 118.2824
14 2 2.6000 1000 .6438 -.0000 179.97908 152.160424 .6438 .5003 118.2824
14 3 2.6000 2000 .6438 -.0000 179.97908 152.160424 .6438 .5003 118.2824
14 4 2.6000 3000 .6438 -.0000 179.97908 152.160424 .6438 .5003 118.2824
14 5 2.60_0 4000 .643B .0000 179.9;908 152.160424 .6438 .5003 !!8.2824
14 6 _.6000 5000 .6438 0.0000 179.97908 152.160424 .6438 .5003 118.2824
14 6 2.6000 1 2506 2.1132 ,6100 13.16282 23.286586 2.1994 2.4725 56.5253
14 7 2.6000 1 5007 2.0831 .7221 12.77693 22.815539 2.2047 2.4900 56.0010
14 8 2,6000 1 750R 2.0506 .8278 12.38946 22.336234 2.2114 2.5095 55.4680
14 9 2.6000 2.0009 2.0152 .9306 11,943.J 21.770772 2.2197 2.5328 54.8601
14 11} 2.6000 2.2510 1.977G 1.0275 11.49447 21.191775 2.2286 2.5574 54.2403
14 11 2.6000 2.5011 1.9368 1.1t82 11.02983 20.584401 2.2364 ?.5821 53 5834

15 1 2.8000 0 0000 .6436 0.0000 179.9R_Q_ 152.165171 .6438 .5003 118.2839
15 2 2.8000 .I000 .6438 .0000 179.98692 152.165171 .6438 .6003 118.2839
15 3 _._0_?. .2000 .643R -.OOCO 179.98692 152.165171 .6438 .5003 118.2839
1_ 4 2.8000 .30_ .643H -.0000 179,9S692 152.165171 .6438 .5003 118.2839
15 5 2.8000 .4000 .6438 .0000 179.98692 152.165171 .6438 .5C_3 118.2839
15 6 2.8000 .5000 .6438 0.0000 179.98692 152.165171 .6438 .5003 118.2839
15 6 2.8000 1.308_ 2.1313 .6153 t2.21939 22.080390 2.2184 2.5203 55.3405
15 7 2.8000 1.5700 2.1e07 .7283 11.86240 21.635351 2.2234 2.5377 54.8288
15 8 2.8000 1.8316 2.0677 .8349 11.50196 21.179933 2.2299 2.5574 54.3059
15 9 2.80('_ 2.0933 2.0316 .9384 11.08743 20.643063 2.2379 2.5807 53.7102
15 10 2.8000 2.3549 t.9934 1.0359 10.67390 20.098480 2.2464 2.6053 53.1050
15 11 2.8000 2.6166 1.9520 1.1270 10.24396 19.524511 2.2540 2.6299 52.4672

16 1 3.0"3_3 0.0( .6437 0.0000 179.99548 152.;70292 .6437 .5C02 118.2856
16 2 _.()("K_ .1000 .fi437 -.0000 17o.90548 152.170292 .6437 .5002 118.2856
16 3 3.q_H)O .2(J_H) .6437 -.OOOO 179.99548 152.170292 .6437 .5002 1t8.2856
16 4 3.0000 ._000 .6437 -.0000 179.99548 152.170292 .6437 .5002 118.2856
16 _ 3.0000 .4000 .6437 -.0000 179.99548 152.17029_ .6437 .5002 118.2856
16 6 3,0000 .5000 .6437 O.OGO0 179.99548 152.1_029_ .6437 .5002 118.2856
t6 6 3.0000 1.3660 2.1481 .6201 11.38500 20.991480 2.2358 2.5658 54.2363
16 7 3.0000 1.6392 2.1170 .7340 11.05352 20.569916 2.2406 2.5833 53.7364
t6 8 3.0(X_ 1.9124 2.0834 .8415 10.71752 20.136775 2.2469 2.6030 53.2236
!6 9 3.0000 2.1857 2.0467 .94_7 10.33154 19.626696 2.2546 2.6263 52.6402
16 10 3.0000 2.4589 2.0079 1.0436 9.94958 19.113580 2.2629 2.6507 52.0550
16 11 3.0000 2.7321 1.9659 1.1350 9.55056 18.570203 2.2701 2.6753 51.4295
...................................................................................................................

17 1 3.2000 0.0000 .6437 0.0000 180.00297 t52.174806 .6437 .5002 118.2870
17 2 3.2000 .1000 .6437 -._X_O 180.00297 152.174806 .6437 .5002 118.2870
17 3 3.2000 .2000 ,6437 -.0000 180.00297 152.174806 .6437 .5002 118.2870
17 4 3.2000 .30OO .6437 - OOOO 180.00297 152. 174806 .6437 .50_2 118.2870

F_.28.(con,)



5QLUTIGN SURFACE NO. 500 - TIML • 30.09822540 SECONDS (DELTA T = .O5981900. NVCM = 1. CNUMS = 1.OO. (20. 7], ( O. O)1

L M X V U V P RHD VMAG MACH T
(IN) (TN) {F/S) (F/S) (PSTA) (LBM/FT3) (F/S) NO (R)

17 5 3.2000 .4OOO .6437 -.OOOO 180.O<1297 152._74806 .6437 .5002 118.2870
17 6 3.2000 .5000 ,6437 O.OOOO 180.00297 t52.174806 .6437 .5002 118.2870
17 6 R.20OO 1.4238 2.1638 .6246 10.64075 20.000878 2.2521 2.6095 53.2014
17 7 3.2000 1.7085 2.1322 .7393 10.33162 19.6OOO98 2.2567 2.6270 52.7121
17 8 3.2000 1.9933 2.0980 .8477 IO.O1753 19.187340 2.2628 2.6467 52.2091
1"1 9 3.2000 2,2780 2,0609 .9524 9.65735 18.702112 2.2703 2.6701 51.6378
17 10 3.2000 2.5628 2.O215 t.O507 9.30312 18.217098 2.2782 2.6944 51.O681
17 11 3.2000 2.8475 1.9791 1.1426 8.93058 17.699921 2.2852 2.7190 50.455_
....................................................................................................................

18 I 3.4COO O.OOOO .6436 0.00<30 180.OO750 152 177594 .6436 .5002 118.2878
18 2 3.4COO .I(::X:)O .6436 .OOOO 180.f_750 152 177594 .6436 .5OO2 116.2878
111 :1 _. 4_<30 .2OOO .6436 .CO00 180. OO750 152 177594 .6436 .5002 118.2878
18 4 3.4000. .30OO .6436 -.O_OO 180.OO750 152 177594 .6436 .5OO2 118.2878
18 5 3.4000 .4OOO .6436 -. 0OOO 180. 00750 152 177594 .6436 .5002 118.2878
18 6 3. a0OO .5000 .6436 O. 0OOO 180.OO750 152 177594 .6436 .5002 118.2378
18 6 3.4000 1.4815 2.1781 .6288 9.97767 19.1OI643 2.2670 2.6510 52.2346
18 7 3.4000 1.7778 2.1460 .7443 9.68915 18.720764 2.2714 2.6684 51.7561
18 8 3.4000 2,O741 2.1114 .8534 9.39553 18.327845 2.2773 2.6882 51.2637
18 9 3.4000 2.3704 2.0737 .9586 9.05890 17.8_5_95 _.2845 2.7115 50.7047
18 10 3,4000 2.6667 2.0338 1.O573 8.72981 17.407209 2.2922 2.7356 50.1505
18 11 3.4000 2.9630 1,9909 1.1495 8.38247 16.916345 2.2989 2.7601 49.5525
....................................................................................................................

19 1 3.6000 O.OOOO .6436 O.OOOO 180.OO804 152.177928 .6436 .5001 118.2879
19 2 3._ .IOOO .6436 .OOOO 180.OO804 152 177928 .6436 .5OO1 IIR.287q
10 3 3.6000 .2OOO .6436 -.O<X)O 180.OO804 152 177928 .6436 .5OO! 118.2879
19 4 3.6000 .30OO .6436 -.0OOO 180.00804 152 177928 .6436 .5OO1 118.2879
19 5 3.6000 .4OOO .6436 -.OOOO 180.OO804 152 1779_8 .6436 .5001 !18.2879
19 6 3.6000 .5000 .6436 O.OOOO 180.OO804 152 177928 .6436 .5OO1 118.2879
I0 (_ 3.6OOO 1.5302 2.1022 .6328 9.37246 18 267047 2.2817 2.6922 51.3080
1_ 7 3.GOOO 1.8471 2 1597 .7490 0.10049 17.901453 2.2859 2.7096 50.8366
t9 8 3 6000 2.1549 2.1246 .8588 8.82515 17.526411 2.2916 2.7294 50.3534
19 9 3.6000 2.4628 2.0864 .9645 8.51013 17.086474 2.2986 2.7527 49.8062
19 10 3.6000 2.7706 2.0461 1.0636 8.20309 16.650830 2.3060 2.7767 49.2654
19 11 3.6000 3.0785 2.002€ 1.1562 7.87531 16.179224 2.3125 2.8013 48.6754
....................................................................................................................

20 1 3 8000 O.O_ ,6436 O.OOOO 180.OO5OO 152 176053 .6436 .5OO2 118.2873
20 2 3.{10OO . 1OOO .643_ - .OOOO 180.OO5OO 152 176053 .643_ .5OO2 118.2873
20 3 3.8000 .2OOO .6436 -.OOOO 180.OO5OO 152 176053 .6436 .5002 118.2873
20 4 3.8000 .3OOO .6436 -. 0OOO 180.OO500 152 176053 .6436 .5002 118.2873
20 5 3.8000 ,4OOO .6436 -. OOOO 180.OO5OO 152 176053 .6436 .5OO2 118.2873
20 6 3.8000 .5_')O .6436 O. OOOO 180. 005OO 152 176053 .6436 .5OO2 118.2873
20 6 3.NO00 1.5970 2.2047 .6364 8.87248 17.555816 2.2947 2.7200 50.5387
20 7 3.8UOO 1.9164 2.1718 .7532 8.61417 17.203403 2.2987 2.7455 50.0725
20 8 3.8000 2.2358 2.t363 .8635 8.35413 16.843914 2.3043 2.7653 49.5973
20 9 3.8000 2.5551 2.0978 .9696 8.05694 16.422722 2.3110 2.7886 49.0597
20 10 3._0OO 2.8745 2.0570 t.O691 7.76865 16.OO76_1 _.3182 2.8124 48.5307
20 11 3.8000 3.1939 2.0130 1.1622 7.45564 15.550579 2.3245 2.8372 47._445
....................................................................................................................

21 1 4 ()r_O O.OOOO .6436 O.OOOO 180.OOOOO 152.173OI8 .6_36 .5OO2 118.2864
21 2 4.(_0OO .IOOO .6436 -.O<:X:)O 180.OOOOO 152.173018 .6436 .5002 118.2864
21 3 4.0000 .20OO .6436 -.OOOO 180.OOOOO 152.173OI8 .6436 .5OO2 118.2864
21 4 4.O0_) .3000 .6436 -.0OOO 180.OOOOO 152.173018 .6436 .5OO2 !18.2864
21 5 4.0000 .40OO .6436 -.00OO 180.OOOOO 152.173018 .6436 .5OO2 118.2864

F;.Z. 28, (cont)
/



%0LUrION SURFACE NU _OO - TIME : 30 0q_22540 SECONDS (DELTA T = .05981gC<). NVCM = f. CNUMS = 1.00. (20. 7). ( O. O))

L M x y U V P RHO VMAG MACH T

(IN) (IN) (F/S) (F/S) (PSIA) (LBM/FT3) (r/s) NO {R)

21 (i ,t ()O{)f) .5000 .64P6 0._)00 180.00000 152.173018 .6436 .5002 118.2864
21 t, 4.0000 1.6547 2.2172 .640t 8.37249 16.844586 2.3077 2.7665 49.7044
21 7 4.00_) 1.9856 2.1839 .7574 8.12785 16.505354 2.311G 2.7840 49.2437
2t _ 4.0000 2.3166 2.1481 .8G83 7.88311 16.161417 2.3169 2.8038 48.7774
21 9 4.0000 2.6475 2,1091 .9748 7.60375 15.758970 2.3235 2.8270 48.2503
21 10 4.0(X_ 2.9785 2.0679 1.0746 7.3_421 15.364551 2.3304 2.8507 47.7346
21 II 4,0000 3._094 2.0234 1.1682 7.03698 14.921935 2.3365 2.8757 47.1520

"*'** [XI*EC't' FIlM (JIJTPUT fOR N- 500 e**_*

Fie. 21_,(,'ont)

J
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Fig. 29.
: Case No. 3g¢omctr).

O

0 I0 20 30 40
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V'JAP2 CASE 3 - "JBSON:C AIRFOIL

$CNT_L LMAX_21._t,'AX=II,NMA;K=5OO.NPLOT=500,IUNIT=I.RGAS:O.OI.
f TSTOP_ IOO 0 $

$[VS NID=-2.PSTA=-O. 7464 $

'$GEMT P.,'Nb:M=O.i';SEOM= I,X I=O.O,XE =4.0,RI-- I .O $

_GCBL NGCB= I.RICB:O.O $

_BC PT=213.514,TT=I24.2,PE:180.O $
$.tVL $

SRVL $

TURBL $

SDFSL I'JDFS=;',LDFSS:6 .LDFSF: 16 .MDFS-6.

v L ( 6 ) =0.5.0. 482_ .0. 4650.0. 4475. O. 4300. O. 4125. O. 4300. O. 44'; 5.
O 4650.0.4825,0.5.

f',_(NY[ ( 6 ) =0.04374.4-0.08749.0.0.4, -0.08749, -0.04374.

€U(6 ) =0.5,0.5175.0 5350.0. 5525.0. 5700.0. 5875.0. 5700. O. 5525.
0 5350.0.5175. .5.

P__NYU_ 6 )'-0. 04374.4 • "0.O8749.0. O. 4,0.08749.0. 04374 $
SVCL $

Fig. 30. -.
Case No J data d¢,:k.
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VNAP2, A COMPUIER PROGRAM FOR THE COMPUTATION OF TWO-DIHENSIONAL lIME-DEPENDENT, CD_PRESSIBLE. TURBULENT FLOW

BY MICHAEL C. CLINEo 1-3 - LOS ALAMOS NATIONAL LABORATORy

PROGRAM ABSTRACT

Ill( NA_JIII? '_,TD...SEQUATIONS FOR TWO-DIMENSIONAL, TIME-DEPENDENT FLOW ARE SOLVED USING THE

SICON{,-(}RDfR, MACCOPMACK FINITE-DIFFFRENCE SCHEME. ALL BCUNDARY CONDITIONS ARE COMPUTED USING

A SECON['; ORDFIR, REFERENCE PLANE CHARACTERISTIC SCHEME WITH THE VISCOUS TERMS TREATED AS SOURCE

=tJr:cTIOi'j_. ,HE FLUID IS A_,.;UMED TO BE A PERFECT GAS. THE STEADY-STATE SOLUTION IS OBTAINED AS

IH[ A!',KMPI(JIIC SOLUTION FOR LAPGE TIME. THE Ft.OW BOUNDARIES MAY BE ARBITRARY CURVED SOLID WALLS
AS WElL AS ,JFI EPJVEL{)PES. THE GEOMETRY MAY CONSIST OF SINGLE AND DUAL FLOWING STREAMS. TURBULENCE

|f_ fCIS As_t"MODELED WITH EITHER A MIXING-LENGTH, A TURBULENCE ENERGY EQUATION. O_ A TURBULEt_CE

frJfJ_(;Y()I_,',I|'ATIONRArE EQUAThJNS MODEL. THIS PROGRAM ALLOWS VARIABLE GRID SPACING AND INCLUDES
(){'1l(_J" I(] SP| t:{)UP IHE CALCUL_TI')N FOR HIGH REYNOLDS NUMBER FLOWS.

JOB TITlf -

VNAP2 CA(_f 3 - SUBSONIC AIRFOIL

L;DNTROL PARAMETERS -

LMA×=;)I MMAX=11 NMAX= 5')0 NPRINT= O NPLDT- SOD FDT= .90 FDTI'I.OO FDTI- .90 IPUNCH-O
JIll ,t IIJCI t IVPrS-I F'CCNVI- ! ISTnP- .tOE*D3 NIO=-2 ICONV-O.OOO NASM-I IUNIT-I

;tSIAR- .74_)4OO RSTARS- O.O(Z_OOO(O) PLOW = .OIL'S) ROLOW= .000100 VDT= .25 VDTt= .'25

FLUID MODEL -

IHF _A!I() (]1 SPL(;IFIC !lf_AbS. GAMMA =1.40OO AND THE GAS CONSTANt, R = .OlCwO (FT-LBF/LBM-R)

FI.DW GFDMETRY -

TWCI.DIMFHSInNAL. PLANAR FIOW HAS BEEN SPECIFIED

DUCT GEOMETRY -

CONSTANT AREA DUCT HAS BEFN SPECIFIED BY X| = O.OOOO (IN). RI= t.OOOO (IN_. AND XE= 4.00(0) (IN)

A CYI II'JORICAL CENTERBODY lEAS BEEN SPECIFIED BY XICB- O.O(._)O (IN), RICB- O.O(O)O (IN), AND XECB. 4.O(_00 {IN)

Fig. 3 I.

C,,se No. 3 output.



/

DUAL fLOW SPACE AOUNDARY GEOMETRY -

GENERAL ROUNDARIES HAVE BEEN SPEC]FTED BY THE FOLLOWING PARAMETERS.

L XP(IN) YL(IN) SL0PEL YU(IN) SLOPEU

G 1.C_00 .50OO -.O437 .5OO0 .O437
7 1.2000 .4825 -.0875 .5175 .0875
8 1.4000 .4650 -.0875 .5350 .0875
9 1.6000 .4475 -.0875 .5525 .0875 '

10 1.8000 .4300 -,0875 .5700 .0875
11 2.0000 .4125 0._ .5R75 0.0000
I_' 2.2000 .4_00 .0875 .5700 ".0875
13 2.4000 .4475 .0875 .5525 -.0875

14 2.60_'_ .4650 .0875 .5350 ".0875

15 2.8000 .4825 .0875 .5175 -.0875
16 3.0OOO .50OL, .0437 .50400 -.O437

Fig, ,11,(¢orttl

I
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BOUNi)AP.'°CONDITI0_ r, -

I'T|PSIA) ;T(Q! To_{IA (n{(',p PFIPSII| rsofr T21S2) FSEIFT2/S3)

I 213.5140 124._O O.O_ IBO. ()OO00 .O(O) ! .I

2 213,51,10 _24.20 0.00 180.00000 .000! . I
3 213.5140 124.20 0.00 180. 00000 .O(O)I . t ;
4 2 I,3 b IAO 124.20 0 GO II]0,00000 .O(O)I .I

h 213.5140 124.20 0.00 180. 00000 .0001 .I
6 213.51,10 124.20 0.00 180.00000 .0001 . I
7 213.5 t40 124.20 0.00 180.000CK) .0001 1
R 21_.5140 124.20 0.OO t 80.0OOOO .OOO1 . I
9 213.5140 124.20 0.00 tBO. 00000 .0001 . 1

10 213.5140 124. _0 O.OO IBO. DUO(K) .O(O)1 . 1
1 213.5140 124.20 O.OO I BO. OOOOO .O(O)1 . I

IINLET=O IEXITT=O IEX_I ISUPER=O DYW= .0010 IVBC=O INBC=O IWALL=O IWALLO-O AL I-O.OO ALE=O.OO
ALW=0. DO NSTAG=O NPE= O PEA- O. OO(X)O

fR[I:-SI IP WALLS AI_E SPECIFIED

ADIAP_A,.C UPPER WALL IS SPI'CIFIED

ADIABAII, LOWER CENTERBODY IS SPECIFIED

ADIABATIC LOWER DUAL FLOW SPACE BOUNDARY IS SPECIFIED

ADIABATIC UPPER DUAL FLOW SPACE BGUNDARY IS SPECIFIED

ARTIFICAL VISCCSITY -

CAV-O.OO FMU- .40 XLA-I.OO PRA- .70 X_lO- .60 LSS- I LSF-999 IDIVC=O ISS=O SMACH-L).OO
NSI= O SMP-I.OO SYPF=I.OO SMPT=I.OO SMPTF=I.O0 NTST = I IAV=O MSS= I MSF=999

MOLECULAR VISCOSITY -

CMIJ-O. (LBF-S/FT2) CLA- O. (LBF-S/FT2) CK-O. (LBF/S-R) EMU-O.OO ELA=O.OO EK-O.OO

TURBULENCE MODEL -

NO MODEl. IS SPECIFIED

VARIABLE '_RID PARAMETERS -

I_T-O MVCB- O MVC T" O IQS-O NIQSS-2 NIOS;-O NVC41= O IILOS-30 SOS= .SO COS- .001

°''°* EXPECT FILM OUTPUT FOR N= O *,,,,

N- 10, I= .5831402B SECONDS, DT- .O5852585 SECONDS, NVCM - CNUMS - I.(X), 11, 9), O, O)
N= 20, T- 1. 16827635 SECONI)S. OT- .O584414'1 SECONDS, NVCM - CNUMS = I.OO, 11, 9), O, O)

N- 30, T- 1.75321496 SECONDS, DT= .OSBSS?21 SECONDS, NVCM - CNUMS _ 1.OO, 14,1C), O, O)
N- 40. T= 2.338_6242 SECONDS, DT- .05854766 _ONDS, NVCM - CNUMS _ I.OO. 11,10), O, O)
N- 50, 1= 2.925f0260 SECONDS, DT- .05864965 SECONDS, NVCM - CNUMS - 1.OO. II,lC), O, O)
N- GO. T= 3.51161404 SECONDS, DT= .05866771 SECONDS, NVCM - CNUMS • I.OO, |I. 9), O, O)

_ N= 70, T= 4.09813240 SECONDS, DT- .05864804 SECONDS. NVCM = CNUMS = I.OO. 11 , IO), O. O)

I:Ig. 31.(conl)



N= 80, T= 4.68467521 SEcoNDs, DT= 058G4410 SECONDS NVCM - I, CNUMS - 1.OO l,lO), O, O)
N= 90. T= 5.2;110101 SECONDS, DT- 05864288 SECONDS NVCM = I, CNUMS = I.OO 1,10), O. O)
N= 100, T= 5.85752276 SECONDS, DT= 05864519 SECONDS NVCM = 1, CNUMS = 1.00 1,10). O, 0)
N= 110, I= 6.4441285_ SECONDS, DT= 05366945 SECONDS NVCM = 1. CNUMS = 1.OO 1,10), O. O)
N= 120, T: 7.03092347 SECONDS, DT = 05868448 SECONDS NVCM - 1. CNUMS • 1.OO 1,10). O, O)
N- 130, T- 7.61777889 SECONDS. DT- 05867627 SECONDS NVCM = 1, CNUMS - .OO 1.10). O. O)
N- 140, T= 8.20451351 SECONDS. DT- 05_66424 SECnNDS NVCM - 1. CNUMS = .OO 1,10), O, O)
N= 150. T= 8.79116556 SLCONDS, OT= 05866439 SECONDS NVCM = 1, CNUMS = .OO 1.10), O, O)
N= t60, T= 9.37790252 SECONDS. DT= 05867774 SEC0ND_ NVCM = 1, CNUMS = O0 1,10). O, O)
N- 170. T= 9.964773'4 SECONDS, DT- 05868U97 SECONDS NVCM = 1, CNUMS - .L.;) 1.10) O, O)
N= 180, T= 10.551664R6 SECONDS, DT= .05868457 SECONDS NVCM = I, CNUMS = .OO 1.10) O. O)
N= 190, T= 11.13845402 SECONDS, DT = .05867157 SECONDS NVCM = 1, CNUMS - .OC) 1,10), O, O)
N= 200, T= 11.72513295 SECONDS, DT= .05866462 SECONDS NVCM = 1, CNUMS = .OO :,10), O, O)
N= 210, T= 12.31179764 SECONDS, DT= .05866799 SECONDS NVCM = 1, CNUMS = .OO 1,10). O, O)
N= 220, T_ 12.89852648 SECONDS, DT= .05867558 SECDPJDS NVCM = l, C%uMS = .00 1.10), O, 0)
N= 230, T= 13.48531:142 SECONDS, DT= .05867941 SECONDS NVCM = !, CNUMS = .00 !,10|, O, O)
N= 240, T= 14.07210155 SECONDS DT= .05_:7_89 SECONDS NVCM = 1 CNUMS = .00 1,10). O, O)
N- 250. 1- 14.65884622 SECUNDS DT- .05867195 SECONDS NVCM • I, CNUMS - .OO 1,10). O, O)
N= 260, T: 15.24555352 SECONDS DT= .05867OO4 SECOND_ , NVCM = 1. CNUMS = .OO 1.10}. O. O)
N= 270, T= 15.83226876 SECONOS DT= .05867304 SECONDS NVCM = 1, CNUMS - .OO 1,10), O, O)
N= 280, T= 16.41902890 SECONDS DT= .05867807 SECONDS NVCM = 1, CNUMS = ."_O 1,10). O. O)
N= 290, T= 17.OO582680 SECONDS DT= .03868_30 SECONDS NVCM = I, CNUMS = _, 1.10). O, O)
N- 300, T- 17.59262_9q SECONDS DT- .(_67823 SECONDS NVCM - I, CNUMS = .OO 1.10) O. O)
N= 310, T= 18.17938815 SECONDS DT= .05867542 SECONO_, NVCM = 1, CNUMS = OO 1,10). O, O)
N= 320, T • 18.76614179 SECONDS, DT • .05867578 SECONDS NVCM = 1, CNUMS = .OO 1.tO), O, O)
N= 330, T= 19.3529t453 SECONOS DT= .05867846 SECONDS NVCM = I, CNUMS = .OO I,;0), O, O)
N- 340. T= 19.93970721 SECONDS, DT- .05867932 SECOND_, NVCM = I. CNUMS m OO 1otO). O, O)
N= 350, T- 20.52648847 SECONDS, DT= .05867669 SECONDS NVCM = I, CNUMS = .OO 1.10), O, O)
N= 360, T= 21.11323656 SECONDS, DT= .05867345 SECONDS, NVCM = 1. CNUMS m .OO (11,10), O. O)
N= _70, T= 21.69996588 SE_O_4DS DT= .05867300 SECONDS, NVCM = 1, CN3MS • .00 (11,10), O, O)
N- 380, T- _2.28670681S[COND_. DT- .05867517 SECONDS, NVCM = 1, CNUMS - .OO (11.10)o O, O)
fJ- 390. T- 22.87347132 SECONDS, DT• .05867727 SECONDS, NVCM • 1. CNUMS • .OO (11,10), O, O)
N- 400, T= 23.46024735 SECONDS, DT= .05867758 SECONDS, NVCM = 1. CNUMS = .OO (11,10), O, 0)

N= 410. T = 24.04?01862 SECONDS, DT- .05867666 SECONDS, NVCM = 1, CNUMS = .00 (11,10). O, O)
N- 420. T= 24.63373059 SECOND_, DT= .05867592 SECONDS, NVCM = 1, CNUMS - .OO (11,10), O, O)
N= 430, T- 2_.22054014 SECON0'_, or- .O5867613 _ECONDS, NVCM • 1, CNUMS - .(X_ 1,10), O. O)
N- 440. T= 25.80730653 SECONDS, DT = .05867710 S¢CONDS, NVCM - 1, CNUMS m .OO 1.10), O. O)
N- 450. T = 26 39408256 5ECONOS, DT= .05867790 SECORDS. NVCM = 1. CNUMS = .(JO 1.10) O, O)
N= 460, T- 26 98086107 SECONDS, DT= .05867763 SECONOS, NVCM = 1, CNUMS = .OO !,10) O, O)
N= 4TO, T= 27 56763170 SECONDS. DT- .05867656 SECONDS, NVCM = 1, CNUMS - .OO 1,10) O, O)
N= 4R0, T= 28 15439329 SECONDS, DT= .O53676OO SECONDS, NVCM - 1, CNUMS • .OO !,10) O, 0|
N= 490, .T = 28 74115613 SECONDS DT= .05867667 SECONDS, NVCM = 1, CNUMS = .OO 1.10) O, O)
N= _OO, T = 29 32792830 SECONDS, DT = .05867757 SECONDS, NVCM = 1, CNUMS = .OO 1,10) O, O)

Fig.3I. (¢Onl)



FLOW AND THRUST CALCULATION, N, 500

L MF(LBM/51 Mr/MFI T(tBr) T/T!

1 97.97247 1.r_,O 63.0912 1.(X)(X)
2 97.98057 1.0001 63.1015 1.0002
3 97.95771 .9998 63.0786 .9_98
4 96.04827 1.0008 63.1755 1.0013
5 97.71521 .9974 62.8246 .9958
6 98.04291 1.0007 63.3069 1.0034
7 07.76694 .9979 65.8924 1.0444
8 98.06552 1.0009 69.9632 1.1089
9 97.52895 .9955 73.2858 1.1616

10 98.74291 1.0079 79.8388 1.2655
11 97.73069 .9375 83.8832 1.3296
12 97.85483 .998R 78.7409 1.2480
13 97.56375 .9958 73.0532 1.1579
14 98.01990 1.0005 69.9273 1.1084
15 97,29910 .9931 65.2744 1.0346
16 98.11851 1.0015 63.4184 1.0052
17 97.79844 .9982 62.7905 .9952
18 98.01869 1.0005 63.2089 1.0_19
19 97.87349 .9990 62.9277 .9974
20 97.97664 1.0000 63.1262 1.0006
21 97.89335 .9992 62.9648 .9980

Fi&. 3:. (cont)



"1

SOLUIION SURFACE NO. 500 - TIME = 29.32792830 SECOND'3 (DELTA T = .05867757. NVCM = I. CNUMS = 1.00. (11.I0). ( O. 0))

L M x _ U V P RHO VMAG MACH T

(IN) (IN) (F/S) (F/S) (PSIA) (LBM/FT3) (F/S) NO (g)

1 0.0000 0.0000 .6_41 0.0000 179.92963 152.130548 .6441 .5006 118.2732
2 0.0000 .1000 .6442 0.0000 179.92510 152.127812 .6442 .5006 118.2723
3 O.O(:YO0 .20LX:) 6440 0.0000 179.93776 152.135456 .6440 .5005 118.2747
4 O.O(:)<_D 3000 .6438 0.0000 179.95468 152.145675 .6438 .5003 118.2779
5 0.0000 .4000 0438 0.0000 179.96019 152.149000 .6438 .5003 118.2789
6 0.0000 .5000 ._.e35 0.0000 179.98871 152.166225 .6435 .5000 118.2843
7 0.0000 .6000 .6438 0.0000 179.95754 152.147399 .6438 .5003 118.2184
8 0.0000 .7000 .6440 0.0000 179.93879 152.136077 .64z0 .5005 118.2749
9 0.0000 .0000 .6441 0.0000 179.93403 152.133201 .6441 .5005 118.2740

10 0.0000 .9000 .6443 0.0000 179.91313 152.120584 .6443 .5007 118.2701
II O.O<:X_" 1 0000 .6443 0.0000 ' '9.90967 152.118493 .6443 .5007 !18.2694

....................................................................................................................

2 I 2000 O.CO00 .6442 0.0000 1_3.93163 152.132487 .6442 .5006 118.2730
2 2 2000 1000 .6443 -.0001 179.93517 152.134726 .6443 ._007 118.2736
2 3 2000 2000 .6441 -.0001 179.94171 152.138639 .6441 .5005 118.2748
2 4 2000 3000 .6439 -.0001 179.95268 152.145235 .6439 .5004 118.2769
2 5 2000 4000 ._a?q -.0000 179.96177 152.150775 ._438 .5003 118.2786
2 6 2(200 5000 .6433 .0001 179.960tl 15_.14_066 .6433 .4999 118.2788
2 7 2000 _000 .6439 .0001 179.95908 152.148965 .6439 .5004 t18.2782
2 8 2000 70(30 .6441 .0001 179.94327 152._39524 .6441 .5005 118.2752
2 9 2000 8000 .6441 .0001 179.92701 152.129707 .6441 .5005 118.2721
2 10 2000 90_H"J .6444 .0000 179.92106 152.126143 .6444 .5008 118.2710
2 11 2,'_0_ 1.CH:)<.,_ ._444 0.0000 179.91326 152.121433 6444 .5008 118.2695

....................................................................................................................

3 t 4000 0.0000 .6444 0.0000 179.84896 152.081505 .6444 .5008 118.2583
3 2 4000 100<3 .6_42 -.0001 179.85251 152.083603 .6442 .5007 118.2590
3 3 4000 2000 .6439 -.0002 179.88470 152.103070 .6439 .5004 118.2650
3 4 4000 3000 .6436 -.0002 179.92894 152.1_9802 .6436 .5002 118.2733
3 5 4000 4000 .6432 -.0000 179.98890 152.166007 .6432 .4998 118.2846
3 6 4000 5000 .64_5 .0001 180.04365 152.199378 .6435 .5000 118.2946
3 7 4000 6000 .6439 .0003 179.99410 t52.169190 .6439 .5004 118.2855
3 8 .4000 7000 .6439 .0004 179.92717 152.128717 .6439 .5004 118.2730
3 9 .4000 8000 .6442 .0003 179.07968 152.100037 .6442 .5007 118.2641
3 10 .4(_(j 9(J_ .6445 .0001 179.84139 152.076893 .6445 .5009 118.2569
3 11 .4000 1.00")0 .6445 0._ 179.82842 152.069065 .6445 .5009 118.25<4

................................................ ....................................................................

4 1 .6000 0.0000 .6455 0 ,>000 179.83587 152.075105 .6455 .5017 118.2546
4 2 .6000 1000 .6455 -.0009 179.85532 t52.087029 .6455 .5017 158.2582
4 3 .6000 2000 .6449 -.0016 179.91666 t52.124012 .6449 .5012 118.2697
4 4 G(*H_O 3000 .6439 -.O0tR 1fl0.02353 152,1RR501 ._439 .5003 11B.289B
4 b .(,UOO 40(,w) .C432 -.0015 180.13405 1_.255283 .6432 .4998 118.3105
4 6 .6000 5000 .6413 .0004 180.24852 152.323238 .6413 .4982 118.3329
4 7 .GLX)O 6000 .6429 .0017 IB0.18227 152.284226 .6429 .4995 118.3198
4 8 .6000 7000 .6448 .0019 180.04020 152.198552 .6448 .5011 118.293_
4 9 .,_000 8000 .6452 .0017 179.90938 152.119568 .6452 .5015 118.2684

4 I0 .GO00 9000 .6459 .0009 179.83438 152.074321 .6459 .5020 118.2543
4 11 .GO00 1.()000 .6458 O._ 179.78844 152.046557 .6458 .5U20 118.2456

.....................................................................................................................

5 1 .8000 0.0000 .6483 0.0000 179.27175 151.732123 .6483 .5041 118.1502
5 2 .8000 .I(AK) .6477 -.0014 1_9.30708 151,753332 .6477 .5036 118.156q
5 3 .800Q .2000 .6456 -.0025 179.45714 151.844019 .6456 .5019 118.1R52

4 .llt_X) .3(")_ .6422 -.0029 179.70017 I_1.990842 .6422 .4992 118.230_
% 5 .OOOO .4000 .6370 -.0014 180.14007 152.256542 .6370 .4949 11H.3135

Fis. 3I. (con1)



i

SOtlJT[ON 5U''AC[ NO. 500 - TlkE • 29.32792830 SECONDS (DELTA I • .O5867757. NVCM • I. CNUMS • I.OO. (11.10). ( O. O))

[ Iq X Y U V P RHO VMAG _ACH T
(IN) (IN) (r/S) (F/S) (PSIA) (LBM/F13) (F/S) NO (R)

5 6 .SOOO .5OOO .6328 .OOO7 180.66786 152.540245 .6328 .4915 118.4001

b 7 .80OO .6000 .6379 .0022 180.16143 152.269756 .6379 .4956 118.3173
5 8 .8000 .70OO .6426 .0033 179.72030 152.003133 .6426 .4994 118.2346
5 9 .80OO .8000 .6461 .OO27 179.44078 151.834197 .6461 .5023 118.1821
% 1o .|I(_K) .o_ .fi484 .(_14 17_ 26674 151.72_)nl2 .(idO4 .%O41 11R. 14')_
') 11 .I|(_X) 1,0000 .6494 O OOOO I'19.18449 151.679309 .6494 .5049 118.1338

6 1 1.0OOO O.00OO .6553 0.00OO 178.69533 151.386362 .6553 .5098 118.O393
G 2 1.0OOO .IOOO .6540 -.0059 178.76880 151.43t231 .6541 .5088 118.O528
6 3 1.OOOO .20OO .6505 -.0116 179.07243 151.614839 .6506 .5060 118.1101
6 4 I.OO_ .30OO .6449 -.O175 179.58106 151.922426 .6451 .5015 118.2058
6 5 1.OO<_ 4000 .6359 -.O224 180.45083 152.448094 .6363 .4942 118.3687
6 6 I.C..)OO 5000 .6225 -.0272 191.43926 153.O29413 .6231 .4837 118.5572

6 6 1.OOOO 50OO .6237 .0273 18t.25469 152.934071 .6243 .4846 118.5182
6 7 1.00OO 6000 .6376 .0227 180.17262 152.279217 .6380 .4957 118.3173
G 8 1.(_ 70OO .6464 .OI70 179.44205 151.83BOO9 .6466 .5027 118.1799
6 9 I.(x)OO 8OOO .6520 .O113 178.92438 151.525080 .6521 .5072 118.O824

6 10 1.0OOO 9000 .6554 .0057 178.64862 151.358340 .6554 .5099 118.0302
6 11 1.OOOO I 0OOO .6568 O.OOO_ 178.56632 151.308482 .6568 .5110 118.O147

......................................................................................................................

7 1 1.20OO 0.OOOO 6804 O.0OOO 176.36226 149.972133 .6804 .5303 17.5967
7 2 .21"K)O .0965 6794 -.O108 176.43367 150.0166_2 .6795 .5255 17.6094
1 3 .,(X_O .1930 6771 -.O220 176.68532 150.170556 .6774 .5278 17.6564
7 4 .2OOO .2895 6732 -.O_39 t77.O8691 150416278 .6741 .5250 17.7_12
7 5 .2000 .3860 6671 -.O,_4 177.71065 150.796887 .6687 .5206 17.8477
7 6 .20OO .4825 6633 -.0580 178.O3249 150.994017 .6658 .5182 17.9070
7 6 .20OO .5175 6597 .0577 178.16165 151.067225 .6622 .5154 17.9353
7 7 .2OOO .6140 6688 .O441 177.45605 150.6_2222 .6702 .5219 17.7997
7 8 .2OOO .7105 6741 .0321 176.89414 150.298820 .6749 .5257 17.6950
7 9 .2OOO .8070 6777 .O210 176.50877 150.0628t3 .6781 .5284 "7.6233
7 10 1.20OO .9035 6799 .0105 176.32830 149.952214 .6800 .5300 17.5897
7 II 1.20OO 1.OOOO 6805 0.OOOO 176.28884 149.926980 .6805 .5304 17.5831

........................................................................... ...... ; ..................................

8 1 .4OOO O.OOOO 7162 O.0OOO 172.60884 147.692533 .7162 .5599 16.8704
8 2 .4000 .0930 7164 -.O1i9 172.64040 147.712329 .7165 .5602 16.8756
8 3 .41X)O .1860 7154 -.O238 172.68209 147.739069 .7158 .5596 16.8832
8 4 .4OOO .27_O 7137 -.0360 172.75828 147.786599 .7146 .5586 16.897t
8 5 .4OOO .3720 7115 -.0490 172.81628 147.824383 7132 5575 16.9065
8 6 .40OO .4650 7096 -.0621 172.99911 147.929190 7123 5567 16.9472
8 6 .4000 .5350 .7084 .O620 173.19136 148.059243 7111 5557 16.9744
8 7 .4OOO .6200 .7108 .O488 172.9191_ 147.884985 7125 5569 16.9282
R 8 .41"X)O .7210 .il23 .O360 172.81147 147.816503 7132 5575 16.9095
8 9 .4OOO .8140 .7142 .O237 172.75_30 147.7790OO 7146 5586 16.8979
6 10 1.4OOO .9070 .7151 .0118 172.73111 147.766929 7152 5591 16.8943
8 11 1.40OO 1._ .7153 _.0OOO 172.73544 !_7.169380 7153 5591 16.8953

...................................................................................................................

9 1 1.6OOO O.OOOO 7537 O.O_'X)O 168.36449 145.O80278 .7537 .5913 116.O492
9 2 1.60OO .0895 7527 -.0114 168.33985 145.066195 .7528 .5906 1t6.O435
9 3 1.60OO .1_90 7523 -.0234 168.31983 145.O5_813 .7526 .5905 116.O396
9 4 1.60OO .2685 7517 -.0363 168.29635 145.O39824 .7525 .5904 116.O346
9 5 1.60OO .3580 7505 -.0504 168.28215 145.028951 .7522 .5902 116.O335
9 6 1.60OO .4475 7443 -.0651 167.83234 144.757824 .7472 .5865 115.9401
9 6 1.6OOO .5525 .7440 .O651 167.92753 144.804303 .7469 .5862 115.9686

Fig. 31. (co.1)



i

_OLUT]ON SURFACE NO. 5OO - TIME = 29.32792830 SECONDS {DELTA T - .O5867737. NVCM = 1. CNUMS = 1.OO. 111.10). ( O. O))

I M X Y lJ V P 81!0 VMAG MACH T

(IN) (IN) {F/S) (F/S) (PSIA) (LBM/FT3) (F/S) NO (g)

9 7 1.6OOO .6420 .7513 .0506 168.05350 144 893533 7530 5909 115 9841
9 8 1.6OOO .7315 .7527 .O362 168.23076 1451003094 17535 15913 11610187
9 9 1.GOOO .8210 .7526 .O235 168.35166 145.O76201 .7530 .5908 116.O436
9 IO IGOOO ._1105 .7527 .OI16 168.4407_ 145.13OO86 .7528 .5906 116.O619
9 II I.G0_ 1.0000 .7532 0.0000 168.53170 145.184299 .7532 .5908 116.0812

....................................................................................................................

1_ 1 .POOO O.OOOO .7992 O.OOOO 164.43271 142.668435 .7992 .6291 15.2551
10 2 .8OOO .OC60 .8OO8 -.O127 164.35470 142.621065 .8OO9 .6305 15.2387
10 3 8OOO .1720 .8044 -.O264 164.O4485 142.432924 .8048 .6338 15.1734
IO 4 _OOO .25_O .RIO4 -.O41q 163.45307 t42.C72841 .R:15 .6394 15.O488
IO 5 ._000 .3440 .8185 -.0601 16=.52985 141.515621 .8207 .6472 1#.8494
10 6 .6000 .4300 .8401 ".0735 159.64350 139.715563 .8433 6668 14.2632
10 6 9000 15700 .8242 ,0721 16t.05797 140.605579 .8273 6533 14.5459
10 7 .6000 .6560 .8158 .0521 162.54924 141.513242 .8174 6446 14.8650
10 A .BOOO .7420 .8075 .O358 163.45810 142.O_7836 .8084 6369 15.O564
IO 9 .POOO .8280 .8010 .O236 164.O9803 142.459858 .8014 6310 15.1890
10 10 8000 9140 .7972 .0120 164.482q4 142.696498 .797_ 6276 15.2677
10 11 .UOUO 1.0000 .7947 0.0000 164.69942 142.830843 .7947 6255 15.3108

1 .OOOO O.OOOO .8394 O.OOOO 158.81698 139.164508 .8394 .6641 14.1218
2 .OOOO .0825 .8436 .0004 158.58480 139.025564 .8436 .6676 14.O688
3 .OOOO .1650 .8510 .OO12 157.73375 138.495248 .8510 .6739 13.8911
4 .OOOO .2475 .8641 .0022 156.27318 137.583529 .8641 .6853 13.5842
5 .OOOO .33OO .8856 .OOIO 153.71971 135.978802 .8856 .7039 13.O468
6 .OOOO .4t25 .9196 O.OOOO 151.21521 134._O3945 .q196 .7327 12.5080
6 .OOOO .5875 .8996 O.0OOO 153.40795 135.757117 .8996 .7152 13.OO18
7 .0000 .67OO .8692 -.OOO3 156.11195 137.471736 .8692 .6894 13.5593
It ('}OOO .7525 .85OR .OOO1 158.OI311 138.66262R .BSOR .6736 13.9551

.OO(_ .8350 .8390 .OOO3 159.30354 139.467588 .8390 .6635 14.2226

IO .OOOO .9175 .8323 -.OOO1 159.95114 139.870389 .83_3 .6578 14.3567

..... 11 .0OOO 1.OOO0 .8289 0.OOO0 160.14_05 139.988771 .8289 .6550 14.4006
...............................................................................................................

12 1 2.2000 O.OOOO .7964 O.OC't)O 183.58950 142.152968 7964 .6274 115.O799
12 2 _2000 .OR_O ,7974 ,0127 163.39534 142.042019 7975 .6284 115.0331
12 3 2.2OO0 .t720 .8OO8 .O263 162.88680 141.733474 8012 .63,7 114.9247
12 4 2.2OOO .258C .8058 .O419 162.O7130 141.23885t 8069 .6366 114.7498
12 5 2.2000 .3440 .8153 .O558 160.7_808 140.452870 8175 .6458 114.4712
12 6 _ _OOO .43OO .8130 .O711 160.66941 140.396774 8161 .6448 114.4395
12 6 2.2000 .57OO .8224 -.O719 159.94058 139.929516 R°.55 .6526 114.3OO8
12 7 2 20() () ._51;0 ,8126 ".0521) 11_1._6048 140,801458 11142 .G4:'B 1t4,6014
12 f! 2 _OOO .7420 .8048 " .O365 162 49001 141.487087 .8056 .6353 114.8444
12 9 2.2000 .8280 .7990 -.O231 163.25273 141.951062 .7993 .63OO 115.OO63
12 10 2.2000 .9140 .7966 ".0119 163.57937 142._48126 .7967 .6277 115.0767
12 11 2.2OOO 1.0000 .7962 O.OOOO 163.64165 142.180759 .7962 .6273 115.O941

13 1 2.4000 0.0000 7503 0.0000 169.11378 145.548993 .7503 .5883 116.1903
13 2 2.4000 .O895 7505 .O113 169.08978 145.543276 .7505 .5885 1t6.1783
13 3 2.4000 .1790 7500 .0229 169.09601 145.550863 .7504 .5684 116.1766
13 4 2.4000 .2685 7496 .0348 169.11170 145.566970 .7504 .5884 116.1745
13 5 2.4(300 .3580 7462 .0494 169.39531 145,745691 .7478 .5862 116.2266
13 6 2.4000 .4475 7436 .0651 169.55218 145.844506 .7464 .5851 116.2554
13 6 2.4000 .5525 7444 -.0651 169.1R976 145.621219 .7473 .5859 116,1848
1:1 '1 2.dO00 .6420 7483 -.0502 169.11983 145.574651 .7500 .5881 116,1740

Fi_. JI. (cont)



SOLUTION SURFAC[ NO. 50/) - TIME - 29.32792830 SZCONDS (DELTA T • .O5867757. NVCM • I, CNUMS - 1.00, (11,10)o ( O, O))

[ M x Y U V P RH0 VMAG MACH T
(IN) (IN} lr/sp (FIs) (PSIA) (tllM/fI_) (r/S) NO (g)

1_ B 2.4OOO .7315 .7492 -.O363 169.08397 145.544534 .7501 .SBRt 116.1734
13 u 2.40OO .n210 .7496 -.O236 t69.O9189 145.544310 .7499 .5880 116.1790
17 IO 2.4000 .9105 .7501 -.O118 169.O6066 145.51!1759 .7502 .5882 116.175_
13 11 2.4OCK) 1.C_O .75n7 O.OOOO 169.O5207 145.510546 .7502 .5R83 I1_.1186

................................................ . .................................................................

14 I 2.6000 O.OOOO .7164 O.OOOO 172.36093 147._47241 .7164 .5602 116.8175
14 2 2.6000 .0930 .7164 .0118 172.36350 147.!,57870 .7165 .5603 116.8108
14 3 2.600(.3 1860 .7155 .O237 172.39963 147._,84491 .7159 .5598 116.8142
14 4 2.60<')0 2790 .7140 .O362 172.45723 147.(.27584 .7150 .5591 116.8191
14 _ 2.(J(XH) 3720 .7118 .O491 172.GO962 147._27S86 .7135 .5578 116.8430
14 6 2 6000 4650 .70_4 .O621 173.11309 148.O46439 .7121 .5566 116.9316
14 6 2.6000 5350 .7086 -.0620 173.2754t 148.124471 .7113 .5558 116.9796
14 7 2.60(_'0 6280 .7102 -.O481 172.98563 147.949866 .7118 .5563 116.9218
14 8 2.6OOO 7210 .7125 -.O354 172.80929 147.832618 .7134 .5576 116.8952
14 9 2.6000 R140 .7t39 -.O232 172.68210 147.749196 .7142 .5584 116.8752
14 10 2 G(XX) ')O70 .7140 -.O11_ 172.60397 147.697519 .7150 .5590 1|6.8631
14 I1 2151._Y') 1.OOOO .7151 O.OOOO 172.55756 147.663132 .7151 .5591 116.8589
..................................................................................................................

15 1 2.8000 O.OOOO .6783 O.OOOO 176.40221 1_O.OO4977 .6782 .5286 117.5976
15 2 2 80('K) .0965 .6774 .0106 176.44090 1_C.038176 .6775 .5280 117.5973
I_ 3 2.8000 1930 .6747 .O216 176.61634 150.149443 .6751 .5260 117.6270
15 4 2 8000 2895 .6703 .O330 176.92917 150.347476 .6711 .5229 117.6802
t_ 5 2 8000 3860 .6631 .O458 177.43889 150.664840 .6647 .5177 117.7706
t.z 6 2 81_"JO 4815 .6497 .O568 178.46103 151.286038 .6522 .5075 117.9627
1_ 6 2 BOOO 51"15 .6546 -.O573 177.97915 150.991957 .6571 .5115 117.8733
15 7 2 8OOO 6140 .6651 -.O441 177.31139 150.580243 .6666 .5192 117.7521
15 8 2 8OOO 7105 .6714 -.O321 176.83180 150.279437 .6721 .5237 117.6687
I_ 9 2 8000 8070 .6759 -.O2tl 176.50801 i50.O76833 .6762 .5270 117.6118
15 IO 2.8000 .9035 .6787 -.O106 176.3t330 149.q54547 .6787 .5290 117.5778
15 11 2.8000 1.0000 %799 O.OOOO 176.23057 149.898024 .6799 .53OO 117.5670
.....................................................................................................................

1_; I 30000 0.OOOO .6562 O.(X)O0 178 57515 151.321025 .6562 .5t35 118.O108
IR 2 3.OOOO .1000 .6547 .OO58 _78.65575 151.379994 .6547 .50_4 118.O181
16 3 3.OOOO .2OOO .6513 .O114 178.97167 151.575645 .6514 .5066 118.O742
16 4 3.('X3_,_ .3_0 .6454 .0166 179.48814 t51.895740 .645G .5019 118.1654
16 5 3.0000 .4000 .6363 .O222 180.44888 152.482391 .6367 .4947 118.3408
16 6 3.0000 .5000 .6256 .O274 181.29569 153oOO32_6 .6262 ._862 118.4914
16 6 3.OOOO .5000 .6270 -.O274 181.11328 152.871307 .6276 .4873 118.474_
tG 7 3.0000 .6000 .6374 - 0225 180.O6779 152.246798 .6378 .4957 118.2736
16 B 3.0000 .7000 .6465 -.O175 179.32977 151.791409 .6467 .5028 I1a.1422
16 9 3.0000 .8OO0 .6522 -.OI20 178.81648 151.475165 .6523 .5074 11R.O5OO
16 10 3.00_ .9000 .6557 -.OO61 178.54805 151.308804 .6_57 .51OI 118.OO24
16 11 3.0000 1.OOOO .6572 0.0000 178.47106 151.2_5431 .6572 .5113 1!7.9932
.....................................................................................................................

17 1 3.2000 O.OOG-_0 .6477 O.OOOO 179.67603 151.986138 .6477 .5035 118._187
17 2 3.2000 .1OOO .6470 .OO14 179.74705 152.O39364 .6.170 .5029 118.2240
17 3 3.2000 .2OOO .6448 .0024 179.97430 152.1812€O .6448 .5Oll 118.2631
17 4 3.2000 .3OOO ._419 .0023 180.27633 152.3717£_ .6419 .4958 11d.3134
17 5 3.2000 .4000 .6347 .O_31 181.O2479 152.830633 .6347 .4929 1_S.4480
17 6 3.2000 .5OOO .6312 .OOO7 181.20769 152.940791 .6312 .4901 118.4822
17 7 3.2000 .6OOO .5375 -.OO24 180.65552 152.602871 .6375 .4952 118.3828
17 8 3.2000 .7000 .6423 -.OO31 180.18298 152.307114 .6423 .4991 118.3024
"7 9 3.2000 .8000 .6455 -.0028 179.85039 152.1OOO38 .6455 .5017 118.2448

F_. 31. (corn)



i
!

SOIHTIflN SIJRIACF N{) _;_)_) - TIM[ - 2q.327q211Tlt) ';''(IPdl)_ #_rLTA T - .O5_f_7767, NV_M - 1, CNUM_ - I O('). (11,101. ( O. _))

t M X V U V P RHO VM_ MACH T
(IN) I:N) (r/s) (F/S) (PSIA) iLBM/F13) (F/S) NO (g)

17 10 3. _C_O .9C00 .6473 - .0014 179.6951E 152. 002028 .6473 .5032 118.21R9
I/ It _ 20()0 I . 00_) .6478 0.0_00 179,_37 1_)1 .q7151,2 64711 5036 11fl 2171

18 1 3.4000 O,OC_O .6469 0.0000 179.54338 151.906250 .5469 .5029 118.1935
18 2 3.40C_ .10OO .6,35 .0009 179.57099 151.933177 6465 .5026 118.1908
18 3 3,4000 .20(X) .6456 .0015 179.63098 151.974009 6456 .5019 118.t995
tH 4 3,4000 .3000 .6444 .0020 179.72757 152.040465 6444 .5009 118.2104
IH 5 3.4000 ..1000 .64_9 .0013 _79.82734 152.107726 6429 .4997 118.2237
18 6 3.4000 .5000 .6414 -.C004 179.82416 152.105322 64;4 .J985 118.2235
18 7 3.4C<30 .6000 .6437 -.0016 179.75819 152.060802 6437 .5004 118.2147
18 8 3.4000 .7000 .6449 -.0018 179.67170 151.998224 6449 .5013 118.2064
18 9 3.4000 .8000 .6458 -.0015 179.59676 151.946866 6459 .5021 118.1971
18 10 3.4000 .9000 .6465 -.0008 _79.56182 151.921583 6465 .5026 118.1938
•,8 11 3 4C_00 tO('K_O .6468 0.0(00 179.55297 151.909237.. .... 6468 ._28 118.1975

..............................................................................................................

19 I 3.6000 0.00(_ .6442 O.(XX)O 179.98355 152.1723_1 6442 .5L_06 118.2762
19 2 3.6000 .1000 6440 .O(:X_2 179.99746 152.190994 6440 .5004 118.2708
19 3 3,G000 .2000 .6_35 .0003 180.02851 152.214380 6435 .5001 118.2730
19 4 3.6000 .3000 .6427 .0004 180.08225 152.254990 6427 .4995 118.2767
19 5 3.6000 .4000 .6417 .0003 180.12635 152.288732 8417 .4987 118._795
t9 6 3.6_0 .5000 .6403 -.0(0)0 180.12193 152.288461 6403 ..4976 118.2801
to 7 3.()000 .6000 ,6423 -.O(J03 IflO.OH99G 152.261252 .6_23 .4991 118.2769
19 H 2,_000 .7000 .6431 ".0004 180.04633 152.224539 .6431 .4998 118.2768
19 9 3.6(::)00 .8C_X) .6436 ".0(0)3 180.00328 152.192431 .6436 .5002 118.2735
19 10 3.6000 .9000 .6441 -.CKX)2 179.98525 152.177342 .6441 .5005 118.2734
19 1t 3.6_00 1.0000 .6442 0.0000 179.97940 152.166774 .6442 5006 118.2777

20 I 3.8000 O.C)OCX_ .6451 O.(XXX) 179.77278 152.045085 .6451 .5014 18.2365
20. 2 3.8000 .10(:)0 .6450 .(X_OI 179.77647 152 057672 .6450 .5013 18.2291
20 3 3.UPX_3 .20(X) .6447 .0002 179.78302 152.066_;6 .6447 .50t1 18.2268
20 4 3.80(0) .30_XJ .6443 .(X)02 179.78979 152.078542 .6443 .5CK:)8 18.2217
20 5 3.BOO0 .4OOO .6438 .O OOf 179.79404 15_._R8246 .6436 ,5Ot13 18.216_
g() (i :Ill(W)() ,bt)()() ,_422 ",0000 119.'192UU lb2.0Ub3_t ._42. .4992 18.2171
20 7 3,80_)0 ,6000 .6440 ".0(0)2 179.7_889 152._79_76 .6440 .5006 18.2204
20 8 3.tlO00 .7000 .6445 -.0002 179.78175 152.06,7t7 .6445 .5009 18.2271
20 9 3.8000 .8000 .6447 -.0002 179.77840 152.056602 .644"/ .5011 18.2312
20 10 3.R000 .9000 .6450 -.OCK')I 179.77595 152.0_0939 .6450 5013 18.234020 I I _ I1_(1() 1 ._0()(} ,64%1 0, o(x)O 179. 7767_ 152 044388 .6451 .5014 t8.2397

21 1 4.0000 0._ .6438 0.0000 180.(XX)O0 152.182221 .6438 5003 118.2793
21 2 4 0(0)(3 .IO_PO .6437 .OCH_I 180.000KX) 152.192626 .6437 5002 118.2712
21 3 4.0000 .2000 .6435 .0002 180.O(XXO_ 152.197272 .6435 5001 118._676
21 4 4.0000 .3000 .6433 .0002 180._ 152.205457 6433 4999 118.2612
21 5 4,0CK_O .4000 .6427 .0001 180.0(0)(0) 152.212584 6427 4995 118.2557
21 _ 4.0000 .5000 .61t4 -.0001 180.00000 152.211907 6414 ¢984 118.2562
21 7 4.0000 .6CK_O .6430 -.0002 180.0(X)00 152.20e858 6430 .4997 118.2601
_1 8 4.0000 .70(_3 .6434 -.0002 180.OCK)CK_ 152.196505 6434 .5CX:X) 118.2682
2' 9 4.00(X) .8_ .6435 -._KX)2 180.00(0_3 152.190416 6435 .5(:_31 118.2729
_1 10 4._00U .9000 .6437 -.0(01 180.0(0(_0 152.186234 6437 .5003 118.2761
21 11 4.0000 t.0000 .6438 0.0000 180.C)0000 152.179192 .6438 .50()3 1t8.2816

"**** EXPECT FILM O_TPUT FOR N- 500 ,*,**

Fig..11. (con1)



APPENDIX

FORTRANLISTINGOF THE VNAP2PROGRAM

Los Alamos IJentification No. 12-833

I *COMDECK.MCC

2 PAPAMETER (LI=41. M1=25. LI1=42. MIl,:6. MQS=9. LT5=41. MTS-25)
3 COMMON /ONES1D/ UD(4). VD(4). PD(4). ROD(4)

4 COMMON /SOLUTN/ U(LI.MI.2). V(LI.MI.2). P(LI.MI.2). RO[LI.MI.2).
5 I ULiLI.2), VL(LI,2). PL(LI._), ROt(LI.2I

6 COMMON /CNrRLC/ LMAX. MMAX. NMAX, NPRINT. TCONV. FDT. GAMMA. RGAS.
7 I GAMI, GAM2, LI, L2. L3. Ml, M2. DX. DY. OT. N, NI. N3. NASH,
8 2 ICHAR. NIO. LdEr. OFLAG. IERR. IUI. IUO. DXR. DYR. IB. R_fAR.
9 3 RSTARS, NPLOT, G. PC. TO. lC, PLOW. ROLOW, CO(LI.MIII. NbTART,

10 4 GAM3. RG. NC. ISTOP

11 _OMMON /GEMTRYC/ NGEOM. XI. RI. XT. RT. XE. RE. RCI. RCT. ANGI.
12 I A_JGE. YW(LI). XWIiLI). ¥WI[LI). NXN_(LI), NWPTS. lINT. IOlr. LT.
13 2 NOIM

14 COP_MON /GCS, t NGCB. XICB, RICB. XICB. RTCB _ECB. RECR. RCICB.

15 I RCTCB. ANGICB. ANGECB. YCB{LI). XCBIIL: ). YCBI(t I). N_NYCB(I I).
16 2 NCBPTS. IINICB, IDIFCB

17 COMMON /BCC/ PT(MI). TT(MI). THFTA(MI). MASSE, MASSI. MASST.

18 I IHRUST, NSTAG. NOSLIP, IEXlTT. TWILl). ICB(LI), ISURER. DYW. IVBC

19 2 , IEX. IAS. PTL. fTL. THETAL. UIL. VIL. PIL, ROIL. ILiLI), TU(LI)

20 3 . IWALL. UI(MI). VI[MI). PI(MI). ROI(MI). PEtMl). PEL. PEI. NPE.
21 4 INBC. IINLET. IWALLO. ALl. ALE. ALW

22 COMMON iAv/ [AV. CAr. NST. S_P. LSS. XMU. XtA. PRA. X_O, OUT(LI.MI

23 1 ), OVT(tI.MI]. _PT{LI.MI). OROT(LI.MI). SMACH. 0UTLILI). OVTL(LI)

24 2 . QPTL(LI) OROTL(LI). SMPT. USILIE.MTS), VS(LTS,MTS). PS(LIS.MTS

25 3 ). ROS(LTS._TS). OS(LTS.MTS). ES(LTS.MTS), ULS(LTS). VLSfLIS).

26 4 PLS(LrS). ROLS(LTS). OLS(LT3). ELSILTS). NTST. Nrc, LSF. IDIVC.
27 5 ISS. MSS, MSF

28 CCM_ON /RV/ CMU. CLA. CK. EMU. ELA. EK. CHECK, TMUX. TMUY, TMUIX,
29 I TMUIY

30 COMMON /TURB/ ITM. TML. OiLI.MI,2). E(LT.MI.2). OL(EI.2). EL{LI.2)

31 I . CAL. CQMU. CI. C2, SIGQ, SIGE, OOr(LI.Ml). OEr(LI.MI}. QQIL(LI)

32 2 , QETL(LI). FSO{MI}, FSE(MI). FSQL. rSEL. CQL. LPRINI. MPRINT,

33 3 QLOW. ELOW. IMLM. DEL. DELS. UBLE. VSL:. YSL2. YMIN. MMIN. YMP.
34 4 BFST. CMLI. CML2. PRT. STBO, STBE

35 COMMON /DFS/ YUiLI). YL(LI). NXNYU(LI). NXNYI.(LI). MOFSMI. MOFSPl.

3e 1UUAXD. LDFSS. LDFSF, _DFS. NOFS. II*_T[)FS IDIFDFS. NLPTS, NUPTS.
37 : XLI(LI), YLIILI). xUI(LII. YUI[LI). MDFSC

38 COMMON /VC/ IST. MVCB. MVCr, XP(LI). YI(MI). IVC. VN{MI), RIND.

39 I _I_01. MVCBl. MVCTI. _VC. NNf. NN3. UUtILI), UU2(LI ). VVI(LI).
40 2 VV2(LI). PPI(LI ). PP2(L!), _0ROI(LII. PORO2IL.). OOlitl). QO2(LI)

41 3 . EEl(Ell. EE2(LI). D/OX(LII). X(LI). DYDVNIMII). Y(MI), IQSD,

42 4 ILLQS. DUDYOS(LI,MQS.:). DVDYQS(LI.WQS.2). DPDVQS(LI._QS.2), SOS.
43 5 IOS. CQS. NVCM

44 COMMON /MAPC! _P. [MLP. MMAP. AL3. AL4. BE3. BE4. DE3. OE4. OM1.
45 I CM2, _P

45 REAL M'J3. NXNY, N<NfCB. MASSI. MASST MASSE. LC. LC2. N_YL, NXNYU
47 -DECK.VNAP2

4_ P_OG_AM VNAP2 (ITAPE.OT_FI.PUNI.TTY.TAp[5,ITAPE.TAPEn=OTAPEJ
49 1 .IAPEB=PUNI.TA:'ESq'ITY|
50 C
51C lllltllllllll_ttiilltllttillltttiitllltllltllllllllltlliltlitl

52 C

_3 C %"J3P2. _ CCMPUTER PROGPAM FC_ THF CCUPUTATICN OF TWO UIUENSIONAL.
5_ C TI_[-DEPEM}[NT. COMPRESSIBLE. TURBULENT FLOW
55 C

5G C " BY MICHAEL C. CLIP,E. 1-3

57 C LOS ALAMOS NATIONAL LABOPATORY
58 C

_9 C o'eete,*eee*e_e_,_eeei_eee_eeeeeeeleeeleeee,eeeeeleeleeeeee
60 C

61 C PRC_AM ARST_:T
52 C



G3 C IN[ NAVIFR-SIOK(", |()(JAIIO,"_'; I(t.t IWU[)I;_fNSIONAL, TIMI-
G4 C E)FI'FNDFNI FLOW ARF %OLVID IJSIt,lG lilt S[=(2(JND ORUF_R. MACC{').RMACK
G5 C FINITE UIrF[RrNCr SC.EMI AtL BDUt.DARY CONOIT[CNS ARE CDMPJIED

6G C U';If_G A SEC(Jf_[)-ORDER. I_FFER[NCF PL,_I'IE CHA)¢ACIERISrlC SCIt[M[
G7 C Wilt! IIIF VlS(;{hlS I[R'.{S IREAI[D AS 50URC[ FUNCTIONS. IHE FLUID
Gq C Ig ASSUMED IU [_E A I'[RFE(_I GAS !lie SIEADY-SIAIE SOLUIIUN IS

69 C OHIAINED AS IH[ ASYMPI01IC SOLUTION FOR LARGE TIME. 1HE FLOW

"70 C [J..our.DAI_I[SMAY BE ARBIIRAR¢ CURV[D SOLID WALLS AS WELL AS FREE

71 C dE! ENVELOPES. IHE GFOMLIRY MAC C0tJSISI OF SINGLE AND DUAL

72 C FLOWING STREAMS TURBULENCE EFFECTS ARE MODELED WIItl TIII'IER

73 C A MI._ING LENGTH. A TU_£UL[PCE ENERG¢ FQUATIDN. DR A TURBULENCE

74 C EN[RCY-DISSIPATION RATE EQUATIONS MODEL. I/IIS PROGRAM ALLOWS

75 C VARIABLE GRID SPACING AND INCLUDIS OPIIONS 10 SPEED UP TIIE
76 C CALCULATIOf.I FOR HIGH REYNOLDS NUMB[_ FLOWS.
7? C

78 DIMENSION TITLE(IO)

79 "CALL.MCC

80 NAM[LIST /CNTRL/ LMAX.MMAX.NMA.K.NPRINT.ICON;.rDI.FDTI .FDTt.VDI

81 ! •VDI I .GAMMA. RGAS. TSTOP. IUl. IU0. IPUNCH. NPLOT. Lpp I .Mpp I.ipp2.MPP2
82 2 .LI:'P3.MPPg.NASM.NAME.NCONVI. IUNI I.PLOW.ROLOW.IVPTS

B3 NAMELIST /IVS/ NID.U.V.P.R0.Q.E.UL.VL.PL.ROL.(JL.EI .RSIAR.RSIARS
84 1 .NSTARr. IsTARr

85 NAMELISI /GEMTRY/ NDI_.I.NGEOM.XI.RI.RT.XE.RCI.RCI.ANGI.ANGE.x..,/I.YWI
B6 I ._;WPlS. IINI. ID IF. YW.N_NY .dFLAG. L,jE!

B? NAMELIST /GCBL/ NGCB.RICB.RIOB.RCICB.RCTCB.ANGICB.ANG£CB.XCBI.Y(-BI
88 I .rJCBPIS. IINICB. IDIFCB.vCB.NXNYCB

83 NAMELIST /BC/ NSTAG.PI.TT.TtlETA.PTL.ITL.ItlETAL.PE.P{L.P_I.NPE.UI

90 1 .VI .Pl .ROl .UIL.VIL.PIL.ROIL. TW. FCB. IL. IU. ISUPER. INBC. IWALL. I..VALL0
91 2 . IIr_LET. IEX IIT. IEX. IVBC.NOSL IP.DYW. IAS. AL I .ALE .ALW

92 NAMELIST /AVL/ CAV.XMU.XLA.PRA.XRO.LSS.LSF.MSS.MSF. IDIVC.ISS.SMACH
93 1 .NST.SMP.SMPF.SMRT.SMPTF.NTST. IAV

94 NAMELIST /RVL/ CMU.EMU.CLA.ELA.C'_.EK

95 NAMELIST /IURBL/ II;.i.IMLM.CMLI.CML2.CAL.(:QL.CQ_u.cI.c2.SIGQ.SIGE

96 I .BFST.FSQ.FSE.FSQL.FSEL.QLOW.EL_W.LPRINT.MPRINI.PRr.SIBQ.STBE

97 NAME& [ST /DFSL/ MDFS.LDFSS.LDFSF.NDFS.YU.YL.NxN_U.NxNCL.XUI.xI I
98 l .'(UI. YL I. NUPTS.NLPIS. IINTDFS. IL)IFDFS

99 NAMELIST /VCL/ IS _ .XP.vI.MVCB.MVCT.NVCMI. IQS.NIQSS.NIQSF.CQS.ILL(JS
IOO I .SOS
1OI C

102 C SET TNE ARRAY SIZES FO_ SPECIFYING IHE INPUT 0EFAUL1 VALUES
103 C

104 LD=LI

105 MD=MI
106 C

I07 C SET DEFAULT VALUES
108 C

109 10 TCONV=O.O

I 10 TSTART=O.O

111 THETA( 1)=0.0
112 CAV=O.O
113 XMU:O. 4

114 XLA=I.O
115 PRA=O.7

116 XRO=O.6

117 LSS = 1
118 LSF:939

119 MSS_I

120 MSF=_9
121 SMACH=O. 0

122 IDiVC=O
123 ISS=O
124 TC=O O

125 C_U=O O
12G CLA:O.O
127 CK=O.O

128 E'*_U=O. O
129 ELA='D.O
t30 EK=O O
131 _STA_=O.O
132 RIC8=O.O
133 RTCB=C'.O

134 _'_ T t, _S=O.O



1.15 PT(II_O U
1.'lG TI'( I1:0.0

I .-17 DE t '3_._P "0, (')

t"_8 O"JAr'l-0 0

130 CMI I-0 0

140 CML 2 -0.0

1,11 PIL-O.O

1,I_ T TL -(3,0
14"3 TI'4F I/_ I "P,.O

1,14 UIL °() (,3

145 VIl -0.0

14G I'll _0.0

1,17 FOIL _0.0

1,1_ P[( 1)*14 /

l 4r) PE(2)--t 0

:5:) PEL ,o 0

t_)t PFI_O _')
I%2 rJP(-()

1_[1 T Ikql_, "0 f)

I%,4 TrAl/f "0 0

1._5 _ ST-O.O

15(; C(_L :0 0

t07 T ".qu 1 x -¢).0

tS}R TMUI¢-O 0

1._q AL]-O ()

l_r.,) ,_t t" "_} tJ

1_1 ALWIN 0

t_',2 FDT I "O O

1G.gl I' g rfJp - I . O

1_;,1 C._"IM'5 - t . 0

166 SMPF = 1 r)

167 _,_PT - t 0

IGB gupT_- t.O
1Gq IrDT I- 1 O

1 /0 FL1T -0. Q

1 / 1 V{ tT "O. 25

172 Vr)[ 1-O 2%

173 t'-.*, gM-

17,1 e,! I[) - 1

115 _;rllM- 1

I,'6 l_ '(" 1

1 ; 1 r'JrO_JVl- 1

f ;'q IuI 1

17 <) ]UU- I

lP(_ ]'.Pf g- t
1P. 1 _J.rM: 1

I_,I l".q g T _ t

tpr, _,_gT At'- O

I._ rJ ",L'_.€-0

I_] ,'' [ 'r"U _',h"h 0

I ')'.: f,, _,"I"_r (,

1-_'_ i i. -.;_ ,

I';G ";'.' ,"M [ :,)

19" IL'i[ I :..'

I ]:_ [ [ %. E - _)

2L) 1 N£_ T "_T -0

202 Itu=L)
203 ! AS "0

2©4 z VS -0

2C5 My -_ -C

£C6 MVCT =_"



207 IWALL=O
20B IWALLO=O
209 IB=O

210 LDFSS=O
211 LDFSF'O
212 MOF5=O
213 LPRINT-O
214 MPfllNT=O
215 IVBC=O
216 INBC=O
217 LPPI=O
218 IQS=O
219 NIQSF_O
220 I_V=O
221 IST=O
222 LDUF=O

223 MDUF=0
224 NTC=O

225 lINT=2
226 IDIF'2
227 IINTCB=2
228 ]DIFCB-2
229 IINTDFS=2

230 IDIFOFS=2
231 ILLQS=30
232 GAMMA=I.4

233 RGAS=53.35
234 NPIOT=-I
235 G=32.174
236 PC=144.O
237 LC=12.O
238 PLOW-O.O1
239 ROLOW=O.OOOI
240 DYW-O.OOt
241 CAL=I.O
242 CQMU'O.O9
243 C1"1.44
244 C2"1.8

245 SIGQ=I.0
246 SIGE=I.3
247 SQS=C.5
248 COS=O.OOt

249 NIQSS=2

250 FSUL=O.O001
251 OLOW=O.OOOt
252 FSEL=0.1
253 ELOW=O.I
254 PRT=O.9
255 STBQ=O.O
256 STBE'O.O
257 ISTOP=O
258 DO 20 M=I.MD
259 UI(M)=O.O
260 VI(M)=O.O

261 PI(M)=O.O

262 ROI(M)-O.O
263 FSO(M)=O.O001

264 FSE(M)-O.S
265 20 CONTINUE
266 DO 30 L=t.LD
267 YCB(L)=O.O

268 YL(L)=O.O
269 YU(L)-O.O
270 NXNYCB(L)_O.O
271 NXNYL(L)=O.O
272 NXNYU(L)=O.O
273 OI.(L.I)=O.O

274 EL(L.t)=O.O
275 0L(L.2)=O.O

276 EL(L.2)=O.O
277 UL(L.I)=O.O
278 VL(L.I)=O.O



279 PL(L.I)'O.O
280 ROL(L.t)-O.O

28t PL(L.2)'O.O
2a2 ROL(L.2)=O 0
283 TW(L)=-I.O
284 TCB(L)--I.0
285 TL(L)=-t.O
286 TU(L)=-I.O
287 DO 30 M=I,MD
288 Q(L.M.I)-O.O
_89 [IL,M. II=O.O
290 O(L.M.2)=O.O
291 E(L.M.2)=O.O
292 30 CONTINUE
293 C

294 C R_AD IN INPUT DATA
2q5 C

2_ READ 15.1370) TITLF
297 Ir (Ear(5)) 40,50
2_8 40 CALL EXIT

299 50 READ (5.C::I_t I
300 RE_D (5.1VS)

30! READ (5.GFMTRv)
302 R_AD (5.GCBL)
303 READ (5,RC!
304 aE_D (5.AVL)
30_ R[A_ (5.RVL)
306 READ (5.TURBL)
307 RF_D (_.DFSL)
308 REaD (5.V_t)

309 IF (NAMF.EO.O| GO TO 60
3_O W_ITE (6.CNTRL)

311 WRITE (6,IVS)

312 WRITE (6,_EMTRV)
313 WRITE (6.GCBI |
314 w_irE (6.BC)
315 WRITE 16.AVL)
316 WRITE 16.RVL)
317 WRIIE (6.IURRL)
318 W_lTE (6.DFSL)
319 WRITE (6.VCL|
320 C

321 C PRINT INPUT UATA
322 C

323 60 WRITE (6,1380)
324 WRITE 16,141U)
325 WRITE (6.1400)
326 WRITE (6.1420)
327 WRITE (6.1430)
328 W_ITE (6.1390)
329 WRITE (6.1440) TITLE
330 WRITE (6,1390)
331 WRITE 06.1450)

332 NPRIND=AB_(FLO&T(NPR]NT))
333 IF (FDTI.EQ.O.O) FDTI:rDT

334 WRITE (6.1460) LMAX.MMAX.NMAX.NPRIND.NPLQT.FDr,FDT1.FDTI.IPUNCH
335 I .IUI.IUD.IVPTS.NCDNVI.TSTOP.NID.TCONV.NAS_.IUNIT.RST_R.RSTARS
336 2 .PLOW.ROLOW.VDI,VDTI
337 WRITE (6.1390)

338 IF (IUI.EO.I) WRITE (6.1470) GAMMA.RGAS
339 IF (IUI.EO.2) WRITE (6.1480) GAMMA.RGAS
340 WRITE (6.1390)
341 WRITE (6,1490)

342 IF (NDIN.EQ.O) WRITE (6.1500)
343 IF (NDI_.EO.I) WRIIE (6.1510) "
344 C

345 C CALCULATE THE GEOMETRY RADIUS AN{) SLOPE
346 C

347 L1-LMAX-t
348 L2=LMAX-2
349 L3=LMAX-3
350 MI=MMAX-1

95

!



351 M2=MM&X-2
352 MDFSMI=MDFS-I
353 MDFSPI:MOFS.I
354 MMAXD=MMAX-MDFS
355 CHECK=ABS(CMU)'ABSICLA)_ABS(CK)
356 IF (NGEOM.NE.3) GO TO 70
357 XI=XWI(1)
358 XE=XWI(NWPTS)
359 70 OX=(XE-XI)/FLOAT(Lf)

360 UY=I.0/FLOAT(MI)
36t IF (IST.NE.O) GO TO 90

362 DO 80 L=I.LMAX
363 XP(L)=XI_FLO_r(L-t),DX
364 80 CONTINUE
365 90 XP(iI=x]
366 XP(LMAXI=TE

367 WRITE |6.1390)
368 CALL GEOM
369 IF (]EgR.NE.O) GO TO 10
370 XlCB=XI
371 X£CR=XE
372 IF (N_CB.EO.O.AND,MOFS.EQ.O) GO TQ 140

373 Ir (_CB.NE.O) CALL GEOMCB
374 IF (IERR.NE.O) _0 TO tO
375 IF (M*OrS.NE.O) CAlL GECMLU

37_ Ir (IAS.EO.G) GO TO 110
377 Ir (LOrSF.EO.LMAX) RO tO 1OO
37R NxNYLILOFSr)=o.5-(NxNYLILOFSFI*NINYU(LOr%FII

37q N,NCU(LDFSF)=NXNYLILI)FSr|
3RO IOO IF (IDFSS.EO.1) GO TO 110

3RI NvNYL(LDFSS)=O.5*(NXNYL(LDFSSI.NXNYU(iOFSSI)
3_2 NXNYUILDrSS)-NXNVL(LDFSS)

3_3 110 LI-I
384 YO=YWItI-YU(II*VL(11YCB(I)

385 DO 130 L-I.LM_X
3R6 l_ ;_:_.r_.O) Yy_vw:LI-YUILI_VL(I )-YCRIL)

397 IF (ND!M.EQ.I) YY_YW(L)--2-YU(LI-,2_YLiL),-_-vC_L|.,?
388 IF (YY.GI.O.O) GO 10 1_O
38q WglTE (6.1610)
390 GO TO 10
391 120 IF (VY.LT.Y0) LT-L
392 1F (LT.[O.L) vO-YY

393 130 CONIIMIE
3q4

395 C CONTINUE SET U; A_;O PPINT!NG 0r INPLIT DATA
396 C
3q7 140 _AMf=GAMb_A/(GAMMA-I.0)

398 GAM_-|_AM,4A-I.O)i20
3qq GAM3=IGAMM_f.Ot/(GAMMA-I.O)
400 IF (PE(_).NE.-I.O) GO 10 160
401 DO 150 M-2.MM_X
402 PEfMI-PEI 11

403 150 CONIINUE

404 PEL=PE(1)

405 160 IF (MDFS.NE.O.ANO.LDFSF.NE.LMAX) PEL-PE(MDFS)
406 IF (NSTAG.NE.O) GO TO 180
407 DO t?O M=2.MMAX
408 PT(MI=PTII)

409 TT(M)=TT(t)
410 THETAIM)=THETA(1)

41t 170 CONTINUE
412 _TL-PT(t)
_t3 TTL-TTit)
4t4 TFIETAL=TItETA(t)

4t5 180 IF (ISUPER.NE.3) GO TO 1.90.
416 PTINDFSI-PTL
417 TT(MDfS)=TTL

418 THETA|.'407S)_;HETAL

419 190 IF (ISdPER.NE.2) GO TO 200
420 PI(MDFS)=PIL

421 200 WRITE 16. t380)

422 IF (IUI.EO.f) WRITE (6.1580) j

" j



423 IF (IU[._.21 WRITE (6.1590|
424 00 _10 M-I.MMAX

4_5 l_ (M.EQ.M_rS.ANO.|DTS;.EQ.O) WRI{_ (6.0600) M.PTL.|TI.._HETAL.PEI.
426 1 .FSQL.r_[L

4_7 WPilr (_.f_qO| M.PT#MI.TI(MI.TH_AIMI.PFIMI.rSQ[M).FSF(MI
42R _0_ _qNIIN_J[

42q W_II[ 0_.20_nJ [INIFI.|EVITT.IFx. IsUPER.flyU. IVIIC.II,_C.IwAL! .IWALI.0
4_O 1 .ALI.AIE.AIW.N%T^G._jpF.PFI
4_1 IF (NOSLIPlFQ Ol uglrE 16.1840)

432 Ir [Nq_LIP.NF.O! WRITE (6.1)501
433 WRITE (6.1390)

434 Ir (TW01)LT.O.O.AN_ IWALLFO.O) WDIT£ [_.IR_O)
435 IF (TWi I).GE 0.01 WRITE (_.1_00)
4!G WRiIE 16.1390)

4_7 II (TC_I I) LT O (_ AfJ[) f4C,rR t¢[.O| WRITE (R.lc) l())
43_ if libel !) GE.O.O) WPIIE 16. IU40)

441 IF 1111 _I I I 0 (_! W_ll| 11;.I_20)

442 IF Eli I 1).(iF O _l WRIII 16.19501
443 WRITE I(_.139()1

444 IF (01 ( I).ll.O OI W_IIE (G.19301
445 It |lUll) GE.O.O| WRIIE 16.196U1
446 220 WRIIE 16.13901

447 IF (_MP LI.O.U) SMP-O.O
44R IF (SMPF.L|.O.U| %MPF'O.O
449 Ir (SMP.GTI _l _MP'I.O
450 IF (SMPF.CI. I.O1SMPF_I.O

451 WRIIE (6,18_O) CAV.FMU.XLA.PRA.XRO,LSS,LSF,IDIVC,ISS.SM£CII,NST,SMp
45_ 1 .SMPF.SWPT.SMPIr.NIST.IAV.MSS.MSF
453 WRITE 16.1390)

454 If (CMLI.t£E._._.OR.CML_.NE.O.O| GO TO 230
455 IF (NDIM.EO.O) CML1=O.125
456 1_ (N_IM.EIJ.O) CML2=O 125
457 IF (NDIM.NE.O) CMLI=O.11
458 IF (fJD[M HE O) CML2"O. II

459 230 IF (CUL.NE.O.O) GO iO 24_
460 COL-17 2

461 IF |NDIM.NE O! _QL=CQL.O.625!O 875

462 240 IF (IU([Q.I) WRIIE 06.1860) CMU.CLA.CK.EMU.ELA.EK
463 IF (IUI.EQ.2| WRIIE (6.1870} CMU.CLA.CK.EMU.ELA.EK
464 WRIIE 06.1390)

465 If (ITM EO O| WRIIE 06.1970)

466 IF ((IM.EU 1) WRIIE (6.1980) CAL.IMLM.CMLO.CML2.PRT
467 IF (IIM.EO.2) WRITE 16.1990)

468 IF ((IM EQ.2) wRIIE 16.2OOO! CAL.CQL.COMU.IMLM,CMLI.C_IL2.PRr
469 IF (ITM.EQ.3) WRITE (6.2010)

470 1r .ITM.EO.3) WRITE (6,2030) CAL,CQMU,CI,C2,SIGQ,SIGE,BFST,PRT
471 1 ,STBO.STBE

472 WRITE (6.1390)

473 W_ITE (6,2040) ISI,MVCB.MVCT.IOS.NIQSS,NIQSF,NVCMI,ILLQS.SQS.CQS
474 C

475 C CHECK THE WALL OPTIONS
476 C

477 IVCE=O

478 IF (dFLAG.EQ.O) GO TO 250
4)9 IF (L_EI.LE.2.OR,LJET.GE.Lt)'|VCE=t
480 IF (NOSLIP.NE.O) IVC[=I
481 IF (IWALL.NE.O) IVCE=(

482 IF (IVCE.EO.O) GO IO 250
483 WRITE (6.2150)
484 GO T0 00

485 250 IF (ISUPER.CE.O) GO TO 260
436 WRITE (6.2140)
487 GO TO 10 _..
488 C

489 C CHECK MIXING-LENGTH TURBULENCE MODEL
490 C "

491 260 IF (ITM.NE.I) GO TO 300
492 IF (MDFS.NE.O) GO TO 280
493 IF (IMLM.EO, I) GO TO 270
494 IF (NOSLIP.EQ.O) IVCE=I

495 IF (NGCB.NE.O.ANO.IWALL.[O.O) IVCE=I
496 IF (NGCB.EQ.O.ANO.IWALL.NE.O) IVCE=I
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497 GO TO 290
498 270 IF (NOSLIP.NE.O) IVCE-!
499 IF (NGCB.EO.O.AM_.IWALL.NE.O) IVCE_O
500 GO tO 290
501 280 IF (NGCB.NE.O.OR.IWALL.EQ.O) IVCEeI
502 290 IF (IVCE._O.O) GO TO 300

503 WRITE (6.2050)
504 nO TO IO
505 C

506 C CHECK THE DUAL FLOW SPACE AND VARIARLE GRID PARAMETERS
507 C
508 300 IF (MVCB.NE.O.ANO.MVCT.NE.O| IVC-1
509 IPz-1

510 CArL MAP
511 IF IIERR.NE.O| GO TO IO

512 _OFS_,O
513 IF (Mr.FS.GEMVCB.AND.MOFS.LE.MVCT) MDFSC=I
5t4 IF (MDFSEOO) LDFSS-O
5_5 IF (MarS.EO O) LDFSr-O
5_6 IF (_Drs EO.O| GO tO 320
517 If (LDFSS.EO.I| GO 10 310
5_8 Ir (ILILOFSS).GT.O O) TL(1)-TL(LDFSS)
519 IF ITU(L_FSSI._T.O.O) TU(I|:TU(LDFSS)
520 3_O IF (MOFS.EO.2.0R.MOrS.EO.MMAX-I) IVCE-I
521 Ir (LDFSS.EQ.2.OR.LDFSF.EQ.LMAX-1) IVCE-1
522 IF (ISUPER.GE.2.ANO,LDFSS.NE.I) IVCE-f
523 CLDFSS-ABS(YUfLDFSS)-YL(LDFSS))/YLILDFSS)

5_4 CL_FSF-ABSIYU(LOFSFt-YL(LDFSF))/YL(LDFSr)
525 IF (LDFSS.NE.I.AND.CLDrSS.GT.O.OOI) IVCE=I

-526 IF (LDFSF.NE.LMAX.ANO.CLDFSF.GT.O.OOI) IVCE-t
527 IF (_IFLAG.EO.I.ANO.LJET.LE.LDFSF) IVCE-I
52R IF (IVCE.EQ.OI GO TO 320

529 W_ITE 16.2050)
_30 GO TO tO
5_1C

532 C CHECK THE SO,CYCLED GRID PARAMETERS
533 C
534 320 Ir (IVC.EO0) GO 10 350
5_5 MVCBI-MVrB_I
536 MVCTI-MVCT-t
537 IF #NVCMI.EQ O) GO TO 3_O
538 III-NVCMI/2

539 II2-(NVCMI_I)/2
540 IF (III.EO.II2) IVCE-I

541 Ir (IVCE.EQ.O) GO TO 330
542 WRITE 16.2070)
543 GO TO 10
544 330 IF (MVCB.EQ.I.AND.MVCT.EQ.MMAX) IVCE-I
545 IF (MOFS.EQ.O) GO TO 340
_46 IF (MVCI.LT.MDFS- 1.UR.MVCB.GT.MDrS_I) G3 t0 340

547 IF (MVCB.EQ.MOFS_I.OQ.MVCT.EQ.MOFS-I) IV_E-I
548 IF (MVCB.GT.MOFS-2) IVCE-I

549 lr IMVCT.LI.MDFS_2) IVCE=I
550 ;F IIVCE.EO.O) GO TO 350
551 WRITE I6.2OBOI
552 _O TO 10
553 340 IF (MVCR.EO._.OP.MVCt.EO.MM_X-I) IVCE-I
_54 If (MVCT-HVCB.LT.2) IVCE-I
555 Ir (IVCE.FQ.O) GO IO 350
556 WRII_ (6.2090)
557 GO TO 10
558
559,C CHECK THE QUICK SOLVER PARAMETERS
560 C
561 350 IF (IVC.EQ:O) IOS=O
562 IF (IQS.EQ.O) GO I0 370
563 IF (NIUSF.EQ.O) NIQSF=NMAX

564 IF (NOSLIP._Q.O) IVCE-I
565 |F (MVCT.E0.MMAX.AND.IWALL.NE.O) IVCE=I
566 IF (MVCB.EO.I.ANO.NGCB.EQ.O) IVCE-I
567 IF (MDFS.EQ.O) GO TO _60

568 IF (MVCB.GT.Mt_FS.OR.MVCT.LT.MOFS) IVCE=I



569 360 IF |IVCE £0.O) GO TO 370
570 WRITE (6.2130]
571 GO TO 10
572 C

573 C CHECK FOR ZERO VALUES OF O AND E - SET TH£ DEFAULT VALUES
574 C

575 370 IF (I_M.LE.I) GO TO 390
576 |F (N_TART.NE.O) GO TO 3_0
577 DO 380 L=I,LMAX

578 IF (OL(L.II.LE.O.O) O-(L.I)=FSOL
579 IF (EL(L.I) LE 0.0) EL(L.I)=FSEL
580 D0 380 M=I.MMAX

58: IF (O(L.M.1).L[.O.O) O(L.M. 1)'FSO(M)
582 IF (E{L.M. l).[E O.OI [(L.M.I)=FS[(MI
583 38Q CONr|NUE
584 C

585 C CONVERT ME[RIC UNITS TO ENGLISH UNIIS
586 C

587 390 IF fIUI.EO.1) GO TO 540
$88 RSTAR-RSTAR/2 54
589 RSTARS=RSTARS/G.4S16
590 PLOU:PLOW/6.E948
591 ROLOW=ROLOW/16.O2

592 CMU=CMU/47.88/1.8_EMU
593 CLA=CLA/47.88/I.8,*ELA
594 CK=CKeO I_S/I._,,_K
595 RGAS=RGAS/5.38032
596 XT=XT/2.S4
5_7 RT,RT/2 54

598 XI=X|i2.S4
599 XE-XE/2.S4
600 XICB=XICB/2 _4
601 XECB=XECB/2 $4
602 Dx-DX/2 54
603 O0 400 L=I.LMAX
604 XP(L)=XPIL)/2.54
605 YW(L|=YWILI/_.S4
606 YCB(L)=YCS(L)/2.54
607 YL(L)-YL(L)/2._4
608 YU(L)-YUIL)/2.54
609 400 CONT|NUE

610 DO 410 M:I.MMAX
611 PT(MI=PT(N)/6.8948
612 PE(M)=PE(M)/6.8948
613 TT(N)=TT(M)*I.8
614 410 CONTINUE

615 PTL'PTL/6.8948
6!6 PEL=PEL/6.8948
617 PEI=PE[/6._948
618 TTL=TTL*I.8

619 IF (TCB(I).LT.O.O) GO TO 430
620 DO 420 L=I.LMAX
621 TCBiL)=TCB(L)-t.8
622 420 CONTINUE

623 430 IF (T¥II).LT.O.OI GO TO 450
624 DO 440 L-I.LMAX
625 TWILI=TWIL)*I.8
626 440 CONTINUE

627 450 IF (TL[1).LT.O.O) GO TO 470
628 DO 460 L-_.LMA_
629 TL(L)-TL(L)-t.8
630 460 CONTINUE

631 470 _F (TU(I).LTO.O) GO TO 490
632 DO 480 L=I.LMAX
633 TUIL)=TU[L)-t.8
634 480 CONTINUE

635 490 IF (ISUPER.E0.O) GO TO 520
636 DO 5OOM=l.NMaX
637 UI(M)-UI(N)/O.3048
638 VI(M)-VI(M)/0.3048
639 PI(M)-PI(M)/6.8348
640 R0](N)=ROI(tf)/16.O2
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641 500 CONT;NUE

642 UIL=UIL/O.3048
643 VIL=VIL/O.304R
644 PIL=PIL/6.8948
645 ROIL=ROIL/16.0_
646 OLO_=QLOW/O.0929
G47 ELOW=ELO_/O 09_9
648 FSQL=FSQL/O 09_9

649 FSEL_FSEL/O.Oq29
650 DO 510 M-I,MM&X
651 FSO(MI=FSQ(M}/O.0929
652 FSE(M)=FSEfM)/O.09?9
653 5tO CONTINUE
_54 520 IF (NiD.NE.O) GO TO 540
655 Ir (NSTART.N[.OI GO ]O 540
656 DO 5_0 L=I.LMAX
657 UL(L.II*UL{L. I)/O 3_48
658 VL(L.I}=VI (L.1|/0.3048
659 PL(Lol)-PL{[. I)/6.R94R

G_O gOL(L.t)=ROL(L.I)/t6.0_
_61 DL(L.t|-OLIL.I)/O.09?9
662 ELIL.tI-ELIL.f)/O.0929
663 DO 530 M°t.MMAX
664 U(L.M. tJ=U(L.M.f|/O._048
665 V(L.M.I)-VIL.M.I|/O 3OaR
666 P(L.M,t)=P(L.M.I)/G 894R
667 ROIL.M.I)-ROIL.M.I)/16 02
6KB D(L.M.I)-D(L.M. iI/O oq29
669 E(L.M.I)-E(L.M.I)/O 0q29
670 530 CONTINUE
671 C
672 C CONVEgT INPUT DATA UNITS TO INrFgNAI UNITS tlIF [NrF_NAL UNITS

673 C _RE P-LBr/FF2. g0-LBr-s2/FT4, x:vrG-VL,tU-vW-INrltrS, v-

674 C UIMENSIONLE%S. DF-IH-5/_r. MU'LA'IBr % IPJ/IIJ. K-LRF-INi% R r[.
675 C u-rT2/S2. (-rT2/S3. TML-INCHES. U-v-rI/%. AM)RGAS*LRF FT/LBM-R.
676 C
677 540 IF (IUNIT.FQ.O) GO TO 550
_78 PC-I.O

67_ LC-IO
680 G-l.0
681 550 TCONV=TCONV/IO0.O
6R2 T:TSTART*LC
683 TSTOP=TSTOP.LC
684 CMU=CMU.LC
685 CIA-CLA-LC
686 CK:CK.LC
687 _0 _GO L=I.LMAX
689 XWIIL ):o.o
689 560 CONTINUE

690 [)0 570 M:i.MMAK
691 PT(M):PI(M)*PC

692 PE(M)=PE(M|,PC
693 THETA(M)-THETA(M).O,0174533
694 570 CONTINUE
695 PTL=PTL.PC
696 PEL=PEL,PC
697 PET=PET-PC
698 THETAL=THETAL'O.OI74533

699 IF (N10.NE.0) GO T0 590
700 DO 580 L=t.LMAX
701 PL(L.I)=PL(L.I)opc
702 ROL(L.I_=ROL(L.I)/G
703 DO 580 M=I.MMAX
704 P(L.M.I)=P(L.M.I}*PC
705 RO(L.M.1)=RO(L.M.t)/G
706 580 CONTINUE
707 590 RG=RGAS*G
708 C

709 C FILL THE ARRAYS AT L=I WITH THE INFLOW BOUF,?ARY CONDITIONS
710 C
711 IF (:5UPER.EQ.O) GO TO 620
712 DO 600 M=i.MMAX



............ _ _ IliaD| .....

713 IF (ISUPER.EO.2.ANO.M.CE.MDFS) GO TO 6OO
714 IF (ISUPER.EQ.3.AND.M.Lr.MOFS) GO TO 600
715 U( I.M. | )=UI(M|
716 V(I.M. I):VI(M)

717 IF (NSTART.EQ.O) P( 1.M. II=PI(M)*PC
718 RO(I.M.1)=ROI(M)/G
719 U(I.M,2)=U(1.M,1)
720 V(1.M.2)=V(l,M.1)
721 P(1.M.2)=P(l.M.1)
7_2 RO(I.M._)=RO(I.M.I)
723 600 CONTINUE

724 IF (ISUPER.EQ.3I GO TO 610
725 UL(I,1)=UIL
726 VL(1.t)=VIL

727 IF (NSTART.EQ.O) PL(1.1)=P,L.PC

728 ROL(1.1)=ROILiG
729 UI [I,2)=UL(1,1)

730 VL(I.2)=VL(1,1)
731 PL(1.2)-PL(1.1)

732 ROL(I.2)=ROL(1.1)
733 GO TO 620
734 610 PT(MOFS)=PTL
735 TI(MOFS)=TTL
736 THETA(MOFSI=TH_TAL
737 C

738 C ZERO VISCOUS TERM ARRAYS
739 C

740 620 DO 630 L=I,LMAX
741 QUTL(L)=O.O

742 QVTL(L)=O.O
743 QPTL(L)=O.O
744 OROTL(L).O.O

745 OOT$(LI=O.O
746 QETL(L)'O.O
747 DU 630 M_t.MMAX
748 QUIiL.M)=O.O
74_ OVT(L.M)=O. O
750 OPT(L.M)=O.O
751 QROT(L,M)=O.O
752 OOT(L,M)_O.O
753 OET(L.M)=O.O
754 630 CONTINUE

755 IF (NID.EO O) GO TO 640
756 C

757 C COMPUTE TftE I-D INITIAL-DATA SURFACE
758 C

759 CALL ONEOIM
760 IF (IERR.NE.O) GO TO 10
761C

762 C COMPUTE THE INITIAL-DATA SURFACE MASS FLOW AND MOM[NTUM THRUST
763 C

764 640 IF (Nr_INT.GT.O) GO 10 650
_65 NPRINT=-NDRINT

766 GO T0 730
767 650 CALL MASFLO
768 C

769 C PRINT THE INITIAL-DATA SURFACE
770 C

771 IP=O
772 DO 720 IU=I.2

773 IF (IUO.EQ.I.AND.IU.EQ.2) GO 70 720

774 IF (IUO.EQ.2.ANO.IUEO._) GO TO 720
775 NLINE=O

776 WRITE (S,1380}

777 WRITE (6.1520) TSTART.NSTART
778 WRITE (6.1530)

779 IF (IU.EQ.I) WRITE (6.1540)
780 IF (IU.EQ.2) WRITE (6.15_01
781 WRITE 16,1390)
782 00 710 L=I.LMAX
783 LMAP=L
784 t_ (MDFS.NE.O) IB-3
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785 |F (L.NE.I] WRITE (6.1880)
786 |r (L.NE.t] NLINE=NLINE*!
787 LOFS=O
788 IF (L.GE.LDFSS.ANO.L.LE.LDFSF) LDF5=I

789 D0 7tO M=t.MMAX
790 MMAP=M
791 CALL MAP
792 IF (M.NE.MOF_.OR.LDFS.EO.O) GO TO 670
793 ZMOFS=O

794 VELMAG=SQRT(UL(L.I).'2*VL(L.])o*2)
7S5 XMACH=VELMAG/SQRr(GAMMA*PL(L.fI/ROLIL.1I)
796 PRES-PL(L.I)/PC
797 RHO=ROL(L.t)-G
79B TEMP=PL(L.I)/(RHO*RGA5)
799 _PP=XPlL)
800 UP=ULIL.I)
801 VP=VLfL.I)
802 GO 10 680
803 660 IMDFS=I
804 IB=4
805 CALL NAP

80R 670 VELMAG-SORT(U(L.M.I)'.2*V(L.M.I)-.2)
807 XMACH=VELMAG!SORT(GAMMAoP(L.M.I)'RO(L.M.I|)
809 PRES=P(L.M. 1)/PC
809 RHO=R01L.M. I).G
810 TEMP=PIL.M.1I/RHO/R;AS
811 _P,XP(I )
812 UP=UIL.M.I)

813 VP=V(L.M.I)
814 680 IF (IU.EU 1) GO TO 630
815 _PP=XP(L)°2.54
816 YP=YP*2.54
817 UP=UP-0.3048
818 VP=VP-0.3048
819 PRES=PRES°6.8948
820 RHO=RHO'16.02
821 VELMAG=VELM_G'O.3046

822 TEMP=TEMP'S.O/9.O
823 690 NLINE=NLINE.t

824 IF (NLINE.LT 54) GO TO 700
825 WRITE 16.13801
826 WRITE (6,1520) TSTARI,NSTART
827 WRITE (6.1530)
828 IF (IU.EQ 1) WRITE (6.1540)
829 IF (IU.EQ.2I WR[TE (6.1550)
830 WRITE 16.1390)
831 NLINE=t

832 700 WRITE (6.'1560) L.M.XPP.YP,UP.VP.PRES.RHO,VELMAG.XMACH.TEMP
833 IF (M.NE.MDFS.OR.LDFS.EQ.O) GO TO 710

834 IF (IMDFS.E0 O) GO TO 660
835 710 CONTIf,_JE

836 IF (IU0.NE.3) CO TO 730
837 720 CONTINUE

83_ _30 IF (NPLOT.LE.O) GO TO 7_O
839 CALL PLOT (TIILE.TSTART.NSTART.IVPTS)
840 WRITE (6,1810) NSTART
841 740 IF (NM&X.EO.O) GO TO 10
842 C

843 C SAVE THE SOLUTICN FOR 1HE EXTENDED INTERVAL rZME SMOOIHIN_
844 C

845 IF (NTST.EQ.I) GO TO 760
846 D0 750 L=I.LM&X
847 ULS(L)=UL(L.1)
848 VLS(L)-VL(L.I)
849 PLS(L)=PL(L.I)
850 ROLS[L)=ROL(L.I)
859 OLS(L)=QL(L.t)
852 ELS(L)=EL(L.S)
853 DO 750 M=I,MMAX
854 US(L.M)=U(L.M.I)
855 VS(L.M)=V(L.M.I)

856 PS(L,M)=P(L,M.1)



f_

857 ;OS(L.M)=ROIL.M,I)
858 Q_(L.M)=Q(L.M.1)
859 ES(L.M)=E[L.M.I)
860 750 CONTINUE
861C

862 C INITIALIZE THE TIME STEP INTEGRATION LOOP PARAMETERS
863 C
864 76OIVJ_XD=NMAX
865 NI= I
866 N3=2
867 L'_M=O. O
868 NCONV=O
869 NC=O
870 I',_C=O
871 N_-D_O
872 LDUM=I
873 DzR=I.0/DX
874 Df_=I.O/0Y

875 DxPS-DXRoOXR
876 DfRS=DYR'DYR
877 "_T=I.O/VDT
878 YDTI=I.0/VDTI
879 FDTD=FDT
880 FOT=FDTI

881 IF (NST.NE.O) DELSMP=(SMPF-SMP)/FLO_T(NST)
882 IF (NST.NE.O) DSMPT=(SMPTF-SMPT)/FLOATINSII

883 INTST=O

884 MVCTO-MVCT+I
885 IF (N&SM.NE.O._NO.LT.NE.I) LDUM=LT-!
886 W_ITE (6,1400)
887 LPPID=LPPI
888 LPPI=I_BS(LPP1)
889 IF (JFLAG.EO.O) GO TO 770
890 _It)=U(LdET-t.MM_X,NI}
891 V_It)_V(LdET-t.MM£X.Nll
892 rCil)=P(LdET-1.MM_X.NI)
893 RCD(I)=R0(LJET-I.MMAX.NI)
894 LK_I2)=UD(1)
B95 VDi2)=VD(II
896 r_3(2)=PD(t)
897 _LL'O(2I_ROD(t)
898 C
899 C ENTER THE TIME STEP INTEGRATION LOOP

900 C
9OI 770 D0 1250 N=t.NM_XD
902 C
903 IF (N.EO.2) FDT=FDTD

904 Sv'_=SMP_DELSMP
905 SwPI=SMPT*DSMPT

906 IOSD=9

907 IF (IQS.EO.O) GO T0 780
908 IF (N.GE.NIQSS.ANO.N.LE.NIQSF) IQSO=IQS

909 C
9tO C CALCUL_T_ DELT_ T
911C

9_2 7RO I_=1
913 L_aM= O -O

914 t"0 810 L=2.LI
915 LU_P=L
9t6 IF (MOFS.NE.O) IB-3

917 LCFS=O
91_ IF IL.GE.torss. Akg. L.LE.LDFSF) IOFS=I

919 OxPI=XPILI-XP(L-t)

921 DxP=&_AINI(DXPtoOXP2)
922 DO 810 M=2,M1
923 Ir {IVC.EQ O) GO TO 790
974 IF (M.t,E._VCB._N_.M.LE.MVCI) GO I0 810
925 790 I_ (M.NS._FS.0R.LDFS.EO.0) GO TO 8C'O
q2R 15=4
927 GO TO 810

9_ 800 WIP-M
929 C_LL MAP
930 DvP3"DY/BE3

I03



//

931 DYP4=DY/'BF_
932 DYP:AMINI_YP3.(_,|'4|
t_3 A_ At 3. B[3

q.15 111"%l=I AL;SIUI [ .M.NI I I0A )/D_f'+VL_l • IMt)_

93G VIOL-A[_SILJiL.M.N!)'A|;_V(L M.NI) |

931 ASI=S_RI (AL3"AI 3+BE3"BI 3)/I'[3

938 UPA2"IVIDL*ASI'A I/I)_P_VI)I''WUY

939 UPA:AMAXIIUPAI.UPA2|
940 IF (UPA.LE.UPAM) GO I0 BIO
941 UPAM-UPA
942 LDU=L

943 MDU=M
944 810 CONIINU£
945 C

946 C CALCULATE OELIA I IOR tHE SUBC'VCLFD GRID
947 C

948 IF (IVC.EU.O) GO TO RGO

949 IF {NVCMI.EO.O) GO xe 820

950 IF {IQS.NE.O.ANU.I_SD.[O_O) GO 10 820
951 NVCM:NVCWt
952 NVCMI=NVCM_I
953 CNUMS=O.O
954 LDUF=O
955 MOUF=O.O
956 GO TO 860
957 820 UPAMF=O.O

958 DO 840 L=2.LI
959 LMAP=L
960 IF (MDFS.NE.O) 18=3

961 LDFS=O

962 IF |L.GE.LDFSS AND.L.LE.LDFSFI LDFS=I
963 OXPI=_P(LI-_PIL-t)
964 DXP2=XP(L*I)-XP|L)
965 DXP=AMINI{DXPI.DXP2)

966 DO _40 M=MVCBI.MVCTI
967 IF IM.NE.MOFS.OR.LDFS_EQ.O) GO TO 830
968 IB=4
969 GO TO 840
970 830 MMAP=M
971 CALL MAP

972 DYP3=DY/BE3
973 Dvp4=DY/BE4
974 DYP=AMINI|DYP3.DYP4)
975 ABR=AL3/BE3
976 A=so_r(G_MMAop(L.M.Nf)/RO(L.M.Nt))
977 UPAI={ABS(U(L.M.N1)I.A)/DXP.VDT1-TMUIX

978 VTOL=ABSfU(L.M.NI),ABR.VIL.M.NI))
979 AST=SQRT(AL3-AL3+BE3oBE3)/BE3
980 IF (IOSD.NE.O) AST=AST-I.0

981 UPA2=(VTOL.AST,A)/D_P.VDTI,IMUIY
982 UPA=AMAXI{UPA1.UPA2}
983 IF {UPA.LE.UPAMF) GO TO 840
984 U_AMF=UPA
985 LDUF=L

986 MDUF=M
997 840 CONTINUE
988 C

989 C DETERMINE THE NUMBER OF SUBCYCLES
990 C

991 XNVCM=UPAMF/(UPAM,FDTI)
$92 NVCM=O
993 I=-1
994 IF (XNVCM.LE.200.O) GO TO 850
995 IF (N. EQ.I) GO ro 850
996 NP=N*NSTART
997 WRITE (6.2100) NP
998 NMAX-N

999 NVCW-XNVCM

1000 DT=FST/UPAM
I_"'X_1 GO TO 1t10

I002 _50 I=I.2



100.3 IF I_NVCM.LE.rLOATIT)) NVCM=I
1004 IF INVCM.FO._) GO TO RSO

1005 NVCMI=NVCM_I
IOO6 CNUMS_XNVCM.'FLOATINVCM)

1007 B60 DT=FDT/UP_M

IOW98 T:T_DT

I{109 IF (T.LT.TSTOP) GO TO 870
I010 T-T-DT

I0_I DT_TSTOPoT

1012 T=TSTOP

1013 ISTOP_I

1014

1015 C P_INT N.T aND DT

1016 (

I017 870 NPD:NPD_I

10 la PIPC-NPC* 1

1020 TM_X _0.0

IO21 TMU_:O 0

IO22 TMUI_-O 0

1023 TMUIY-O.G

I024 IF INPD.NE. IO) GO TO qPO
1025 NP=N*NSTA_T
102G TIME:T/LC

1027 OrIME_DT/LC

1028 WPITE 1_.18201NR.TIMF.DTIME.NVCM.CNUMS.EDU.M_U.LDUr.MDUF
1029 NPD=O

IO30 C
IO31C BFGIN THE SUBCYCLE LOOP
1032 C

1033 880 DO 1010 NVC=I.,_V_MI

I_:14 RINO-FLOATINVC-21,FLOAT(NVCM)

1035 RI_JDI:FLOAT(NVC I)/FLOATfNVCM)

IO36 IF (NVC.NF.2) CO TO 890
1037 DT=OT/FLOATIP|VCM)

1038 C
1039 C CALCULATE THE P_EDICTO_ S_LUTIO_
1040 C
IO41 800 IB-I

1042 IF (IuSD.NE.O.AND.NVC.N_. ;) CALL QSOLVE

1043 IF iIEPP.NE.O_ GO TO I_00

I044 IF (CAV.NE.O.O.OR.CHFCK.NE.O.O) CArl. VISCOUS

1045 IF (IERR.NE.O) GO TO 110,3

1046 ICHA_I

1047 IR=f

10J8 CALL INrEq
1049 Ir INVC.GT.1.AND.MVCT.PJE MMAX) GO 70 9OO
_50 IF (NVC.EQ.I.A_;D _VCT.EQ.M_Ax) GO TO 9_Z)
1051 CALL WALL

1052 IF (IE_R.NE.O) GO TO 1090
IO_3 90_ IF (NGCB.EO.O) GO TO 9_O
1_54 IF (NVC.GT.I.AND MVCB.NE.I) GO TO hi,:
_055 IF {NVC.EO.!.AHD,MVCB.EO. 11 GO I{1 910

1056 IB=2
1057 CALL WALL

1058 IF (IE_R._E,O} G0 TO I0_0
1059 910 If (tDFSS.NE.I OR i_VC.[Q.I.AND._FSC.N[.O)) CALL INLET

I(_60 IF [LDFSF.P;E.tMA_.CR.|tQVC.EQ.1 AND.MDFSC.NE.O)) CALL EXITT

1061 IF (IER;._JE.uI GO TO 1090

1002 C

1063 C CALCULAT[ IHE DUAL FLOW SPACE BOUNCARY PREDICTOR SOLUTION

1064
1065 IF |MDFS.E{J.O) GO T0 9:0
1066 IF (NV:.EQ.1.AN0._0FSC.NE.O) GO TO 920
1067 IF {NVC.GT.t.ANO,MVCT.LT._OFS) G0 ro _20
10_ IF {NVC.GT.I.AND.MVCB._T.MDFS) GO T0 9:0
1069 IB=4

1070 CALL wALL
1071 IF (IERR.NE.O) GO TO I090

1072 IF (LDFSS.EQ. 11 CALL INLET

1073 IF (LDFSF.EQ.LMAX) CALL EXITT
1074 IF (IERR.NE.O) GO T0 1090

I0._
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1075 CALL SWITCH 12)
IO76 IB,3
IO77 CALL WALL

IO78 IF (IERR NE.O) GO "10 IO80
1079 IF (LUFbS.EO.1) CALL INL[!
IO80 IF (KDFSF EQ.LMAXI CALL EXITT
1091 IF (IERR.NE.O) GO TO 1680
1082 C

1083 C CALCULATE tHE CURRECTOR SOLUTION
1084 C

1085 920 IF (ITM.GE.2) CALL TURBC (3)
1086 [CHAR-2
1087 16 1
10R8 CALL INTER

1089 IF (NVC.GT.I.AND.;4VCT.NE.MMAX) GO TO 930

1090 IF (NVC EQ.I.AND.MVCT.EQ.MMAX) GO TO 930
1091 CALL WALL
1092 IF (IERR.NE.O) GO TO !070

i093 930 IF INGCB.EQ.O) GO TO 940

1094 IF (NVC.GT.1.AND.MVCB.NE.I) GO TO 940
1095 IF (NVC.EQ.I.AND.NVCB.EQ.I) GO TO 940
1096 IB=2
1097 CALL WALL

1098 IF (IERR.NE.O) GO TO 1070

1099 940 IF (LDFSS.NE.I.OR.iNVC.EO.I.AND.MDFSC.NE.O)I CALL INLET
1100 IF (LDFSF.NE.LMAX.DR.dNVC.EQ.I.AND.MDFSC.NE.O)) CALL EX_TT
1101 IF (IERR.NE.O) CO TO 1070
1102 :

1103 C CALCULATE THE DUAL FLOW SPACE BOUNDARY CORRECIOR SOLUTION
1104 C

IIC3 IF (MDFS.EQ.O) GO TO 950
1106 IF (NVC.EQ.1.AND.MDFSC.NE.O) GO TO 950

1107 IF (NVC.GT.I.AND.MVCT.LT.MDFS) GO 10 950
1108 IF (NVC.GT.I.AND.MVCB.GT.MDFS) GO TO 950
1t09 IB-3

1110 CALL WALL

1111 IF (IERR.NE.O) GO TO 1080
1112 IF (LDFSS.EQ.I) CALL INLET
1113 IF (LDFSF.EQ.LMAX) CALL EXITT
1114 IF (IERR.NE.O) GO TO 1080
1115 CALL SWITCH 121
1116 IB=4

1117 CALL WALL

1118 IF (IERR.NE.O} GO TO 1090
1119 IF (LDFSS.EQ.I) CALL INLET
1120 IF (LDFSF.EU.LMAX) CALL EXITT
1121 IF (IERR.NE.O) GO TO 1090
1122 C

1123 C SEI THE SUBCYCLED GRID END CONDITION_
1124 C

1125 950 IF (NVCMI.EQ.I) GO TO 1010
1126 IF (NVC.EO.I) GO TO 990
1127 IF (NVC.EO.NVCMI) GO TO 970
t!28 IF (LPPID.G[.O) GO TO 960
t129 PCDUM=PC

1130 IF (IUO.EO.2) PCDUM=PC/6.B948
1131 PPPI=P(LPPI.MPPI.N3)/PCDUM
1132 PPP2=P(LPP2.MPP2oN3)/PCDUM
1133 PPP3=P(LPp3,Mpp3.N3)/PCDUM

1134 WRITE [6,211C) NVC,LPPI,NPPI,PPPI.LPP2,MPP2,PPP2.LPP3.MpP3,PPp3
1135 960 IF (ITM.GE 21 CALL TURBC (2)

136 NNN=_I

137 NI=_J3
138 N3:NN_
t39 GO TO 1010

140 970 OT=DT*FLOAT(NVCM)
141 IF (MVCTD.GE.MMAX) GO TO 1010
142 DO 980 L=f.LMAX
143 U(L.WVCTD.N3)=UU2(L)

144 V(L.MVCTD,N3)-VV2(L)
145 P(L.WVCTD.N3)=PP2(L)

1146 ROfL.MVCTD.N3)=RORO2(L)



147 O(L.MVCTD,P:3)=OO2(L)

!48 E _.MVCTD,N3)=EE2(L)
la9 980 CONTINUE

150 GO TO 1010

I_I 990 NNIeNI
152 NN3-N3

153 IF (MVCTD.GE.MMAX) GO TO tOIO
I_4 DO tOOO L-I.LMAX

1155 UUI(L)=U(L.MVCTD.Nt)
1156 VVI(L)=V(L,MVCTD.NI)

1157 PPI(L)-P(L,MVCTD,NI)
1158 ROROI(L)=RO(L,MVCTD,NI)
t1_0 QOI(L)-Q(L.MVCTD.Nt)
1160 EEI(L)=E(L.MVCTD.NI)
1161 UU2(L)-U(L,MVCTD,N3)

1162 VV2(L)-V(L.MVCTD°N3| /

1163 PP2(L)-P(L,MVCTD.N3) /
1164 ROR02(L)-R0(L,MVCTD,N3)
1165 QQ2(L)-Q(L,MVCTDoN3)
tt66 EE2(L}-E(L,MVCTDoN3)
1167 10OO CONTINUE
1168 t010 CONTINUE
1169 C
1170 C PRINT THE PRESSUPF AT THE THREE REQUESTED P0INTS
1171C
1172 IF (LPPf.EQ.O) GO TO 1040
1173 NP=N*NSTART
1174 PCOUM=PC

1175 IF (IUO.EO.2) PCDUM-PC/6.8948
1176 PPPI=P(LPPI.MPPloN3)/PCDUM
t177 PPP2=P(LFP2,MPP_.N3)/PCDUM
1178 PPP3=P(LPP3,MPP3,N3)/PCDUM

1179 IF |N.GT.NST) G0 TO 1030
I1_O IF (NTST.GT.O] GO 10 1030
"181 IF (N.GT.21 CO TO IO20
1182 IF (N.EQ. 11PC2_PPP:
_183 IF (N.[Q.2) PC3=PPPI
1184 GO TU 1030

1185 IO20 PCI=PC2
1186 PC2-PC3
1187 PC3=PPPl

1186 IF ((PC3-P_2P,(PC2-PCI).LT.O.O) NIST=-I
1189 IF (INTST.[Q 3) INIST=O

1190 IF (INIST.EQ.2) INTST=3

1191 IF (INTST.EQ.I) INTS;-2

1192 IF (INTST.EQ.O.ANO.NTST.NE.O) INTST=I

1193 IF (INTST.F;[.I) NTST=O

1194 1030 WRITE (6,2120) NP.LPI)I,MPPI,PPP1,LPP2,MPP2,PPP2,LPP3,MPp_,PPF3
1195 1 ,NTST

1196 1040 IF (N.LF.NSI) CALL SMOOTH

1197 IF (NTSr. EQ.-I) NIST-O

1198 IF (ITH.GE.2) CALL TURBC (I)
1199 C

1200 C DETERMINE IFtE MAXIMUM (DELTA U)/U
1201 C
1202 IF (]CONV.LE.O.O) _0 TO 1U60
1203 DOM=O.O
1204 D0 1050 L=LDUM,LMAX
1205 DO IOSO M=I.MMAX
1206 IF (U[L,M,NI).EO.O.O) GO TO IO50

;207 DQ=ABS((UiL,M,N3)-U(L,M.NI))/U(L,M,NI))
1208 IF (DO.GT.DQM) DuM=DQ
1209 tO50 CONTINUE
1210 C

1211C CHECK FOR REQUES1ED PRINTING OR PLOTTING
1212 C

1213 1060 IF (DQM.GE.TCONV) GO TO 1110
1214 NCONV=NCONV.I

1215 IF (NCONV.EQ.I) NCHECK=N-1
1216 IF (NCONV.GE.NCONVI) NC=NPRINT

1217 IF (NCONy. GE.NCONVI) NPC=NPLOT
1218 IF (N.GE.NCHECK._CONVI) NCONV=O
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1219 GO IO 1110
1220 C

1221 1070 IF (MOFS.EO.O) {,O TO IO90
1222 1080 CALL SWITCH (3)
1223 IO90 N3-_I

1224 11OO N_AX=N

1225 IF (NVC.GE.2) DT=OI'FLOAT(NVCM)
1226 C

1227 !110 IF (N.EO.NMAX) NC=NPRINT
1228 IF (N.EQ.NMAX) NPC=NPLOT
1229 IF (IST6P.NE.O| NC-NPRINT
1230 IF (ISTOP.NE.O) NPC=NPLOT
1731 IF (NC.EQ.NPR;NT) GO TO 1120

1232 IF (NPC.EO.NPLOI) GO tO 1220
1233 GO T0 1240
1234 C

1235 C COMPUTE THE SOLUTION SURFACE MASS FLOW AN0 NGMENTUM IHRUST
1236 C

1237 1120 ICN-O

1238 IF (dFLAG.EO.O) GO TO 1130
1239 IF (LTLNE.LJET_I) GO TO 1130
1240 UOUM=U(LT.MMAX.N3)
1241 RODUM=RG(LT.MMAX,N3]
1242 U(LT.MMAX.N3)=UO(3)
1243 RO(LT.MMAX.N3)=R00(3)
1244 ICN=I
1245 1130 CALL MASFL0

1246 IF (ICN.EQ.O) GO TO 1140
1247 U(LT,MMAX,N3)=UOUM
1248 RO(LT.MMAX.N3)=ROOUM
1249 C

1250 C PRINT THE SOLUTION SURFACE
1251C
t252 1140 IP=O

1253 DO 1210 IU=1.2

1254 IF (IU0.EO. f.AND.IU.EO 21 GO TO 1210
t255 IF (IUO.EO.2.AND.IU.EO.I) GO TO 1210
1256 NLINE=O

1257 WRITE (6.1380)
1258 TIME,T/LC
t259 DTIME-OT/LC
1260 NP=N*NSTARr

1261 WRITE (6.1570) NP.TIME,OTIME.NVC_.CNUMS.LOU.MDU.LOUF.MDUr
1262 WRITE (6.1530)
1263 IF (IU.EQ.1) WRITE (6.1540)

1264 IF (]U.EO.2) WRITE (6,1550)
1265 WRITE (6,1390)
1266 DO 12OO L=t.LMAX
1267 LMAP=L

1268 IF (MOFS.NE.O) IB=3
1269 IF (L.NE.I) WRITE (6.1880)
1270 iF (L.NE.I) NLINE=NLINE.I
1271 LDFS-O

1272 IF (L.GE.L_FSS.ANO.'..LE.LDFSF) LOFS=t
1273 DO 12OO M=I,MMAX
1274 MMAP=M
1275 CALL MAP

1276 IF (M.NE.MOFS.OR.LOFS.EQ.O) GO TO 1t60
1277 IMDFS=O

1278 VELMAG=SQRT(UL(L.N3)-*2.VL(L.N3),,2)

1279 XMACH=VELMAG/SQRT(GAMMA,PL(L.N3)/R6L(L.N3))
1280 PRES_PL(L.N3)/PC
1281 RHOeROL(L,N3)*G

1282 TEMP=PL(L.N3)/fRHO*RGAS)
1283 XPP'XP(L)

1284 UP=UL(L.N3)
1285 VP=VLfL.N3)
1286 GO TO 1t70
1287 1150 IMDFS=I

1289 IB-4

1289 CALL MAP

t290 1160 VELMAG=SORT(U(L.M.N3).,2*V(L.M.N3)..2)



1291 XMACH=VELMAG/SQRT(GAMMA-P(L,M.N3)/RO(L,M,N3))
1292 P_ES=P(L,M,N3)/PC
1293 RHO=RO(L.M.N3)*G
1294 TEMP=P(L,M.N3)/RH0/RGAS
1295 _PP=XP(L)

1296 UP=U(L,M,N3)
1297 VP=V(L.M.N3)
1_98 1170 IF ((U.[O.I) GO TO 11R0

1299 XPP=XP(L).2.S4

13{_") _P=YP*2.54

1301 U;'_UP-O.304R
1307 VP'VP*O.3048

I_U_ P_ES=PRES*G.894B
1304 RH0=RH0. I6.U2
1305 VELMAG=VELMAG'O.3048

130G IEMP=TEMP.5.0/9.0
1307 1180 NLINF_NLINE41

1308 IF (NLINE.L(54) GO 10 I100
1309 WRITE (6. 1_80)

1310 WRITE (6.1570) NP.TIME.OTIME.NVCM.CNUMS.LDU.MOU.LDUF.MDUF
1311 WRIIE (6.1530)

1312 IF (IU.EQ.I) WRITE 16.1540)
1313 IF (IU.EU 2) WRITE (6.1550)
1214 WRITE (6.1390)
1315 NLINE=I

1316 1190 WRITE 16.1560) L.M,XPP.YP,UF.VP.PRES.RHO.VELMAG.XMACH.TEMP
1317 IF (M.NE.MDFS.OR.LOFS.EO.O) GO lO t200
1318 IF (IMDFS.EQ.O) GO TO 1150
1319 12OO CONTINUE

1320 IF (IUO.NE.3) GO TO 1220
132! 1210 CONTINUE
1322 C

1323 C GENERATE THE FILM PLOTS
1324 C

1325 1220 IF (NPLOT.LI.O) GO TO 1230
1326 IF (NPC.NE.NPLOT) GO TO 1230
1327 TIME=T/LC
1328 NP'N+NSTART

1329 CALL PLOT (TITI.E,T(ME,NP,IVPTS)
1330 WRITE 16.1810) NP
1331C

1332 C CHECK FOR CONVERGENCE OF THE STEADY STATE SOLUTION
1333 C
1334 1230 IF (DOM.LT.TCONV) GO TO 1260
1335 IF (ISTOP.NE.O) GO TO 1260
1336 IF (N.EQ.NMAX) GO TO 1260
1337 IF (NC.EO.NPRINT) NC=O

1338 IF (NPC.EO.NPLOT) NPC=O
1339 1240 NNN=NI
1340 NI=N_
1341 N3=NNN
1342 1250 CONTINUE
1343 C

1344 C PUNCH(WRITE) A $IVS NANELIST FOR RESTART
1345 C

1346 1260 IF (NPLOT.GE.O) CALL AOV (10)
1347 IF (IPUNCH.EO.O) GO TO IO
1348 DO 1270 L-I,LMAX

1349 PL(L,N3)=PL(L,N3)/PC
1350 ROL(L.N3)=ROL(L.N3)*G
1351 DO 1270 M=I.MMAX
1352 P(L.M.N3)=P(L.M.N3)/PC
1353 R0(L.M.N3)=R0(L.M.N3),G
1354 1270 CONTINUE

1355 WRITE (8.1620) NP.1IME
1356 DO 1280 M=I.MMAX
1357 WRITE (8,1630) M.U(I.M.N3)
1558 WRITE (8.1650) (U(L,_,N3),L=2,LMAX)
1359 1280 CONTINUE
1360 DO 1290 M=I.MMAX

1361 WRITE (8,1660) M.V(1.M.N3)
1362 WRITE 18.1650} (V(L.M.N3).L=2.LMAX)
1363 1290 CONTZNUE
1364 DO 13OO M=I,MMAX

lo)
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1365 WRITE (8.t680) M.P(f.M.N3)
1366 WRITE (8.1700) (P(L,M.N3).L=2.LMAX)
1367 1300 CONTINUE

1368 D0 13f0 M-f.MMAX
1369 WRITE 08.1710) M.RD(I.M,N3)

1370 WRITE 08,1730) (RQ(L.M.N3).L=2.LMAX)
1371 t310 CONTINUE

1372 IF (ITM.LE.1) GO TO t340
1373 00 1320 M=I.MMAX
1374 WRITE (8,1T40) M.O(I,M.N3)

1375 WRITE (8.1760) (Q(L.M.N3).L=2.LMAX)
1376 1320 CONTINUE

1377 IF (ITM.E0.2) GO TO t340
1378 DO 1330 M-I.MMAX

1379 WRITE (R.1750) M.E(1,M.N3)

t380 WRITE (8.1760! (E(L._,N3).L=2.LMAX)
1381 1330 CONTINUE

1382 1340 IF (MDFS.EO O) GO TO t350
1383 LDFSSPt-LDFSS.I

1384 WRITE (8.1640) LDrSS.UL(LD_SS.N3)

1385 WRITE (8,1650) (UL(L.N3).L=LDFSSPI.LDFSF)
1386 WRITE (8.1670) LDFSS.VL(LDFSS.N3)
1387 WRITE (8.1650) (VL(L.N3),L-LOrSSP1.LDFSF)
t388 WRITE (8.1690) LOFSS.PL(LDFSS,N3)
1389 WRITE (8.1700) (PL(L.N3|.L=LDFSSOI,LDFSF)
1390 WRITE (8.1720) LDFSS.ROL(LDFSS.N_)
1391 WRITE (8.I730) (ROL(L.N3).L=LDFSSPI.LDFSF}
1392 IF (ITM.LE.f) GO TO 13_O

1393 WRITE (8.1770) LDFSS.QL(LDFSS.N3)
1394 WRITE (8.1760) (QL(L.N3).L,LDFSSPI.LDFSF)
1395 IF (ITM.EO.2) GO TO f350

1396 WRITE (8.1780) LDFSS.EL(LDFSS.N3)

1397 WRITE 08.t760) (EL(L.N3).L=LDFSSP1.LOFSF)
1398 1350 WRITE (8.1790)

1399 NCARDS'(LMA_/7_2)-MMAX=4_2+LDFSF-LDFSS
1400 WRITE (6.1800) NCARDS
1401 GO TO 10
1402 C

1403 C FORMAT STATEMENTS
1404 C

t405 1370 FORMAT (1OA8}
14CH5 1380 FORMAT (fHI)
1407 t390 FORMAT (_H)
1409 t400 FORMAT (JHO)

1409 14tO FORMAT (IHO. 10X.47HVNAP2. A COMPUTER PROGRAM FOR THE COMPUTATION O
1410 I ,58HF TWO-DIMENSIONAL. TIME-DEPENDENT. COMPRESSIRL_. TURBULENT.SH
1411 2 FLOW.//37X.57HBY MICHAEL C. CLINE. T-3 - LOS &LAMOS NATIONAL LABO
1412 3RATORY)

1413 1420 FORMAT (IHO. tOX.fBHPROG_AM ABSTRACT -.//26X.17HTHE NAVI_R-STOKES.6

1414 1 2H EOUATIONS FOR TWO-DIMENSIONAL. TIME-DEPENDENT FLOW ARE SOLVED.
1415 2 ICH USING THE./,21X,6_HSECONO-ORDER. MACCORMACK FINITE-DIFFERENCE
1416 3 SCHEME. ALL BOUNDAR.31HY CONDITIONS ARE CGMPUTED USING./.2fX.13HA
1417 4 SECONO-ORDE.62HR, REFERENCE PLANE CHARACTERISTIC SCHEM_ WITH THE
1418 5VISCOUS TEPM. 19HS TREATED AS SOURCE)

1419 1_30 FORMAT (IH .20X.41HFUNCTIONS. THE FLUID IS ASSUMED TO RE A .54HPE
1420 IRFECT GAS. THE STEAD¢-STATE SOLUTION IS DFTAINFD AS./.21X.62HTHE

1421 2ASYMPTOTIC SOLUTION FOR LARGE TIME. THE FLOW BOUNDARIES M.34H_v B

1422 3E ARBITRARY CURVED SOLID WALLS,/.21X,B2HAS WELL AS qET.ENVELOPES.

1423 4 THE CECMETR _ MAY CONSIST OF SINGLE .36HAN_ DUAL FLOWING STREAMS.
1424 5TURBULFNCE./.21X.62HEFFECTS ARE MODELED WITH EITHER A MIXING-LENGT

t425 6H. A TURBULENCE .32HENERGY EQUATION, OR A TUR_ULENCE./.21X.B2HENER
1426 TOY-DISSIPATION RATE EQUATIONS MODEL. THIS PROGRAM ALLOWS .34HVARI

1427 8ABLE GRID SPACING A"D INCLUDES./.21X. ITHOPTIONS TO S_EED .50HUP TH
1428 9E CALCULATION FOR HIGH REYNOLDS NUMBER FLOWS.]
1429 1440 FORMAT (1HO. IOX, l:IHJOB TITLE -//21X.10A8)
1430 1450 FDRMAT |lHO. 10_.2OHCCNTROL PARAMETERS -)

1431 1460 FORMAT ( II_,20X.SHLMAX=.I2.2X.SHMMAX= I2.3=.SHNMAX= ]4.2X.THNPRINT

1432 I=.I4.2_.6HNPLOT=.I4.6X.4HFDT=.F4.2,2X.SHFDTI=.F4.2,3X.SHFDTI= F4.2
1433 2 .2X.THIPUNCH=,II./.21X.4HIUI:.I1.4X.4HIUO=.II.5X.6HIVPTS=.II.4X.7
1434 3 HNCONVI=.I2.4X.6HTSTOP=.EB.2,2X.41_ID=.I2.AX.6HTCONV=.F5.3, IZ.SHN
1435 4ASM_.II,SX.6HIUNIT=.I1./.21X,6HRSTAR=.Fft 6.2X.THRST_RS=,FI3.7.4X,
1436 5 5HPLOW=.F6.4.5X,6HROLOW=,FI1.6,SX.AHVDT=.F4.2.3X,SHVDTt= F4._)



1437 1470 FORMAT IIHO. 10X.13HFLUID M_DEL ".//21X.36HTHE RATIO OF SPECEFIC HE
1438 1ATS. GAMMA =.F6.4.26H AND THE GAS CONSTANT. R -.F9.4.15H (FT-LBF/L
1439 2BM-R))

1440 1480 FORMAT (1HO. 10_.I3HFLUID M00EL -.//21X,36HTHE RATIO OF SPECIFIC HE

1441 IATS. GAMMA =.F6.4,26H AND THE GAS CONSTANT. R ",Fg.4.9H (J/KG-K))
1442 1490 FORMAT (IHO. 1OX.15HFLOW GEOUETRY -)

1443 1500 FORMAT (IItO.20X.47HTW0-DIMENSION_L. PLANAR FLOW HAS BEEN SPECIFIED
1444 I )

1445 1510 FORMAT (1HO,2OX.36HAXISYMMETRIC FLOW HAS BEEN SPECIFIED)

1446 1520 FORMAT (IH .30HXNXTIAL-DATA SURFACE - TIME - .FI2.8,BH SECONDS,4H
1447 I(N-.I6,1H))

1448 1530 FORMAT (IHO. I1X. IHL.4X.1HM.gX. fHX.tOX.fHY.IOX,1HU,11X,1HV, t2X.tHP.
1449 ! 11X.3HRHO.TX.4HVMAG. IOX.4_ACH.BX. IHT)

1450 1540 FORMAT (IH .25X.4H(IN).TX.4H(IN).6X.SH(F/S).TX,SH(F/S),TX.BH(PSIA)
1451 I .6X.9H(LBM/FT3).4X.SH(F/S).lOX.211N0.BX.3H(R))

1452 1550 FORMAT (1H .25X.4H(CM}.7X.4H(CM).6X.5HIM!S).7X.5H(M/S).TX.6H (_PA)
1453 1 .TX.TH(KG/M3).SX.SH(M/S).IOX.2HNO,aX.3H(K))
t454 t560 FORMAT (IH ,TX,215.4F12.4,FI3.5.Fi2.6.OF12.47

1455 1570 FORMAT (IH ,2OItSGLUTION SURFACE N0.,IB.3H - ,THrIME - ,F12.8.2OH S
1456 IECONDS (DELTA T • .F10.8.BH, NVCM =,I3,gH, CNUMS =,FS.2.3H, (.12,1
1457 2 H,,12.4117, (,I2,1H,,|2,2H)})

1458 1580 FORMAT (IHO, IOX,21H_QUNDAR_ CONOITION_ -,//22X. IHM, IOX.8HPT(PSIA),
1459 1 11X.SHTT(R),lOX.f0HTHETA(DEG).1OX.8HPE(PSIA).TX. IIHFSO(FT2/S2).7X
1460 2 .!IHFSE(FT2/S3)./)

1461 1590 FORMAT (IHO. IOX.21H8OUNDARY CONDITIONS -.//22X.IH..IOX,THPT(KPA).l
1462 t 2X.5HTT(K).IOX.IOHTHETA(DEG).IOX.7HPE(KPA).8X,10HFSQ(M2/S2).8X.10
t463 2 HFSE(M2/S3),/)

1464 1600 FORMAT (IH .20X,12.7X.F10.4.1OX.F7.2.10X,F7.2.9X,F11.5,FI8.4.F18.1
1435 1 )

1466 1610 FORMAT (iHO.51H***-* THE RADIUS OF THE CENTERBODY IS LARGER THAN T
1467 1 .20HHE WALL RADIU_ **---)

1468 1620 FORMAT (IX.ISH$IVS N10=_,NSTART=,I6.8H.TSTART-,F14.10.1H,)
1469 1630 FORMAT (IX.4HU(I,,I2,SH, I) -,FIO.3,1H.)
1470 1640 FORMAT (IX.3HUL(,I2,SH.1) =.FIO.3,fH,)
1471 1650 FORMAT ((iX.7(F10.3.1H.)))
1472 1660 FORMAT (1X.4HV(1..12,SH,1) ".FIO.3,1H.)
1473 1670 FUR_AT (IX.3HVL(,I2.SH.1) ".FIO.3.1H.)
1474 1680 FORMAT (1X.4HP(t,.I2.SH, 1) ".F10.4.1H.)
1475 1690 FORMAT (1X.3HPL(.I2.5H,1) =.F10.4,1H.)
1476 17OO FORMAT ((1X.7(F10.4.1H.)))

1477 1710 FORMAT (1X.SHR0(I.,I2,SH.1} ".FIO.6.1H.)
1478 1720 FORMAT (IX.4HROL(.I2.SH.1) ".FIO.6.tH.)
1479 1730 FORMAT ((1X.7(F10.6.1H.)))
1480 1740 FORMAT (IX.4HO(I.,I2.5H.17 ".E10.4,1H.)
1481 1750 FORMAT (fX.4HE(1,.12.SH.I) ".E10.4,1H.)
1482 1760 FDRHAT ((1X,?(EIO.4, IH,)))
!483 1770 FORMAT (IX,3HOL(,I2.SH.I) -.ElO.4.1H.)
1484 1780 FORMAT (IX,OHEL(,I2,SH,1) =.EIO.4,1H,)
$485 1790 FORMAT (IX.IH$)

1486 18OO FORMAT (1HO.27H-*-*, EXPECT APPROXIMATELY .14.20H PUNCHED CARDS i,
1487 18**)

1488 1810 FORMAT (IHO.31H*e*== EXPECT FILM OUTPUT FOR N=.I6.6H ,***,)

1489 1820 FORMAT (IH .IOXo2HN=.I6._H. T=.F12.8,1414 SECON_So DT=oFIO.8.BH S
1490 IECONOS.gH. NVCM =.13.1OH, CNUMS _.FS.2,4H. (.]2.1H..I2.SH). (
1451 2 ,I2.1H..I2.1H))

1492 1830 FORMAT (IHO, IOX.21HARTIF]CAL V]SCDSITY ".//21X.4HCAV=.r4.2.3X,4HXM
1493 IU=.F4o2.3X.4HXLA=,F4.2.3X.4HrPRA=.F4.2.3X.4HXRO=F4.2.3X.4HLS5..I2,
1494 2 5_,4HLSF=.I3.3X.BHIDIVC=,I1.3X.4HISS= |I.3X.GHSMACHT,F4.2./,21X.4
1495 3 HI_ST=.I4.3X.4HSMP=.F4.2.3X.SHSMPF=.F4.2.2X.SHSMPT= F4 2.2X.BHSMPT
1495 4F=.F4.2,1X.SHNTST=.I4,2X.4H]AV=.II.SX.4HMSS=,I2,4X.4HMSF,.I))
1497 IB40 FORMAT (IHO.2OX.29HrREE-SL]P WALLS ARE SPECIFIED)
149_ 1650 _OQMAT (IHO. 2OX.27HNO-SLIP W_LLS ARE SPECIFIED)

1499 t860 FORMAT (IItO. IOX.21HNOLECULAR VISCOSITY -.7/21X.4HCMU-.EIO.4.feH (L
15OO 1EF-S/FT2) CL_=.EI1.4,17H (LBF-S/FT2) CK-.EIO.4,16H (LBF/S-R) EM
1501 2Uz.F4.2.BH ELA=.F4.2.SH EK=.F4.2)

t502 1870 FORMAT (IHO. IOX.21HMOLECULAR VISCOSITY -.//21X.4HCMU,.ElO.4.t3H (p
t503 1A-S) CLA=.EI1.4.12H (PA-S) CK=.EIO.4.14H (W/M-K) EMU=,F4.2.BH
1504 2ELA-.F4.2.5H EK=.F4.2)
1505 !680 FORMAT (IH .IOX.48H ...............................................
15_S I-.61H .............................................................
1507 2 .7H ....... )

1508 1690 FORMAT (IH .20X.33HAPIABAT]C UPPER WALL IS SPECIFIED)
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1509 19OO FORMAT (4H .20X. tSHTW IS SPECIFIED)
1510 1910 FORMAT (1H .2OX.39HAOIABATIC LOWER CENTERBOnY IS SPECIFIED)
1511 1920 FORMAT I tH .20X.44HADIAEATIC LOWER DUAL rLOW SPACE ROUNDARY IS .gH
I_12 ISPECIFIEO]

1513 1930 FORMAT (tH ,2OX,44HADIABATIC UPPER DUAL FLOW SPACE e0UNDARY IS ,gH
1514 1SPECIFIED)
15t5 1940 FORMAT ( IH ,2OX, 16HTC_ IS SPECIFIED)
151G 1950 FORMAT (iH ,2OX.15HTL IS SPECIFIED)
1517 1960 FORMAT (IH ,2OX. 15HTU IS SPECIFIED)
1518 1970 FORMAT (l_3,10X,19HTURBULENCE MOIIEL -,//21X.21HNO MODEL IS SPECIFI
1519 IEO)
1520 1980 FORMAT (IHO, tOX,tRHTURBULENCE MODEL -,//21X,3BHMIXING-LENGTH MODEL

1521 I _S SPECIFIED. CAL_,F4.2,2X.SHIMLM=,I2,2X,SHCMLI=.FS._.2X,SHCML2=
1522 _ ,FS.3,2X.414PR,=,F4.2)
1573 1990 FOPMAT {lI_,IOX,IRHTURBULENCE MODEL -,//21X,45HTURBULENCE ENERGY E
1524 IQUATION MODEL IS SPECIFIED)
1575 2C_X) FORMAT I IHO.2OX,4HCAL=,F4.2.2X,4HCQL,,FS.2,2X.SHCQ_J=,F4.2.2X°SHIM

1526 ILM=.I2.2X,SHCMLI=.FS.3,2X,51tCML2=,FS.3.2X.4HPRT=,F4 2)
1527 2OIO FORMAl eIHO. IOX.IBHTURBULENCE MODEL -.//21X.62HTURBULENCE ENERGY -
1528 1 DISSIPATION RATE EQUAIIONS M00EL IS SPECIF,3HIFO)
1329 2020 FORMAT (IHO,2OX,7HIINLET_,|l,2X,THIEXITT=.II,2X.4HIEX=,II.5X,TiilSU

1530 1PER=.II.2X.4HDYW=.F6.4.2X.SHIVBC=.II.TX.SHINBC=.II,2X.RIIIWALL_.I1.
1531 2 2X.THIWALLO-,I 1,2X.4HALI=.F4.2.2X.4HALE=.I4.2,/.21X.dHALW=,F4.2,2
1532 3 X.6HNSTAG=.II.3X.4HNPE=.14.2X.4HPEI=.FIO.5)
1533 _030 FORMAT (1HO.2OX.4HCAL=.F4.2.2X.SHCQMU..F4.2.2X.3HCI=,F4 2._X,3HC2=
1534 1 .F4.2.2X.511SIGO=.F4.2.2X.5HSIGE=.F4.2.2X.SHBFSI=.F4.2.2X.4HPRT=
1535 2 °F4.2,2X.SHSTRQ-,F6.4,2X.SHSTBE=.F_.4)
153g 2040 FORMAT ( IHO. lOX.26HVARIA_LE GRID PARAMETERS -.//2tX.4Hi;T=.II.3X.5
1537 I HMVCB=.I2,3X.SHMVCT=.I2.3X.4HIQS=.II.3X.6HNIqSS_.II.3_.CHNIQSF.
t538 2 .II.3X.6HNVCMI=.I3.3X.6HILLOS=.I2,3X.4HSQS=.FS.2.3X.4HCQSt,FS.3)
1539 7050 FORMAT (IHO.6_H-***- I_COMPAIIRLE IURBULENCE MODEL - GEOMETRY PARA
I_40 tMETERS *****)

1_41 2060 FORMAT (1HO.SIH****- INCOMPATIBLE DUAL FLOW SPACE PARAMETER_ -*-°.
1542 1 )

1543 2070 FORMAT (1HO.29H*,**" NVCMI MUST OF ODD **°.-) _1
1544 20_11 FOrMAt {IHO.5_H ,°o** IN_OMPAIIBLE DtlAL rLDW SPK_F - SU_CYCLED GRID
1545 1 .16tlPARAMETERS e**°.)
I_4_ 2090 FOPMAT 11HO.SOH .**°" INCOMPATIFL[ SU_CYCLE0 _RID t'A_AMETFRS -*,*,)

1547 21OO FORMAT IIHO.3GH .... • NVCM IS GREATER THAN 200 AT N=.I6.34H. CIffCK

1548 ILAST SOLUTION PLANE. **'-*)

1549 2110 FORMAT (IH .IBX.4HNVC=.I3.SX.2HP(.I_.IH..12._H)=.FIO.5.SX._HP(.12.

1550 1 IH.. 12.2H)=.F IO.5.SX.2HP(. 12. IH.. 12.2H) =.r I_.5)
1551 2120 FORMAT (IH .IOX.2HN=.IG.t3_.2HP(.12.$H..12.2H)=.FIO 5.SX._HP(.12.1

1552 1 H..12.TH)=.FIO.S.SX.2HPI.12.1H..12.2H):.F10 5.5X.SHNISI=.ISI
1553 2130 FORMAT (IHO.4_H*°,*, INCOMPATIBLE UUICK SOLVER I'ARAMEIZRS °,.,,)

1554 2140 FORe'AT (IHO.53H**-,t ISUPER MUST BE GREAIER [HAN OR EOLIAL TO O °'"
1555 1.° )
15_6 2150 F_RMAT (IHO.GSH*,*°- INCOMPATIBLE WALL GFOMETRY AND/0R BOUNDARY CO
1557 INDIIIONS • .... )

1558 Et_D
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1559 SUBROUTINE GEOM
1560 C

156t C OoteoeoQeototeetQeQ_eeoeeeoeo_ttoe_te_ooeo_otee_oetteQQQeoeQoe

1562 C

1563 C TltIS SUBROUTINE CALCULATES THE WALL RADIUS AND SLOPE
1564 C

1565 _ e)teeeeeetttett4ggetQttteeeeottt_eeetettet_ettte_teeeettgtote t

1566 C

1567 *CALL,MCC

1568 G0 TO (10.30.120.170). NGEOM
1569 C

1570 C CCNSTANT AREA WALL CASE
t571C

1572 10 WRITE (6.230)

1573 IF (IUI.EQ.I) WRI7E 16.250) XI.RI.XE
1574 IF (IUI.EO.2) WRITE (6,260) XI.RI.XE
1575 LT=LMAX
t576 XT:XE
1577 RTzRI
1578 RE-RI

1579 DO 20 L=I.LMAX
1580 YW(L)-RI
1581 NXNY(L)=O.O
1582 20 CONTINUE
1583 CO TO 210
1584 C

t585 C CIRCULAR-ARC. CONICAL WALL CASE
1586 C

1587 30 WRITE (6.230)

1588 IF (RCI.EQ.O.O.Oq. RCT.EO.O.O) GO TO 200
_589 ANI=ANGI*3.141593/180.O
1590 ANE=ANGE.3.141593/180.O

1591 XTAN-XI+RCI-SINfANI)

1592 RTAN'RIcRCI'(COS(ANI)-I.O)
1593 RTl=RT-RCT-(COS(ANII-I.0)

1594 XTt=XTAN.(RTAH-RTt)/TAN(ANI)
1595 IF (XTI.GE.XTAN) GO TO 40
_596 XTI_XTAN
1597 RTI_RTAN

1598 40 XT=XTICRCT*SIN(ANI)
1599 XT2-XT_RCT-SINfANE)

1600 RT2=RT_RCTe(I.O-COS(ANE))
IEO1 RE=RT2_(XE-XT2|-TAN(ANE)
1602 LT:I

1603 IF (IUI.EO.I) WRITE (6.270) XI.RI.RT.XE.RCI.RCT.ANGI.ANGE.XT.RE
1604 IF (IUI.EQ.2} WRITE (6.280) XI.RI.RT.XE.RCI.RCT.ANGI.ANGE.XT.RE
1605 00 110 L=I.LMAX
1606 IF (XP(L).LE.XTAN) GO TO 50

1607 IF (XP(L;.GT.XTAN.AND.XPiL).LE.XTI) GO TO 60
150_ IF (XPIL).GT.XTI._NO.XP(LI.LE.XT) GO TO 70
1609 IF (XP(L).GT.XT.AND.XP(L).LE.XT2) GO TO 80
1610 GO TO 90
1611C

1612 50 YWfE)=RI+RCI,(COS(ASIN((XP(L)-XI)/RCI})-I.O)

1613 NXNYIL}=(XP(L}-XI)/(YW(L)-RI*RCI)
1E'€ GO 70 100
16_ C

1616 60 YW(L)=RTI_(XTI-XP(L)).TAN_ANI)
1617 NXNY(L)=TAN(ANI)

1618 GO 70 100
1619 C

1620 70 YW(L)-RT+RCT*(I.0-COS(ASIN((XT-XP(L|)/RCT)))

1621 NXNY(L)-(XT-XP(L))/(RCT+RT-YW(L))
1622 GO I0 100
1623 C

1G24 80 YW(L)=RI*RCT*(I.0-COS(ASIN((XPILI-XI)/RCT)))
1625 N_NY(L)=(XT-XP(L))/(RCT+RToYW(L))
1626 GO IO 1(._0
1627 C

1628 90 YW(L)=RT2*IXP(L)-XT2I,TAN(ANE)
1629 NXNY(LI=-7AN(ANE)
1630 C
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1631 100 IF (L.EO.1) GO TO liO
1632 ,F (YW(L).LI.VW(LT)) LT-L
1633 !10 CONT]NUE
1634 GO TO 210
1635 C

1636 C GENERAL MALL CASE - INPUT MALL COORDINATES
1637 C

1636 120 WRITE (6.240)
1639 WRITE (6.230)
1640 YW(1):YWI(1)

1641 YW(LMAX)=YWI(N_PTS)
1642 RI-YW(I)
1643 RE-VW(LMAX)
1644 LT=I

1645 DO 130 L-2.NWPTS
1646 IF (YWI(L).LE.YWI(LT)) LT-L
1647 130 CONTINUE

1648 XT'XWI(LT)
1649 RT-YWI(LT)

1650 IF (IUI.EQ.1) WRITE (6.290) XT.RT.IINT.IDIF
1651 IF (IUI.EO.2) WRITE (6.300) XT.RT.IINT.IOIF
1652 LT-I
1653 LI-LMAX-1
1654 ZPP=1
1655 DO 140 L=2.Lt

1656 CALL MTLUP (XP(L).YW(L).IINT.NWPTS.NWPTS.I.IPP.XWI.YW])
1657 IF (L.EQ.1) GO TO 140
1658 IF (YW(L).LE.YW(LT)) LT=L
1659 140 CONTINUE

1660 LDUM=NWPT5
1661 IF (LMAX.GT.NWPTS) LDUM=LMAX
t662 DO 160 L-I.LDUM
1663 IF (L.GT.LMAX) GO TO 150
1664 SLOPE=DIF(L.IDIF.LMAX.XP,YW)
1665 NXNY(L)=-SLOPE

1666 150 IF (L.LE.NWPTS.AND.L.LE.LMAX) WRITE (6.330) L.XWI(L).YWI(L),XP(L)
1667 I .YW(L).SLOPE

1658 IF (L.GT.NWPTS.AND.L.LE.LMAX) WRITE (_.340) L.XP(L).YW(L).SLOPE
t669 IF (L.LE.NWPTS.AND.L.GT.LMAX) WRITE (6.350) L.XWI(L).YWI(L)
1670 t60 CONTINUE
1671 GO TO 210
1672 C

1673 C GENERAL WALL CASE - INPUT WALL RADIUS ANO SLOPE
1674 C
1675 170 WRITE (6.240)

1676 WRITE'(6,230)
1677 RI-YW(t)
1678 RE=YW(LMAX)
1679 LT=I

1680 DO 180 L=2.LMAX
1681 IF (YW(L).LE.YW(LT)) LT=L
1682 180 CONTINUE

1683 XT=XP(LT)

1684 RT=YW(LT)

1685 IF (IUI.EO.t) WRITE (6.310) XT.RT
1688 IF (IUI.EO.2) WRITE (6.320) XT.RT
1687 DO 190 L=t.LMAX
1688 SLOPE=-NXNY(L)

1689 WRITE (6.360) L.XP(LI.YW(L).SLOPE
1690 190 CONTINUE
1691 GO TO 210
1692 C

1693 200 WRIT_ {_.390)
1694 ,. IERR=t
1695 RETURN

1696 C
1697 210 IF (UFLAG.EQ,O) RETURN

1698 XWL-XP(LdET-1)
1699 IF (JFLJG.EQ.-I) GO TO 220
1700 IF (IUI.EQ.I) WRITE (6.370) XWL.LdET.LMAX
1701 Ir (IuI.EO.2) WqITE (6.380) X_L.LOET,LMAX
1702 RETURN



..

1703 220 IF (IUI.EO.I) WRITE (6.400) XWL
1704 IF (IUI.EO.2) WRITE (6.410) XWL
1705 RETURN
1706 C

1707 C FORMAT STATEMENTS
1708 C

1709 230 FORMAT (tHO, IOX,ISHOUCT GEOMETRY -)
1710 240 FORMAT (IHI)

1711 250 FORMAT (IHO,2ox,46HA CONSTANT AREA DUCT HAS BEEN SPECIFIED BY xI=
1712 ! ,F8.4.1CH (IN), R|=.FB.4,14H (IN), AND XE=,FB.4,SH (IN))
1713 260 FORMAT (tII0.20X,46HA CONSTANT AREA DUCT HAS BEEN SPECIFIED BY XI=
1714 1 ,F8.d. IOH (CM). RI=,F8.4,t4H (CM), AND XE=.FB.4,SH (CM])

1715 270 FCRMAT (1HO,20X,56HA CIRCULAR-ARC, CONICAL NOZZLE HAS BEEN SPECZFZ
1716 lED BY XI-.F8.4. IOH (IN), RI=,F8.4.GH (IN),,/,21X,3HRT=,FB.4.fOH (!
1717 2N}, XE=.FB.4,11H (IN), RCI=,FB.4.11H (IN), RCT=,FB.4,12H (IN), ANG
1718 3I=,F6-2. TM (DEG).,/.21X,gHANO ANGE-.F6.2.35H (DIG). THE COMPUTED V
1719 4ALUES ARE XT=,FB.4,13H (IN) AND RE=,FB.4,6H (IN).)

1720 280 FORMAT (IHO.2OX.SGHA CIRCULAR-ARC. CONICAL NOZZLE HAS BFEN SPFCIFI
1721 lED BY XT=,FB.4.1OH (CMI, RT-,FB.4,6H |CM|.,/,21X,311RT=,F8.4.1DH (C
1722 2M). XE=.FR.a,tlH ICM]. RCT=.FB.4,11H (CM], RCT=,FB.4,f2H fCM). ANG
1723 31=,F6.2.TH (OEG),,/,21X,gHANO ANGE=,F6.2,3SH (DEG]. TIlE COMPUTED V
17_4 4ALUES ARE XT=,F8.A,I3H ICM) A_ RE=,FB.4,6H (CM).]

1725 290 FORMAT fIHO.20X,45HA GENERAL WALL HAS BEEN SPECIFIED BY THE FOLL 21726
_I1NH_W|NG PARAMETERS. XT=,FB.4,1OH fiN), RT=.FB.4,6H (IN),,/,2fX,SH

1727 I =,II,7H, IDIF=,II,IH,,/i22X,IHL,tO_.7HXWI(IN ) 10X 7HYWI(IN) 11
1728 3 X,6HXP(IN),lIX.6HYW(IN).12X,SHSLOPE,e) " " "

1729 300 FORMAT (fHO,20X,45HA GENERAL WALL HAS BEEN SPECIFIED BY THE FOLL,2
1730 1 fHO_!NG PARAMETERS, XT=,F8.4.IOH (CM), RT=,F8.4,6H (CM),./,21X,SH
1731 2TINT=°It.7tt. IDIF=,II,tH.,//22X,IHL,IOX.7HXWIfCM),10X,7HYWI(CM) 11
1732 3 X,6HXPICM),IIX.fiIIYW(CM),I2X,SHSLOPE,/)

1733 310 rORMAT (fHO,20X.45HA GENERAL WALL HAS BEEN SPECIFIED BY THE rOLL,2
1734 ! IHOWING PARAMETERS, XT=,FB.4,tOH (IN), RT-,F8.4,6H (|N).,//22X.IFI
1735 2L,fIX,6HXP(ZN),IIX,6HY_(IN],12X.SHSLOPE,/)

1736 320 FORMAT (IHO.2OX,45HA GENERAL VALL HAS BEEN SPECIFIED BY THE rOLL.2
1737 1 IHOWING PARAMETERS, XT=,FR.4,f_! (CM), RT=,FB.4,_tl (CM).,//22X,IH
1738 2L,IIX,6HXP(CM),IIX.6HYW(CM],I2X,SHSLOPE,/)

1739 330 FOQMAT (fH -2OX-12,TX,FfO-4,TX.FIO.4,TX,F10.4,7X.F10.4,TX,FIO.4)
1740 340 FORMAT (1H ,20X,12,41X,FIO.4,7X,FIO.4.TX,FIO.4)
1741 350 FORMAT (1H ,20X,I2°TX,F_O.4,TX,FIO.4)

1742 360 FORMAT (IH ,20X,I2,7X°FIO.4,7X,FfO.4,TX,FIO.4)

1743 370 FORMAT _IHO,2OX,43HA FREE-JET CALCULATION HAS BEEN REQUESTED..20H
1744 I THE WALL ENOS AT X=,FR.4.11H (IN). THE,/,2fX.14F_ESH PqTNTS L=
1745 2 ,13,6H TO L=,I3,55H ARE AN INITIAL APPROXIMATION TO TI4E FREE-dET1746 3BOUNOARY.]

1747 380 r0RMAT (IHO,2OX,43HA FREE-JET CALCULATIONHAS BEEN REQUESTED. ,2OH
1748 1 THE WALL ENDS AT X=.F8.4.11H (CM). TH_,/,21X,14HMESH POINTS L=
1749 2 .13.6F! TO L=.I3.53H ARE AN INITIAL APPROXIMATION TO THE FREE-JET1750 3BOUNDARy.)

1751 390 FORMAT f11tO.44it***-, RCI OR RCT WAS SPECIFIED AS ZERO **-**)
1752 400 FORMAT ( IHO.20X.54HIHE WALL CONTOUR HAS AN EXPANSION CORNER LOCATE1753 1O AT X',FB.4.6H (IN).]

1754 410 FORMAT (IHO,2ox,54HTHE WALL CONTOUR HAS AN EXPANSION CORNER LOCATE1755 ID AT X=,Fg.4,6H (CM).)
1756 END
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1757 SUBRDUTZNE GEOMC8
1758 C
1759 C teeeeeeeeeeeeeeeeeteeoeeeeetetoeeete_Beteeeeeeeoeeee.eeeteaBeQ
1760 C

1761C THIS SUBROUTINE CALCULATES 1HE CENTEREODY RADIUS ANO SLOPE
1762 C
1763 C QeeoeeeoeQeeotQo.oteeeeeoo_Qoeoboteootoeooeoo_eetQo_et_otote

1764 C
1765 -CALL.MCC
1766 GO TO (!0.30.120.160). NGCB
1767 C
1768 C CYLINORICAL CENTERBODY CASE
1769 C

1770 10 IF (IUI.EO.I) WRITE (6.240) XICB,RICB.XEC8
1771 IF (IUI.EQ.2) WqITE (6.220) XICB.R!CB.XECR

t772 DO 20 L=I.LMAX
1773 YCB(L)=RICB
1774 NTNYCB(L)=O.O
t775 20 CONTINUE
1776 RETURN
1777 C
;778 C CIRCULAR-ARC. CONICAL CENTEREOD_ CASE
1779 C
1780 30 RICB'2.0tRTCB-RICB

178t IF (RCICB.EO.O.O.OR,RCTC8.EQ.O.O) GO TO I_0
1782 _.NI=ANGICBo3.141593/180.O
1783 ANE-ANGECB*3.141593/180.O
1784 XT_N-XICB_RCICB-SINfANI)

t785 RTAN-RICB.RCICB*(COS(ANI)-l.0)
1786 RTt-RTCB-RCICB-(COS(ANI)-I.0)
1787 XTI=XTAN_(RTAN-RTf)/TAN(ANI)
1_88 IF (XTI.GE.XT_N) GO TO 40
1789 XTI=XTAN
1790 RT1-RTAN

t791 40 XTCB=XTI+RCTCE*SIN(ANI)
1792 XT2=XTCB_RCTCB.SIN(ANE)
1793 RT2=RTCB+RCTCB*(I.0-COS(ANE))
1794 RECB=RT2+(XECB-XT2)-TAN(ANE)
t795 RICB=2.0*RTCE-_ICB
1796 RECB=2.0.RTCB-RECB

1797 IF (IUI.EQ.t) WRITE (6.230) XICB.RICB.RTCB.XECB.RCICB.RCTC_.ANGICB
1798 I .ANGECB.XTCB.REC8

1799 IF (]UI.EO.2) _R|TE (6.240) XICB.RICB.RTCB.XECS.RCICB.RCTCB.ANGICB
1800 1 .ANGECB,XTCB.RECB
1801 RICB=2.0*RTCB-RICB
1802 RECB=2.0"RTCB-RECB

t803 DO !10 L-t.LMA_
1804 IF (_P(L_.LE.XTAN) GO TO 50
1805 IF (X_(L).GT.XTAN.ANO.XP(L).LE.XTI) GO TO 60
1806 IF (XP(L).GT.XTI.AND.XP(L).LE.XTCB) GO TO 70
1807 IF (XP(L).GT.XTCB.AND.XP(L).LE.XT_) GO TO 80
1808 GO TO 90
1809 C

1810 50 YCB(L)-RICB.RCICB*(COS(ASIN((XP(L)-XICB)!RC|CB))-I.0)
1811 NXNYCS(L)=(XP(L)-XIC_)/(YCB(L)-RIC_*RCIC_)
1812 GO TO I_
I813 C

1814 60 YCS(L)-RTt.(XTI-XP(L))_TAN(ANI)
1815 N_NfC_(L)=T_N(ANI)
1816 GO TO t00
t817 C

1818 70 YCB(L)=RTCB+RCTCB*(t.O-COSfASIN_IXTCB-XP(L))/RCTCB)))

1819 NXNYCB(L)=(XTCB-XP(L))/(RCTC_+RTCB-VCB(L)) - .
1820 GO TO 100
_821C

1822 80 YCB(L)_RTCB+RCTCB.(t.O-COS(ASIN((XP(L)-XTCB)iRCICB)))
1823 NXNYCBiL)=(XIC6-XPIL)I/(RCTCB_R_CB-VCB(L))
1824 GO TO 100
1825 C

1826 _0 YCB(L)=Rr2.(XP(L)'XT2)_TAN(AN£)
1827 NXNYCB(L)'-TAN(ANE)
1828 C



1829 1C,0 _CBiLI=2.O-RTCB-YCB(L}
1830 NXNYCBIL}=-NXNYCB(L)

1831 IF (YCB(L).GE.O.O.OR.NOIM EO.O) GO TO 110
1832 YCBiL)=O.O
1833 NXNYCB(L)=O.O
1834 110 CONTINUE
1835 _ETURN

1836 C

1837 C GENERAL CENTERBODY CASE - INPUT CENTERBODY COORDINATES
1838 C

1839 120 WRITE (6.200)

1840 IF (IUI.EQ.I} _RITE (6.250) IINTCB.IDIFCB

1841 Ir (IUI.EQ.2) WQITE (6.26D) IINrCB,IDIFCB
1842 LI=LMAX-I
1843 IPP=1
1844 DO 130 L=I.LMAX

18a5 CALL MTLUP (XP(L).YCB(L).IINTCB.NCBPTS.NCBPT_.I.Ipp,xcBI.¥CBI)
1846 130 C0_TINUE
1847 LDUM=NCBPTS

1848 Ir (LMAX.GT.NCBPTS) LDUM=LMAX
1849 DO 150 L=I.LDUM
1850 IF (L.GT.LMAX) GO TO 140

1851 SLOPE=DIF(L.IOIFCB.LMAX,XP.YCB)
1852 NXNfCB(L)=-SLOFE

1853 IF {YCB(L).GE.O.O.CR.NDIM.EQ.O) GO TO 140
1854 YCBIL}=O.O
1855 NXNYCB(L)=O.O
1856 SLOPEzoNXNYCB(L)

1857 140 IF (L.LE.NCBPTS.AND.L.LE.LMAX) WRITE (6.290) L.XCBI(L).YCBI(L),XP
1858 1 |L).YCB(L).SIOPE

1859 IF (L.GT.NCBPTS.ANO.L.LE.LMAX) WRITE (6.300) L.XP(L).YCC[L).SLOPE
1860 IF (L.LE.NCBPIS.AND.L.GT.LMA_) WRITE (6.310) L,XCBI(L).YCBI(L)
1861 150 CONTINUE
1862 RETURN
1863 C

1864 C GENERAL CENTERBODY _ASE - INPUT CENTERBODY RADIUS AI_'J SLOPE
1865 C

1866 160 WRITE (E.200)

!867 IF (IUI.EQ.1) WRITE (6.270)
1868 IF (IUI.EQ.2) WRIIE (6.280)
1869 DO 180 L=I.LMAX

1870 IF (YCB(L).GE.O.O.0R.N01M.EQ.O) GO T0 170
1871 YCB(L)=O.O

1872 NXNYCB(L)=O.O
1873 170 SLOPE=-NXNYCB(L)

1874 WRITE (6.320) L.XP(L).YCB(L),SLOPE
1875 180 CONTINUE
1876 RETURN
1877 C

1878 190 WRITE (6.330)
1879 IERR=I
188o RETURN
1U31

1882 C F_MAT STATEMENTS
t883 C

1884 2CO fORmAT (IH1)

18S5 210 FORMAT (IHO.20X.52HA CYLINDRICAL C(NTERBOOY HAS BEEN SPECIFIED BY

1888 IXICB=,FB.4.12H (IN]. RICB=.FB.a.16H (IN), AND XECB=.FB.4.SH (IN))
1887 220 FORMAT (IHO. 2OX,52HA CYLINDRICAL CENTERBODY HAS BEEN SPECIFIED BY

1888 IXICB=,FB.4.12H (CM), RICB=.FS.4.16H (CM). AND XECB=,FB.4.SH (CM))
t889 230 FORMAT (?HO.2OX.62HA CIRCULAR-ARC. CONICAL CENTERBODY HAS BEEN SPE

1890 ICIFIED BY XICB=.F8.4.5H (IN).7H. RICB=.F8.4,BH (IN)../,21X,BHRTCB=
1891 2 ,F8.4.7H (IN). ,SHXECB=.FS.4.SH |IN).8}I, RCICB-,F8.4,SH (IN).BH.
1892 3RCTCB=.F_.4.SH (INI,9H, ANGICB-.F6.2.TH (DEG)../,21X.11HAN0 ANGECB

18_3 4-.F_.2.8H (DEG)..29HTHE COMPUTED VALUES ARE XTCB'.F8.4.SH (IH),_O
1894 5 H AND RE_B=,F8.4,6H (IN).)

1895 240 FORMAT {fHO.2OX.62HA CIRCULAR-ARC. CONICAL CENTERBODY HAS BEEN SPE
1896 1CIFIED BY XICB=.F8.4.5H (CM),TH. RIC8=.F8.4.6H (CM).,/,21X.SHRTCB=
1897 2 .FS.4.7H "(CM_..SHXECB=.FS.4.5H (CM).8H. RCICB=.F8.4.SH (C3).8H,
1898 3RCTCB=.FS.4.SH (CM),gH, ANGICB-.F6.2.7H (DEG)../.2tX.11HANO ANGECB
1599 4=.E6.2.SH (DEG). ,29HTHE COMPUTED VALUES ARE XTCB=.F8.4,5H (CN),IO
1900 5 H Ahr_ RECB=.F8.4 6H (CM).)
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1901 250 FORMAl (fHO,20_.47HA GENERAL CENTE_DY HAS BEEN SPECIFIED BY THE
1902 I ._HFOLL0_IF:G PARAMETERS. I[NTCB=._I.gH. IOIFCB=.II.1H..//22X.IHL
1903 2 .tOX.BHXCBI(IN).tOx. BHYCBI[IN).1OX.6HXP(INI.10X.TFYCB(IN|.IIX.SHS
1904 3L0PE./)
1905 260 FORMAT (IHO._OX.47HA GENERAL CENTERB0_ _ HAS BEEN SPECIFIED BY THE

1906 1 .29HFOLLOWING PARAMETERS. IINTCB-.II.gHo IDIFCB=.II.IH..//2_X. IHL
1907 2 .fOX.8HXCBI(_M).1OX.8HYCBI(CM).IOX.6HXP(CM).IOx.7'IYCB(CM).lIX.SH5
1908 3L0PE./I
1909 270 FORMAT {1HO.20X.47H_ GENERAL CENT[RBOOY HAS BEEN SPECIFIED BY THE

t910 1 .21HFOLLOWING PARAMETERS..//22X.1hL°12X.GHXP(IN).IOX.THYCB(IN).11
1911 2 X.SHSLOPE./)
1912 280 FORMAT (IHO.20X.47HA GENERAL CENTE_R00Y HAS BEEN SPECIFIED BY TIlE

1913 I .21HFOLI0WING PARAMETERS..//22X.IHL.12X.GHXPICM).10X.THYCB(CM).I!
1914 2 X.SHS_OP_./)

1915 290 FORMAT (1H .20X.I2.TX.FIO.A.?X.FIO.4.TX.F10.4.?X.F_O.4.7_.F10.4)
19_6 300 FORMAT (1H .20×.I2.41X.FIO.4.TX.F10.a.TX.FIO 4)
€917 310 FORMAT (IH .2OX.I2.TX.F10.4.TX.F10.4|
t918 320 FORMAT (1H ._OX.12.7X.F10.4.TX.FIO.4.7_.F10.4)
1919 330 FORMAT (IHO.48H***,_ RCICB OR RCTCB WAS SPECIFIED AS ZERO °,+o.1
_920 END



"921 SUBRGUTINE GECMLU
322 C
_2] _ Ililllllllilllllillllillllll_ltlvillllltitttllilltlllli_l_ lilt

1324 C
IO.5 C TttIS SUSRUUIINE CAICUL&IE5 THE DUAL FLOW SPACE EOUND_Y R_DIUS
19ZG C AND _LOPF_
1927

1928 C o---,-.-, .... , ............ o,-.,--, ..... °-,o .... ,,--,---o°-----

1929

t_30 "CALL.MCC

193! GO TO | I0. I00). NDFS
1932 C

1933 C INPUT DUAL FLOW SPACE BOUNDARY COORDINATES
1924 C

1935 !0 wRITE (6._20)
1926 WRITE |6.140)
1937 IF (IUl.EO.1) WRITE 16.180) IINTDFS.IOIFDFS

1938 IF (IUI.EQ.2) WRITE 16.190) iINT_FS.IDIFDFS

1939 IPP=I

1940 DO 20 L=LOFSS.LDFSF

1941 CALL MTLUP ixPIL)._L(L) IINTDFS.NLPTS.NLPTS, I.IPP.XLI.YLI)
1942 20 CONTINUE

1943 LDUM=NLPIS
1944 IF (LDFSF.GT.NLPTS) LDUM=LDFSF

1945 LDF=O

1946 O0 30 L=LDFSS.LDFSF
1947 LDF=LDF+I

1948 XWIiLDF)=XP(L)

1949 YWI(LDF)=YLIL)

1950 30 CONTINUE
1951 LMOF=LOFSF-LDFSS*I

1952 LDF=O
t953 00 50 L=I.LOUM
1954 tDFS=O
1955 IF (L.GE.LOFSS.ANO.L.LF.LDFSFI LDFS=I
t956 IF (LDFS.EO.O) GO TO 40
1957 LDF=LDF.I

1958 SLOPE=DIF(LDF.IDIFOFS,LWOF.XWI.YWI)
1959 NXNYL(L}=-SLOPE

1960 IF (YL(L).GE.O.O.0R.NDIM.EO.O) GO TO 40
1961 YL(L)=O.O
1962 N_NYL(L)=O.O
1963 SLOPE=-NXNYL(L)
1964 40 IF (L.LE.NLPTS.AND.LDFS.EQ. II WRITE (6.220) L.XLIIL).YLI|L),XP(=)
1965 1 .YL(L).SLOPE
1966 IF (L.GT.NLPTS.ANO.LOFS.EQ.1) WRITE (6.230) L.XP(L),YLIL}.SLOPE
1967 1F (L.LE.NLPTS.AND.LDFS.EQ.O) WRITE (6.240) L.ALI(L).YL:(L)
1968 50 CONTINUE
1969 C

1970 WRITE (6.130)
1971 IF (IUI.EO.I) WRITE (6.200)
1972 IF (IUI.EO.2) WRITE (6.210)
1973 IPP=1
1974 DO 60 L=LDFSS.LDFSF

1975 CALL MTLUP (XP(L).YU(L).IINTDFS._UPTS,NUPTS,I,IPP.XUI._UI}
1976 60 CONTINUE
1977 LOUM=NUPTS
1978 IF (LDFSF.GT.NUPTS) LDUM=LOFSF
1979 LDF=O

1980 DO 70 L=LDFSS,LDFSF
1981 LOF=LDF+I
1982 XWI(LDF)=XP(L)

1983 YWI(LDF)=YU(L)
1984 70 CONTINgE
1985 LMDF=LDFSF-LDFSS+I

1966 LDF=O

1987 _0 90 L=I,LDUM
1988 LOFS=O

1989 IF (L.GE.LDFSS.AND.L.LE.LDFSF) LDFS_I
1990 IF (LDFS.EO.O) GO TO 80
1991 LDF:LDr.I

1992 SLOPE:OIF(LDr,IDIFOFS,L.V'CF,XWI.YWl)

119



t993 NXNYU(L)--SLDPE
1994 IF (YU(L).GE.O.O.OR.Nr.,IM.EO.O) GO TO 80
1995 YU(L)=O.O
1996 NXNYU(L)=O.O
1997 SLOPE=-NXNVU(L)

t99_ 80 IF (L.LE.NUPTS.AND.LDFS.EQ.I) WRITE (6.220) L.XUI(L),YUI(L).XP(L)
1999 I ,YU(L),SLOPE

2000 IF (L.GT.NUPTS.ANO.LDFS.EQ. Ij WRITE (6,230) L,XP(L),YU(L).SLOPE
20Ot IF (L.LE.NUPTS.ANO.LDFS.£O.O) WRITE (6.240) L.XUI(L|.YUI(L)
20_2 90 CONTINUE
2003 RE1URN
2004 C

2005 C INPUT DUAL FLOW SPACE BOUNDARY RADIUS AND SLOFE
2C06 C

2007 1C_ WRITE (6.120)
2008 WRITE 06.140)

2009 IF (IUI.EQ.I) WRITE (6. t50)
2010 IF (IUI.EO.2) WRII£ (6,160)
2011 DO 110 L=LOFSS.LDFSF
2OI2 SLOPEL=-NXNYL(L)
2Ot3 SLOPEU=-NXNVU(L)
2014 WRITE (6.170) L,XP(L).YL(L).SLOPEL.YUiLI.SL0PEU
2015 110 CONTINUE
2016 RETURN
2017 C

2018 C FORMAT STATEMFNTS
2019 C

2020 120 FORMAT (1HI)
2021 130 FORMAT (IHO)

2022 140 FORMAT (iHO. IOX.3SHOUAL rLOW SPACE _0tINOARY GEOMETRY -)
2023 150 FORMAT (iHO.2OX.4111GENERAL BOUNUARIES HAVF BEEN SPECIFIED 6Y.26H T

2024 IHE FOLLOWING PARAMETERS.,//22X.1HL.IIX.6HXP(tN).IIX,6HYL(]NI.IIX.6
2025 2 HSLOPEL.IIX.6HYU(IN).ilX.6HSLOPEU./I
2026 160 FORMAT (IHO.2OX.41HGENERAL BOUNDARIE3 HAVE BEEN SPECIFIED BY.26H T

2027 1HE FOLLOWING PARAMETERS..//22X. IlIL.IIX.6HXPI_M).IIX.6!IYL(CMI.IIX.6
2028 2 HSL0PEL.IIX.6HYU(CM),tIX.6HSL0rEU./)
2029 t70 FORMAT (IH .20_.]2,TX.FIO.4.TX.FIO.4.7X.FIO.4.TX,FIO.4.7X.FIO.4)

2030 180 FORMAT (tHO,20X.46HGENERAL BOUNDARIES HAVE BEEN SPECIFIED BY THE .
2031 t 30HFOLLOWING PAR2METERS. IINTDFS=.It. IOH. |DIFDFS=.|l. IH..//22X.I
2032 2 HL,lOX.THXLI(IN).tOX.711YLI(IN).lIl.611XP(IN).IfX,6HYL(IN).IIX.6HSL
2033 3OPEL./)

2034 190 FORMAT ( IHO.20X.46HGENERAL BOUNDARIES HAVE BEEN SPECIFIED BY THE .
20.)5 1 30HFOLLOWINC PARAMETERS. I|NTDFS=.II.IOH. ID(FDrS=.II.tH..//22X.I
2036 2 HL.IOX.7HXLI(CM).IOX,THYLI(CMI.II_.6HXP(CMI.llX.6HYLICM).I1X.6HSL
2037 30PEL./I

2038 _00 FORMAT ($HO.21_.ilCL.IOX.THXUI(IN).lOX.THYUI(IN|.lIX.fiHXP(INI.IIX.6
2039 I HvU(IN).IIX.6HSLOPEU./)

20J0 _10 FORMAT (IH0.2tX.tHL.IO_.THXUIfCM).IOX.TH_U](CM).IIX.6_4XP(CMI,tIX°6
2041 I HYUICM). liX.6HSLOPEU./)

2042 220 FORMAT (1H .20_.12.TX.FIO 4.7X.FtO.4.TX.FIO.4.TX°FIO.4.TX.FiO 4)
_043 230 FORMAT (1H .20X.I2.dlX,F1O.4.TX.FIO.4.7X.FIO.4)
2044 240 FORMAT (tH .20X°I2°7X,FIO.4.7X.F10.4)
2045 END



2046 SUBROUTINE MTLUP {X.Y.M.N.MAX.NTAB.I,VAR|.VARD)
2047 C

2048 C teQ_eQOOQOOOOO4OQgeeQOQO_bOOQ_e_etQQeOOOetOtQ_OOtOtt_QOOO_tOe

2049 C

2050 C THIS SUBROUTINE IS CALLED BY SUBROUTINES GEGM. GEDMCB. AND GEOMLU
2051C TO INTERPOLATE FOR WALL COORDINATES FOR THE TABULAR INPUT CASE.
2052 C SUBROUTINE MTLUP W_S TAKEN FROM THE NASA-LANGLEY PROGRAM
2053 C LIBRARY. THE DATE OF THIS VERSION IS 09-12-69.
2054 C

2055 C eoeeeee_e*eeo_.O*_eee_e*eeettQ*_.*e*Qeoeoe*eeeoeeee_Q_e_tee0e

2056 C

2057 C MODIFICATION OF LIBRARY INTERPOLATION SUBROUTINE FTLUP
2058 C MULTIPLE TABLE LOOK-UP ON ONE INDEPENO£NT VARIABLE TABLE
20_9 C USES AN EXTERNAL INTERVAL POINTER |I) 70 START SEARCH
2060 C ] LESS THAN O WILL CHECK MONOTONICITY
206t C

2062 DIMENSION VARI(I). VARD(MAX.1). Y(I)° V(3). YY(2I
2063 LOGICAL EX
2064 C

2065 IF (M.EO.O) GO TO 170
2066 IF (N.LE.I) GO TO 170
2067 EX=.FALSE.
2068 IF (I.GE.O) GO TO 60
2069 IF (N.LT.2) GO TO 60
2070 C
2071C MONOTONICITY CHECK
2072 C

2073 II" (VARI(2)-VARI(II) 20.20.40
2074 C

2075 C ERROR IN 14ONOTONICITY
2076 C

2077 10 K-LOCF(VARI(t))

2078 wRIrE (6.190) J.K.(VARI(J).d_I.N)
2079 CALL EXIT
2080 C

2081C MONOTONIC DECREASING
2082 C

2083 20 00 30 d'2.N

2084 IF (VARI(J)-VARI(J-1)) 30.10.10
2085 30 CONTINUE"
208_ GO TO 60
2087 C
2088 C MONOTONIC INCREASING
2C89 C

2090 40 DO 50 J=2.N
2C91 IF (VARI(U)-VARI(J-1)) 10.10.50
2092 50 CC_ITINUE
2093 C
2094 C INTERPOLATION
2095 C

2096 60 IF (I.LE.O) 1-I
2097 IF (I.GE.N) I=N-I
2098 C

2099 C LOCATE I INTERVAL (X(I_.LE.X.LT.X|[*I))
21OO C

2101 IF ((VARI(I)-X)QfVARI(I+I)-X)) 1OO, IOO.70
2102 C

2103 C IN GIVE5 DIRECTION FOR SEARCH OF INTERVALS
210a C

2105 70 IN=SIGN(I.0,(VARI(I41)-VARI(I))-(X-VARI(Z)))
2_06 C

2;07 C IF X OUTSIDE ENDPOINTS. EXTRAPOLATE FROM END INTERVAL
2108 C

2109 80 IF ((X.IN).LE.O_ GO TO 90
2110 IF ((I+IN).GE.N) GO TO 90
2111 I=I4IN

2112 IF ((VARI{I)-X),(V_R[(I.I) X}) 1OO. IGO.80
2113 C
2114 C EXTRAPOLATION
2115 C

2116 90 EX=.T_UE.
2117 1OO IF (M.ED.2) GO TO 120
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2118 C

2119 C FIRST ORDER
2120 C

212t DO 110 NT=I.NTAB

2_22 110 Y(NT)=(VARDI|.NT)*(VAR](|+I)-X)-V&RD(I.I,flT)*iVAR](|)-X))/(VARI(|+
2t23 1 I)-VARI(I))
2124 IF (EX) ]-I.]N
2125 RETURN
2126 C

2127 C SECOND ORDER
2128 C

2129 120 IF (N.EO.2) GO TO IO

2130 IF (|.EQ.(N-I)) GO ;O 140
2131 IF (I.EO.I) GO TO 1_O
2132 C

2133 C PICK THIR0 POINT
2134 C

2135 SK=VARI(I_I)-VARI(I)
2136 IF ((SK*(X-VARI(]-!))),;T.(SK*(VAR[(I.2)-X))) GO TO 140
2137 130 L = ]
2138 GO TO 150
2139 140 L'1"1
2140 150 V(t)=VARI(L)-X
2141 V(3)-VARI(L_I)-X

2142 V(3)=VARX(L.2)-X
2143 DO 160 NT=I.NTAB

2144 YY(1)=(VARD(L.NT)*V(2)-VARD(L.I.NT)*V(I))/(VAR|(L.I)-VARI(L))
2145 YY(2)=(VARO(L.I.NT)*V(3)-VARD(L+2.NT),V(2))/(VARI(L.2).VARI(L+I))
2146 160 Y(NT)=(YY(1)*V(3)-YY(2)'V(1))/(VARI(L_2)-VARI(L))
2147 IF (EX) I=I+IN
2148 RETURN
2149 C
2150 C ZERO ORDER
2151C

2152 170 DO 180 NT=I.NTAB

2153 180 Y(NT)=VARD(1.NT)
2154 RETURN
2155 C

2156 C FORMAT STATEMENTS
2157 C

2158 190 FORMAT (IHI,49H TABLE BELOW OUT OF ORDER FOR MTLUP AT POSITION
2159 1 .15./311t X TABLE ]S STO_ED IN LOCATION .O6,//(8G15.8))
2160 END



2161 _UNCTION DIF (L.M.NP.VARI.VARO)
2162 C

2_6_ C oeeQt*oeto_tteoe_*otteo_eooOteooooo_i_Qoooteeeetttee.gettoet_
2164 C

2165 C THIS FUNCTION IS CALLED BY SUBROUTINES GEOM, GEOMCB. ANO GEOMLU TO
2166 C CALCULATE THE WALL SLOPE FOR 1HE TABULAR INPUT CASE. FUNCTION OIF
2167 C YAS TAKEN FROM THE NASA-LANGLEY PROGRAM LIBRARY. THE DATE OF

2168 C THIS VERSION IS 8-I-68.
2169 C
2170 C eQee*teQoeewoeoo_tt_eeettetetot_Ito_tooootetotQoQe_.ege_o#oelt

2171C

2172 C T_!S FUNCTION SUBPROGRAM FINDS THE DERIVATIVE AT A GIVEN POINT.
2173 C L. €OR THE DESIgEO X AND Y IN A GIVEN TABLE. THE N-POINT
2174 C LAGRANGIAN FORMULA !S t_SED WHERE N IS ODD.
2175 C

2t76 C L - INTEGER. THE POINT OF X AND V AT WHICH DERIVATIVE IS FOUND

2t77 C M - INTEGER. 1-5. TO DETERMINE THE POINT FOR_JLA. N. N=2tM.!
2178 C NP- INTEGER. THE NUMBER OF POINTS IN TABLE OF VARIABLES

2179 C VAR! • ARRAY OF INDEPENDENT VARIABLE. X. VART(NP)
2180 C YARD • ARRAY OF DEPENDENT VARIABLE. Y. VARD(NP)
2181C

2182 DIMENSION VARI(NP). VA_D(NP), X(If). Y(ti)
2183 UIF•I777_B
2184 IF (M.LT.I) RETURN
2185 N=2*M_t

2186 IF (M.GT.5.0R.N.GT.NP) RETURN
2187 M1-M.I
2188 M2=NP-M.I
2189 K'L

2190 IF (L.LE.Mt.OR.N.EC.NP) GO TO 10
2131 K-MI

2192 IF {L.LT.M2) GO TO 10
2193 K-L-(NP-N)
2194 10 MX=L-K
2195 DO 20 J-I.N
2t96 _J=MX.J

2197 X(J)-VARX(MJ)
2198 20 Y(J)=VARD(MJ)
2199 A=I.
22CO B'O.
2201 C=O.

2202 D0 40 J=I.N
2203 IF (J.EQ.K) GO TO 40
;_204 P=I.
_205 DO 30 I=I.N
2206 IF (I.EO.J) GO TO 30
2207 P=P*(X(J)-X(I))
2208 30 CONTINUE

2209 T-X(K)-X(J)
2210 B-B.Y(_)/(P*T)
2211 A=A*T

2212 C=C.t./T
2213 40 CONTINUE
2214 DIF=A*B.YIK).C
2215 RETURN
2216 END
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2217 SUBROUTINE ONEDIM
2218 C
22T9 C Qeee_oee_eoe@QeeeeQetceeeeeee*QmeeoQe_eomi_eeQee*ee_@otl_ee_

2220 C
2221 C 1HIS SUBROUTINE CALCULATES 1tte I-D INITIAL-DATA SURFACE

2222 C
2223 C e_$eese_ee*eeseeeeeeesee*ev,e@eoeeeeveeeeeeeeeteBeoseeBese,oee

2224 C
2225 *CALL,NCC
2226 IF (PT(II.NE.O.O.AND.TT(|).NE.O.O) GO TO 10
2227 |ERR=!
2228 WRITE (6.200)
2229 RE;URN
2230 10 MN3-O.O1
2231 ZF (N10.E0.-I.OR.NID.GT.21MN3=2.O
2232 t4XCK=O
2233 ACOEFT2.O/(GAMMA+I.O)
2234 OCOEF-(GAMMA-1.O)/(GAMMA_I.O_
2235 CCOEF=(GAKMA+I.OI/2.O/(GAMMA-t.O|
2236 IF (N10.LT.O) GO TO 30
2237 C
2238 C , OVERALL LO0P
2239 C
2240 IF (NGCB.NE.O.OR.MOFS.NE.O) GO TO 20
2241 RSTAR=RT
2242 RSTARS=RT'RT
2243 GO TO 30
2244 20 RSTAR=YW(LT)-YU(LT).YL(LT)-YCB(LT)
2245 RSTA_S-YW(LT)**2-YU(LT)**2_YL(LT)**2oyCB(LT)**2
2246 30 DO 180 L=I.LMAX
2247 IF (L.EQ.I.AND.ISUPER.EO.1) GO TO 180
2248 IF (N1D.LT.O) GO 10 60
2249 IF (NGCB.NE.O) GO TO 40
2250 IF (_DFS.NE.O_ GO TO 40
2251 ]F (XPLL).L1.XT) GO TO 60
2252 IF (XP(L).GT.XT| GO 10 50
2253 MH3-1.O
2254 GO TO 110
2255 40 IF (L.LT.LI) GO TO 60
2256 IF (L.GT.LT) GO TO 50
2257 MN3-1.O
2258 GO TO 110
2259 50 IF (NXCK.EO.1) GO TO 60
2260 IF (NID.EQ.I.0R.N;D.E0.3) MN3=1.1
2261 IF (N13.EO.2.0R.N10.EO.4) MN3=O.9
2262 NXCK=I
2263 60 IF (NOIM.EQ.1) GO TO 70
2264 RAD=YW(L)-YU(L).YL(L)-YCB(L)
2265 ARATIO-RAD/RSTAR
2266 GO T0 80
2267 70 RAOS=YW(L)''2-YU(L)'*2*YL(L)°*2-YCB(L)*'2
2268 ARATIO=RADS/RSTARS
2269 C
22?0 C NEWTON-RAPHSON ITERATION LOOP
2271C
2272 80 00 1OO ITER=I.IOO
2273 ABM-&COE_BCOEF*_N3*MN3
2274 ABMC-ABM*¢CCOEF
2275 FN=ABMC/MN3-ARATI0
2276 FPM=ABMC*(2.0*BCOEF*CCOEF/ABM-I.O/(MN3"MN3))
2277 OMN3=ti/N3
2278 Ik'N3.0)I4N3-FM/FPM
2279 IF (OMN3.GT.O.99.AND.0MN3.LT.I.Ot) MN3=O._*(O;qN3+_N3)
2280 IF (MN3.GT.I.O.ANO.O!,*N3.LT.t.O) MN3=O.99
2281 IF (MN3.LT. I.O.ANO.OMN3.GT. 1.O) MN3TT.Ot
2282 IF (NIO.EO.-t.ANO.Mf|3.LE.1.O) MN3=t.O1
2283 IF (NID.EO.-2.ANO.MN3.GE.t.O) MN3=O.99
2284 IF (MN3.GT.50.O) MN3=50.O
2285 IF (MN3.GE.O.OI GO TO 90
2286 Ik'N3• -MN3
2287 GO TO tOO
2288 90 IF (ABS(MN3-OMN3)/O_N3.LE.O.O005! GO TO 11_



2289 t00 CONTINUE
2290 WRITE f6.190) L
2291C

2292 C FILL IN 2-D ARRAYS LGOP
2293 C

2294 110 LDrS=O

2295 IF (L.GE.LDFSS.Ae_.L.LE.LDFSF) LOFS=I
2296 OEM=I.0*GAM2"MN3,MN3
2297 OEMP=DEM'*GAMI

2293 ONXNY=(NXNY(L)-NXNYCB(L))/FLOAT(MI|
2299 IF (MOFS.EQ.O.0R.LOFS.EQ.O) GO fO 120
2300 ONXNYI=(NXNYL(L)-NXNYCB(L))/FLOAT(MOFS-1)
2J01 ONXNY2=(NXNY(L)-NXNYU(L))/FLOAT(MMAX-MDFS)
2302 t20 DO 170 M=I.MMAX

2303 Ir (MDFS.EO.O.OR.LDFS.EQ.O) GO TO 150
2304 IF (L.NE.I) GO TO 130

2305 IF (ISUPER.EQ.2.ANO.M.LT.MOFS) GO TO 170
2306 IF (ISUPER.EO.3.ANO.M.GT.MDFS) GO TO 170
2307 IF (ISUPER.EQ.2.ANO.M.EQ.MOFS) GO TO 150
2308 130 IF (M.LT.MDFS) DNxNY=0NXNY!

2309 IF (M.GT.MDF_) ON_NY=ONXNY2
2310 IF (M.NF.MOFS) GO TO 150
2311 PL(L.I)=PTL/DEMP
2312 TEMP=TTL/DEM
2313 ROLfL.I)=PL(L.t)/(RG°TFMP)

2314 _O=MN3,SORT(GAMMA.PL(L.II/ROL(L.I))
23f5 IF (NXNYL(L).EO.U.O) GO TO t40

2316 UL(L.I)=OO/SORT(I.O_NXNYL(L)-NXNYL(L))
_317 VL(L.I|=-UL(L.I|,NXNYL(LI
2318 GO TO 150

2319 140 UL(L.1)=QQ
2320 VL(L.I}=O.O

2321 150 IF (ISUPER.EQ.3.ANO.IM.EQ.MOFS.ANO L.EQ.t)) GO TO 170
2322 P(L.M.t)=PT(M)/OEMP
2323 TEMP=TT(MI/DEM

_324 RO(L,M.1I=P(L.M.I)/(RG*TEMP)
2325 0O=MN3,SQRTIGAMMA,P(L.M.I)/R0(L.M.I|)
2326 DN=NXNYCB(L)+DNXNY,FLOAT(M-t)

2327 IF (LOFS.NE.O.APJO.M.GE.MOFS) DN=NXNYU(L)_DNXNY-FI.OATIM-MOFS)
2328 ONS-DN,ON
2329 IF (DNS.EO.O.O) GO TO 160
2330 SIGN=I.O
2331 IF (DN.GT.O.O) SIG_=-I.O

2332 U(L.M.I)=00/SQRTII.O.DNS)

2333 V(L.M. II=SIGH,OO/SQRT(I.O*I.O/DNS)
2334 GO TO 170
2335 1_0 U(L.M.1)?Of_
2336 VIL.M.t)=O.O
233T 170 CONTINUE
2338 t80 CONTINUE
2339 RETURN
2340 C
2341 C FORMAT STATEMENTS
2342 C

2343 190 FORMAT (tHO. IOX.47H-,--- THE IoD SOLUTION FOR THE INITIAL-DATA SUR

2344 1 .47HFACE FAILED 10 CONVERGE ;N 1OO ITERATIONS _T L=.I2.6H -*.-,)
_345 200 FORMAT (tHO. tOX.48H ..... TF:F STAGNATION CONOIT|ONS FOR IHE 1-D INI
2346 IT.41HIAL-OATA SURFACE WERE NOT SPECIFIED ***,,)
2347 END

]25



2348 SUBROUTINE MAP
2349 C
2350 _ a-ooeoeotoooeoeeotogoet_e_oeooeoteeeeeletoetteeooeott_ooeeeoe_

235t C
2352 C THIS SUBROUTX_E CALCULATES THE MAPPING FUNCTIONS
2353 C
2354 C eeoeteooeoeoQoet6teleeoeeoeoeeeeioe,t,eeteeo_eeoeeootee6ooeeoe

2355 C
2356 *CALL.MCC
2357 C
2358 C SINGLE FLOV SPACE
2359 C
2360 IF (;P.EQ.'I) GO TO 40
2368 XF (LMAP-GE.LOFSS.ANO.LN_.L_.LOFSF) GO TO 10
2362 YP'YCB(LMAP)_VN(MMAP)e(YW(LMAP)-YCB(LMAP))
2363 ;F (IP.EQ.O) RETURN
2364 OMI-DZOX(LMAP)
2365 OM2-DZOX(LMAP+I)
2366 BE-I.0/(YW(LMAP)-YCB(LMAP))
2367 BE3"DYOVN(MMAP)*BE
2368 BE4"DYDVN(MMAP+I)*BE
2369 AL=NXNYCB(LMAP).VN(MMAP)e(NXNY(LMAP)-NXHYCE(LMAP))
2370 AL3"BE3*AL
2371 AL4=BE4*AL
2372 OE=-VN(NMAP)eX_I(LM, P)
2373 DE3-BE3*DE
2374 D_4-B[4eDE
2375 RETURN
2376 C
2377 C DUAL FLOW SPACE
2378 C
2379 10 XF (MMAP.LT.MOFS) GO TO 20
2380 ]F (MMAP.GT.MDFS) GO TO 30
2381 ;F (1B.E0.4) GO TO 30
2382 C
2383 20 YP'YCB(L_AP)_VN(_AP)*(YL(LNAP)-YCB(LMAP))/CC
23a4 ZF (ZP.EO.0) RETURN
2385 OM:=DZDX(LMAP)
2386 OM2-DZDX(U4AP*I)
2387 BE=CC/(YL(LMAP)-YCB(LMAP))
2388 BE3=DYDV_*P_NAPI,BE
2389 BE4-OYDVNIbMAP_t)-BE
2390 AL=(VN(MM_P)'NXNYL(LMAP)-(VN(NMAP)-CC)*NXNYCB(LNAP))/CC
2391 AL3:BE3*AL
2392 AL4=BE4*AL
2393 DE3=O.O
2394 CE4=O.O
2395 XF [MMAP.NE.MDFS) RETURN
2396 AL4=AL3
2397 BE4=BE3
2393 RETURN
2399 C
2400 30 YP=YU(LMAP).(VN(MMAP)-3C)*(YW(LMAP)-YU(LM_P))/(I.O-CC)
2401 IF (IP.EO.O) _ETURN
2402 OMI=DZDX(LMAP)
2403 OM2=DZDX(LM&P.I)
2404 BE:(I.O-CC)/(Y_(LM_P)-YU(LM_P))
2405 BE3-DYDVN(MMAP).BE
2406 _E4=OYDVN(MMAP_f).BE
2407 AL:((VN(NMAP)-CC)*NXNY(LMAP)-(VN(MMAP)-I.O)*N_NYU(LMAP))/(|.O-CC_
2408 AL3-BE3-AL
2409 AL4=BE4.AL



2410 DE=(VN(MMAP)-CC)*XWI(LMAP)/_I.0-CCI
2411 OE3=BE3*OE
2412 DE4=BE4tDE

2413 IF (MMAP.NE MDFS) RETURN
2414 AL3=AL4
2415 BE3=BE4 w
2416 OE3=UE4
2417 RETURN

2418 C _.
2419 C CALCULATE THE MAPPING FUNCTIONS FOR THE INITIAL SET-UP
2420 C

2421 40 DO 50 L=I,LMAX
2422 X(L)-XP(I)4FLOAT(L-I)-DX
2423 50 CONTINUE

2424 DO 60 L=$,LI

2425 OZDX(L+I)=(XIL+I)'X(L))/(XP(L+I)-Xp(L))
2426 60 CONTINUE
2427 OZOX(1)=OZOX(2)

2428 DZDX(LMAX+I)-DZDX(LMAX)
2429 IF (MDFS.EQ.O) GO TO 70
2430 LVN=LDFSS

2431 IF (LDFSS.EO.1.ANO.LOFSF.N£.LMAX) LVN=LOFSF
2432 CC=(YL(LVN)-YCB(LVN))/(YW(LVN)-YU(LVN)+YL(LVN)-YCB(LVN))
2433 (F (LDFSS.E0.1.OR.LDFSF.EO.LMAX) GO TO 70

2434 CCO'(YL(LOFSF)-YCB(LDFSF))/(YW(LDFSF)-YU(LDFSF).YL(LDFSF).YCB
2435 1 (LDFSF))
2436 %F (ABS(CCD-CC)/CC.LE.O.OI) GO TO 70
2437 WRITE (6.140)
2438 ZERR-1
2439 RETURN

2440 70 DO 80 M-I,MMAX
2441 Y(M)'FLGAT(M'I)*DY
2442 80 CONTINUE

2443 %F (IST.NE.O) GO TO 100

2444 DO 90 M=I,MMAX
2445 VN(M)-Y(M)
2446 DYOVN(N)-I.O

2447 YI(M)=Y(M)
2448 90 CONTINUE

2449 OYDVN(MMAX#I)=I.O
2450 RETURN

245; 1OO DO 120 M=I.MMAX

2452 VN(M)-(Y((M)-YCB(1))/(YW(1)-YCB(I))
2453 ]F (MOFS.EQ.O.OR.LOFSS.NE.1) GO TO 120
2454 IF (M.G_.MOFS) GO TO I10

2455 VN(M)=CC-(YI(N)-YCBfl))/(YL(1)-YCB(I))
2456 GO TO 120

2457 110 VH(M)-CCe(I.O-CC),(YI(M)-YU(!))/(YW(1)-YU(1))
2458 120 CONTINUE

2459 DO 130 M=I,MI

2460 OYDVN(_+I)-(Y(M*t)-Y(N))/(_N(M.I)-VN(M))
2451 130 CONT(NUE
2462 DYDVNfl)_DYDVN(2)

2463 DYDVN(M_AX.I)-DYOVN(MMAX)
24e4 RETURN
2465 C

2466 140 FORMAT (tHO, 1OOH--_*o DUAL FLOW SPACE WALLS DO NOT BEGIN ANO EhlO A
2467 IT APPROXIMATELY THE SAME PRCPORT(ONAL HEIGHT *_*=,)
2468 ENO
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2469 SIJBROUTINE MASFLO
2470 C
2471C eeeleeOeooOQeee4eeeeeeeoogle4eeeeeleoeeeoeeeeeeeeeeeeoee_teee

2472 C

2473 C THIS SUBROUTINE CALCULATES THE INITZAL-OATA OR SOLUTION SURFACE
2474 C MASS FLOW AND M_MENTUM THRUST
2475 C
2476 C eeoeeeeeeeeeeQeeeeeeeeeeeeeeeeeeeeeet_eeeeee.eeeeeeeeeeeeeeete
2477 C
2478 *CALL.MCC
2479 LC2=LCeLC
2480 C

2481C CALCULATE ANO PRINT THE MASS FLOW AT EACH L LOCATION
2482 C

2483 IP=O
2484 NO-N3

2485 IF |N.EQ.O) NO=I
2486 NP=N+NSTART

2487 IF (IUO.NE.2) WRITE (6.80) NP
24_8 IF (IUO.EO.2) WRITE (5,901NP
2489 DO 70 L=t.LMAX
2490 LMAP-L

2491 XMASS=O.O
2492 THRUST=O.O

2493 IF (MOFS.NE.O) IB=3
249_ LOFS=O

2495 IF (L.GE.LOFSS.AND.L.LE.LDFSF) LDFS=I
2496 00 50 M=2.MMAX
2497 MMAP=M

2498 CALL MAP
2499 MMAP=M-I
2500 YPI=yp
2501 CALL NAP

2502 IF (M.NE.MDFS.OR.LDFS.EQ.O) GO TO 10
2503 ROU=(ROL(L.ND)*UL(L.Nt')).RO(L.M-I.ND)*U(L.M-I.NO)).O.5

25G4 ROU2=(ROL(L.NO)*UL(L.ND)**2_RO(L.M-I.NDt.U(L.M-I.NO)..2),O.5
2505 IB=4
2506 GO TO 20

2507 10 ROU=(RO(L.M.NO)*U(L.M.NO)_RO(L.M-I.ND)-U(L.M-t,ND)).O.5
2508 ROU2=(RO(L,M.NO)*U(L.M.ND)**2_Rn(L.M-t.NO).U(L.M.I.NO).,2).O.5
2509 20 |€ (NOIM.EQ.I) GO TO 30
2510 AREA=(YPI-YP)/LC2
2511 GO TO 40

2512 30 AR_A=3.141593*(YPt,,2-YP**2)/LC2
2513 40 XN_SS=XMASS.ROU*AREA-G

2514 THRUST=THRUST+ROU2*AREA
2515 50 CONTINUE

2516 ]F (L.EQ.I) XMASSI=XMASS
2517 XMFR=O.O

2518 IF (XM_ SI.NE.O.O) XMFR=XMASS/XMA3_t
2519 IF (L.EQ.I) THRUSI=THRUST
2520 TR=O.O

2521 IF (THRUSI.NE.O.O) TR=THRUST/TIIRUSZ
2522 |r (IU0.NE.2) GO TO _0
2523 XMASS=XMASS*O.4536
2524 THRUST=THRUST*4.4477
2525 ZF (NOIM.NE.O) GO TO 60
2526 XMASS=XMASS/2.54
_27 THRUST=THRUST/2.54

_28 60 WR!TE (6.100) [ XMASS.XMFR.THRUST.TR
2529 70 CONTINUE
2530 RETURN

2_J1U
2532 C FORMAT STATEMENrS
2533 C

2534 80 FORMAT (tHI.20_.36HMASS FLOW AND TttRUST CALCULATION. N_.I6.//30X.1
2535 I HL.7X,gHMF(L_M/S).SX.611MF/MFI.8X,6HT(LeF),ItX,411T/TI./)

2536 gO FORMAT (tHI.2OX.36HMASS FLOW AND THRUST CALCULATION. N=.I6,//30X,I
2537 ! HL,8X.8Hf4F(KG/S).8X,6HMF/MFI,10X,4HTIN),I1X,4HT/rl,/]
2538 100 FORMAT (Itl .20&,IlO.FI6_5.rI4.4.2F15.4)
2539 ENO



/

2540 SUBROUTINE PLOT (TTTLE.T.NP.|VPTS)
2541C

2542 C oeeeeeeeoeeeeeeeoeeeeeeeeeeeetooee • e_o • eeeeeee_eeeeeeeteeeeeeQ

2543 C

2544 C THIS SUBROUTINE PLOTS THE VELOCITY VECTORS AND DEPENDENT VARZABLE
2545 C CONTOUR PLOTS
2546 C

2547 _ eet$t$***eeltoeeeeeoeoeoeeteeoeeeeeotoeeeelleeeoeoeolteteoeeem

2548 C

2549 DINENSZON CON(9). XC0(4). YCO(4). TITLE(10)
2550 *CALL.MCC
255t C

2552 C SET UP THE PLOT SIZE
2553 C
2554 IP=O
2555 NO=N3
2556 IF (N.E0.O) NO-I
2557 XXL=X!
2558 XR=XE

2559 YT=YW(I)
2560 YB=YCB(I)
256t DO 10 L=2.LMAX
2562 YT=AMAXI(YT.YW{L))
2563 YB=AMINI(YB.YCB(L))
2564 10 CONTINUE

2565 VV=-O.1*OX
2566 00 70 IDUM=I.IVPTS
2567 VV-VV_OX
2568 FIYB=900.O
2569 XO=(_R-XXLI/(YT-YB)

2570 F;R=(IO22.0-1022.0/FLOAT(LI)-FLOAT(IDUM)*fO22.0/FLOAT(Lf))/884.0
2571 ;F (XO.LE.FIg) GO TO 20

2572 FIXL=IO22.0/FLOAT(LI)

2573 FIXR=I022.0-FIXL-FLOAT(IDUM)*IO22.0/FLOAT_Lt)
2574 FIYT=9OO.O-(FIXR-FIXL)/XD
2575 GO TO 30

2576 20 FIXL=SIt.0-450.0*XD

2577 FIXR=511.O.450.0*XD
2578 FIYT=Ib.O
2579 30 XCCNV=(FIXR-FIXL)/(XR-XXL)
2580 YCONV=(FIYT-FI_B)/(YT-VB)
2581C

2582 C GENERATE THE VFLOCITY VECTCR PLOT
2583 C
2584 VMAX=0.0

2585 DO 40 L=I.LMAX
2586 DO 40 M=I.MMAX

2587 VMAX=AMAXI(VMAX.ABS(U(L.M.ND)).ABs(V(L.M.N3)))
2588 40 COt_TTNUE

2589 IF (VMAX.LT.I.0E-IO) GO TO 80
2590 DROU=VV/VMAX
2591 CALL AOV (1)
2502 DO 60 L=I.LMAX
2593 LMAP=L

2594 IF (MOFS.NE.O) IB=3
2595 LDFS=O
2598 IF (L.GE.LOFSS.ANO.L.LE.LOFSF) LDFS-1
2597 IXI=FI_L+(XP(L)-XI)*XCONV
2598 DO 60 M-I.MMAX
2599 _MAP=M
25OO CALL MAP

2601 IF (N.NE.MOFS.O_.LOFS._O.O) GO TO 50
2602 I_t=FIYB_|YP-YB)*YCONV

2603 IX2=IXl*UL(L.ND).D_OU.XCONV
2604 IY2=IYI.VL(L.ND)*OROU.YCONV

2605 CALl URV (IXt. IYt. IX2.1Y2)
2606 CALL PL! (IXI.IYI. 16)
2607 IB=4
2608 CALL MAP
2609 50 ZYl'FI_B$(YP-YB)tyCONV
2610 IX2=IXI*U(L.M,ND|'DROU'XCCNV

2611 !Y2=I_I.V(L.N.ND).OROU.YCONV
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2612 CALL DRV (IXI,IYI.IX2.1Y2]
2613 CALL PLT (]XI,_YI.16I
2614 60 CONTINUE

2615 CALL LINCNT (58)
2616 WRITE (7.580) IDUM.NP.T
2617 WRITE (7,500) TITLE
261_ 70 CONTINUE
2619 C

2620 C RESET PLOT SIZE FOR CONTOUR PLOTS
2621C

2622 80 IF (XO.LE.FIR) GO TO 90

2623 FIXR=IO22.0-FIXL-1022.0/FLCAT(LI)
2624 FIYT=_OO.O-(FIXR-FIXL|/XO
2625 XCONV'(FIXR-FIXL)/(XR-XXL)
2626 YCONV'(FIYT-FIYB)/(YT-yB)
2627 C

262B C GENERATE THE PHYSICAL SPACE GRID
2629 C

2630 90 CALL ADV (I)
2631 O0 110 L=2.LMAX
2632 IF (MOFS.I;E.O) IB=3
263_ IXI=FIXL+(XP(L-I)-XI),XCONV
2634 IX2=FIXL+(Xp(L).XI),XCONV
2635 LDFS=O

2636 IF (L-GE.LOFS3.AND.L.LE.LDFSF) LOFS=I
2637 DO 110 M=I,MMAX
2638 LNAP=L-1

2639 MMAP=M
2640 CALL MAP
264_ LMAP=L
2642 YPI=YP
2643 CALL MAP

2644 IF (M.NE.MDFS.OR.LOFS.EQ.O) GO TO I00
2645 ]YI'FIYB.(YPI-YB)*YCONV
2646 ]Y2=FIYB+(YP-yB)oYCONV

2647 CALL DRV (IXI,IYI.IX2,]Y2)
2648 IB-4
2649 LN&P-L-1
2650 CALL MAP
2651 LMAP=L
2652 YPt=YP
3653 CALL MAP

2554 1OO IYI=FIvB.(Yp1-YB)*YCONV
2655 IY2=FIYB+(YP-YB)*YCONV

2656 CALl. DRV (IXt.IYI.IX2.IY2)
2657 110 CONTINUE
2658 C

2659 DO 130 L=I.LMAX
2660 IX1-FIXL+IXp(L).XI).XCON V
2661 ]YI=FIYB.(YCB(L)-YB)*YCONV

2562 IF (MDFS.EO.O) GO TO 120

2663 _F (L.LT.LDFSS.OR.L.GT.LDFSF) G0 TO 120
2664 ]Y2=FIYB+(YL(L).yS)°YCONV
2665 CALL ORV (IXI.ZYt. IXI.IY2)
2666 IYt=F]YB.(YU(L)-YB),YCONV
2667 120 IY2=FIYB.(YW(L)-YB)*YCONV
2668 CALL ORV (IXI.IYI,IXI,IY2)
2669 130 CONTIk_E
2670 CALL LINCNT (58)

267t _RITE (7.590) NP.T
2672 WRITE f7.5OO) TITLE
2673 C

2674 C FILL THE PLOTTING ARRAY CO FOR THE CONTOUR P_015
2675 C
2676 MOU_=_aAX

_677 IF fMOFS.NE.O) MOUM=MMAX+I
2678 IUC=t.O

2679 IF (IUO.EO.2) IUC=O.O
2680 ]DUM=4

2681 IF (ITM.EQ.2) IDUM-5
2682 IF (ITM.EO.3) ]DUN-6
2683 DO 490 I=I,IOUM



2684 C
2685 DO 270 L=I,LMAX
2686 LDFS=O

2687 IF (L.GE.LDFSS.ANO.L.LE.LDFSF) LDFS-t
2588 DO 270 M=I,MDUM

2589 IF (LDFS.EO.O.A_O.M.E0.MMAX*I) GO TO 270
2690 MOI=M

-- - 2691 IF (LDFS.NE.O.ANO.M.GT.MDFS) MOl=M-I
2692 IF (M.NE.MDFS.OR.LDFS.EO.O) GO tO 200
2693 GO TO ( 140,150.160,170,180,190_, [
2694 140 CQ(L,M)=ROL(L.NO)*G*(_6.O2-IUC*IS.C2)
2695 GO TO 270

2596 t50 CU(L,M)-PL(L,ND)/PC'(6.8948-IUC,5.8948)
2597 GO TO 270

2698 160 CO(L,M)=PL(L,ND)/(ROL(L,NO)'RG)e(O.555556*IUC*C.444444)
2699 GO TO 270

2700 170 CO(L,M)=SQRT((UL(L,ND)--2.VL(L,NO)*,2)/IGA_MAtPL(L,NDI/ROL(L,HO)))
2701 GO TO 270

270_ 180 CQ(L,M)=QL(L.NO)*(O.O929*IUC-O.9071)
2703 GO TO 270
2704 190 CQ(L.MI=EL(L,ND)-(O.O929*IUC*O.90711
2705 GO TO 270

2706 200 GO TO (210,220.230.240,250,260), ]
2707 210 CQ(L,M)=RO(L,_Dt.ND)*q,(16.O2-IIIC°IS.O2)
2708 GO TO 27C

2709 220 rO(L,M)=P(L.._I,NCI/PC*(6.8948-IUC*5.89_P)
2710 GO TO 270

2711 230 CQ(L.M)=P(L,MO1,NO)/(R0tL._OI,NO)*RG)-(O.555556_IUC,O.444444)
2712 GO TO 270

2713 240 CQ(L.MI=SORT((UIL.MOt.NO),o2#V(L.M()I.NB;-°2)/(_AMMA,P(L.MOI,ND)/_0
2714 ! {L,MOI,ND))}
2715 GO TO 270

2716 250 CQ(L,M)-Q(L,MDI,N_)*(O.O929.IUC,_.90_I)
2717 GO TU 270
2718 260 CQ(L,M)=E(L,MOI,NO),(O.O929*IUC°O.9071)
27t9 27G CONTINUE
2720 C

2721C DETERMINE THE PLOTTING LINE QUANTITIES AND LABEL TIlE FRAMES
2732 C
2723 QMN=I.OE06

2724 0MX--OMN
2725 DO 280 L=t.LM^X

2725 LDF5=O
2727 IF (L.GE.LDFSS.AND.L.LE.LDFSF) LDFS=I

2728 DG 280 M=I.M{}UM
2729 IF |LDFS.EQ O.AND M EQ.MMAX_I) GO T0 280
2730 _WN:AMINI(_Ull .MI.uMeJ|
273! GU_-AMA_t(CQ(L.M).UMX_
2732 280 CONIINU[
2733 XX=0MX-QMN
2734 D_=O.t=XX

2735 DO 290 K-1.9
2736 CONtK)=QM%*IFLOAT(K))°DQ
2737 290 CONTINUE
2738 K=9
2739 CALL ADV (1)
2740 CALL LINCNT (581

2741 GO TO (300.310.320.330.340.350). l
2742 300 WRITE (7.510) NP.T
2743 GO TO 360
2744 310 _RITE (7.520) NP,T
274_ GO TO 360

2746 320 WRITE (7,530) NP,T
2747 GO rO 360

2748 330 WRITE (7.540) NP.T
2749 GO TO 360

2750 340 VRITE (7.550) NP,T
2751 GO TO 360
2752 350 kRITE (7.560) NP,r

_753 360 t_ZTE (7,570) QMN,QMX,CON(t),CON(K),DO
2754 kRITE (7.500) TITLE
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2755 C
2756 C DETERMINE THE LOCATION OF EACH CONTOUR LINE SEGIMENT AND PLOT IT
2757 C

2758 DO 470 L=2.LMAX
2759 IF (MOFS.NE.O) IB=3

2760 XCO(I)-XP(L-I)
2761 XCO(2)=XP(L)
2762 XCO(3)=XCO(1)
2763 XCO(4)=XCO(2)
2764 LOFS=O
2765 IF (L.GE.LDFSS.ANO.L.LE.LDFSF) LDFS=I
2766 DO 470 M-2,MMAX
2767 MO2=M
2768 MD3-M
2769 IF (MDFS.EQ.O.OR.M.LE.MOFS) GO TO 370
2770 IF (L.GE.LDFSS.AND.L.LE.LDFSF) MD2=M.I
2771 IF (L.GE.LDFSS+I.AND.L.LE.LOFSF.I) MD3=M.I
2772 370 LMAP=L-f
2773 MMAP=N-1
2774 CALL MAP
2775 LMAP=L

2776 YCO(1)-YP
2?77 CALL MAP
2778 LMAP:L-I

2779 MMAP=M
2780 YCO(2)=YP
2781 CALL MAP
2782 LMAP=L
2783 YCO(3)=YP
2784 CALL MAP
2785 YCO(4)=YP
2786 IF (N.NE.MOFS.OR.LDFS.EQ.O) GO TO 380
2787 18=4

2788 380 DO 460 KK=I,K
2789 KI=O
2790 K2=O
2791 K3=O
2792 K4=O
2793 IF (CQ(L-I,MD3-1).LE.CON{KK)) KI=!
2794 IF (CQ(L.MO2-1).LE.CON(KK)) K2=1

2795 IF (CQ(L-I,MD3).LE.CON(KK_) K3=|
2796 IF (C0(L,M02).LE.CON(KK)) K4-1
2797 IF (KI*K2*K3*K4.NE.O) GO TO 460
2798 IF (KI_K2.K3_K4.EQ.O) GO TO 460
2799 LL'O
2800 IF (KI+K3.NE.f) GO TO 390

2801 1C1=1
2802 1C2=3

2803 LPt=L-t
2804 MPI=MO3-1
2805 LP2=L-1

2806 MP2=M03
2807 ASSIGN 390 TO KRI
2808 GO TO 420
28Oq 390 IF (KI_K2.NE.I) GO TO 400
2810 1CI=I
2811 [C2"2

2812 LPI=L-I
2813 MPI=MO3-f
2314 LP2=L
_815 MP2=M02-t
2816 ASSIGN 40(:; TO KRI
2817 GO TO 42C
2818 400 IF (K2_K4.NE.1) GO TO 410
2819 1Ct-2
2820 TC2-4
2821 LPI=L
2822 MPt=MO2-1
2823 LP2"L
2824 MP2=M02

2825 ASSIGN 410 TO KRI
2826 GO TO 4:0



2827 410 IF (K3*K4.NE.I) GO fO 460
2828 ICI_3
2829 IC2-4

2830 LPf=L-I
2R31 WPI=M03
2832 LP2=L

2833 YP2=MD2
2834 ASSIGN 480 TO KRI
2835 420 LL=LL*!

:R36 _=(CON{KK)-_O(LPI.MPl))/(CQ(LP2.MPS)-CQ|LPt.MpI))
2837 IF (LL.EQ.2) GO TO 43C

2879 IXI=FIXL*(XC0(ICII*XX,(XC0(IC2)-XC0fICI|)-XXL)oXCONV
2839 IvI=FIYB*(YCO(ICI)*XX,(YCO(IC2)-YC0(ICf))-YBI.YCONV
2840 GO TO K_l. |300.400.410,460)
2841 430 IX2=FIXL_(XCO(ICt)_XX°IXC0(IC2)-XC0(ICt))-XXL)-XCONV
284? IY2=FIYR*(yco(.ICf)*xx°(YCO(IC2)-¥CO{ ICI|)-yB|.YCONV

2843 CALL DRV {IxI.IYI.IX2.1Y2)

2944 I t (KK.NE.t) GO IO 440

2845 CALL PLT IlX1.IYt.35)
2846 440 IF (KK N[.K} _0 TO 450
2847 CALL PLT (IXl. IYI.24}
2848 450 LL=O

?R4q IF (LP2 NF.L) GO TO 460
2850 IF {MP2.NE.MD2-1) GO 10 460
2851 GO TO 400
2H52 460 CONTINUE
2852! 470 CC_;IINUE
2854 C

2855 C DRAW TH[ GFOMLIRY £OUNDA_IES ro_ Till CONIOUR PLOTS
2856 C

2857 DO 480 L=2.LMAX

2858 IxI=F:XL*I_P(L-1) XII-XC0NV
2859 I<2-FIXL.IXP(L)-XlI-/CGNV

2860 IYI=FI¥B_IYCBIL-I)-YE),YCONV

2861 Iv2=FIYB*(_CBIL)-YB},'ICDNV

2862 IY3=FIYB.(_W(L-I)-_R),YCONV

2863 I¥4=FIYB.|YW(L) YB)-YCCNV

2864 IvS=FIYB_(_LIL-I)-vB)-YCONV
2865 IY6=FIYB*|YL(L)-_B)-YCONV

2866 IYT=FIYB.{_U(L-I)-_B),YCCNV
2867 IYB=FIYB.(YU(L)-_B|,YCONV

2868 CALL DRV (IXI.IYI.Ix2.1Y2)

2869 CALL DRV (Ix_ IY3.1X2.1Y4)

2870 IF (MDFS.EO.O) GO IO _8u
2871 IF (L.LE.LDFSS.OR.L.GT.LDFSF) GO TO 480
2872 CALL DRV (I_I.IYS.IX2.1Y6)
2873 CALL DRV (I_I.l_7.1X2.1YOI
2874 480 CONTINUE
2875 490 CONTINUE
2876 CALL ADV (1)
2877 RETURN
2878 C

2879 C FORMAT STATEMENTS

2880 C
2881 500 F0_MAT ( IH .1OA8)

2882 510 FORMAT (IH .7_OENSITv.2,1._.2_N=.I6.2X.2HT=.IPEtO.4.4H SEC)
2883 520 FO_AT (1H .OHPRESSURE.23x.=HN=.I6.2_._HT=IPEtO.4.4H SEC)

2884 530 FORMAT [IH .IIhTEMPERATURE.:0X.2HN=.I6.2X.2HT-.IPSIC.4.4H SEC)
2885 540 F0_MAT (1H .11HMACH NUMOER.2OX.2HN=.IG.?X 2HT=.IPEIO.4.4H SFC)

2838 550 FORMAT ( IH .17HfUREULENCE ENERGY.2OX.2F,N=.Ie. SX.2HT=.IPE10.4.4H SE
2887 1C)

2888 EGO FORMAT (IH .16HDISSIOATIOPJ RATE.20_.SHN=.A6.2X.2HT=.IPEtO.4.4H SEC
2889 1 )

2890 570 FORMAT (1H .ICHLCW VALUE= IPEI1.4.2X. IIHHIGH VALUE'.EII.4.2X.12HLO
_891 IW CONTOUR=.EII.4./.fX.13HHI_H CONTOUR=.Etl.4.2X.14HOELTA CONTOUR=
2892 2 .E11.4)

28_3 580 FORUAT (IH .18HVELOCITY VECTORS (.,I.2HXJ.IOX.2HN=.I6.2X.2HT-. IPE1
2894 I 0.4.4H SEC)

2895 590 FC=WAT (tH .19HPHYSiCAL SPACE GRID. 10X.2HN=.I6.2X.2HT=.|_SIO. 4.4H
2895 !SEC)
2897 EP_
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2898 SUBROUTINE SWITCH (ISWITCH)
2899 C
2900 C Qeeooooo6eeeee_eeeeeoeeeeeeoe6eeeeQeeeeeeeee_eeobeveeegee_eeQe

2901C

2902 _ THIS SUBROUTINE SWITCHES THE DUAL FLOW SPACE BOUNDARY SOLUTIONS
2903 C BETWEEN THE DUMMY ARRAYS AND THE SOLUTION ARRAYS
2904 C
2905 C eeee_eeeeeeeeDeeeeee_eeeeeee • *eoeeeeeeeeeeteeeee e• *eeeeeeeeete

2906 C

2007 C ISWITCH=2 SWITCHES THE FLow VARIABLES. BOUNDARY CONDITIONS. AND
2908 C VISCOUS TERMS AT N AND N+I. ISWITCH=3 SWITCHES THE FLOW VARIABLFS
2909 C AT N. ISWITCH-5 SWITCHES THE FLOW VARIABLES AT N AND STORES THE
2910 C VISCOUS TERMS.
2911C

2912 _CALL.MCC
2913 C

2914 C SWITCH THE FLOW VARIABLES AT N

2915 C

2916 O0 10 L-LDFSS.LDFSF
2917 UOFS=UL(L.Nt)
2918 VOFS-VL(L.NI)
2919 PDFS=PL(L.NI)
2920 RODFS=ROL(L.NI)
_921 UL(L.N1)=U(L.MDF_.NI)
2022 VL(L,N1)=VIL,MOFS.N;)
2923 PLtL,Nf)=P(I.,_DFS,NI)
2924 R0t(L.Nf)=R0(L,MDFS,NI)
2925 UIL.MDFS.NI)=UOFS
2926 V(L.MOF_.NI)=VDFS

2927 P(L.MDFS.NI)-POFS
2928 P_(L.MDFS.N1)_RODFS
2929 IF (ITM.LE.I) GO TO IO
2930 OOFS=QL{L.NI)
2931 EDFS=ELIL.NI)
2932 QL(L.NI)=Q(L,MOFS.NI)
2933 EL(L.N_)=E(L,MOFS.N1)
2934 Q(L,MDFS.NI)=OOFS
2935 E(L.MOFS.N1)_EOFS
2936 IO CONTINUE

2937 IF (ISWITCH.EO.3) RETURN
2938 IF (ISWITCH.EO.5) GO TO 70
2939 C

2940 C SWITCtt THE FLOW VARIABLES AT N*I
2941C

2942 DO 20 L-LOFS3.LDFSF

_943 UDFS=UL(L.N3)

2944 VOFS=VL(L,N3)
2945 POFS=PL(L.N3)
2946 RODFS-ROL(L.NR)
2947 UL(L.N3),U{L.MOVS.N3)
2948 VL(L.N3)=VIL.MDFS.N3)

2949 PL(L.N3)=PIL.MOFS.N3)
2950 ROL(L.N3)=RO(L.MDFS.N3)
2951 UIL.MDFS,N3)=UDFS

295_ VIL,MDFS,N3)=VDFS
2953 P(L.MOFS,N3)=PUFS

2954 RO(L,_OFS,N3)=RODFS
2955 I_ (ITM.L_.f) GO TO 20
2956 ODFS=QL(L.N3)
2957 ED_S=EL(L.N3}

2958 OL(L.N3)=0(L.MOrS.N3)
2959 EL(L.N3)-E(L.M_FS.N3)

2960 Q(L,_DF$.N3)=QDFS
2961 E_L.MOFS.N3)=EDFS
2962 20 CONTINUE
2963 C
2964 C SWITCH THE BOUNDARY CONDITIONS
2965 C

2966 IF (LDFSS.NE 1) GO TO 40
2967 IF (ISUPER.GE.2) GO TO 4_
2158 IF (ISUPER.EQ.1) GO TO 30
2969 PTDFS=PTL



2970 TTDF_=TTL
2971 THETDFS.TH_rAL
2972 PTL=PT(MOFS)
2973 TTL=TT(MDFS)
2974 THETAL=THETA(_DFS)
2975 PT(MOFS)=PTOFS
2976 TT(MOFS]=TTDFS
2977 THETA(M_FS)=THETDFS
2978 GO TO 40
2979 30 PIDFS=PIL
2980 PIL=PI(MDFS)
2981 PI(MOFS)=PZDFS
2982 40 IF (LDFSF.NE.L_AXI GO TO 50
2383 PEDFStPEL
2984 PEL=PE(UDFS)
2q85 PE(MOFS)=PEOFS
2986 C
2987 C 5_TCH THE VISCOUS TERMS
2988 C

2989 50 IF (CAV.EQ.O.O.AND.CHECK.EO.O.O) RETURN
2gqo DO 60 L=LOFSS.LDFSF
2991 QUOFS=QUrL(L)
2992 QVOFS=QVTL(L)
2993 _POFS=QPTL(L)
2994 QROOFS=QROTL(L)
2995 OUTL(L|=QUT(L,MOFS)
2996 OVTL(L)=QVT(L,MOFS)
2997 QPTL(L)=QPT(L,MDFS)
2998 QROTL(L)=OROT(L,MOFS)
2999 QUT(L,MOFS)=OUOFS
3000 OVT(L,MDFS)=QVDFS
3001 QPT(L,MOFS)=OODFS
3002 OROT(L.MOFS)=QRODFS
3003 IF (ITM.LE.I] GO TO 60
3004 OQDFS-QQTL(L)
3(305 QEDFS=CETL(L)
3006 OQTL(L)-OUT(L.MOFS)
3007 QETL(L)=OET(L.MDFS)
3OO8 QOT(L.MOFS)=OQDFS
3009 QET(L.MDFS)=QEDFS
3010 _O CONTINUE
3011 RETURN
3012 C
3013 C STORE THE VISCOUS TERMS
3014 C
3015 7 _ DO 80 L-LDFSS.LDFSF
30!6 _UTL(L)=QUT(L,MDFS)
3017 QVTL(L)=0VT(L,MOFS}
3018 QPTL(L)=QPT(L,MOFS)
3019 QROTL(L)=QROT(L,MDFS)
3020 IF (]TN.LE.I) GO TO 80
3021 00TL(L)-QQT(L.MDFS)
3022 OETL(L)-QET(L.MOFS)
3023 80 CONTINUE
3024 RETURN
3025 ENO
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3026 SUBROUTINE VISCOUS
3027 C
3028 C eeeeoeeeQeqeeoeeooeeQoeeeeeee_o-eeteeteeeoe_eeet_eeeeeeeoetQee

3029 C

3030 C IIIIS SUBROUTIN_ CAL(TULATES THE LOCAL ARTIFICAL VISCOSITY,

3031C MOLFCULAR VISCOSITY. AND IURBULEN_E TERMS

3032 C
3033 C e_etoeeooeeeee_oe_eee_geeQeeeeeeeeeeeee_eet_eQeoeeeeoeee_eee
3034 C
3035 ,CALL.MCC
3036 REAL MU. LA. LP2M, LPM, K. MUT, LAT, LP2MI. LPMT, KT, MUTt, MUI2,

3037 1MUT3. MUT4, LATI, LAT2, LAT3, LAI4, KT1, KT2, KI3. KT4, LP2MTI.
3038 2 LP2MT2, LP2MT3. LP2MT4. MU1. MU2. MU3. MU4. LAt. LA2. LA3, LA4,
3039 3 Kt, K2, K3, K4. LP2M1, LP2M2. LP2M3. LP2M4, MUID, _UTT
3040 C
3041 IP=t
3042 IF (N.NE.t) GO TO 10
3043 IF (NVC.NE.1) GO TO IO
3044 SIGQR=t.O/SIGQ
3045 SIGER=t.O/SIGE
3046 F2I=FLOAT(2-IVBC)
3047 GAM=GAMMA-1.O
3048 ORK=GAMI.RG/PRA
3049 TRK=GAM!*RC/PRT

3050 GRG=GAMMA'RG
3051 XIIM=O.O

3052 IF (ITM.EO.2) XIIM=O.67
3053 MU=O.O
3054 LA=O.O
3055 K=O.O

3056 MUI=O.O
3057 MU2=O.O
3058 _IU3=O.O
3059 MU4=O.O
3060 LAt=O.O
3061 LA2=O.O
3062 LA3=O.O
3063 LA4=O.O
3064 Kt=O.O
3065 K2=O.O
3066 K3=O.O
3057 K4=O.O
3068 LP2M=O.O
3069 LP2Mt=O.O

3070 LP2M2=O.0
3071 LP2M3=O.O

3072 LP2M4=O.O
3073 LPM=O.O
30?4 MUTD:O.O
3075 DLP2MT=O.O
3076 DMUT=O.O
3077 DLAT=O.O
3078 MUT=O.O
3079 LAT=O.O
3080 KT=O.O
3081 MUTt=O.O
3082 MU]2=O.O
3083 MUT3=O.O

3084 M_T4=O.O
3085 LATt=O.O
3086 LAT2=O.O
3087 LAT3=O.O

3088 LAT4=O.O
3089 KTI=O-O
3090 KT2=O.O
3091 KT3=O.O
3092 KT4=O.O
3093 LP2MT=G.O
3094 SMUI_O.O
3095 SMU2=C.O
3096 SMU3=O.O

3097 S_U4=O.O



3098 LP2MTI-0.0

3099 LP2MT2=0.0
3100 LP2MT3-O.O
3101 LP2MT4=0.0
3102 LPMT=O.O
3103 TML=O.O
3104 RMU=O.O

3105 RMUf=O.O
3106 RMU2=O.O
3107 RMU3-O.O
3108 RMU4-O.O
3109 RLA=O.O
3110 RLAI=0.O
3111 RLA2=0.0

3112 RLA3=O 0
3113 RLA4=O.O
3114 RK=O.O
3115 RKI=O.O
3116 RK2=O,O

3117 RK3"0.0
3118 RK4=O.O
3119 RLP2M'O.0
3120 RLP2MI=O.O
3121 RLP2M2=O.O
3122 RLP2M3=O.O
3123 RLP2M4=O.O
3124 RLPM=O.O
3125 RRO=O.O
3126 RROt=O.0
3127 RR02=O.O
3128 RR03=O.0
3129 RR04=O.O
3130 RODIFF=O.O

3131 EROT=0.O
3132 TLMUR=0.O
3133 AVMUR=O.0
3134 DEL=O.O
3135 05MO=O.O
3133 E_MO=O.0
3137 ROXYf=O.O
3138 ROXY2=O.O
3139 ROXY3=O.O
3140 ROXY4-O.O

3141 ROXY12=0.0
3t42 RROYt=O.O
3143 B_OY2=O.O

3144 BROY3=O.O
3145 BROY4=O.O
3146 B_OY34_O.O
3147 UROT=O.O
_148 VROT=O.O
3149 PROT=O.O

3150 QOISS:O.0
3151 QPROO-O.O
3152 COIFF=O.O
3153 f_011-0 0
3154 [PROD=O.O

3155 EDIFF=O.O
3156 EDISS=O.O
3157 ELOWR=O.O
3158 ROOX=O.0
3159 ROQY=O 0

3160 ATERM=O.O
3161 ATERMI=O.O
316 ° ATERM2=O.0
3163 ATERM3=0.O
3164 ATERM4=0.O
3165 UVTA=O,0
3t66 VVTA=O.O

3167 PVTA=O.O
3168 PCTA=O.O
3169 RODIFFA=O.O
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3170 UROTA-O.O
3171 VROTL=O.O
3172 PROTA=O.O
3173 QPRODA=O.O
3174 QDIFFA=O.G
3175 EPRODA'O_O
3176 EDIFFA,O.O

3177 QROTTA'O.O
3178 EROTA=O.O

3179 ELOWRA'O.O
3180 SMr-J.O
3181 RDUM=O.O

3182 ECHECK-ABS(£MU).ABS(ELA),ABS(EK)
3183 IF (ECHECK.EU.O.O) GO TO 10

3184 IF (ABS(EMU).EO.ABS(ELA).AND.ABS(EMU).EQ.ABS(EK)) ECHECK=-I.O
3185 C
3186 IO NLINE=O

3187 IF (IAV.EO.O) GO TO 3,3

3188 IF (NC.NE.NPR|NT.ANO.(N.NE.N_AX.ANO.IS[OP.[Q.O)) GO TG 30
3189 IF (IAV.EQ.2) GO TO 20
3190 IF (NVC.GT.2.ANO.NVC.NE NVCM.I) GO TO 30
3191 20 WRITE (6.1460)
3192 NP-N.NSTART

3193 WRITE (6,1450| NP.NVC
3194 C
3195 C 00 LOOP SET-UP

3196 C
3197 30 MIS=I
3198 MIF=WMAX

3199 IF (IVC.EQ.O) GO TO 40

3200 IF (NVC.EQ.t) GO TO 40
3201 MIS=MVCB
3202 MIF=MVCT

3203 40 IDFS-O
3204 C

3205 IF (o.;OFS.EO.O) GO TO 70
3206 IF (NVC.EO.I.ANO.MDFSC.NE.O) GO TO 70
3207 CALL SWITCH (3)
3208 MIS=I

_;O9 IF (NVC.NE.I) MIS=MVCB
3210 MIF=k_OFS
3211 IB=3

321_ GO TO 70
3213 50 CALL SWITCH (5)
3214 MIS=MOFS+I
3215 MIF=In4AX
3216 IF (NVC.NE.I) MIF=MVCT
3217 IB=4
3218 GO TO 70
3219 60 IOFS=I
3220 MIS=MOFS
3221 MIF=MDFS
3222
3223 C BEGIN THE L OR X DO LOOP
3224 C

3225 70 00 1410 L=I.LMAX
3226 LMAP=L
3227 LDFS=O

3228 IF (L.GE.LDFSS.AND.L.LE.LDFS7) LDFS=I
3229 IF (L.NE.I.AND.L.NE.LMAX] OXP_O.5,(XP(L+I)-XP(L-I))
3230 IF (L.EQ.I) DXP=XP(2)-XP(1)
3231 IF (L.EQ.LMAX) OXP=XPfLMA_)-XP(L1)
3232 IF (IOFS.EO.I.A_.LOFS.EO.O) GO TO 1410
3233 C

3234 C CALCULATE THE WALL SHEAR STRE_S FOR THE MIXING LSNGTH TURBULENCE
3235 C MODELS
3236 C
3237 IF (ITM.NE. I.ANO.ITM NE.2) GO TO 160
3238 IF (MOFS EO.O] GO TO 80
3239 IMLM=I
3240 IF (LCFS.NE.O) IMLM=2

3241 80 IF (IMLM.EO. 1) GO TO 16_



I.o
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324: IF (MDFS.NE.O) GO TO 100
3243 IF (NGCB.NE.O} GO TO 90
3244 MT-M!
32_5 MM&P-MMAX
3246 GO TO 1t0

3247 90 MT-2
3248 MMA_-t

3249 GO TO 110
3250 tCOMMAPsNOFS
325t IBO=IB
3252 IB-4
3253 MT=MOFS+I
3254 110 CALL MAP

3255 IF (L.EQ.t,OR.L.EQ.LMAX) GO Tq 120
3256 UAVG'O.25"(U(L-t.MT.Nt)+U(L.t.Mr.NI).2.O-UfL.MT.NI))
3257 VAVG=O.25"(V(L-f.MT.NI).V(L+l,MT.Nt)+2.O*V(L.MT.Nt))
3258 GO TO 130

3259 120 UAVG'U(L,MT,Nt)
3260 VAVG+V(L,MT,N1)
3261 130 TAUW=ABS(BE3'UAVG+AL3,VAVG}*DYR
3262 IF (MOFS.EO.O) GO TO 160
3263 TAUWP:TAUW
3264 IB=3

3265 CALL NAP
3266 MT=MUFS-I

3267 IF (L.FO.I.0R.L.E0.LMAX) GO TO 140

3268 UAVG=O.25,(U(L-I.MT,Nt}+UIL+I.MT,NI)+2.O°U(L.MT,NI))
3269 VAVG=O.25°_V(L-I.MT,N1)+V(L+I,MT,NI)+2.OoV(L,MT.Nl))
3270 GO 10 150

3271 faO UAVG=UfL.MT.Nt)
3272 VAVG=V(L.MT.NI)

3273 t50 TAUWM'ABS(BE3"UAVG*AI3+VAVG)-DYR
3274 IB=IBD
3275 C

3276 C BEGIN TI!E M OR Y 00 LI]OP
3277 C

3278 160 DO 14OO M-MIS.MIF
3279 IF (IVC.EO.O) GO TO 190
3280 IF (NVC.NE.I) GO TO 190
3281 IF (MVCB.N£. 1) GO 10 170
3282 IF (M.EO.t! GO TO 14OO
3283 GO TO 180

3284 170 IF (MVCT.NE.MMAX) GO TO 180

3285 IF (M.EO.MMAX) GO lO 1400
3286 180 IF (M.LT.MVCB.OR.M.GT.MVCT) GO 10 190
3287 GO TO 14OO
3288 190 IES=O
3289 IF (M.EO.MMAX) IES=t

32_O IF (M.[O.I.AND.NGCB.N£.O) tES:t
3291 IF (M.EO.MOFS.AND.LDFS.NE.O) IES-1
3292 C

3293 C CALCULATE THE TUREULENI NIXING LENGTH
3294 C

3295 IF (ITM.EQ.O.OR.ITM.EQ.3) GO TO 210
3296 IF (NVC.NF.I) GO TO 200
3297 IF (M.EQ.MIS) CALL MIXLE_ (L.M)

3298 IF (M.EQ.MVCT.t.ANO.MVCB.EQ.1) CALL MIXLEN (L,M)
3299 IF |M EO.MVCT+I.ANO.(MDFSC.NE.O.AND.LDFS.NE.O)) CALL MIXLEN IL,M)
3300 GO TO 210

33OI 200 IF (M.EO.MVCB) CALL MIXLEN (L,M)

3202 IF (_.EO.NDFS.AND.(LDFS.NE.O.AHD.IOFS.NE.O)) CALL MIXLEN (L,M)
3303 IF (M.EO.MDFS.I.ANO.MOFS.NE.O) CALL NIXLEN {L,M)
3304 C

3305 C SET SPECIAL CONDITIONS FOR L=I OR LMAX
3306 C

3307 210 IF (L.NE.LMAX.AND.L.NE.I) GO TO 230
3308 TML=O.O
3309 ,_ttj_-O.C

3310 TLMUR=O.O
3311 AVMUR=O.O
3312 IF (M.EQ.I.0R.M.EO.M_AX) GO TO 1340
3313 IF (L.EQ.1) GO TO 220
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3314 IF (LOFSF.EQ.LMAX.ANO.M.EQ.MOFS) GO TO 1340
3315 GO TO 230
3316 220 IF (LOFSS.EQ. I.ANO.M.EQ.MOFS) GO TO 1340
3317 C
3318 230 RORR-I.0/RO(L.M.Nt)
3319 MMAP=M
3320 CALL MAP
3321 0M-2.0,0Mle0M2/(0MI.0M2)
3322 BE=2.OeBEJ,BE4/(BE3.BE4)
3323 AL34=At3.AL4
3324 DE34-DE3.DE4
3325 IF (AL34.EO.O.O) AL34=I.O
3326 IF (DE34.E0.O.O) DE34-1.O
3327 AL=2.O*AL3eAL4/AL34
3328 DE=2.O*DE3*DE4/DE34
3329 IF (YP.NE.O.O) RYP=I.0/YP
3330 YP3=YP-O.5-DY/RE3
3331 YP4=YP+O.5*DY/BE4
3332 C
3333 C CHECK FOR ARTIFICAL VISCOSITY
3334 C
3335 IF (CAV.EQ.O.O) GO TO 250
3336 IF (L.LT.LSS.ANO.CI4ECK.EQ.O.O) GO TO 1340
3337 IF (L.GT.LSF.ANO.CHECK.EU.O.O) GO 10 1340
3338 IF (_.LT.MSS.ANO.CHECK.EO.O.O) GO TO 1340
3339 IF (M.GT.MSF.ANO.CHECK.EO.O.O) GO TO 1_4_
3340 XV-U(L.M.NI)-U(L.M.NI)'V(L.M.NI)-V(L.M.NI)
3341 XA=GAMMA*P(L.M.NI)*RORR
3342 XM=XV/XA
3343 SMT-I.0
3344 IF (HCSLIP.NE.O.ANO.XM.LT.I.0) 5MTzXM
3345 IF (SMACH.EO.O.O) GO TO 250
3345 IF (XM.LT.SMACH*SMACH.ANO.CHECK.EO.O.O) GO TO 240
3347 GO TO 250
3348 240 GUT(L.M)=O.O
3349 QVT(L,M)=O.O
3350 OPT(L.M)=O.O
335t QROT(L.M)=O.O
3352 GO TO 1340
3353 C
3354 C CALCULATE THE X DERIVATIVES
3355 C
3356 250 7=P(L.M.Nt)/(RO(L.M.Nt)*RG)
3357 A:SORT(G_G,T)
3358 IF (L.EO.t) GO TO 260
3359 ULM=U(L-I.M.N1)
3360 VLM=V(L-I._.N1)
3361 PLM=P(L-1.M.Nt)
3362 ROLM=RO(L-t.M.N!)
3363 0LM=0(L-I.M.NI)
3364 ELM=E(L-1.M.NI)
3365 ]F (L.EQ.LMAX) GO TO 280
3366 260 ULP=U(L.I.M.N1)
3367 VLP=V(L+I.M.NI)
3368 PLP=P(L+I.M.NI)
3369 POLP=RO(L+t.M.Nt)
3370 QLP-O(L.t.M.NI)
3371 ELP=E(L+I.M.NI)
3372 IF IL.EQ.'II GO TO 290
3373 IF (M.NE.MOr5) 30 TO 280
3374 IF (L.NE.LOFSS-I) GO TO 270
3375 ULP=O.5*(ULP+UL(L*I.NI))
3376 VLP=O.5,(VLP+VL(L.I.Nt))
3377 PLP=O.5*(PLP+PL{L.I.N1))
3378 ROLP=O.Se(ROLP_ROL(L+_.Nt))
3379 ZF (I1M.LE.I) GO TO 280
3380 0LP=O.5*(OLP+OL(L.t._JI)}
3381 ELP=O.5*(ELP+EL(L.I.NI))
3382 GO TO 280
3383 270 IF (L.NE.LDFSF+I) GO T0"280
3384 ULM-O.5-(ULM.UL(L-I.NI))
3385 VLM=O.5°(VLM*VL(L-1.Nt))



3386 PLM-O.5,(PLM6PL(L-_.N1))
3387 ROLM-O.5,|ROLM_R_L(L-S.NI)]
338_ IF (ITM.LE.I) GO T0 280
3389 0LM=O.5,IQLM_OL(L-I.NI))
3390 ELM=O.5*(ELM_EL(L-t.Nt))
_3JI 280 UXI-(U(L.M.NII-ULM),DXR
3307 V*I-(V(L,M.NII-VLM),DXR
3393 TLM-PLM/fROLM*RG) -
3394 TXI-(T-TLM|,DXR

3305 ROXI=(RQ(L,M,NI)-ROLM),DXR

3396 IF ([TM.G_._) ROOX-(_O(L.M.NI),q(L.M.NI_-ROLMoULM)*DXR
3397 ]F (L.EO.LMA_) GO TO 340
3398 290 UX2=(ULP-UfL,M,_I)),DXR
33_9 VX2=(VLP-V(t,M.NI)),DT_
3400 TLP=PLP/(R..P,RG)
3401 Tx2=(|LP-T),DxR
3402 ROX2=I_OLP-RO(L.M.NI)I,D_R

3403 Ir fITMG[.2) _G(Jx=fRULP'uLP'ROIL.M.NII.Q(L.M.N1))-DXR
3404 ]F (L.EQ.I| q;O T_ 340
3405 IF (CAV.EO.O.O} GO iO 3(_
3406 1_ (155 [0.0) (;0 70 300
3407 ALP=SQRT(GRG-]LP)
3408 ALM=SORT(GRG*TI.M)
3409 AXI=(A-ALMJ*DXR
3410 AX2=(ALP-A),DXR

3411 300 IF (]TH.LE.I) GO TO 320
3412 ROQX=(ROLP'qLP-ROLM-OLM)-OXR*0.5
3413 QXI'(Q(L.M.NI)-QLM).DXR
3414 QX2=(QLp-O(L,M.NI)).DXR

3415 02X=O.5.(SQRT(QLP)-SQRT(QLM)),UXR
3416 IF (ITM.EO.3) GO TO 310

3417 ROSO=_O(L.M.N1)oSQRTIQ(L.M.N1))
_418 ROSOI=RO(L-I.M.NI).SQRT(Q(L-I.M.N1))
3419 ROSQ2=RO(L+l,M,NI)-SORT(O(L+I,M.N1))
3420 GO TO 320

3421 310 EXI=(E(L.M,N1)-ELM)*DXR
3422 EX2=(ELO-E(L,M.NI)),DXR

3423 MUT=CQMU*ROtL.M,NI)*Q(L.N.N1),Q(L.M,NI),LC/E(L,M.NI)
3424 MUTI=CQMU*ROLM*OLM*QLM*LC/ELM
3425 MUT2=CQMU*ROLP'OLP-OLP*LC/ELP

3426 320 IF (M.NE.MOFS.OR.LDFS.EQ.O) GO TO 330
3427 IF (IB.EQ.3) GO TO 680
3428 GO TO 490
3429 _30 IF (M.EO 1) GO TO 490
3430 IF (M.EQ.MMAX) GO TO 680
3_31C

3432 C BEGIN THE [NTER]OR PO[NT Y DERIVATIVE CALCULAT]ON
3433 C

3434 340 DYP=DY/BE
3435 U_P=U(L.M+I.N1)
3436 UMM=U(L.M-1.NI)
3437 VMP=V(L.M.I.NI)

3438 VMM=V(L,M-1.N1)
3439 PMP=P(L.H_I.NI)
3440 PNM=P(L.M-;.N1)
344t RCMP=RO(L.M_I.Nt)
3442 ROMM=RO(L.M-I._I)

3443 QMP=Q(L.M+I.NI)
3444 QMM=Q(L.M-1.NI)
3445 EMP=E(L.M.I.NI)
3446 EMM=E(L.M'I.N1}
3447 IF (L.EQ.LMAX.OR.L.EQ ") GO TO 350
3448 ULFMP=U(L?I.M+I.N1)
3449 ULMMP=U{L-I.!<.I.N1)
3450 ULPMM=U(L+I.M-I.N1)
3451 ULMMM=U(L°t,M-1.NI)
3452 VLPMP=V(L+I.M.J.N1)
3453 VLk34P-V(L-1.M_I,N1)
3454 VLPMM=V(L+I,M-I,Nt)
345_ VLK_M-V(L-I.M-I,NI)

3456 PLPMP'P(L+I.M_I,NI)
3457 PLIW4P-P(L-I,N*I,N1)

3458 PLPMM-P(L+I,M-I,NJj
3459 PLIWMM=P(L-I.M-1.Nt)



.......

3460 ROLPNP'R0(L_I.M_I.NI)
3461 ROLMMP-RG(L-I.N_I.Nt)
3462 ROLPMN'RO(L_I.M-I.NI)
3463 ROLMMM-RO(L-I.M-I.NI)
3464 QLPMP-Q(L_I.N_I.NI)
3465 GLIk4P-Q(L-I.M_t.NI)
3456 OLPMM=Q(L_I.M-I.NI)
3467 QLMMM-Q(L-I.MoI.N1)

3468 ELPNP-E(L_I.M.I.N1)
3469 ELMMP=E(L-1.M*I.NI)

3470 ELPI_I-E(L_I.N-I.NI)
347t ELMM_I-E(L-I.M-I.NI)
3472 350 IF (IVC.E0.O) GO TO 380
3473 IF (NVC.EO.I) GO TO 380
3474 IF (M.EQ.MVC8) GO TO 360

3475 IF (M.EQ.MVCT) GO TO 370
3476 GO 10 380
3477 C
3478 C LINEAR INTERPOLATION IN TIME FOR M-MVCB
3479 C

3480 360 UMM-U( L.N" t .NNI )+RIN0* (U(L.M- 1 .NN3) -U( L .N- I .fiN1 ) |
3481 VMM-V(L.N- I.NNt )*RINO'(V(L.M- 1 .NN3)-V(L.M- I .NNI ) )

34_2 PMM-P(L.M- 1.NNI )+_INO*(P(L.M- I.NN3)-r(L.M- 1 ._1 I )
3483 ROMM-R0(L.N- I.NNI )_RINO*(R0(L.M" I.NN3)-R0(L.M- I .NN1 ) )
3484 QMM=Q(L.N*I.NNI)_RINOe(O(L.M-I._I3)-Q(L.M-I.NNI))

3485 EMM-E(L.M-I.I_NI)+RINO'(E(L.M-I.NN3)-E(L.M-I.NNI))
3486 IF (L.E0.LMAX.OR.L.EO.I) GO TO 390

3487 ULPMM-U(L.I.M- 1 .NNI )_RINO*(U(L+ I.M- 1 .NN3)-U(L+I .M- 1 .NNI) )
3488 ULMNM-U(L- I.M- 1 .NNI )+RIND-(U(L- I.M- _ .NN3)-U(L- ,.M- I .NNI 1 |
3489 VLPMlq-V(L+ 1.M- t .NN1 )_RINO*(V|L+ I.M- I.N_3)-V(L_ I.M- 1.NNI))
3490 VLMlm4-Vt L- I.M- I .NNI )_R]NO*(V(L- I .M- 1 .NN3) -V(L - 1 .M- 1 ._NI ) )
3491 PLPMM-P(L_I.M-I.NN1)+RINO*(P(L_i.M-I.NN3)-P(L_t.M-I.NNI))
3492 PLMMM-P(L-t.M-I.NNI)+RINO*(P(L-1.M-t.NN3)-P(L-I.M-I.NNf))

3493 IF (ITM.EO.O.AND.CAV.E0.O.O) GO TO 380
3494 ROLPMM=RO(L.I.M-I.NNI)_RINO*(PO(L.I.M-I.NN3)-RO(L_I.M-I.NNI))

3495 ROLMMM=RO(L-I.M-t.NNI)_R]NOt(R0(L-I.M-I.NN3)-R0(L-1.M-!.NNI))
3496 IF (ITM.LE.I) GO TO 380
3497 OLPMM-Q(L.I .M- I .NNt ).RINO-(Q(L_ I.M- t.NN3)-C(L+ t.M- 1 .NNf) )
3498 OLMMM-O(L- 1.M- I .NNI )_RINO-(OIL- t.M- t .NN3)-Q(L- I.M- 1.NNI ) )

3499 ELP_b4=E(L+ I.M- 1 .NN1 )4RIND-(E (L_ I.M- I.NN3)-E(L_ I .M- 1 .NNI))
3500 ELMMM-E(L- I.M- 1 .NNI ).RIND*(E(L- I.M- I .NN3)-E(L- 1.M- I .NNI) )
3501 _0 TO 380
3502 C
3503 C LINEAR INTERPOLATION IN TIME FOR M=MVCT
3504 C

3505 370 UMP=UUI(L)+RINO'(UU2(L)°UUI(L))
3506 VMP=VVI(L)_RINO*(VV2(L)-VVI(L))
3_O7 PMP=PPI(L)+RINO*(PP2(L)-PPt(L))
3508 ROMP-ROR01(L)_R]NO,(RORO2(L)-ROR01(L))
3509 QMP=QQI(L)_RINO-(002(L)-QQt(L))
3510 EMP=EEI(L)+RINO'(EE2(L)-EEI(L)}
3511 ]F (L.EO.LMAX.OR.L.EO.I) GO TO 390

3512 ULPMP=UUI(L_I)+RINO-(UU2(L+I)-UUI(L_t))
3513 ULMMP_UUI(L-I)_R]N_*(UU2(L-I)-UUf(L-I))
3514 VLPNP=VVt(L.I|.RINO.(VV2(L+I}-VVI(L.I)}
35_5 VLMMp=vvI(L-t).R]NO*(VV2(L-t)°VVIfL-I))
3516 PLPMP=PPI(L+I)_RINO*(PP2(L+I)-PPl(L_I))
3517 PLMMP-PPt(L-I).RINO-(PP2(L-I)-PPI(L-t))
3518 ;F (ITM.E0.O.ANO.CAV.E0.O.O) GO TO 380
3519 ROLPMP=ROROI(L.I).RINO*(ROR02(L.t)-ROROI(L.I))

3520 ROL_4P'ROROI(L-I)+RIND*(RORO2(L-1)-RURO;(L-I))
352! IF (ITM.LE.1) GO TO 380
3522 OLPMP'OQI(L.I).RINO'(QO2(t_I)-OQI(L+I))
3523 QLMMP-QQI(L-t)+RIND-(OQ2(L-1)-QOI(I.-1))
3524 ELPMP=EEI(L+I)*RINO-(EE2(L.I}-EEI(L_I))

3525 ELM_P=EEI(L-I)_RINO*(_E2(L-I)-EEI(L-1))
3526 C
3527 C CALCULATE THE INTERIOR POINT V DERIVATIVES
3528 C
3529 380 ZF (L.EO.LMAX.OR.L EO.I) GO TO 3_0
3530 UY1=O.25"( UMP.ULMMp-UMM.ULMMM)*OYR

3531 UY2=O.25-(UMP+ULPMP-UMM-ULrMM).DYR



3532 VYI,O.25,qVMP+VLI_4P-VI414-VLMI414).OYR
3533 VY2-O.25"IVMP+VLPMP-VMM-VLPIO4)oDYR
3534 UX3"O.25oqULP+ULPI4M'ULM'ULMMII)*DXR
3535 UX4"O.25"IULP+ULPMP'ULM'LILMMP)*DXR
3536 VX3"O.25etVLP+VLPMM'VLM'VLI_4M)'DXR
3537 VX4-O.25,4VLP.VLPMP-VLM-VLl14MP)eDXR
3538 390 VY3-(V(L.M.NI)-VIV_I).DYR
3539 VY4-(VMP-V(L.M.NI))'OYR

'- 3540 UY3"(U(L.M.NII'UMI4)'DYR
3541 UY4"(UMP'U(L.M.Nt))'DYR
3542 TI.;M-PI4M/(ROMMtRG)
3543 TMP-PMP/(ROMP'RGI
3544 T¥3-(T-TMM)+DYR
3545 TY4-(TMP-T)*DYR

- 3545 ROY3-(RO(L.M.NI)-ROMM).DYR
3547 ROY4-(_OMP-RO(L,M.NI)),DYR
3548 IF (ITM.LT.2) GO TO 400
3549 ROQY-(ROMPeOMP-ROMk*QMM)eOYR*0.5
3550 IF (IOSO.EO.O.OR.NVC.£Q.1) GO TO 400
3551 IF (M.EQ.MVCB.OR.M.EO.MVCT) GO TO 400
2552 RQOY-OQT(L.M)
3553 4C0 IF (L.EQ.LMAX.OR.L.EO.t; GO TO 410
3354 TLMNM-PLNMM/(RQLMMM,RG)
3555 TLMMP-_LMMP/(RQLMMP*RG)
3556 TLPMM-PLPMM/(ROLPM,M*RG)
3557 TLPMP-PLPNP/(ROLPMP,RG)
_558 TYI,0.25-(TMP.TLMMP-TMM-TLMNM)*DYR
3559 TY2-O.25*(TLPMP+TMP-TLPMM-TI_4)eOfR
3560 TX3-O.25*(TLP.TLPMId-TLM-TLMI_I),OXR
3561 TX4,0.25.(TL'MP.TLP-TLktMP-TLN)+OXR
3562 IF (]TM.EQ.O.ANO.C&V.EQ.O.O) GO TO 450
3563 ROYI-O.25.(ROMP.RQLMMP-RQMN-ROLMMM)*DYR
3564 ROY2-O.25,(ROMP+ROLPMP-ROMM-ROLPMM)+OYR
3565 _OX3-O.25,(ROLPtROLPI4114-ROLM-ROLMMM)*OXR
3556 RQX4-O.25*(ROLP.ROLPMP-ROLM-ROLIM4P)+DXR
3567 410 IF (CAV.EO.O.O) GO TO 430
3568 ]F (NOIM.EQ.O) GO TO 420
35_9 ATERM-V(L.M.NI)*RYP
3570 ATERM3-O.5*(V(L.M.NI)*VMM)eRYP
3571 ATERM4-O.5-(V(L.M.NI).VMP)*RYP
3572 IF (L.EQ.I.OR.L.EQ.LMAX) GO TO 420
3573 ATERMI-O.5,(V(L.M.N1)*V(L-I.M.NI))*RYP
3574 ATEQM2-O.5.(V(L.M.N1)*V(L+I.M.NI))*RYP
35T5 420 IF (;55.60.0) GO TO 430
3576 AMP-SQRT(G_G,TMP)
3577 AMM-SQRT(GRG-TI4M)
3578 AY3"(A-AMM)eDYR
3579 &Y4-(AMP-A)*DYR
3580 430 ]r (]TM.LE.1) GO TO 450
3581 ;F (L.EQ.I.0R.L.EQ.LMAX) GO TO 450
3582 QYl-O.25+(QMP+QLMNP-QII4N'Q_IIO4M),DYR
3583 QY2-O.25-(OMP*QLPN_-QMN'QLPMM).DYR
3584 QX3"0.25"(OLP.ULPMM-QLM-OLMMM)-DXR
3585 QX4"O.25*(QLP.OLPMP-QLK-QLI_4P)*DXR
3586 QY3=(Q(L.M.NI)-QM_)*DYR
3597 QY4-(QI4D-Q(L.M.NI))eDyR
35B8 02Y-O.5*(SQRT(QMP)-SQRT(QMM))eOYR
3589 IF (ITM.EQ.3) GO TO 440
3590 ROSO3-ROI,_4*SQRT((_4M)
3591 ROSQ4-RO_PeSQRT(O,._P)
3592 GO TO 450
3593 440 EYI-O.25.(EMP.ELI4MP-EMN-ELkqMM).DYR
3594 EY2-O.25*(EMP.ELPMP-EMM-ELPI4M),DYR
3595 EX3-O.25+(ELP+ELPfJIM-ELM-ELII4MM),DXR
3596 EX4-0.25*(ELP.ELPMP-ELM-EL!(MP)*DXR
3597 EY3-(E(L.M.NI)-EMM)*OYR
3598 EY4-(EMP-E(L.M.NI))*DYR
3599 IIUT3-COPAU*RNMM°Qt_LI*OMM*LC/_qM
3600 MUT4-CQkeU'_OMP+OMP'QMP'LC/EMP
3601C
350? C _ET THE BGUNOARY CONOZT]ON5 FOR L=I OR _MAX
3603 C
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36G4 450 IF (L.NE.LMAX.ANO.L.NE.I) GO TO 850
3605 IF (L.EQ.I) GO TO 460
3606 UX2--UX!
3607 VX2--VXt
3608 TX2"-TXI
360q ROX2-*ROXf
3610 ROLP=ROLM
3611 TLP-TLM

36t2 QLP'OLM
3613 ELP=ELM

3614 GO TO 470
3615 460 UXI--UX2
3616 VXl='VX2
3617 TXI--TX2

3618 ROXI=-ROX2
3619 ROLM,ROLP
3620 TL_=TLP
3621 OLM'QLP
3622 ELM'ELP
3623 470 YPf_yP
3624 YP2"YP
3625 UYt"O.O
3626 UY2-O.O
3627 VYI=0. O

3628 VY2=O.O
3629 UX3"C.O
3630 UX4-O.O

3631 VX3,O.O
3632 VX4-O.O
3633 TYI=O.O
3634 TY2=O.O
3635 TX3=C.O
3636 TX4-O.O
3637 ROYI=O.O
3638 ROY2_O.O

3639 ROX3=O.O
3640 gOX4-O.O
3641 ATERMI-ATERM
3G42 ATERM2=ATERM
3643 AXI=O.O
3644 AX2=O.O

3645 IF (|TM.LE.1) GO TO R50
3646 QXl-O.O
3647 Qx2-O.O
3648 0Y1=0,0

3549 _Y2:O.O
3650 0X3=0.0
3651 0X4=0.0
3652 Ov3_O.O
3653 QY4=O.O
3654 EXI=O.O
3655 EZ2=O.O
3656 EYt=O.O
3657 EY2=O.O
3658 EX3=O.O
3669 EX4=O.O
3660 EY3=O.O

3661 EY4=O.O
3662 IF (|TM.EO.3) GO TO 480

3663 ROSO=RO(L.4.Nt),SOQT(O(L.U.N1))
3664 R05Qi=ROSQ
3665 ROSO2=ROSQ

3666 ROSQ3=ROM_*SQRT(QMM)
3667 ROSQ4=RQMP*SCRT(_MP)
3668 GO TO 850

2669 480 MUT'COMU,RO(L.M.Ni)oQ(L.M.NI),Q(L.M.NI),LC/E(L.M.Nt)
3670 _JTI=_UT
3671 MUT2-t_T-

3672 #_UT3,COMU*ROMMtQMM,_MM*LC/EMM
36;3 MUT4"COMU*ROMP*QMP*QMP,LC/EMP
3574 GO TO 850
3675 C



L

3676 C BEGIN THE CENTERBODY OR UPPER DUAL FLOW SPACE BOUNOARY POINT
3677 C Y DERIVATIVE CALCULATION
3678 C
3679 490 DYP-DYIBE4

3680 UMP=U(L,M.I.NI)
3681 VMP=V(L.M.I.NI)
3582 PHP-P(L.M.I.N1)
3683 ROMP-RO(_.M_t.NI)
3684 OMP-Q(L.M+I.Nt)
3686 EMP=E(L.M_I.NI)

3686 UX4"O.25*(U(t+I,M,N1)*U(L+l,M.l,Nt)-U(L-1,M,N1)-U(L-l.M_l,NIl),DXR
3687 VX4"O.25*(V(L+1,M.N'I)+V(L.I,M+I,NI)-V(L-I.M,NI)-V(L-1,N_l.NI))*DXR
3688 UY4-IUMP-U(L,M.NI))oOYR
3689 VY4-(V_P-V(L M.N1)),DYR
3690 TMP=PMP/(ROMP,RG)
3691 TLMMP-P(L-I.M.I.NI_/(R0(L-I,M_I.NI),RG)
3692 TLPMP=P(L.I.M_I,NI)/(R0(L.I.M+I.N1)*RG)
3693 TX4=O.25*(TLPMP.TLP-TLMMP-TLM),DXR
3694 TY4-(TMP-T)*DYR
3695 [F (IT_.EQ.O.ANO.CAV.EQ.O.O) GO TO 5OO

3696 ROX4=O.25*(R0(L+I.M,NI)+R0(L+I.M.1.N1)-RO(L-I,N,HI)-R0(L-1,M.I,N1)
3697 1 ),DAR
3698 ROY4-(ROMP-RO(L,M,N1)),DYR
3699 ]F ([TM,LE.1) GO TO 500

3700 0X4-O.25,(Q(L.I,M.N1)+Q(L+I,M.t,N1)-Q(L-I.M.NI)-Q(L-I,M_I,NI)),DXR
3701 OY4-(QMP-Q(L.M.N1))eDYR
3702 |F (]fM.EQ.2) GO TO 500

3703 EX4=O.2S*(E(L_I.M.N1).E(L+I.M.I.NI)-E(L-I.M.N1)-E(L-I.M_I.N1))*OXR
3704 EY4-(EMP-E(L,M,N1))*DYR
3705 C
3706 C REFLECT THE CENTEREOOY OR UPPER DUAL FLOW SPACE BOUNDARY
3707 C C_ND[TIDNS

3708 C

3709 500 IF (N.EQ.I.ANO.NGC8.EQ.O) GO TO 590
3710 IF (|VBC.NE.O) GO TO 600
3711 IF (M.EC.MOFS) GO TO _10
3712 DNXNY=NXNYCB(L)

3713 DNXNYP-NXNYCBIL.t)
3714 DNXNvM-NXNYCB|L-_)
3715 GO TO 520
37t6 510 DNXNY=NXNYU(L)
3717 DNXNYP=NXNYU(L.I)
3718 DNXNYM-HxNYU(L-I)
%719 520 THEW=ATAN(-DNXNY)

_120 iF (UMP.EO.O.O) GO TO 530
3721 THE=AtAN(VMPiUMP)"
3722 GO TO 540
3723 530 THE=O.O
3724 540 IF (UHP LT 0.O) THE=THE.3.14159
3725 VMAG=SQRT(UMP-UMP.VMP*VMP)
3726 R1._E-2.OoTHEW-THE

3727 IF (NOSLIP.EO.I._NO.NGC5.NE.O) RTHE=3. f4159_THE

3728 IF (NOSLIP.EO.I.ANO.M.E_ I_OFS) _THE=3.14159.TH_
3729 UM_I=VMAG,COS(RTHE)
3730 VMM-VMAG-SZN(RTHE)
3731 THEW-&T_N(-DNXNYP)

3732 IF (UIL.I.M.t.Nt).EO.O.O) GO T0 550

3733 TH£=ATAN(V(L.I.M.f.Nf)/U(L.I.M+I.NII)
3734 GO TO 560
3735 550 THE-O.O
3736 560 IF (U(L*I,N*I.NI).LT.O.O) THE=THE.3.14159

3737 VNAG=_QPT(UIL.I.M.I.N1)_U(L.I,M.I,NI).V(L+I,M.f.NI),V(L.I,M.I,NI))
3738 RTHE=2.O*THEW-THE

3739 iF (NOSLIP.EO.1.ANO.NGCB.NE.O) RTHE-3.14159*TItE
3740 IF (NOSLIP.EQ. I.ANO.M.EO.MOFS) RTHE=3.14159.THE
3741 ULPMM=VMAG*COS(RTHE)

37s_ VLPMM=VMAG-SIN(RIHE)

3743 TH{W-ATAN(-DNXNYM)
3744 IF (U(L-t.M*t,N1).EQ.O.O) GO TO 570
3745 7HE-ATAN(V(L-I.M+I.NI)/U(L-t.M.t.Nt))
3745 GO TO 580

3747 _70 THE=O.O
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3748
3749
3750
37'51
3752
3753
3754
3755 C
37!..'
3 ·:>7
~"5a

3759
3760
3751
3762
3763
3764
3765
3766
3767
3768
3769
3710
3771
3772
3773
3774
3775
3776
3777
3778
3779 C
3780 C
37el C
3782
:::783
3784
3785
3786
3787
3788
3719
3730
3791
3792
3793
3794
3795
3796
3797
3798
3;99
3800
3801
3802
3803
3804 C
3805 C
38C:: C
3807 C
3808
380g
3810
38 I I
3812
3813
3814
3815
3816
3817
3818
3819

580 IF (U(L-1,M+l,Nll.LT.O.01 THE·THE+J.14159
VMAG'SORTIUIL-l.M+l.NIloUIL-l.M01.Nl)+VIL-l.M+l,NlloVIL-l.M o I,NII)
RTME·2.0 oTHEW-THE
IF INQSLIP.EO. 1.ANO.NGCB.NE.0) RTHEoJ.I4159oTHE
IF (NOSLIP,EO.I.I\NO.M.EO.IooIOFSI RTHEoJ.I4159+1HE
ULM~oVMAGoCOSIRTHE)

VLMM~'VMAGoSINIRTHEI

RFL·2.000N~NY·OYP/lt.0+DN~NyoDN~NYI

RFLP·2.0oQ~~NYP·OYP/lt.0+ON~NypoON~NYPI

RFLM·2.0·ON~NYMoOYP/lt.0+ON~NYM·ON~NYMI

TTERM·0.5oI0MloT~1+0M2oTX21

TW.~·TMP+TTERMoRFL

TLP~MoTLPMP+rTERMoRFLP

TLMMM.TLMMP+1TERMoRFlM
IF (I1M.EO.0.ANO.CAV.EQ.0.01 GO TO 610
ROTE~M·0.5°10MI·RO~I+OM2·ROX2)

ROMM'ROMP+ROTERMoRFL
ROLPMM.ROIL+I.M+t.Nt)oROTERMoRFLP
ROLMMM·QOIL-t.M o t,Nl)+ROTERMoRFLM
IF IIT~.LE. t) GO T~ 6tO
OTERM·0.5·(OMl oCXI+OM2°012)
OMM'CMP+OTERM'RFL
QLPMM·OIL+t.M+t.Ntl+OTERMoRFlP
OLMM~·OIL-l.M+I,Nt)+OTERMoRFLM

IF IITM.EQ.~) ~O TO 610
~TERM=0.5oI0MloE~IoOM2oE~2)

EMM=EMP+E1ERMoRFL
ELPMM=E(L+t.M+t.NI)+E1ERMoRFLP
ELMMM·E(L-t.M+I,Ntl+ET[RM'Rf~M

GO TU 6tO

REfLECT THE CENTERLINE OR MIDPLANE BOUNDARY CCNDITIONS

590 U"IM=UMP
VMM=-VMP
ULPMM-UIL+t,M+t,Nl)
VLPMMo-VIL+l,M+t,Nt)
ULMMM=UIL- t .M+t .NI I
VLMMM'- IIL-t ,M+t,Nl)
TMM'T"'P
TLP"'",·TLP"'P
TLI"M"'- TLMMP
IF IITM.EO.O.ANO.CAV.EO.O.OI GO TO 610
RO"lM=ROMP
ROLPMM'ROIL+',MO',Nl)
ROLMMMoRO(L-I.Mol.Nt)
IF IITM.LE.l) GO TO 010
OMM'QMP
OLP"'''''O( L+ I,M+ I.Nl l
OLM"''''=OIL-t.Mot.NII
IF (ITM.EO.2) GO TO 6tO
EM"'oEMP
ELP"IM·EIL+l.M+l.NI'
ELMMM·EIL-l.M+I.Nl)
GO TO 6 to

E~TRAPOLATE THE CENiERBODY OR UPPER OUAL FLOW SPACE BCUNOARt
CONOLTIONS

600 UMM-UIL,M,Nll+F21·IUIL.M.Nl)-UMP)
VMM·V(L.M.Nl)+F2I oIV(L.M.Nl)-VMP\
ULP""M'UIL+l.M.Nt)+F~'·IUIL+t.M,Nt)-U\L+t.M+l.NI))

VLPMM'V(L+l,M,NI)+F~I·IV(L+l,M,Nt)-V(L+t.Mol,NI))

UL~M'UIL-l.M.Nl)+F2IoIUIL-l,M.Ntl-U(L·t,M+t.NI)1

VLWMMsV(L-t,M.Nt)+F21·IV\l-I,M,Nt)-~IL-l,M+t,Nt))

TMM=T+F~I'\T-TMP}

fL?MM.TLP+F2I·(TLP-TLPNP)
TL~M=TL~+F2IoITL~-TLMMP)

IF IITM.EO.O.ANO.CAV.EO.O.O) GO TO 610
RO~=RO(L.N,Nt)+f21·IRO(L.N.Nl)·RDMP)
ROLPMM-WOIL+t.M.Nl)+F2I e IROIL+t.M.Nt'-ROIL+l,M·1.Ntl)



3820 ROLMMH=RO(L-I,M,Ni)*F21*(RO(L-1,MoN1}-RO(L-I,M+I,NI))
382! IF (ITM.LE.!} GO rO 610

3822 Q_M=Q(L,M,NI)+F2]-(Q(L,M,NI)-ONP)
3823 QLP_=Q(L+f,M,N1)+F2Io(Q(L.I,M,NI)-Q(L+I,M*I,NI))

3824 QLM_=Q(L-I,H,NI)+F2I-(Q(L-I,M,Nt)-Q(L-I,M+I,NI))
3825 IF (ZTM.EQ.2) GO TO 6tO
3826 EMM=E(L,M,Nt)+F21,(E(L,M,Nt)-EMP)

3827 ELPWM=E(L_t,M,N1)+F21-(E(L+I,M,NI)-E(L.I.M.I.NI))
3828 ELMMM=E(L-t,M,N1)+F21,(E(L-1,M,NI)-E[L-I,M+t,Nt)_
3829 C

3830 C CALCULATE THE CENTERBODY OR UPPER DUAL FLOW SPACE BOUNDARY
3831 C DERI'ATIVES

3833 610 IF (M.NE.MDFS) GO TO 630

3834 IF (L.NF.LDFSF) GO TO 620
3835 ULPMM=U(L.I.M-I.N1)
3836 VLP_U=V(L+I.M-I,N_)

3837 TLPMU=P(L+I,M-I,Nt)i(RO(L.I,M-1.NI),RG)
3838 ROLPUM=_O[L_I,M-*,NI)
3H39 IF #ITM.LE.TI GO TO 630
3840 QLPMM=Q(L.I,M-I,NI)

_841 ELPMH=E(L.I.M-t,NI|
3812 GO TO 630

3843 620 If (L.NE.LDFSS) GO TO 63G
3844 UL_MM=U(L-I.M-1,NI)
3845 VLMMM=V(L-1.M-1.N1)
384G TLMMU=P(L-I.M-t.NI)/(ROtL-I.M-1.NII°RG)
3847 ROLMMM=RO(L-1,M-I,NI)
3848 IF (ITM.LE.I) GO TO 630
38_9 OtMMM=O(L-i,M-t.N_)
3850 ELMM_=E(I.-t.M-1.Ni)
3951 630 UY1=O.25,(UUP+U(L-I,_*_,NI)-UMM-UtMMM)°Dy_
3852 VYI=O.25-iV_P_V(L-I.M_I.NI)-VMM-VLMMMI°DYR
3853 UY2=O.25°(UMP+U(L_I,_*|,N1)-UMM-ULP_M),DyR

3854 VY2=O._S-(VMP_V(L.I,M_I,_I)-VMMoVLPMMI-DYR
3855 UY3=(U(L,M,NiI-UMM_-DYR

3956 VY3=(V(L.M.N1)-VMM)oDyO

3857 U_3=O 25°(U(L.I,M,Ni).ULPMM-U(L-_,M,NI)-ULM_M),D_R
3858 VX3=O.25*(V(L_t,M,NI)'VLPMMoV(L-I,M,NI}-VLMM_|,D_R
385g lYf=O 25,(TMP_TLMM_-TMM-TLMMM)-DYR

3860 TY2=O.25*(T_P'TLPMP-TMM-TLPMM)*DYR
3861 TX3-0.25;(TLP*TLP_M-TLM-TLMMM),DXR
3962 TY3-(T-T_M)-DYR
3863 TMM=TMM

3864 IF #_TM.EQ.OANC CAV EO.O.O] GO TO R50
38E5 ROYi_O.23"(_O_P.R0(L-I.M*I,N1)-RO_M-#0L_MU),D_P
3_6 ROY2=O.25°(ROM:)¢RO{L_t.M_I,NI)-ROMM-R0|PMM)°Dfq
3867 =OY3=(RO{L,M.NI)-RQMMI°Df_
3868 _OK3=O 25-(;01L_I,M,NI)+ROLPMM-ROfL-I.M.NI]-=_L_M),D_R
3_69 IF (_V.EQ.O.O) GO TO 660

3_70 IF (NOIM.EO.O) GO TO 650
3871 IF (_.[O. I.A%D.YCS(L).EQ.O.O) GO TO 640
3872 3TE_M=V(L.M.N1)°RvP

3873 ATE_Ut=O.5o[V(L,M,NI).V(L-i.M.NI)),R_P
3_74 &TERMC=O.5_(¢{L,M.N1)*VIL*_,M,NI))oR_p
3575 ATE_3vO.Se(4(L.M,NI)+'JMM)eRYP
3_76 ATE_4-O.5-(V(L.M.NI)_VUP),RvP
3S77 IF [M.EO.MEFE| GO TO 650

3878 IF (¥C8(L-I).EQ.O.01ATERMI=O.5°(BE4,V{L-I,M*_,NI),DvR.V(L,_ ,;,)
3879 I /YCB(L) |

3880 IF ( f:_(L+I).EQ.O.O} ATERM2=O.5"(SE4,VIL*f,M*, N!),D_*V(L.M %1)
39_1 1 /YC_IL))

3882 IF (_CS(L-II.EQ.O.O.OR._CB(L+!).EQ.O.O) ATE_=O.5-(ATER_t+ATE;U2)
3P83 GO TO 650
3894 640 ATE_M=BE°VMP*D_R

3885 4TERMt=EE4"O.5-IVMP_VIL-I,M.!.N1)),DYR
3_86 _TE_:=BE4oO 5*(VMP_V(L+I.M+I,Nt))°D_
3887 ATER_J=BE4*Vu_-DYR
3889 ATE_3-&TE_4

3889 IF (_CB(I.-I) NE.O.O) &TE#UI:O.D*(V(L-t.U.N!) 'YC_(L- I)+_E4°VM#°0y_)
3890 IF ('CSiL+_I NE.O.O) _TERM2=O.5-fVIL*I.M )11) "_CSIL¢t),SE4,VUp,Dy_)
389_ IF !_CS(L-1).N_.O.O.C_.',C£(L+I).NE,O.O} ATE_=O.5.(_/E_I_&TE=_2)
3892 650 IF (IS$.EO.O) GO TO 660
3893 _MP=S_T(GRG,Tu_)



3894 AMMxSQRT(GRG,TMM)

3895 AY3=(A-AMtf),O_'R
3a96 AY4=(AMP-A},DYR

3897 660 IF (XTM.LE._) GO TO 850
3898 ROQY=O.5_(ROMP,OMP-R(]MM,OMM),DYR

3899 QYI=O.25"(0MP$Q(L-I.M.I.NI)-QMM-OLMMM),DyR
3900 OY2=O._5,(OMP_(t*t,M,I.NI)-OH_.QLPMM)tDV R
3901 OY3=(Q(L.M.NI)-OMM),DYR

3902 OX3=O.25"(Q(I._l.M.NI).QLPMM-Q(L-1.M.Nf)-OLMMM),D;R
3903 02¥=0.5,(SQRT(_BS(QMp))-SURT(AESIOMM))),DyR
3904 IF (ITM.[Q.3) GU TO 67_
3905 ROSQ3=RO_M.SORT{ABSfQ_M))

3906 ROSO4=RCMP,SQRr(ABS(QMP})
3907 GO TO _50

3908 670 [Yl=O.25,(EMP_E(L-I,M.I,Nt)-EMM ELMMM)_DYR
3909 EY2=n.25,(EMPtE(L_I.M.I.NI)-EMM.ELPMM),DYR
3910 EY3=(E(L,M,NI)-EMM),DYR

3911 EX3=O.25*(E(L.I,M.NI)+ELPMM-E(L-1.M.NI)-ELMMM),DXR
3912 MUT3=COMU,ROMM,OMM,OMM,LC/ABS(EMM)

3913 MUT4=COMU,ROMP,OMPtOMP,LC/ABS(EMP )
3314 IF (M.EQ.I.AND.NGCB.EQ.O) MUT=O.5*(MUT3_MUT4}
3915 GO TO 850
3916 C

3_17 C REGIN THE WALL CR LOWER DUAL FLOW SPACE BOUNDARY POINT
3918 C Y DERIVATIVE CALCULATION
3919 C

3920 680 DYP=DY/BE3
3921 UMM=U(L.I_-I,Nt)
3_22 VMM=V(L.M-I,NI)
3923 PMM=P(L.M-I.NII
3924 ROMM=R0(L M-I.N1)

3925 DMM:O(L.M-I,NI)
3926 £MM=E(L.M- 1 .N1 )

3927 UX3=O.25*(U(L.IoM.N1).U(L.l,M-1.N1)-U(L-1.M.Nt).UtL_I.M. 1.NI))*DXR
3928 VX3=O.25"(V(L.l.M.N1).V(L.I,M-1,NI)-V(L-I.M,N1)-V(L-1,M- I.NI))*DXR
3929 UY3=(U(L.M,NI)-UMM)-DYR
3930 VY3=(V(L,M,N1)-VMM)*DYR

3931 TLPMM=P(L.I.M-I,NI)/(R0(L_I,M-f.NI),RG)
3932 TMM=P_M/(ROMM,RG)

3933 TLMMM=P(L-1,M-t,Nt)/(RO(L-I,M-I.NI)*RG)
3934 ]X3"O.25,(TLP.TLPMM-TLM-TLMMM),D_R
3935 TY3=(T-TMM)-DYR

3936 IF (TTM.EO.O.AND.CAV.EO.O.O) GO TO G90

3937 ROX3=O.25"(RO(L.I.M.NlI.RO(L.l.M-I.NI)-RO(L-loM.NI)-RO(L-I,M-loN1)
3938 1 _*DXR

3939 ROY3=(R0(L,M,NI)-ROMM),DYR
3940 IF (XTM.LE.f) GO TO 690

3341 QX3=O.25"(O(L.I,M.Nt).O(L.I,M-I.Nt)-Q(L-t.M,NI)_Q(LoI.M-IoNI)),DXR
3942 OY3=(D(L.M.NI)-OMM),DYR
3_43 IF (XTM.EO.2) GO TO 690

3944 EX3=O.25"(E(L+I,M.N1)+E(L.I,M-t.NI)-E(L-1°M.NI)-[(L-I.M-1.NI)),DXR
3945 EY3=(E(L,M.NI)-EMM)*DYR
394_ C

3947 C REFLECT THE WALL O_ LOWER DUAL FLOW SPACE BOUNDARY CONDITIONS
3948 C

3949 690 IF (XVBC.NE.O) GO TO 780

3950 IF (]WALL.E0. I.AND.M.EO.M_AX) G0 TO 780
3951 IF (M.E0.MDFS) GO _0 700
3952 DNXNY-NXNY(L)

3953 DNXNYP=NXNY(L+I)
3954 DNXNYM=NXNY(L-I)
3955 GO TO 710

3956 ?O0 DPJXNY=NXNYL(L)
3957 DNXNYP=NXHY!.(L . I)
3958 DNXNYM=NXN¥ L ( L - 1

3959 710 THEW=ATAN(-DNXNY)
3960 Zr (UMM.EO.O.O) GO TO 720
3961 THE=ATAN(VMM/UMM)
3962 GO TO 730
3953 72C THE=O.O
3954 "30 IF (UMM.LT.O.O) THE_THE+3.14159

3955 V_G:SORT{UMM*UMM.VMM,VMM|
3956 RTHE=2.O,THEW-THE



3967 IF (NOSLIP.EO.f) RTHE-3.14159.THE
3968 UMP=VMAG,COSfRTHE)
3969 VMPeVMAG*SIN(RTHE)
3970 THEW-ATAN(-DNXNYP)

3971 IF (U(L*I,M-I.NI|.EO.O.O) GO TO 740
3972 THE=ATAN(V(L.t.M-I.NI)/U(L+I.M.f.NI))
3973 GO TO 750
3974 740 THE=O.O

3975 750 IF (U(L.I.M-I.NI).LT.O.O) THE=THE.3.14159

3976 VMAG_S_RT(U(L.I.M-I.NI),U(L.I.M-I.N1)+V(L.I M-f NI)*V(L.I.M-t.NI))3977 RTH_=2.O'THEW-ThE ' '

3978 IF (NOSLIP.EQ. 1) RTHE=3. 14159.THE
3979 ULPMP=VMAS'CUS(RTHE)
3U80 VLPMP=VMAG*SIN(RTHE)
3981 THEW=_TAN(-DNXNYM)

3982 IF (U(L-I._-I.NI).E0.O.O) GO TO 760
3_83 THE'ATAN(V(L-I.M-I,NI}/U(L-I,M.I.NI))
3984 GO TO 770
3985 760 THE=O.O

3986 770 IF (UIL-I.M-I.NI).LT.O O) THE=/HE+3.14159

3997 VMAG'SQRTfU(L-J.M-I,NI),U(L-I,M-f.NI)+V(L.I M-I NI)*V{L-1.M-I.NI)}3988 RTHE=2.O-THEW-THE " "

3989 IF {NOS[IP.EQ.I) RTHE=3.14159.THE
3990 ULMMP=VMAG,COS(RIHE)
3991 VLMMP=VMAG,SIN(RrHE)
3992 C

3993 _FL=2.OeONXNY*OYP/(I.0+DNXNY,DN×NY)

3994 RFLP=2.0"DNXNYP*DYP/(1.0_DNTNYP°DNXNYP)
3995 RFLM'2.O'DNXNVM*DYP/(I.O_DNXNYM,DNXNYM)
3996 TTERM=O.S'(0MI-TXI.OM2,TX2)
3997 TMP:TMM-TTERM*RFL
3998 TLPMP=TLPMM-TTEPM*RFLP
3999 TL_MP=TLMMM-TTE_M*RFLM

40(30 IF (ZTM.EO.O.AND.CAV.E0.O.O) GO TO 790
400t ROTERM=O.5*(OM_*ROXI+OM2.ROX2)
4002 ROMP-ROMM-ROTERM*RFL

4003 ROLPMP'RO(L+I.M1.NI)-ROTERM,R;LP
4004 ROLMMP=RO(L-|oM-I,NI)-ROTE_M*RFLM
4005 IF (ITM.LE.I) GO TO 790

4006 QTERM=O.5"1OMI.OXt+OM2eOX2)
4007 OMPeQMM QTE_M°RFL

4008 QLPMP=Q(t+t.M-I.NI)-OTE_M*RFLP
4_9 OLMMP=O(L-I.M-I.NI)-OTERM°RrLM
4U10 IF (ITM EO 2) GO TO 790
4Oll ETERM=O.5"(0MI*EXI.OM2,EX2)
4012 EMP=EMM-ETERM+RF L

4013 ELPMP=EtL.I.M-I,NI)-EtERMoRFLp
4014 ELMMp=EIL'I.M-I.N|)-ETERM,RFLM
401_ GO TO 790
4016 C

4OI7 C EXTRAPOLATE THE WALL OR LOWER DUAl. rL0W SPACE BOUNOARY CONOIIIOHS4018 C

4019 730 UMP=U(L .M.Nt )+F21 • [ U( L.M.N1 ) -UMM)
40_O VMP_V(L.M.NII+F21,(V(L,M.N1)-VMM)

4021 ULPMP=U(L*I.M,NI).F21.(U(L+l,M.N1)-U(LtI,M-I,NI))
4C22 VLPMP=VIL*I.M,NI).F2I.(V(L.I.M.N1)-V(L.I.M.I,NI))
4023 ULMMP_UILI.M.NI)+F2I*IU(L-1,M,NI)-U(L.1.M.1,N1))
4024 ViMMP±VIL'I,M.NIJ+F2[-_V(L-I.M.NII-VIL-1.M.I.NI))
4025 TMP=r_F21.(T-IMH|

4026 TLPMP=TLP+F2|.(TLP-TLPMM)

4027 ILMMP=TLM+F2I°([LM-ILW_M)

4028 IF (ITP4.EU.O.ANO.CAV.EQ.O.O) GO TO 790

4029 ROMP=ROIL,M.NI)+F21,(R0(L.H.NI)-RO_M)

4030 ROLPMP=RU(L+I,M,NI)+F21,(RO(L+t.M.N1).RO(L.I.M_t,NI))
4031 ROLMK'P=_O(L-I,M.N1).F21+(RO(L-I,M,NI)-RO(L_I,M_I.NI)}
4032 IF (ITM.LE 1) GO 70 790

4033 GMp=Q(L.M.NIj+F21,(O(L.M,NI}_OMM )

4034 QLpMp=O(L.I.M.Nt).F21.(Q(L+I.M.NI)_0(L+I.M.I.NI) )
4C35 QLMMP=QIL'I._.NI).F2_'fQ(L-I.M.N1)-Q(L-1.M.I.N1))
4036 IF (ITM E0.2) GO TO 790

4037 E_P=E(L._.N1)+F2I*(E{L.MoNI)-EMM)

4039 ELP_P=E(L'I.M.NI)+F21*(E(L.t.M,N_)-E(L+joM. I.P_I))
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4039 ELMMP'E(L'I,M,NI).F2r*_E(L-J.M,N1)-E(L-I,M-I,NI))
4G40 C

4041C CALCULATE THE VALL AND LOWER DUAL FLOW SPACE BOUNDARY DERIVATIVES
4042 C

4043 790 IF (M.NE.MOFS) GO TO 8t0
4044 IF (L.NE.LDFSF) GO !0 800
4045 ULP_P=U(L.I,M+I.NI)
4046 VLPMP=V(L.I,M.J,NI)

4047 TLPNP=P(L+|,M_I,NI)/(RO(L+I,M_I,NI)*RG)
4043 ROLPMP-RD(LeI,M.I.Nf)
4049 ZF (ITM.L_.I) GO TO 610
4050 OLPMP=O(L.I.M_I.N1)
4051 ELPMP-E(L+I.M.I.NI)
4052 GO TO 810

4053 800 IF (L.NE.LDFSS} GO TO 810
4054 ULMMP-U(L-I.M.IoN1)
4055 VLMMP=V(L-I.M.I.NI)

40SG TLMMP'P(L't.M.I.NI)/(RO(L-t.M_I.NI),RG)
4057 ROLMMP-RD(L-I.M.I.Nt)
4058 IF (ITM.LE.I) GO TO 810
4059 QLMMP-Q(L-t.M.I.NI)

4060 ELMMP=E(L'I.M.I.Ni}

4061 810 UYI=O.25e(UMPeULMMP-UMM-U(L-t.M-I.NI|)eDYR
4062 VYl=O.25*(VMP.VLMMP-VMM-V(L-1.M-I.NI))eDy R
4063 UY2=O.25*(UMP.ULPMP.UMM-U(L.I.M-1.NI)),DYR
4064 VY_=O.25*(VMP.VLPNP-VNM-V(L.l.M.I.NI))oDYR
4065 UY4=(UMP-U(L.M.Nt))eDYR
4066 VY4=(VMP-V(L.M.NI)),DYR

4067 UX4=O.25*(U(L.l.M.NI).ULPMP-U(L-1.M.N1)-ULMMP),DXR
4008 VX4=O.25"(V(Lef.M.NI)+VLPMP-V(L-I.M.NI)-VLMMP)eDXR
4069 TY_=O.25*(TMP.TLMMP-TMM-TLMMM)oDYR
4070 TY2=O.25e(TMP.TLPMP-TMM-TLPMMIoDYR

4071 TX4-O.25*(TLP.TLPMP-TLM-TLMMP)tDXR
4072 TY4=(TMP-T),DyR
4073 TMP=TMP

4074 IF (IT_ EQ.O.AND.CAV.EQ.O.O) GO TO 850

4075 ROYI'O.25*(ROMP.ROLMMP-ROMM-RD(L-1,M-1,NI))*DYR
4076 ROY2=O.25*(RDMP.ROLPMP-ROMM-RO(L+I.M-I.NI))oDYR
4077 RCX4.0.25._RO(L,I.M.N1)$ROLPMP.RO(L-I.M.Nf).ROLMMP),DX R
4078 ROY4=(ROMP-RO(L.M.NI))=DYR
4079 ZF (CAV.EQ.O.O) GO TO 830
4080 IF (NDIM.EQ.O) GO TO 820
4081 ATERM=V(L.M.NI)*RYP
4082 ATERMI=O.5*(V(L.M.Nt)_V(L-1.M.NI))oRyp

4083 ATE_M2-O.5*(V(L.M.Nf)+V(L.I.M.NI)),Ryp
4084 ATERM3=O.5e(V(L.M.N1)+VMM)eRyp
4085 ATERM4=O.5-(V(L,M.NI)+VMP),RyP
40_6 820 !t (ISS.EO.O) GO TO 830
4087 AMP=SQRT(GRG*TMP)
4098 AM==SO_T(GRG*TMM)

4089 AY3=(A-AMM_eDYR
4090 AY4=(AMP-A),DYR

4091 830 IF (ZTM.LE.I) GO TO 850

4092 ROOY=O.5*{ROMP,OMP-ROMM*QMM)*DYR
4099 OYt'O.25"(O_P_OLMMP-OMM-O(L-1.M-I.NI)),DYR
4094 OY2=O.25*(QMP+OLPMP-QMM-O(L+1.M-I.NI)),DyR

4095 OX4"O.25"(C(L.l.M.Ni)+OLPMP-Q(L-I.M.Nf)-OLMMPI*OXR
4096 OY4=(OMP-O(L.M.NI)),DYR
4097 02Y=O.5*(SQRT(ABS(QMp})-SORT(ABS(OMM))).DyR
40_8 I _ (ITM.EQ.3) GO TO 840
4099 ROS_3=ROMM°SQRT(ABS(QMM})
JlO0 ROSO4-ROMP*SORT(ABS(OMP})
4_01 GO TO 850

4102 840 EYI=O.25*(EMP_ELMMP-EMMoE(L-I.M-1.NI)),DyR
4103 EY2=O.25°(EMP+ELPMP-EMM-E(L+f.M-I.NI}),OYR
4104 EX4=O.25*(E(L.l.M.Nt).ELPMP-E{L-I.M.N1)-ELMMP)*DXR
4105 EY4e(EMP'E(L.M.N1))eDYR

4106 MUT3=COMU*ROMM,OMM*_MM*LC/ABS(EMM)
4107 kUT4=COMU,ROMP,OMPtOMpoLC/ABS(EMP)
4108 C
4109 C CDMSZNE TERMS
Jl10 C



4tll 850 UXYI-OMI-UXIeAL*UYI

4112 UXY2=OM2*UX2*AL*UY2
4113 UXY3=OH'UX3.AL3,UY3
4114 UXY4=OM*UX4.AL4*UY4

4115 UXYt2"0.5*(OMl"UXi+OM2*UX2+AL3,UY34AL4,UY4)
41f6 VXYI'OMI*VXI+AL,VYI
4117 VXY2"0M2*VX2.AL*VY2
4118 VXY3=OM'VX3_AL3-VY3
4119 VXY4=OM*VX4+AL4*VY4

4120 VXYI2"O.5"(OMI'qXI.OM2-VX2_AL3tVY3,AL4,VY4)
4t21 BUYI=BE,UYf
4122 BUY2=BE,UY2
4123 BUY3"SE3*UY3
4124 BUY4"BE4,UY4

4125 BUY34"O.5*(BE3°UY3+BE4*UY4)
4126 BVYI'EE*VYI
4127 BVY2"BE*VY2

4128 BVY3"BE3*VY3
4t29 BVY4=BE4oVY4

4130 BVYO4"O.5°(BE3"VY3.BE4°VY42
4131 TXYI=OMI*T_I_ALoTYl

4132 TXY2"0M2*TX2+AL,TV2
4133 TXY3=OM°TX3_A[3,TY3
4134 TXY4_OM,TX4_AL4tTY 4
4135 BTY3-RE3*rY3
4136 BIY4=B[4*TY4

4137 IF (ITM.EO.O.ANO._AV.EQ.O.O) GO TO 940
4138 ROXYI=OMf*ROXI+ALeROYf
4139 ROXY2tOM2,ROX2+AL,ROY2
4140 ROXY3=OM*ROX3+AL3*ROY3
4141 ROXY4=OMePOX4+AL4°ROy4

4142 RUXYI2_O.S*(OMI'ROXI+OM2.ROX2.AL3oRGY3,AL4°ROY4]4143 EROYI_BE,ROYI

4144 BRO¢2"RE*ROY2
4145 BROY3"B£3,ROY3
414G BROY4=BE4*ROv4

4147 BROY34=O.5"(CF3,ROY3*814.gOY41
4148 IF ((5%.EO.OI GU TO 860

4149 AXYI=OMI*AX|.O.5,AL,IAY3_AY4)
4150 AXY2=OM2°A_2*O.5.AL.(AY3.A¥4)
4151 AXY12=O.5,(A_YI.AX¥2)
4152 BAY3=BE3,AY3
4153 BAY4=BE4,A¢4

4154 BAY34=O.Se(BAY3+BAY4)

4155 860 ]F (L.Eu.i.OR.L.EQ.LMAX) GO TO 870
4156 [F ([TM.LE.1) GO 10 870
4157 QXYI=O_ItOXI_AL,OYI
4158 OXY2=OM2*QX2.AL*Qy2
4159 ' QXY3=OM-QX3+AL3.QY3
4160 QXY4=OM°QX4.AL4.Qq4
4161 BQY3=BE3*QY3
4162 BOY4=BE4*3Y4

4163 BQY34=O.5,(BE3*OY3+BE4,QY4)
4164 Q2XY=OM,Q2X+ALBQ2y
4165 B02Y=BE,Q2Y

4166 IF (]TM.EQ.2) GO TO 870
4167 EXYt=OHI,EXI+ALoEYl
4168 EXY2-0M2-EX2_AL-EY2
4169 EXY3"CM'EX3.AL3,EY3
41T0 E_Y4"OM'EX4+_L4,[Y4
4171 BEY3,BE3.EY3
4172 BEY4=BE4-EY4

4173 BEY34=O.5"(BE3,EY3*BE4,EY4)
4174 C

4175 C CALCULATE TF(E ART[FZCAL VI3COS=rY COEFFICIENTS417e c

4!77 870 (F (CAV.EQ.O.O) GO TO 940
4178 (F (L-LT.LS52 GO TC 880
4179 (F (L.GT.LSF) GO TO 880
4180 IF (M.LT.MSS) GO TO 880
4181 ZF (M.G/.MSF) GO TO 880
4182 |F (SMACH.[O.O.O) GO TO 890
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4183 IF (XM.LT.SMACH,SMA_HJ GO TO 880
4184 GO TO 890
4185 880 01_1-0.0
4186 OIV2-O.O
4187 OIV3-O.O
4188 O]V4=O.O
4189 r_,O TO 910

4190 890 DIVt_UXYI+BVYI+ATERMt
4191 DIV2=UXY2+3VY2+ATERM2
4t92 DIV3=UXY3+BVY3.ATERM3
4193 DIV4=UXY4+BVY4+ATERM4
4194 IF (IDIVC.NE O) GO iO 910
4195 IF (L,EQ.I.0R.L.EQ.LMAX) GO TO 90_
4196 IF (DZVI.GT.O.O) D[VI=O.O
4197 IF (DIV2.GT.O.O) DIV2=O.O
4198 900 IF (DIV3.GT.O.O) DIV3=O.O
419g IF (DIV4.GT.O.O) DIV4=O.O
4200 910 IF (ISS.EQ.O) GO TO 930

4201 IF (ISS.EO, II GO TO 920
4202 DIVI-ABS(DIVI)+ABS(AX¥14BAY34)
4203 OIV2-AB_(DZV2)+ABS(_XY2+BAY34)
4204 DIV3=ABS(OIV3)+ABS(AX¥12*BAY3)
4205 OIV4=ABS(DIVa).ABS(AXYI2+BAY4)
4206 GO TC 930

4207 920 IF (OIV1.N_.O.O) DIVI=ABS(OIV1)+_BS(_XYI+BAY341
4208 IF (DIV2.NE.O.O) DIV2-ABS(DIV2)+A_(AXV2+BAY34)
4209 IF (DIV3.NE.O.O) DIV3-ABS(DIV3)+ABS(AXYI2_BAY3)
4210 IF (DIV4.PJE.O.O) DIV4-ABS(OIV4)4ABS(AXYI218AY4)
4211 930 DRLA=XL&*CAV,2.0-RO(L,M,Ni)*DXP*_YP
4212 RLAI=DRLA*ABS(U]\_I)
4213 RLA2:'ORLA-ABS(D[V2)
4214 RLA3=ORLA*LBS(OIV3)*SMT
4215 RLA4=DRLA-ABS(UTV4)*SMr

a216 RLA=O.25*(RLAf+RLA2.RLA_.RLA4)
4217 XMULA=xMU/xLA
4218 RMUI-XMULA*RLA!

4219 RMU2-XMULA*_LA2
4220 RMU3=XMULA*RLA3
4221 RMU4=_MULA*_L&4
4222 P_U-O.25*:RMUI+RMU2+RMU3*RMU4)
4223 RKt=DRK*RMUI
4224 RK2=DRK*RMU2
4225 RK3=DRK,RMU3
4226 RK_=DqK*RMU4

4227 RK=O.25*(RKI_RK_RK3_RK41
4228 RROI=_O*RMUI
4229 RqO2=XRO*RMU2
4230 R_O3=ARO*R_U3

4231 RRO4=XRO*RMU4
4232 RRO=O.25*(RROt+RRO2+_RO3+RR04)
4233 RLP2M=RLA+2.0"_U
4234 RLP2Mt=RLAJ.2.0*_MUI
4235 RLP2M2=RLA_2.0-RMU2

4236 RLP2M3=RLA3.2.0-RMU3
_237 RLP2M4=RLA4.2.0-RMU4

4238 RLPM=RLA.RMU
4239 C
4240 C CALCULATE THE MOLECULAR VZSCOSTTY CO_FF'(CIENTS
4241C

4242 940 IF (CHECK.EO O.O) GO TD llgo

42_3 TCH_CK=T,TLP-TLM*IMF,T_N
4244 IF (TCHECK.GT.O.O) GO 10 950
4245 ho=N*NSTART

4245 U_ZTE 16,1510] NP.L,M.NVC
4247 |ERR=t
4248 RETURN
4249 950 IF (ECH_CK.EQ 0.0) _0 TO 960
4250 IF (ECHECK.LT.O.O) CO TO 970
4251 MU-CMU*T**E_U

4252 LA=CLA*T**ELA
4253 K=CK'T°°EK

4254 MUI=(CMU'TLM'°E!_U+MU)'O.5



42_5 MU2"(CMU*TLP*,EMU,NU),O._
4256 NU3"(CMU'1MM,,EMU,MU)*O.5

4257 _U4e(CMU'TM_'*EMU_MU),O.5
4258 LAI"(CLA*TLM-'FtA+LA|-O.5
4259 LA2"ICLA*TLP°*ELA.LA),0.5

4?60 LA3=_CLA'TMM,,ELA-LA),O.5
4261 LA4=(CLA*TMP,.ELA_LA),O.5
42_2 KI'(CK*TLM*,EK*K)*0.5

42R3 K2,|CK,TLP,,EK_K_tO. 5
4264 K3"(CK*TMM**E_,K)*0.5

4265 K4,(CK,TMP,eEK_K),O. 5
426G GO TO 980
4267 C

4268 960 MU=CMU
4269 MUI=CM_J
4270 MU2"CMU
4271 MU3=CMU

4272 MU4=CMU
4273 LA=CLA
4274 LAI=CLA
4273 LA2=CLA
4276 LA3=CLA
4277 LA4=CLA
4278 K-CK
4279 KI=CK
4280 K2=CK
4281 K3=CK
4282 _4;CK

4283 GO TO 980
4284 C

4285 970 SQT=T*oEMU
4286 MU=CMU.SQT

4287 LA=CLA,SQ T
4288 K=CKeSO T

4289 SQTLM=(TLM*'EMU.SQT)*0.5
4290 SQTLP=(TLP''EJ_.SQT),O.6

4291 SOTM14-(TMM..EMU.SQT),O.5
4292 SQTMP=(TMPo,EMU+SQT).O.5
4293 MUI=CMU*SQTLM
4294 MU2"CMU,SQTLP
4295 MU3=CMLI,SOTMM
4296 MU4=CMU,SQTMP
4297 L&I'CLA'SQTLM
4298 LA2=CLA*SQTLP
4299 LA3_CLA*SQTMM
4300 LA4=CLA*SQTMP
4301 KI=CK,SOTLM
4302 K2=CK,SOTLP
4303 K3=CKeSQTM M
4304 K4=CK,SQTMP
4305 980 LP2N=LA+2.0oNU

4306 LP2_I=LAI+2.0,MUI
4307 LP2M2=LA2+2.0,MU2
4308 LP2N3=LA3+2.0,MU3
4309 LP2_4=LA4+2.0*MU4
4310 LPM=L_+MU
4311 AVF--,JR=RMU/MU
43!2 IF (_LA.GT.O.O) AVMUR=_L_/MU
4313 C

43t4 C CALCULATE THE TURBUL_ VISCCSITY C0EFFICIENTS4315 C

4316 IF (I_M.EO.O} GO TO 1190
4317 IF (ITM.EQ.3) GO TO 1160
43t8 _F (ZMLM.FQ.2] GO TO I_10
4319 C

4320 DELTAY=YSL2-)SL1
4321 IF _1KP.NE.O) _ TO 990

4322 IF (_.LT.MMIN) DELT_Y=YMZ_-ySLt
4323 ]F (M.GT._MIN) _ELTAY=Y3L2-YMIN
43_4 IF (M.NE._MIN) GO TO 99_
4325 DELTAY=O.5=(ysI.2.YSL_)
4326 DELTAY_=YMI_-YSLI
432T DELTAY4=YSL2-Y_!N
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.......................................... " ........

432E 990 TML-CMLI+IBSIDELTLV}

4329 IF (IMP.EO.O) TML=CML2,ABS(DELTAY)
4330 IF (ITM.EO.2) GO TO 1140
4331 TML3-TML
4332 TML4-TML

4333 IF (I_P.NE.O) GO TO 1080
4334 IF (M.EO._IMIN-I.DR.M.EO.MMIN.f) GO TO 1000
4335 IF (M.NE.MMIN) Gn TO 1080
4336 TML3=CML2"DELTAY3
4337 TML4_CML2*OELrAY4

4338 1OOO IF (L.NE.LDFSS-t.AND.L.NE.LOFSF+I) GO Tn IO80
4339 TML-O.5*TML
4340 TML3"O.5"TML3
4341 TML4-O.5,TML4
4342 GO TO tO80
4_43 C

4344 1010 YWB=YCB(L)
4345 YWT-YW(L)
4346 IF (VDFS.EO.O) GO TO IO30
4347 IF (IB.EO.4.0R.M.Gr._OFS) GO TO t020
4348 YWT_YL(L)
4349 TAUW=TAUWM
43_0 GO TO !050
4351 tO20 YWB=YU(L]
4352 TAUW-TAUWP
4353 GO tO 1040
4354 IO30 I= (NGCB._O.O) Gn TO IO_O
4355 _0_0 YPD=YP-YWB

4356 YPD3-YP3-_WB
a357 YPD4=YP4-YWB
4358 GO TO 1060
4359 1050 YPD=YWT-YP

4360 YPD3=YWT-YP3
436t YPD4-_WT-YP4
4362 1060 IF (YPO3.LT.O.0) YPO3=VPD4

4363 IF (YPO4;LT.O.O) YPD4=vPD3
4364 YDUM-SORT(RO(L.M,NI_,_U*lAUW)/(26.O*MU)
4365 YPLUS=YPD*YDUM
4366 YPLUS3=YPD3,YOUM

4367 YPLUS4=YPD4*YOUM
4368 TML=o.4-YPD'(I.0-EXP(-Y_LUS))

4369 TML3=O.4"YPD3°(1.C-EXP(-YPLUS3_)
4370 TML4=O.4_YPD4,(I.O-E_P(-YPLUS4))
4371 IF (DEL.EQ.O.O) GO TO IO70

4372 YTERMD=O.OI68-A_S(UBLE)-DELS,RO(L,M.NI)
4373 RDEL=I.O/DEL
4374 MUTD'YTERMD/(I.OtS.5*(YPD,RgEL)**6)
4335 TMLD=0.O
4376 IF (BUY34.EQ.O.O AND.V_YI2.EO.O.O) GO TO 1120

4377 TMLO=SORT(MUTD/(RO(L.M.NI)-SQRT(BUY34,BUY34_VXYI2,VXY12)))
43?8 GO TO IO80
4379 IOTO TMLD=0.O
4380 MUTD=O.0

43ai GO tO 1120
4382 C

4383 1080 MUI=XML*TML°RO(L.M.NI),SQRT(B_Y34*BUY34_V_Y12*VXYI2)
4384 IF (IMLM.EO 2.AND.MUTD.LT.MUT) GO TO I120
4385 IF (IIM.EO.2) GO TO 1140

4386 MUT!=TML-TMLoRO(L.M.NI),SORT(BUYI*BUYI*VXYI,VXYt)
4387 NUT2=TML-TML,RO(L.M,NI)*SQRT(BUY2,BUY2_VXY2,VXv2)
4388 IF (MDFS.EQ.O) _O TO 1090
4389 IF IL.EQ.LDrSS) MUTi=_UT

4390 IF (L.EO.LDFSF) MUT2=MUT

4391 IF (M.GE.MMIN-t.AND.M.LE MMIN*t) GO TO 1090
43_2 IF (L.EO.LDFSS-I_ _IUT2=MUT

4393 If (L.EOo_DFSF*t) MUTt=MUT
4394 IO90 IF (t40SLIP.EU.O) GO TO 1110

439_ IF (M EQ.t.AND.NGCB.NE.O) C0 TO t100

4396 IF (M.EO.MMAX.ANO.IWALL;EO.O) GO TO 11OO
4397 ;F (M.EQ.MDFS.AND.LCFS.NE.O) GO TO 11OO
4398 GO TO 1110
4399 1100 MUT=O.O



4400 MUT1=O.O
4401 _'_T2=O.O

4402 1110MUT3=TML3*TML3°RO(L.M.N1),SQRT(BU_3,BUY3+VXY3°VXY3)
4403 NUT4=TML4-TML4,RO(L,N.Nt)°SQRT(RUY4,BUY4.VXY4,VXY4)
4404 IF (IMLM.EC.I) GG TO 1130
4405 GO TO 1170
4406 1120 TML-TMLD

4407 IF (ITM.EQ.2) GO TO 1140
4408 IkOUT=MUTD
4409 MUTI=MUTD

4410 MUT2=_UTD
4411 NUT3=MUTO

4412 kuTI-MUTD
4413 GO TO 1170

4A14 1130 IF (M.NE.I.OR.f4GCB.NF.O) GO TO 1170
4415 MUT=TML*TML*TML,BE*ABS(BUY4-_U¥3)°OYR,RO(L.M.N1}
4416 MUTI=MUT
4417 NUT2=HUT

4418 GO TO 1170
4419 C

44_0 1140 TML=COL°TML

4421 TINT=TML*RO(L.M.Nt)'SURI(2.0,O(L,M.NI})/MU
4422 DELTA=5.0
4423 IF (TINT.GT.5.0) GO TO 1150

4424 DCQMU=COMU*O. toTMLoI_L/MU
4425 MUT=DCQMU*ROSQ*ROSQ
4426 _UTI'OCOMUeROSUI*ROSOI
4427 MUT2=DCQMU*RQSO2_ROSO2

_8 k'UT3=OCOMU,ROSQ3eROSQ3
MUT4=PCQMU*ROSQ4*ROSQ4

_430 GO I0 !160
4431 1150 DELTA=TINT
4432 DCQMU=CQMU°O.3534,TML
4433 MUT=OCOMU,ROSQ
4434 MUTI-DCOMU*ROSQI
4435 MUT2-DCOMU°ROS02
4436 MUT3=DCQMU,R05Q3
4437 NUT4=DCQMU°R35_4
4438 C

4439 1160 NUTI=O.S,(MUT_MUTI)
4440 MUT2=O.5=(MUT_MUT2)
4441 MdT3=O.5,(MUT_MUT3)
4442 MUT4=O.Se(MUT.MUT4)
4443 IF (ITM.EQ.2) GO TO 1170
4444 C

4445 RET=RO(L.M.NI)tQ(L.M.NII_O(L.M Nt)'LC/(MU*F(L.M.NI))
4446 RETIzO.5,(RET+ROLM,QLM.OLM,LC/(MUIeELM))
4447 RET2=O.5*(RET.ROLP*OLP*OLP,LC/(MU2,ELP))
4448 RET3"O.5"(RET.ROMM-O_,U4,QMM°LC/(MU3,ASS(EMM))|
4449 RET4=O.5*(RET+ROMP*GMP,QMP*LC/(MU4,ABS(EMP)))
4450 FU-EXP(-3.4/(1.0.O.O2*RETI=e2)
4451 FUI=EXP(-3.4/(I.0+O.O2,RETI),,2)
4452 FU2,EXP(-3.4/(t/O*O.O2,RET2),*2)

445_ FU3=EXP(-3.4i(I.0.O.O2°RET3)°*2)
4454 ¥U4=Exr(-3.4/_ 1.0.O.02°RET4)**2)
4455 MUT=FU*MUT
4456 MUTI=FUIeMUTI
4457 MUT2=FU2*MUT2
4453 MUT3=FU3oMUT3
4459 MUT4=FU4-MUT4
:460 C2T,C2°(t.O-O.2_22°EXP(-O.O278°R[T°RET))
4461C

4462 1170 ,'dL'T=O.25°(MUTl+MUT2.MUT3+MUT4)
44_3 IF (MUTt.EQ.O.O._NO.MUT2.EO.O.O) MUT-O.O
4464 TL_JR=MUT/MU
445_ LATI=LAltMUTI/MUI
4466 LAT2=LA2,MUT2/MU2

4467 LAT3=LA3-MUT_/MU3
4468 LAT4=L&d*MU_4/MU4
4469 L_T=O.25*(LATt+L_T2.L_T3*L_T4)
4470 IF fMUT.[O.O.O) LAI=O.O
4471 _Tt=[RK-MUTt
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4472 KT2"TRK_dT2
4473 KT3-TRK*MUT3
4474 KT4=TRKDMUT4
4475 KT'O.25*(KTl+KT2_KT3+KT4)
4476 IF (MUT.EO.O.O) KT'O.O
4477 LP2MT-LAT42.0"MUT
4478 LP2MTI"LATI.2.0*MUTI
4479 LP2MT2"LAT242.0"MUT2
4480 I.P2MT3"LAT3_2.0oMUT3
448t LP2NT4-L_T4.2.0*MUT4
4482 LPMT-LAT.MUT
4483 IF (ZTM.NE.I) GO TO t180

4484 OLP2_T'LP2MT
4485 DMUT-MUT

4486 DLAT'LAT
4487 SMUI-MUTltRGRR

4488 SMU2=MUT2.RORR
4489 SMU3=MUT3*POR_
4490 SMU4JMUT4*RORR

4491 GO TO 1190
4492 t180 SMUI'MUTle2.0/(RO(L.M.Nt)*ROLM)
4493 Sk_2"MUT2"2.0/(RO(L.M.N1)+ROLP)
4494 SMU3-MUT3,2.0/(RO(L.M.NI).ROMM)
4495 SMU4-MUT4,2.0/(RO(L.M.NI)+ROMP)
4496 C

4497 C DETERMINE THE V_SCOUS CONTRIBUTION TO T_E TIME STEP CALCULATION
4498 C

4499 1190 IF (NVC.N_.t.&NO.NVC.NE.NVCM_I) GO TO 1250
4500 IF (L.EQ.I.OR.L.EQ.LMAX) GO TO 1250

450t IF (M.EC.I.0R.M.EQ.MMAX) GO TO 1250
4502 IF (M.EO._OFS.ANO.LDFS.NE.O) GO TO 1250
4503 OXPl-XP(L)-XP(L-I)
4504 OXP2=XP(L.f)-XP(L)
4505 DYP3=DY/BE3
4506 DYP4=DY/BE4
4507 IF (RLA.LE.O.O) GO TO 1200
4508 RMUDI=RLAI
4509 RMUO2=RLA2
4510 RMUO3=RLA3
45tl RMUD4=RL_4
4512 GO TO 1210
4513 1200 RMUOI=RMUI
4514 RMUO2=RMU2
4515 R_UO3=RMU3

4516 gMUD4=RMU4
4517 1210 TMUTXI=(MUI.RMUDI_MUT1)/(ROIL.M.NI)*DXPI*DXP1)
4518 TMUTX_=(_U_RMUC2t_UT2)/(gO(L.M.NI)*DXP2oDXP2)
4519 TNUTY3=(MU3+RMUD3+_UT3J/(RO(L,M.NI)*OYP3*DYP3)

4520 TMUTY4=(MU4_RMUD4+MUT4)/(RO(L.M.N1),DYP4,D¥P4)
4521 TMUTX=AMAXI(T_UTX1.TMUTx2)
4522 TMUTY=AMAXI(TMUTY3.TMUTY4)
4523 IF (NVC.NE.I) GO TO 1230
4524 IF (_MUTX.LE.TMUX) GO 10 1220
4525 LDUX=L
4526 MDUX=M
4527 TMUX=TMUTX
4528 1220 IF (TMUTY.LE.TMU¥) GO TO 125C
4529 LDUY=L
4530 MDU_=M

4531 TMU_=TMUTY
4532 GO TO 1250
4533 1230 IF (TMUTX.LE.TMU1X) GO TO 1240
4534 LDUX=L
4535 MDUX=M
4536 1MUtX=TMUIX
4537 12_0 IF (TMUTY.LE.TMUIY) GO 10 1250
4538 LDUY=L
4539 MOUY=M
4540 TIkSJtY=T_UTY
454t C

4542 C CALCULATE THE V]SC03]T_ AND HEAT CONDUCTION TERNS
4543 C

4544 1250 UVT=OM_({LP2M2.RLP2H2+LP2MT2),UX¥_-(LP2MI.RLP2MI.LP:MTt)oUXYI+(LA2



4545 I +RLA2+LAT2)'BVY2"(LAI+RLAJ+LATI)eBVYI),DXR._L,((LP2M4+RLP2M4

4546 2 .LP2MT4)*IJxy4-(LP2M3#RLP2M3.IP2MT3)QUXy3.(LA4tRLA4eLAT4)tBVY4.
4547 3 (LA3.RLA3+L_T3]*BVY3),DYR_BE*[(MU4+RMU4+MUT4)oVXY4-(MU34RMU3#MUT3
4548 4 )-VXY3+(MU4.RMU4eMUT4)+BUY4-(MU3+RMU3tMUT3)eBUY3),DyR
4549 VVT'OM*((MU2+RMU24MUT2)'(VXY2+BUY2)-(MUI+RMUI_MUTI)_(VXY14RUY1))
4550 I *OXR+AL'((MU4+RMb4+MUT4)*VXY4"(MU3+RMU3+MUT3),VXY3.(MU4+RMU4.MUT4

4551 2 )_BUY4-(MU3+RMU3+MUT3),BUY3),DYR+BEt((LA4.RLA4+LAT4),UXY4.(LA3
4552 3 +RLA3+LAT3)'UXY3.(LP2M4.RLP2M4+LP2MT4)*SVY4-(LP2M3.RLP2M3.LP2MT3)
4553 4 eBVY3)*DYR

4554 PVT'(LP2M_RLP2M_DLP2MT)'(UXY12,UXYI2+BVY34_BVY941.(MU+RMU+DMUT),
4555 1 (VXYI2*VXYt2+BUY34*BUY34)+2.0t(LA.RLA_DLAT),UXYt2,BVY3442.0,(MU
4556 2 +RMU+DMUT)*BUY34*VXYI2

4557 PCT-OM,(I_2.RK2+KT2)eTXY2-(KI+RKI+KTI),TXYI),DXR+AL,((K4_RK4_KT4)
455R I "TXY4"(K3_RK3.KT3)'TXY3_'DYR+BE*((K4+RK4+KT4),BTY4-(K3+RK3.KT3)
4559 2 *BTY3)-DYR

4560 IF (]TM.EO.O.AND.CAV.EQ.O.O) GO TO t280

4561 RODIFF'OM'((CALeSMU2.RORR'RRO2)eROXV2 - _ "5MUI_RORR*RROI)*ROXYI)
4562 I *DXR.AL*((CAL'SMU4.RORR,RRO4)*RUXY4-(_;L sMUg_RORR,RRO3),ROX¥3)
4563 2 *DYR+BE'((CAL*SMU4.RORR'RRC4)'BROY4-{CAL.SMU3_RORR*RRO3),EROY3)
4564 3 oDYR

4565 IF (ITM.EO.O) GO TO 1280

4566 UROT='O.67"(NM*ROQX_AL*ROOY)_CAL*(U(L.M.NI)*(OM,(SMU2,ROXY2-SMU1

4567 I _ROXY1)*DXR.AL*(SMU4"ROXY4-SMU3*ROXY3),DYR)*BE*V(L,M,NI),(SMU4
4568 2 "_UXY4;SMU3,ROXY3)*DYR)

4569 VROT='O.67"BE*ROQY+CAL*(V(L,M.Nf)*BE*(SMU4*BROY4-SMU3*BROY3),DYR.U
4570 1 (L.M.Nt)'(OM*(SMU2*BROY2-SMUI,BROYI)*DXR.AL*(SMU4,BROY4-SMU3
4571 2 *8ROY3)'DYR))

4572 ROnUMT=GM*(SMU2,ROXY2-SMUf.ROXYI).OXR.AL,(SMU4,ROXY4.SNU3.ROXY3)
4573 1 *DYR.BE,(SMU4eBROY4-SMU3,BRDY3)tDy R
4574 PROT'-CAL'RG*T*RODUMT
4575 IF (IES.NE.O) GO TO 1280
4576 IF (L.EO.LMAX.OR.L.EQ.t) GO TO 1290
4577 IF (|TM.EO.1) GO TO 1280

4578 OPROD=LP2MT*{UXY12*UXY12.BVY34,BVY34)+MUT,(VXY12eVXYI2+BUY34,BUY34
4579 I ).2.0*LATeUXY12*BVY34.2.0,MUT,BUY34,VXY12

4580 OO]FF=OM*((MU2*MUT2,SIGOR),Q_y2-(MUI.MUrI,SIGQR),QXYI),DXR.AL,(
4581 1 (MUd.MUT4*SIGOR)*OXY4-(MU3.MUT3,S[GOR),QXY3),DYR+BEe((MU4.MUT4
4582 2 "S]GOR)'BOY4-(MU3+MUT3,SIGOR)*BQY3)*OYR
4583 OROTT=-XI_M*O(L.M.Nt)=RO(L.M,Nf)o(UXYt24BVY34)
4584 IF (ITM.EO.3) GO TO 1260
4585 OOISS'O.O

4_86 IF (T_L.NE.O.O) ODISS=2.0,MU,DELTA_O(L.M.Nt)/(TML,TML)
4587 GO TO 1280
45_8 1260 EPROD=O.O
45B9 EDiSS=O.O

4590 IF (Q(L.M.NI).EO.O.O) GO TO 1270

4591 EPROD-CI*EtL.M.Nt)/Q(L.M.NI)o(LP2Mr,(uxYI2,UXY12.BVY34,BVY34).MUT ,
4592 I (VXYi2*VXYi2+BUY34*BUY34)+2.O*LAT,UXYI2,BVY34+2.O,MUT,BUY34,VXY!2
4599 2 )

45_4 EO]SS=C2T'ROrL.M.Nt)-E(L.M.NI)-(E(L.M.Nl)-2.0,MU,RORRQLCe(D2XY
4595 1 +BQ2Y)-*2)/(O(L.M.Nt)*LC)
4596 IF (EDISS.LT.O.O) ED[SS=O.O

4597 1270 EOIFF=OM,((_U2*MUT2_SIGER)*EXY2-(MUI.MUTI,SIGER),EXYI),DXR+AL,(
4598 ! (MU4.MUT4"SIGER),EXY4-(MU3+MUT3*SIGER),EXyg)oDYR.B£,{(.UlJ4+MUT4
4599 2 -S_GER)oBEY4-(MU3.MUT3-SIGER)*BEV3),DVR

4600 QDISS=RO(L.M.NI)'(E(L.M.N;).2.0*MU,RORR-LC*(Q2XY+_Q_y),,2)/LC
4601 ELOWR-2.O*_ORR*MU°MUT,LC-((OM°(UXY2-UXY1),DXR,AL=(UXY4.UXY3)°OYR)=
4602 I "2.(OM*(VXV2-VXYi)*DXR.AL*(VXY4-V)Y3)*DyR)*,2_(B_,(BUY4.BUY3),OYR
4603 2 )**2+(BE*fBVY4-BVY3),DYR)-*2)
4604 C

4605 C Q ANO E FOURTH ORDER SMOOTHING
4603 C

4_O7 IF (STBO.LE.O.O.ANO.STBE.LE.O.O| GO TO 1280
4608 D_X=OLP-2.O*Q(L.M.Ni)+QLN

46G'9 DOY=DMP-2.0,O(L.M.NI)+QMN
46_0 DEX=ELP-2.0°E(L.M.NI)+ELM
4611 DEY=EMP-2.0,E(L.M.NI).EMM

4612 O_VGX=O.25°(_LP+2.0,O(L.M.NI)_DLM)
4613 O&VGY=O.25*(QMP.2.0-QfL.M.N1).OM_4)
4_14 IF (OAVGX.LE.O.O) Q&VGX=I.0E.IO
4615 IF (OAVGY.LE.O.O) O&VGY-i.OE.iO
46_6 E_VGX=O.25,(ELP.2.0,E(L.M.NI).ELM)
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46t7 EAVGY-O.25,(£MP+2.0,E(L.M.NI)_EMM)
4618 AST-SQRT(ALeAL._EeBE)
4619 OSMO-STBO-ROfL.M.NI)*((_BS(U(L.M.NI))_A)*ABS(DOX)'OM.OXn,DQX/OAVGX
4620 I _(ABS(U(L.M.Nf)*AL+V(L,M.NI)'BE).AST'A)'ABS(DQY)*DYR'DOY/OAVGY)
4621 ESMO=STBE*RO(L.M.Nt)*((ABS(U(L.M.NI))+A)-ARSfDEX)*OM*OXR,DEX/EAVGX
4622 1 .(ABS(U(L.M.NI)*AL+V(L,M.NI)*BE).AST*A),ABS(_EY),DYR,DEY/EAVGY)
4623 C
4624 C PRINT THE TURBULENCE MODEL CONV. PROD. DISS. AND
4625 C DIFF TERM_ FOR THE REQUESTED GRID POINT
4626 C
4627 1280 IF (ITM.LE.I) GO TO t290

4628 IF (L.NE.LPRINT.OR.W.HE.MPRINT) GO TO 1290
4629 IF (NVC.GT.2) GO TO 1290
4630 IF (M.EO.I.0R.M.EQ.MMAX) GO T3 t290

4631 IF (M.EO.MOFS.ANO.LDFS.NE.O) GO TO 1290
4632 IF (N.EO.I) WRITE (6.1470)
4533 UVB-U(L.M.N1)'AL#V(L.M.NI|eBE
4634 OCON=-(U_L.M.Nt)oOM°(Q(L.t.M.NI)-Q(L-I.M.NI))°OXR_UVB*(O(L.M*I.N_)
4635 1 -O(L.M-t.NI))*DYR)'O.5°DT
4636 ECON--(U(L.M.NI)*OM,(E(L_f.M.NlJ-E(L-t.M.Nf))*DXR_UVBe(E{LoM_I.N1)
4637 1 -E{L.M-i.N1)),DYR)°O.5*DT

4638 OPRO-OPRQO*OToRORR
4639 QD_Sw-QOISS*DT,RORR
4640 Q_IF=ODI_F'DT*RORR
4641 EPRO=EPROD,Dr,RORR
4642 EDIS,-EDISS,DT°RORR

4643 EOIF-EDIFF,DT,RORR

4644 ELOR-ELOWR'DT'RORR
4645 NP-N.NSTART

4646 WRITE (6.1480) NP.L.M.Q(L.M.NI).OCON.OPRO.QDIS.QDIF.E(L.M.NI].ECON
4_47 I .EPRO.EDIS.EDtF.ELOR
4648 1290 IF (NDIM.EQ.O) GO 10 1330
4649 C

4650 C CALCULATE THE AXISYMMETRIC TERMS
4651C

4652 IF (M.EO, I,ANO,YCB(L).EQ.O.O) GO TO 1310

4653 VB=V(L.M.NI)
4654 UVTA=((LPM.RLPM.LPMT)*VXYI2.(MU.RMU4MUT),BUY34)/YP

4655 VVTA-(LP2M.RLP2M4LP2MT)*(BVY34-VB/YP)/YP
4656 PVTA_((LP2M.RLP2M.DLP2MT)-VB*VB/YP.2.0,(LA+_LA_DLAT)*VB,(BVY34
4657 I +UXYt2))/YP
4658 PCTA=(K+RK.KT),O.5,(BTY4+BTY3)/YP
4659 IF (ITM.EQ.O.AND.CAV.EQ.O.O) GO TO 1330

4660 ROOIFFA=(CAL*MUT*RRO),RORR,BROY34/YP
4661 IF (ITM.EO.O] GO TO 1330
4662 UROTA=CAL,MUT'RORR*V(L.M.NI),ROXYI2/YP

4663 VROTA=CAL'MUT'RORR'V(L.M.NI)°BROY34/YP
4664 PROTA=-CAL*RG'T_MUT°RORR'BROY34/YP
4665 IF (IES.NE.O) GO TO 1330
4665 IF (L.EQ.LMAX.OR.L.EO.1) GO TO 1330
4667 IF (ITM.EQ.1) GO TO 1330
4668 QPRODA=(LP2MT*VB*VB/YP.2.0°LAT,VB*(BVY34.UXY12))/YP
4669 001FFA=(MU+MJT*SIGQR)*BQY34/YP
4670 QROTTA--XITM*Q(L.M.Nt),RO_L.M.NI)-VB/YP
4671 IF (ITM.EO.2J GO TO 1330
4672 IF (Q(L.M.NI).EQ.O.O) GO TO 1300
4673 EPRODA-Ct,E(L.M.NI),(LP_MToVB*VB/YP+2.0,LAT*VB,lBVY34+UXYI2))/(O(L
4C74 1 .M.NJ)°YP)
4675 1300 EDIFFA-(MU.MUTeSIGER),BEY34/YP
4676 ELOWRA,2.0,RORR,MU*MUT*LC*((6UY34/YPf**2.(BV_34iYP)..2*2.0°BUY34

4677 I ,BE,(BUY4-BUY3),DYR/YP.2.0,BVY34,BE,(BVY4-BVY3),DYR. /P)

467_ GO TO 1330
4679 C
4680 C CALCULATE THE AXISYMMETRIC TERMS ON THE AXIS
4681C
4682 t310 UVTA=(LPM+RLPM+LPMT)*BEb(VXY4-VXY3)°DYR+(MU+RNU.MUT)°BE°(BUY4°CU¥3

4683 1 )=DYR
4684 VVTA'(LP2M+RLP2M.LP2MT)°O.5°BE'IBVY4-BVY3)'DYR
4685 PVTA=(LP2M.RLP2M_DLP2MT+2.0°(LA+RLA_DLAT))*BVY34"BVY34.2.0*(LA+RLA
4686 1 +DLAT),BVY34-UXYt2

4637 PCTA=(K.RK+KT)°BE'(BTY4-BTY3)=DY R
4688 IF (ITM.EQ.O.AND.CAV.EQ.O.O) GO TO 1330



4689 RODIFFA-(CAL,MUT#nRO),_ORReBE,(BROY4-BROY3),DYR
4690 IF (ITM.EQ.O) GO TO 1330

4691 UROTA-CAL*MUT*RORR*BVY34*ROXY12
4592 VROTA'O.O

4693 PROTAt-CAL*RGtT*MUToRORR*BE*(BROY4.BROY3),DYR
4694 IF (IES.NE.O) GO TO 1330
4695 IF (L.EO.LMAX.OR.L.EQ.I) GO TO 1330

4696 IF (ITN.EQ.I) GO TO 1330
4697 QPROOA=(LP2MT.2.0*LAT),BVY34eBVY34_2.0,LAToBVY34,UXYI2
4698 OOIFFA'(MU+MUT'SIGOR).BE*(BQY4-BQY3)*DYR

4699 QROTT_=-X[TM*O(L.M,NI)eRO(L,M.Ni)*BVY34
4700 IF (ITM.EQ.2) GO TO 1330
4701 IF (Q(L.M,NI).EQ.O.O) GO TO t320

4702 EPRODA'Ct*E(L.M,Nf)-((LP2MT+2.0*LAT)*BVY34,BVY34.2.0,LAT,BVY34
4703 t *UXYI2)/Q(L,M,NI)

• 704 1320 EDIFFA-(NU.MUT*SIGER)-BE*(BEY4-BEY3)*DYR

4705 ELOWRA-6.0,RORR*MU,MUT*LC*((BL*(BUY4.BUY3),DyR)e,2_(BE,(BVY4.BVY3 )
4706 1 *OYR)**2)
4707 C

4708 C FILL THE VISCOUS TERM ARRAYS
4709 C

4710 t330 QUT(L.M)-(UVT+UVTA+UROT.UROTA)eRORR
4711 OVT(L.M)=(VVT+VVT_.VROT+VROT&),RORR
4712 QPT(L.M)=GAM*(PVT.PVTA.PCT+PCTA+PROT.PROTA.QDISS)
4713 IF {]TM.EQ.O.AND.CA_.EO.O.O) GO TO 1340
4714 OROT(L.M)=ROOIFF.ROOIFFA

4715 IF (IES.NE.O) GO TO 1340
4716 ]F (L.EQ.L_X.OR.L,EO.I) GO TO 1340
4717 IF (ITM.LE.I) GO TO 1340

47t8 001(L.M)'(QPROO+QPROOA.QDIFF.ODIFFA.QROTT4QROTTA-QOtSS.OSMO)*RORR
4719 OET(L.M)=(EPROD+EPRODA*EOIFF.EOIFFA-EDISS4ELOWR,ELOWRA.ES_O),RORR
4720 C

4721C PRINT THE VISCOUS TERMS
4722 C

4723 1340 IF (IAV.EO.O) GO 10 1400

4724 IF (NC.NE.NPRINT.ANO.(N.NE.NMAX.ANO.ISTOP.EO.O)) _ TO 14(:>0
4725 IF (IAV.EO.2) GO TO 1350

4726 IF (NVC.GT.2.ANO.NVC.NE.NVCM.I) GO TO 1400
4727 1350 IF (L.EO.I.ANO.(NVC.EO.I.ANO.IB.NE.4)) GO TO 1370
4728 IF (L.EO.I.AND.MDFS.EO.O) GO TO 1370
4729 IF (L.EO.t.ANO.IR.EO.3) GO TO 1370
4730 IF (M.EQ.MIS) GO TO 1360

4731 IF (M.EQ.MVCT+t.ANO.(MOFS.NE.O.AND.MOFSC.EQ.O)) GO 10 t360
473_ IF (M.EQ.MVCT.I.AND.MVCB.EQ.I) GO TO 1360
4733 GO TO 1370
4734 1360 WR]TE (6,1490)
4735 NLINE=NLINE+I
4736 1370 NLINE=NL]NE_!
4737 IF (NLINE.LT.54) GO TO 13_O

4738 WRITE (6.1460)
4739 NP=N.NSTART

4740 WRITE (6, 14501NP.NVC
4741 NLINE=I

4742 1380 DQPT=QPT(L.M)/PC*DT
4743 DOUT=OUT(L,M)*OT
4744 DOVT=OVT(L.M)°DT
4745 OOROT=QROT(L,MI*G*DT
4746 OO=O(L.M.NJ)

4747 DOE=E(L.M.NI)
4748 DOOT-QQT(L.M)-DT
4749 00ET,OET(L.M).DT
4750 DTML-TML

4751 IF (|UO.NE.2) GO TO 1390
4752 DOUT=OOUT*0.3048

4753 DQVr=DQVT*O.3048
4754 00PT-DQPTe6.8948
4755 DO_OT=OQ_OT 5.02
4756 00-00°0.09_9
4757 DDE=OOE*O.0929
4758 DQOT=DGQT*O.09_9

4759 DQET=OQET*O.0929
4760 DTML=DTML*2.54

4761 13.=0 WRITE (6.1440) L,M.D_T.DOVT,DQPT.OQROT,AVIc_JR.TLMUR.DQ,DDE.DO0!
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47G2 I ,DQET,DTML
4763 14GO CONTINUE

47G4 1410 CONTINUE
47fl_ IF (MDFS.EO.O) G0 TO 1420

4766 IF (NVC.EQ.I.ANO.MDFSC.t4F.O) GO 10 1420
4767 IF (MES.EO.I.ANO.MIF.EO.MUFS| GO fO 50

47G8 IF (MIS.EO.MVCG.ANO.MIF.Eq).W3FS) GO 10 50
4769 IF IMi$.EO.MI)FS_I.AND.IVC.EQ.O) GO _0 60
4770 IF (MIS.EO.MDFS*I.AND.NVC.NE.I) GO TO 60
4771 1420 IF {{AV.EO.O) RETURN

4772 IF (NC.N_.NPRINT.ANO.N.NE.I_AX) RETURN
4773 IF (IAV.fQ.2) GO TO 1430

4774 IF (NVC.NE.1.ANO.NVC NE.NVCN*I) RETURN
4775 f430 IF (T_UX.NE.O.O| RDUM, TMUY/TMUx

4776 IF (NVC.NE.I.AND.TMUIX.NE.O.0) RDUM-TMUIYilMUIX

4777 WRITE (6,15OO) LDUX,MUUX.LDUY,MDUY,RDUM.NVC
4778 RETURN

4779 C

4_80 C FORMAT STATEMENTS
4781 C

4782 1440 FORMAT (IH .215.2FII.4.FII.5.Fll.6.2FI1.3.FI2.4.ElO.3.Ftl.4.[IO.3
4783 1 .FII.G)

4784 1450 FORMAT (tH .51HLOCAL VISCOSITY (ARTIFICAL-MOLECULAR-TURBULENT) ANO
4785 I .261! HEAT CONDUCTION TERMS. N=.|6.611. NVC=.I3//SX.IHL.4X.IHM.7X.3
4786 2 HQUT.BX.3HQVT.8X.3HOPT.TX.41-_ROT.TX.SHh#MUR.6X.SHTLMUR.8X. IHQ.9X.
4787 3 tHE. IOX.3HQQT.EX.3ItQET.8X._ITML./)
4788 1460 FORMAT (IHt)

4789 1470 FORMAT (IHI.3X. 1HN.3X.IHL.3X. IHM.SX.IHQ.8X.4HQCON.6X.4HQPRO.6X.4HO
-- 4790 10IS,6X,4HQOIF,7X,IHE,SX,4HECON,6X,4HEPRO.6X.4HEDIS.6X,4H_DIF.6X.4H

4791 2ELOR./)

4792 1480 FORMAT (IH .314.11EI0.3)
4793 1490 FORMAT (IH .3X.48H ................................................
4794 I .51H .............................................................

4795 2 .18H .................. )

4796 1500 FORMAT (1HO. IOX.2OHX TERMS G_ID POINT=(.I2.1H..I2.25H). Y TERMS
4797 1GRID POINT=(.I2.1H..I2.22H). RATIO OF Y TO X-(.Eg.O.gH). NVC=
4798 2 ,13./)

4799 1510 FORMAT (IHO. IOgH**',* THE TEMPERATURE USED IN THE MOLECULAR VISCOS
4800 IITY CALCULATION IN SUBROUTINE VISCOUS BECAME NEGATIVE AT N=.I6.1H,
480! 2 ./.TX.2HL-.I2.4H. M=.I2.6H. NVC=,I3,_H ,o,.,)
4802 ENO



480_ SUBROUTINE SMOOTH
4804 C

48_S C eoeleoeo*oe*ooe#ee.oeeeeeoe_ooeeeeeQeeeeeQete_eoeoeeeeoeBeeeee

4806 C

4807 C THIS SUBROUTINE SMOOTHS THE FLOW VARIABLES IF REQUESTED
4808 C

4809 C ee,eeeeeeeeeooeeeeeeeeeeeooeeeeeeeeeeeeeeeeleeeeeleoeeeoeeee_e

4810 C

4811 *CALL,MCC
4812 C

4813 C SPACE SMOOTHING
4814

4315 IF (SMP.EO.t.O) GO TO IOO
4816 SMP4=O,25,(I.O-SMP)
4817 IF (MDFS.EQ.O) _0 TO 20

4818 IF (LDFSS.EQ.f.ANO.L_FSF.EQ.LMAX) GO TO 20
481q IF (LDFSS.EO. 1) GO TO 1C

4820 UL(LDFSS'I.N3)=U(LOFSS-I.MDFS.N3)
4821 VL(LDFSS-I,N3)'V(LDFSS-I.MOFS.N3)

4822 PL(LDFSS-I.N3]=P(LDFSS-I,MOFS.N3 )
4823 ROL(LDFSS-I.N3)-gO(LDFSS-I.MOFS,N3)

4R24 OL(LOFSS-I.N3)eQ(LDFSS-I.MDFS.:_3)

4825 EL(LDFSS-1.N3)-E(LDFSS-I.MD_S,N3)
4826 10 IF (LDFSF.E0.LMAX) C0 TO 20

4827 UL(LDFSF.J,N3)=U(LD¥SF+J.MDFS.N3)
4828 VL(LDFSFeI.N3)=V(LDFSF.I,MOFS,N3)
48_9 PL(LDFSF_I.N3)eP(LOFSF+I,MDFS.N3)
4330 ROL(LDFSF+I.N3}-RO(LOFSF+i,MOFS,N3)
4G31 QL(LDFSF_I,N3)=Q[LDFSF_I.MOFS,N3)
4832 EL(LOFSF+t,N3)=E(LDFSF.I,MOFS,N3)
4833 C

4834 20 O0 90 L-2.LI

4835 IF (IWALL,NE.O.AND.V(L,MMAX.NI).LT.O.O) GO TO 40

4835 U(L,MMAX.N3)=SMP4*(U(L-I.MM_X,N3)_U(L.f,MMAX.N3)_2.O,U(L.MM^X,N3))
48_7 t ¢SMP,U(L,MMAX.N3)

4838 IF (NOSLIP.NE.O.ANO.IWALL.EQ.O) U(L.MMAX.N3)=O.O

4839 IF (IWALL.E0.O) V(L,MMAX,N3)--U(L,MMAX,N3),NXNY(L).XWI(L)
4840 IF (IWALL.NE.O) GO TO 30
4841 IF (dFLAG.EQ.I.ANO.L.GE.LdET) GO TO 30

4842 P(L,M_X,N3}=SMP4"(P(L-f,MMAX,N3).P(L._,MMAX.N3)+2.0*P(L,MM_X.N3))
4843 1 _SMP'P(L,MMAX,N3)

4844 30 R0(L,MMAX,N3)=SMP4-(R_tL-f.MMAX,N3)_R0(L_I,?IM_X,N3)+2.0.R0(L.MMAX
4845 1 ,N3)).SMP'R0(L,MMAX.N3}

4846 IF (TW(I).GE.O.O) P(L.MMAX,',3}=RO(L,MMAX.N3)*RG,TW(L)

4847 40 _'° .I,N3)=SMP4"(U(L-t,f,N3)*U(L*I,t.N3)+2.0,U[L,I.N3))+SHP,U(L.I
4848 1 ,N3)

4849 IF (NQSLIP.NE.O._NO.NGCB.NE.O} U(L,I,N3)=O.O
4850 V(L.I,N3)=-U(L.I.H3],NXNYCB(L}

48_1 P(L.I.N3)=SMP4°(P(L-I. i.N3).P(L.I,I.N3)_2.O,P(L,1.N3))+SMp,p(L, I
4852 1 .N3)

4853 R0(L.I.N})=SMPd'(R0(L-I.t.N3)+RO(L+t.I.N3)+2.0,R0(L.t.N3A),SMP,R0
4854 1 (L,1.N3)

4855 IF (TCB(1).GE.O.O.aND.NGCB.NE.O) P[L. f.N3)=RO(L. I.N3).RGoTCB(L)
4856 IF (IT_.LE.I) GO TO 50

4857 Q(L.MMAX.N3P-SMP4°(O(L-I.MMAX.N3))C(L+I.MMAX.N3}_2.O,O(L.WtIAX.pj3))
4859 I +SMP°Q(L,_X.N3)

4859 E(L,MM_,N3)=SMP4-(E(L-1,M_Z,N3)-E(L.I,MM_X,N3)+2.0eE(L.MMA_,N3;_
4860 1 _3MP-EiL.MMAX,P;3]

4_I O(L,',N3)=SMP4"(Q(L-I,I,N3)_Q(L*I._,N3)_2.0*Q(L,I.N3))_SM_,Q{,o,I
4862 1 ,N3)

4883 E(L,t.N3)=SMP4"qE(L-f, I.N3)*E(L+t._.N3).2.0,EIL._._3))_SMp,_(L, I
48_4 I .N3)
4865 50 LDFS=O

_866 IF (MDFS.EO.O) GO 10 60
48_1 IF (L.GE.LDFSS._ND.L.LE.LDFS F ] LUFS=I
4868 IF (LOFS.EO.O) GO [0 60

4869 UL(L,N3_=SMP4,(ULIL-1,N3)+ULI_+I,N3).2.0,U_L,MDFS-1,N3)).SMP,UL(L
4870 I ,N3)

4871 IF (NUSLIP.P_.O) UL(_,N3)=O.O
4872 VL(L.F_3):-UL(L.N3),N_NYL(L)

_873 PL(L.N3):SMP4"(PL(L'I.N3).PL(L+I.N3)+2.0,P(L.MOFS-I.N3)_+_:fp,PL(L
4074 _ .N3]

161



4875 ROL(L.N3)=SMP4'(ROL(L-I.N3)*ROL(L.I.N3)*2.O,R_(L.MDFS-I.N3)I,SMP
4876 1 "ROL(L,N3)

4877 IF (TL(t).GE.O.O) PL(L,N3),_OL(L.N3),RG,rL(L)

4878 U(L.MDFS.N3)=SMP4"(U(L-i.MDFS.N3)+U(L+t.MOFS.H3).2.0*U(L.MDFS41.N3
4879 1 ))*SMP'U(L.MDFS.N3)
4880 IF (NOSLIP.NE.O) U(L.MOFS.N3)=O.O

4881 V(L.MDFS.N3)=-U(L.NDFS,N3),N_NYU(L)

4882 P(L.MDFS.N3)=SMP4*(P(L-I.MOFS.N3)+P(L.I.MDFS.N3}.2.0*P(L._DFS_ t N3
4583 1 })*SMP*P(L.MOFS.N3)

4884 RO(L.MDFS.N3_,SMP4°(R0(L-I.WOFS.N3).R0(L+I.MDrS.N3).2.O°R0(L._DFS+
4885 1 I.N3)).SMP-RO(L.MDFS.N3)

4886 IF (TU(1).GE.O.O) P(L.MDFS.N3]=RO(L.MOFSoN3),gG,TU(L)
4287 IF (ITM.LE.I) GO TO 60

4888 QL(L.N3)=SMP4°(QL(L-I.N3)+0L(L+I.N3)42.0,Q(L.MDFS-I.N3})+SMP,GL([
4889 1 ,N3)

4890 ELIL.N3I"SMP4"IELIL-I.N3)+ELIL+I.N3I*2.O,E(L.MDFS°IoN3))+S_P,EL(L
4891 1 .N3)

4_9_ O(L.MDFS.N3)=SMP4"(Q(L-I.M_FS.N3)+O(L+I.MDFS.N3)+2.0.Q(L._DFS_I.N3
4893 1 ))*SMP,Q(L.MDFS.N3)

4894 E(L.MOFS.N3)=SMP4*(E(L-I.MOF3.N3J.£(L*I.MDFS.N3)+2.O.E(L.MDFS.I.N3
4895 1 )).SMP*E(L.MDFS.N3)
4e96 C

4897 60 O0 90 M=2.MI
4898 IF (M.EO.MDFS.AND.LDFS.EQ. t) GO TO 90
4899 IF (M.NE.MOFS) GO TO BO

4900 IF (L.NE.LDFSS-I.AND.L.NE.LDFSF_I) GO TO BO
4901 IF (L.NE.LDFSS-I) GO TO 70

4902 U(L.M.N3)=SMP4"(U(L-I.M.N3)_U(L,M-I.N3),U(L._-I.N3)}O.5,(U(L.I.M
4903 I .N3)+UL(L.I.N3)))4SMP,U(L,M.N3_

4904 V(L.M.N3)=SMP4"(V(L-1.M.N3)*V(L.M-I.N3)*V(L.M_I.N3)+O.5.(V(L*I.M
a905 1 .N3}.VL(L_I.N3)))+SMP-V(L.M.N3)

4906 P(L.M N3)=SMP4°(P(L-1.M.N3)*P(L._-t.N3).P|L.M*!.N3).O.5,(PfL, I.M
4907 I .N3)_OL(L.I.N3))).SMP.pfL.M.N3)

4908 RO(L.M._3)=SMP4"(R0(L-I.M.N3)+RO(L.M-I.N3).RO(L.M.I.N3)*O.5-(RO(L.
4909 1 1.M.N3)+ROL(L.I,N3))).SMP,RO(L,M,N3)
49_0 IF (ITM.LE.t) GO TO 9C

4911 QfL.W.N3)=SMP4"(Q(L-1.M.N3).Q(L.M-I.N3)*Q(L.M41.N3)+O.5°(0(L.I.M
4912 t .N3)'QL(L.I.N3)))+SMF,Q(L.M.N3)

4913 E(L.M.N3)=SMP4°(E(L- I.M.N3)*E(L.M- I.N3)+E;L.M+i.@43)+O._°(E(L.l.M
4914 ! .N3)_EL(L+ 1 .N3) ) )+SMP. E (L .M.N3)
4915 GO TO 90

4916 70 U(L.N.N3)=SMP4"(U(L.I.M.N3)*U(LoM-I.N3)+U(L.M*I.N3).O.5°(U{L-I._
49t7 1 .N3_.UL(L-1.N3)))+SMP,U(LoM.N3)
491d V(L.M.N3)=SMP40(V(L+I.M.N3)*_(L.M-I.N3).V(L.M.|oN3)+O.So(V(L-I.M
491_ 1 .N3I.VL(L-1.N3)))+SMF.V(L.M.N3}

4920 P(L.W.N3)=SMP4'(P(L.I.M.N3}.P(L.M-I.N3).P(L.M+I.N3)*O.%_(pIL-I.M
"4921 1 .N3_+PL(L-I.N3)}).SMP.P(L.M.N3)

4922 RO(L.M.N3)=SMP4.(RO(L.1.M._3)*RO(L.M-I.N3)_R0(L.M.t.N3140.5.(RO(L-
49_3 1 t.M.N3)+POL(L-I.N3)))+SMP*R_(L.M.N3)
4924 IF (ITM.LE.1) GO TO 90

4925 Q(L.W.N3)=SMP4*(Q(L_I.M.N3)+C(L.M-1.N3)_0(L._I._;3).G.5,(Q(L-I.M
4926 1 .N3)_QL(L-1.N3))).SMP*Q(L.N.N3)

4927 E_L.U.N3)=SMP4.(E{L+I.M.N3)+ErL._-I.N3),E(L.H+I.N3)+O.5.(E(L.f. M
4928 1 .N3)*EL(L-I.NJ)))*S_P°E(L.M.'_3)
49_9 GO TC 90

49:0 80 U( L .u. N3 )=_MP4- (U( L- I .M.N3 ).L_ L_ _ .M._)_U( L .M- I.N3).U( L.H. I ._31 )
4931 1 +S_:'U(I..M.N3)

493_ V( L .M.N3 ) =SMP4- (V( L ° I . M. _3 ) _V( L. I . M._3 ) "V( L .M- I .N3 ).V" L .Mo _ .'a3 ) )
4933 1 _SMP.V(L.M.N3)

4_4 P_L.M.N3)=SMP4°{P(L-I._.N3)._(L_I.M.N3}.P(L.M-fN_).p_L.M_._3))
4935 t _SMP'P(L.M.N3)

_9_G R_{L.M.N3):S_P4°(RO(L-1.M.fJ3__O(L.I.M.N3)_fl{L.M-f.N3)+ROIL.M.I
493- I .N3))_SMP°R0(L.M._3)
492_ IF (_TM.LE.I) GO TO 90

4_a_ 1 +_MP-O(L.M.N3) "

J94_ EfL.M.PJ3)=SMP4"(E(L-i.M.N3)+E(L+I.M.N?)_E(L.M-I._3)+E(L.M_ N3))
4942 . .3_P-E(L.M.N3)

494_ _0 CC_JT!'_:JE

494J C
_945 C T!_E S_30THI_;G _TST.E9. i)



4946 C

4947 100 IF (SMPr. EO. 1.0) R_TURN

4948 IF (NTST.EO.-II CO TO 13_
4949 NTC*NIC_!

4950 IF (NTC.NE.tJTST) RETURN
4951 tlTC=O

4952 IF (NTST.NE. I) GO TO 130
4953 C

4_54 00 120 L=I.LMAX
4955 LDFS=O

4956 IF (L.GE.LDFSS.ANO.L.LE.LDFSF) LDFS=I
4957 C

4958 DO 120 M=I,MMAX

4959 U(L.M.N3)'SMPT'U(L.M.N3)_( I.O-$MpT),U(L.M.NI}

4960 V(L,M.N3)-SMPT*V(L.M.N3J+(10-SMPT),V(L.M.f;_)
4961 P(L.M.NR}=SMPT'P(L.M.N3).(I.0-SMPT),P(L,M.Nf)
4962 R0(L.M.NS)=SMPI'R_{L.M.N3).(I.O-S_Pr),RO(L.M.NI)
4963 IF (ITM.LE.I) GO TU 110

49C4 0(L.M.N3}'SMPT*_{L.M.N31_(t.O-SMPT)°O(L.M.NI)
49_5 £(L.M,fJ3)=SMPT'[(L,M.N�).(I.O-SMPT),EIL.M.NI}
4966 110 IF (MDrS.EQ.O.0R.LDFS.EO.O) GO TO 120
4967 UL(L.N3)=SMPr°UL(L.NS)+(1.O_SMPT)°UL(L,NI)
4968 VL(L.N3)=SMPT,VL(L.N3}.(1.0.SMPT)°VL(L.NI)
4969 PL(L.TJ3)=SMPT*PL(L,N3),(I.O-SMPT),PL(L.Nf)

4970 ROL(L._(3)=SMPT*ROL(L.N3|_(I.O-SMPT)*ROL(L.Ni)
4_7| I_ (ITM.LE.I) _9 TO 120

4972 QL(L.N3)=SMPTeOLiL.N3)+( 1.O.SMPT),QL(L.NI}
4973 EL(L.N3)-SMPT°EL(L.N3|_( I.O-SMP[),EL{I..NI}
4974 120 CONTINUE
4975 RETURN
_976 C

4977 C TIME SMOOTHtNG (NTST.GT.I)
4978 C

4979 130 DO 150 L=I.LM_
4980 LOrS=o

4981 IF (L.GE.LDr_S.AND.L.LE.LDFSF) LOFS=I
4982 C

4993 DO 150 M=I.MMAX

4984 UIL.M.N3)'SMPT*U(L.M.N3)+(I.O-SMPT),US(L.M)
4995 V(L.M.N3):SMPT'V(L.M.N3)_( I.O-SMpT),VS(L.MI
4986 P(L.M.N_)=SMPT*P(L.M.N3)_(I.O-SMPTI°PS(L.M)

4987 RO(L.M.N3)=SMPT-RO(L.M.N3),(I.O-SMpr),ROS(L.M)
4988 US(L.M):U(L.M.N3)

4989 VSIL.M)=V(L,M.N3)
4990 PS(L,M)=P(L.M.N3}
4991 RQS(L.M)=ROIL.M.N3_
4992 IF (ITM.LE I! GO TO 140

4_93 Q(L.M.N3):SMVI'O(t.M.N3I.(I.O-SMPT},QS(L.M)

4994 E(L.M.N3)=_MPT-F(L.M.NS),(I.O SMPT),ESIL.M)
4995 QS(_.MJ:Q(L.M.N3)
4996 E3(L.M)=E(L.M,N3|

4997 140 IF (MDFS.EQ.O.0R.LPFS.tO.O| GO TO 150
_98 UL I L. N3 ) :SMPT ,tJL (L .N3 I . ( I.O-SMPT },ULS(L)
_999 VL(L.N3)=SMPT'VL(L.N3)_| 1.0-SMPI},VLS(L)
5000 PL(L.N3):SMPT'PL(L.N3)_II.O-SMPT),PLS(L)

5OO1 ROL(L.N3):SMPT,ROL(L.N3).(I.O-SMPI},ROL {L)
5_O2 ULS(L }=UL(L.N3)
5003 VLS( L } =VL( L .P43 }
5_34 PLS(L):PL(L.N3)

5005 ROLS( L ) :ROL (L .N3 )
5006 IF (ITM.LE.1) GO TO 150

5C07 QL(L.N3)=SMPT'OL{L.N3)+(I.O-SMpl),QLS(L)

5008 EL(L.N3):SMPT-EL(L.N3).i I.O-SMPT),ELS(L)
5009 OLS(L)=QL(L.N3)
5010 ELS(L)=ELIL.N3)
5011 150 CONTINUE '.
5OI2 RETURN
5013 END

16)



5014 SUBROUTINE MIXLEN (L,MV)
5OI5 C

5016 C ee'eeteeeeeeeeeeeeeeeeeeeeeeeeeeee

5017 C .**.,***o,..,.. *t*..,****..

5018 C THIS SUBROUTINE CALCULATES THE SHEAR LAYER VIDTH .BOUNOARY
5OI9 C LAYER THICKNESS AND DISPLACEMENT THICKP_:'" FOR THE MIXING-LENGTH
5020 C MODEL (ITM-I) AND ONE EQUATION MODEL (ITM,2)502t C

5022 C teeooeeeeeoeeeeee et_eeeooeleQooeeeeeeoeeteeee
5023 C e°eeeeeeee,,,,,,

5024 *CALL.MCC
5025 C

5026 C CALCULATE THE SHEAR LAYER WIDTH (YSL2-YSLt)5027 C

5028 IP'O
5029 LMAP=L
5030 IMP-O 4

5031 IF (IMLM.EQ.2) GO TO f20
5032 UMIN=U(L.I,NI)
5033 D0 tO M=t,MMAX

5034 IF (U(L,M,NI).GT.UM;N) GO TO IO
5035 UMIN=U(L.M,NI)
5036 MMIN=M

5037 IO CONTINUE

5038 IF (MMIN.EO.t.OR.MMIN. EQ.MMAX) IMP=f
5039 IF (U(L. t.Nt).EO.U(L.MMAX.N1)) GO TO 20

5040 IF (U(L.MMAX.N1),GT.U(L. t.NI}) UCHECK=(U(L,t NI)-UMIN)/(U(L MMAX5041 t .NI)-U(L,t,NI)) " •

5042 IF (U(L,MMAX,NI).LT.U(L.t,NI)) UCHECK=(U(L,MMaX,NI)-UMIN)/(U(L,!5043 1 ,Nt)-U(L.MMAX,NI))
5044 IF (UCHECK.LT.O.O5) IMP=f

_O45 20 IF (IMP.NE.O)GO TO 30
5046 UDUM=UMIN

5047 RDUL'I.O/(U(L, 1,NI)-UDUM)
5048 ROUU=I.O/(U(L.MMAX,Nt)-UDUM)
5049 GO TO 40
5050 C

5051 30 IF (U(L, I,NI).EQ.U(L,MMAX.NfI) GO TU 110
5052 UDUM=U(L,MMAX.Nf)

5053 RDU=t.0/(U(L.f.Nt)-UDUM}
5054 C

5055 40 DO 90 M_t.MI
5056 HMAP=M
5057 CALL MAP

5058 IF (M.EQ.MMIN) YMIN=YP
5059 MMAP=M.I
5060 YPI=YP
5061 CALL MAP

5062 Oyp=yp-ypl

5063 IF (IMP.NE.O) GO TO 50
5064 ROU_ROUL

5065 IF (_.GE.M_IN) ROU=eOUU
5066 50 U_I:(U(L.M.NI)-UDUM),_D U

5067 U02e(U{L._I.NI)_UDUM).RDU

5068 IF (UDI.GEIO.9.AND.UD2.LE.O.9) GO 10 60

5069 IF (UD?.LE.O.g AND.UO2.GE.O.9) GO TO _0
5070 IF (I_P.EO O) (;O TO 30

5071 IF (U01.GE.O.I.AND.UO2.LE.O.I) GO TO 90
5072 GO TO 90

5073 60 YtL2_YPI+(O.9-UD1),Dyp/(UD2.UDI)
5074 IF (IM_.NE.O) GO TO 70
5075 IF (M.GE MMIN) GO TO 1_
5076 IF (M.LT.MMIN) YSLI=YSL2
5077 GO TO 90

5073 70 IF (UDI.GE.O.I.AND.UD2.LE.O.t) GO ro 8o
5079 GO TO 90

5090 _O YSLI=_PI+(O. I-UD1),DYP/(UD2-UDI)
5081 GO TO IL'Z,3
50a2 30 CO_ITINJE
5083 ¥5LI=vW{L}
5084 _L'_3 IP:t

5085 RETURN



5086 C

5087 llO YSLI=O.O
5088 YSL2=O.O
5089 YMIN=O.O
5090 lP-1
5091 RETURN
5092 C

5093 C CALCULATE THE BOUNDARy LACER THZCKNES5 IOEL}5094 C

5095 120 MM3-MMLX
509G MM4=O

5097 IF (MDrs. EQ.O} GO TO 150
5098 IF (NVC.NE.1) GO TU 130
5099 IBD=IB

5100 IF (MV.Lr.MDF5) {B= 3
5101 IF (MV.GT.MDFS) 18"=4

5102 130 IF (I8.EO.4_ GO TO 140
5103 MM3=MDFS
5104 M=MM3.I
5105 MDEL=-I

5106 UMAX=U(L, I,NI)*RO(L, I,NI)
5107 GO TO 170
5108 140 MM4=MDFS-1
5109 M=MM4

5110 MDEL=I

5111 UMAX=U(L.MMAX,NI),RO(L MMAX.N1}
5112 GO TO 170
5113 C

5114 150 [F (]WALL,EO.O) GO TO |60
5115 M=MM4

5116 MDEL=I

5117 UMAX=U(L,MMAX,NII*RO(L.MMAX.NI)
5118 GO TO 170
5119 160 M=MM3.I
5120 MDEL=-I

5121 UMAX=U(L,1,NI}*RO(L.f,N1)
5122 C

5123 170 DO 180 MM=I,MI
5124 M=M*MDEL

5125 IF (M.MDEL.EQ.O) GO TO 190

5126 IF (M*MDEL.EO.MMAX.Ii GO TO 190
5127 UDI=U(L,M,NI),RO(L,M.NI}/UMA x

5128 UD2=U(L,M,MDEL,NI|,RO(L,M_MDEL,NI)/Uk_ X

5129 XF (UDI-LE.O.98.A_ID.UD2.GE.O.98) GO TO 200
5130 [F (UD1.GE.O.98.AND.UD2.LE.O.98) GO TO 2005131 180 CONrXNUE
5132 190 DEL=O.O
5133 RETURN
5134 200 MMAP=M
5135 CALL MAP

5136 MMAP=M.MDEL
5137 YPI=YP

5138 CALL MAP
5139 Dyp=yp.ypl

5140 y2=ypf.(O.98.UDI),DyP/(UD2_UD1)
5141 IF (MDFS.EO.O) GO TO 210
5142 IF (IB.EO.3) DEL=YL(L)-Y2
5143 ZF (IB.EO.4) DEL=Y2-YU(L)
5144 GO TO 220

5t45 213 IF _IWALL.EQ.O) DEL=YW(L)-Y2
5146 IF (IWALL.NE.o) _EL=Y2-YCB(L)
5147 C

5f48 C CALCULATE THE DISPLACEMENT IHICKNES5 (DEL5)5149 C

5150 220 DEL5=O.O

5151 IF (IWALL.Eo.O) GO TO 230

5152 IF (MDFS.NE.o. MJD.IB.EQ.3) GO TO 230
5153 MBLE=M.I-MM4

5154 UBLE=U{L,M+I.NI)

5155 ROUBLE'UBLE-RO(L.M_t.N!)
5156 M=MM4

5157 MDEL=I
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5158 GO TO 240
5159 C

5160 230 MSLE-.'_M3-M_2

5161 UBLE.U(L,M-I,NI)

5162 ROUBLE,UBLE'RO(_.M-t.NI)
51_2 M-MM3*f
5164 MDEL_-I
5f65 C
5166 240 MBLEI-MBLE-I

5167 OG 250 MM=I,MSL_!
5168 M*M+MOEL
5169 MMAP-M

5170 CALL MAP
5171 MMAP=M.MDEL
_172 YPl"YP

5173 CALL MAP

5174 O\P'ABS(YP-YP1)

5175 D[LS:DELS_(I.O'O.5*(U(L.M.Nt)*RO(L.M.NI)*U(L.M*_0EL.Nf)°RO(L.M
5t76 1 4MDEL.NI))/ROUBLE)*DYP
_177 _O CONTINUE

5178 IF (MOFS.NE.O.AND.NVC.EQ.I) IB=]8 o
5179 |P,1
5180 RETURN
5_81 END



5182 SUBROUTINE TURBC (lI)
5183 C
51_4 C oeeee=eeeeeeeeeeee_eteceeeaeeeeeeeeeeeeeeeeeegee=e • eoeeee_oeel
5185 C

51_6 C THIS SIJ_ROU_INE SEtS T=IE BOUNDARY CONDITIONS FOR !IrE TURBULENCE
5137 C QUANTITIES O AND E
_188 C
5189 C eltet'',ee'le'-e',,,l,,,ee=,,,_t,teoeoeeo,.eoeeeeeo.ee*gteoeee
5190 C

5191 "CILL.MCC

5192 YII=(YI(2)-YI(I))/(YI(3)-YI(2))

5193 ¥IM=IYI(MMAX_-vIIMI))/fqI(MI)-YI(M2))
5194 IF (MDF_ EO.O) GO TO 10

5195 YIU=(YI(MOFS.I)-YIiMDFS})!(YI(MDFS*2)-_I(MDFS*I))

5196 IF (LDFSS.EO. I) YIL=(YL(1)-YI(MDFS-I))/(YI(MDFS-I)-{I(MDFS-2))

5197 IF (LDFSS.NE.I) _IL=(YI(MDFS)-YI(MDFS-I)}/(YI(NDFS-t)-YI(MDFS-2))
5198 tO GO TO (20.70.150). II
5199 C

52CX) C 5FT QUANTITIES AFTER EACH IIME STEP
5201C

5202 20 DO 30 M=I.MMAX
5203 O(I.M.N3)=FSQ(M)

5204 E(1,M.N3I=FSE(M)
5205 30 CONr INUE

5_OG DO 40 L-2.Lt

5207 Q(L,MMAX,N3)=O(L.Mt,N3)+YIM,(Q(L,M1,N3)-Q(L,M2,N3))
5208 E(L,MMAX,N3)=E(L.M1,N3)+YIM,(E(L.M1,N3)-EiL,M2,N3))
5209 IF (NOSLIP.NE.O.AND.IWALL.EQ.O} O(L,MMAX,N3)=O.O
5210 IF (NGC8.EQ.O) GO TO 40

5211 O(L, I,N3)=Q(L.2.N3)_YI %,(Q(L,2,N3)-O(L,3,N3))
5212 E(L, 1,N3)=E(L.2,N3).YI t,(E{L.2.N3)-E(L,3,N3))
5213 IF (NOSLIP.NE.O) O(L. 1,43)=0.0
5214 40 CgNTIN3E
5215 DO _0 M=t.MMAX

5216 Q(LMA_.M,N3)=OILt,_.N3)
5217 E_LMAX.M,N3)=E(Lt.M,N3)
521_ EO CONTINUE

5219 IF (MDFS.EQ.O! GO TO 280
5220 OL(I,N3}=FSOL
5221 EL(t.N3)=FSEL
5222 DO 60 L=LDFSS.LDFSF

5223 O(L.MDFS.N3)=Q(L._DFS_1.N3)4YIU,(Q(L.MDFS.I.N3)-Q(L.MDFS+2.N3))

5221 E(L.MDFS.N3)=E(L.MDFS*I.N3)*YIU-(EiL.MDFS.I.N3)-E(L.MDFS+2.N3))
5225 OL(L,N3)=O(L,MDFS-1,N3)+YIL-(O(L.MDFS-I.N3)-O(L.MDFS-2,N3))
5226 EL(L.N3)=E(L.MDFS-I,N3).YIL,(E(L,MDFS-t,N3)-E(L,MDFS-2,N3))
5227 IF (NOSLIP.{4E.O) O(L.MDFS,N3)=O.O
5228 IF (NOSLIP.NE.O) OL(L,N3)=O.O
5229 EO CONTINUE

5230 GO TO 280
5231C

5232 C SET QUANTITIES AFTER EACH SUBCYCLE TIME STEP
5233 C

5234 '70 CO BO _=MVCB.MVCT

5235 O(1,M.N3)=FSO(M)

5236 E(1,M.N3)=FSE(M)
5237 E0 CONTINUE

523B IF (MVCT.NE.MMAX) GO TO IOO
5239 DO 90 L=2.Lt

5240 O(L,MMAX,N3)=O(L,M;,N3)_YIM,(Q(L,MI,N3)-O(L,M2,N3})
5241 E(L,MM&X,N3)=E(L,MI,N3)+YIM-(E(L,MI.N3)-E(L,M2,N3))
5242 IF (N_SLIP.NE.O.AND.IWALL.EQ.O) Q(L,MMAX,N3)=O.O
5243 30 CONTINUE

5244 l_'X) IF (MVCB.NE.I.0R.NGCB.EQ.O) GO TO 120
5245 DO 110 L=2,L1
5246 O(L.1.N3)=Q(L.2.N3)+yII,(O(L.2.N3)-Q{L.3.N3))
5247 E(L,t,N3)=E(L,2,N3)+YII,(EIL.2.N3}-E(L,3.N3))
5248 IF (NOSLIP.NE.O) O(L,t.N3)=O.O
52_9 110 CONTIN;_E

5250 ;_0 00 130 M=MVCB,MVCT
5251 0( LMAX .M.N3 )=0( L I .M.N3 )
5252 E(LM&X._.N3)=E(L I.M.N3)
5253 _9 CONTINUE
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5254 IF (MOFS.EQ.O) GO TO 280
5255 OL(I.N3)-FSQL
5256 EL(I,N3I-FSEL

5251 IF (MVCB.GT.MDFS.OR.MVCT.LT.MDFS) GO TO 280
525_ DO 140 L-LDFSS,LDFSF

5259 Q(L.MOFS.N3_-O(L,MDFS_I.N3)¢YIU*(Q(L.MDFS.I.N3)-Q(L.MOFS_2.N3))

5260 EIL.MDFS,N3)'E(L,MDFS*I.N3)*YIU,(E(L.MD_S.I,N3)-E(L,MOFS_2.N3))
5261 OL(L.N3).QIL.MOF_-I.N3)_YIL*(QIL.MOFS-I.N3|-Q(L MDFS-2.N3))

5262 EL(L.N3)=E(L,MOFS-I.N3).YIL*(E(L,MOFS-I,N3)-E(L,MDFS-2.N3))
5263 IF (NOSLIP.NE.O) O(L,MDFS,N3)=O.O
5264 IF (NOSLIP.NE.O) QL(L,N3)_O.O
5265 t40 CONTINUE

5266 GO TO 280
5267 C

5268 C SE1 QUANTITIES AFTER _LL PREDICTOR STEPS
5269 C

5270 150 IF (NVC.NE.t) GO T0 190
5271 IF (MVCT.rO.MMAX) GO TO 170
5272 DO 160 L=2.LI

5273 Q(L.MMAX,N3)=Q(L.MI.N3).YZM-(Q(L.MI.N3)-0(L.M2.N3)}
5274 E(!..MMAX,N3)=E(L.MI.N3)4YIM*(E(L,MI.N3)oE(LoM2.N3))
5275 IF (NOSLIP.N_.O.AND.iWALL.EO.O) Q(L.MMAX,N3)=O.O
5276 t6O CONTINUE
5277 170 DO 180 M=I._MAX

5278 IF (M.GE.NVCB.ANO.M.L[ MVCT) GO TO 180
5279 Q(LM_X.M.N3)=Q(LI.M.N3}
5280 E(LMAX.M.N3I=E(LI,M.N3)
5281 180 CONTINUE
5282 GO TO 230

5293 190 IF (MVCI.NE.MMAX) GO 10 210
5284 DO 200 L-2.LI

5285 QIL.MMAX.N3I.Q(L.M1.N3I_YIM,(Q(L.MI.N3I-Q(L.M2,t:3})
5286 E(L.MMAX.N3).E{L,M1.N3)_¥]M.(E(L.Mt.N3}-E(LoM2.N_|)
5287 IF (NOSLIP.NE.O.AND.IWALL.EQ.O) Q(t..MM_X.N3)=O.O
5288 200 CONTINUE

5289 210 DO 220 M=MVCB.MVCT
5290 Q(LMAX.M,N3)=Q(LI.M.N3)
5291 E(LMAX.M,N3)-E(LI,M.N3)
5292 220 CONTINUE
5293 230 IF (MDFS.EO.O) GO TO 280
5294 IF (NVC.NE.I) GO TO 240

5295 IF (MDFS.GT.MVCB.ANO.MDFS.LT.MVCT) GO TO 270
5296 GO TO 250

5297 240 IF (MDFS.LT.MVCB.OR,MDFS.GT.MVCT} GO TO 270
5238 250 DO 260 L=LDFSS.LDFSF

5299 QL(L.N3)_Q(L,MOFS-I.N3)_YIL*(Q(L,MDFS-I.N3)-O(L.MDFS-2.PJ3))

53-P'O EL_L,N3):E(L.MDFS-I.N3)_YIL*(EIL,MOFS-f,N3I-E(I..MDFS-2.N3)I
5301 IF (NOSI. IP.NE.O) QL(L.N3)-O.O
5302 260 CONTINUE

5303 27G IF (LDFSF.NE.LMAX) GO TO 280
5304 QL(LMAX.N3)=OL(LI.N3)
5305 EL(LMAX.N3)=EL(LI.N3)
5306 C

5307 2RO DO 290 L=I,LMAX
53_S IF (0(1 . 1.N31LT O O) O(L.1.N3):QLOW
5309 IF (E(L. I.N3).LT.O.O) E(L,1.N3)=ELOW
5310 IF (O(L.MMAA,N3) LT.O.O) Q(L,MMAX.N3)-OLOW
53_1 IF (E(L.MMAX.N3).LT.O.O) E(L,MMAA,N3)=ELO_
5312 IF (MDFS.E(J.O) GO TG 290
5313 IF (O(L.MDFS.N3).LT.O.OI O{L.IIDFS,N3)=QLOW
53:4 IF (E(L.MUFS,N3).LT.O.O) E(L.MDFS,N3)=ELOW
5315 IF (OL(L,N3).LT.O O) OL(L.N3i=QLOW
53!6 IF (EL(L.N3).LT.O.O} EL(L,N3)=ELOW
5317 290 CONTINUE
5318 RETURN
5319 _NO



5320 SUBROUTINE INTER
5321 C
5322 C *ee*eeetQ_eeeeeoeeeeeeee eee_e_e • e*eeeeeeee eeeeQoee_ ee*e_,eeeee
5323 C

5324 C THIS SUBROUTINE CALCULATES THE INTERIOR MESH POINTS
5325 C
53_)6 C tee*tceeeee_eee*ae*e_ee*t e*eeeeoeee,aeo*_eeeteeece_ee. _,te_eee
5327 C

5328 *CALL.MC_
5329 IP= !
5330 ATERM=O.O
5331 MIS- 1

533"; IF (NGCB.NE.O) MIS=2
5333 MIF-MI
5334 IF (ICHAR.Nr.. 1) GO TO 200
5335 C
5336 C C0UPUTE THE TENTATIVE SOLUTION AT T+DT
5337 C
5338 IF (IVC.EQ.O} GO TO IO

5339 IF INVC.EO.I) GO TO IO
5340 MIS.MVCB
5341 M!F=MVCT+ 1

5342 IF (MVCP..£0.1.ANO.NGC_.NE.O) MIS=2
5343 IF iMIF.GE._MAX) MIF=MI
5344 C

5345 C BEGIN THE L OR X DO LOOP
5346 C

5347 10 00 190 Lw2.LI
5348 LMAP_L
5349 LDFS=O
5350 IF (L.GE.LUFSS.;,NO.L.LE.LDFSF) Lors=!
5351 C
5352 C BEGIN THE M 0n Y DO LOOP
5353 C
5354 DO 180 M"M.TS.MIF

5355 IF (IVC.EQ.0) GO TO 20
5356 IF (NVC.NE.I} GO TO 20

5357 IF (M.LE.MVCB.AND.MVCB.NE. 1) GO TO 20
5358 IF {M.GT.MVCT) GO TO 20
5359 GO TO 180

5360 20 IF (M.EO.MOFS.ANO.LDFS.EO. t) GO TO 180
5361 MMAP=M

5362 CALL MAP
5363 OM-0M 1
5364 AL=,_L3
5365 BE'BE3
5_66 [')E =hE3

5367 LIB'U(L.M.NI )
5368 VB=v( L .M.NI I
5369 PB=P(L,M.N1)
5370 POB=_O( L.M.N! )
537 l ROR= I .O/ROB
5372 ASB=C_kRI'IA- PB,ROR
5373 0R-C( L .M.N1 )
5374 E3=E( L.M.Nt )
5375 I_ tW.NE. 1) GO TO 60
5376 C '
5377 C CALCULATE TI-,E QUANTITIES FOR M=l
5378 C

5379 DUDX • (UR-U(L- 1 .M.NI ) )*DXR
5380 OPOx= (PB-P(L o I. M.N! ) ).OXR
5381 DRGCx'(ROB-_.O(L- I.M.NI)).DXR
5382 UVOY=( 4.0.V(L. 2. N 1 I-v( L. 3.N1 ) ) -O.5,DVR
5383 IF (ITM.LF.I) GO TO 30
5.1c14 DOOX,=(QB-Q( L- ! .M.N1 ) ).DXR
5365 OEDx=( EB- E (L- I .M.N1) )'D_R
5385 30 Vf L.W.N3)=O.O
5387 UR;_S=-UR'O"4"E, UOX- OM-_POX.ROR',QUT(L .M)

5388 RORMS = -UB, 0M.ORODX- R0B "0M" DUOX- FLOAT ( 1+NOIM ) •ROB'BE,DVOY+(.'ROT (L. M )
5389 PRHS = -UB. ON.DPDX .AS8 •(RORHS'_'UB,OM'D_OD_( )*QPT (L, W )

5390 IF ('TM.LE.1) GO TO 170

5391 IF r,JG GE.O O) GO 10 40

169



..........

5392 DQOX-(Q(L+t.M,Nt)-OB),DXR
5393 0£DX-(E(L.I,M,Ni)-EB),DXR
5394 0M-0M2

5395 40 GRHS=-UT*OM,D_OX+Q_T(L,M)

5396 q(L.M.N3),QB+GRHS,OT
5397 . IF (Q(L,M,N3).LT.QLOW) Q(L,_,N3)-QLOW
5398 IF (ITM.EO.2) GO TO 170
_399 ERHS--UB,OM,DEDX_Q_T(L.M)
5400 E(L,M.N3)=EB.ERHS,DI
5401 IF (MgFS.NE.O.A_D.L0rS.EQ.O) GO TO 50

5402 IF (Q(L.M.N3).LT.BFST,FSQ(M)) U(L.M.N3)=BFST,FSQ(N;
5403 IF (E(L.M.N3).LT.BFST,FSE(M)) E(L.M.N3)=BFST,_SE(M)
5404 50 IF (E(L.M.N3).GT.ELGW) GO TO 170
5405 QIL.M.N3)-QLOW
5406 E(L.M,N3)-ELOW
5407 GO TO 170
5408 C
54og C CALCULATE THF QUANTITIES FOR M NOT EQUAL TO I
5410 C
_4tt 60 IF (IVC.EO.O) GO TO 70
5412 IF (NVCoEQ.|.OR.M.NE.MVCT_t) GO 10 70
5413 C
5414 C LINEAR INTERPOLATION ZN TIME FOR M:MVCT+!
5415 C

5416 UB=UUI(L)+RINO,(UU2(L)-UUI(L))

5417 VB=VVt(L)*RINO*(VV2(L)-VVI(L))
5418 PB_PPI(L)+RIN0,(PP2(L)-PPI(L))
5419 ROB=RQROt(L).RINO.(RORO2(L)-ROR01(L))
5420 ROR-I.O/ROB
5421 JSB-GAMMA'PB*ROR

5422 ULM=UUI(L-I)+RIND,(UU2(L-I)-UUI(L-I))
5423 VLM=VVI(L-1)4RINO-(VV2(L-I)-VVI(L*I})
5424 PLM=PP_(L-I)+RIND,(PP2(L-t)-PPI(L-1))

5425 ROLM-ROROI(L-i)+RINO,(RQRO2(L-I)-R0kOI(L-1))
542b IF (11M.LE.I) GO TO 80
5427 C_-Qqi(L).RZNO*tqQ2(L)-QQI(L))
5428 EB=£Ei(L)+RINO*(EE21L)-EEl_L))
5429 QLM=QQt(L-I)_RIt;D,(QQ2(L-1)-QQI(L-I))

5430 ELM-EEt(L-1)+RINO,(EE2(L-t)-EEI(L-1))
5431 GO TO 80
5432 C

5433 70 ULM-U(L-1,M.N1)
5434 VLM=V(L-1.M.NI)
5435 PLM=P(L-I.M,NI)
5436 P0LM=RO(L-I,M,NI)
5437 QLM=Q(L'I,M.N1)
5438 ELM=E(L-1.M,N1)
5439 IF (M.NE.MDFS.OR.L.NE.LDFSF+I) GG TO 80
5440 ULK=O.5,(ULM.UL(L-t.NI))
5441 VI_=O.5*(VLM.VL(L-1.N1)_
5442 _LM=O.5"(PLM.PL(L-I._=))
5443 ROLM-O.5"(ROLM.ROL(L-I.NI))
5444 IF (ZTM.LE.I) GG TO 80
5445 QLM=O.5-(OLM+QL(LoI.NI))

5446 EL_=O.5*(ELM_EL(L-t.Nt))
5447 80 UVB=US'AL.VB-BE.DE

5448 IF (NUIM.NE.O) ATERM=ROBeVB/Y?
5449 DUDX-(UB-ULM)-DXR
5450 DVDX=(VB-VLM)*D×R
5451 DPDX-(PB-PLM),DXR
5452 DRODX=(ROB-ROLM)°GXR

5453 IF (ITM.LE.t) GO TO 90

5454 DQOX=(QB-QLM),DXR
5455 DEDX=(EB-ELM)-DXD
5456 90 IF (IVC.EQ.O) GU TO I10

545? IF (NVC.EQ.I.OR.M.N£.MVCB) GO TO ilO
5458 C

5459 C LINEAR INTERPOLATION IN TIME fOR M=_VCB
54_0 C
5_61 U_M=U(L,M-1.NNI)+_!ND*(U(L.M-f,NN3)-U(L.M-I,_Nfl)
54fi_ V_M-V(L.M-I.NNI)+RINO,(V(L.M-i.NN3)-V(L,M-I.N_JI))

5463 PMW:P(L.M-I.NNI)_RIND,(P(L,M-I.NN3I-P(L.M-I.NNI))



5464 ROMM-RO(L.M-I.NNt).RIND-(RO(L.M-1.NN3)-RO(L.M-1.NNt))
5465 IF (ITM.LE.I} GO TO IOO

5466 OMM-O(L.M-t._NI)+RIND*IC(L.M-t.NN3)-O(L.M-I.NNI))
5467 EMM=E(L.M-t.NNI).RINO*(_(L.M-f.NN3)-E(L.M-I.NN!))
5468 C
5469 100 DUDY=fUB-UMM),DYR
5470 DVDV-(VB-VMM),DYR
5471 DPDY=(PB-PMM)'DYR
5472 DRODY-(ROB-ROMM),DYR
54"13 IF (ITM.LE.1) GO TO f20

5474 DQOY=(OB-QMM),DYR
5475 DEDY=(EB-EMM)*DYR
5476 GO TO 120
5477 110 DUOY=(UB-U(L.M-I.NI)),DYR

5478 DVDY-IVB-V(L.M-I.NI}),DYR
5479 DPOY-IPB-P(L.M-t.NII)'DYR
5J80 OROOY-(ROB-RO(L.M-t.Nt))°DYR
54St If (IT_.LE.I) GO TO 120
5482 DQDY-(OB-G(L.M-f.NI)),DYR
548) DEDY=(EB-E(L.M-I.Ni))*DYR
5464 C

5485 C SPECIAL FORH OF THE EQUATIGNS USED BY THE OUICK SOLVER
5486 C

5487 120 IF (IQSD.EO.O.OR.NVC.EQ.t) GO TO 130
5488 IF (M.EQ.MVCB.OR.M.GE.MVCT) GO TO 130
5489 ALS=SGRT(AL,AL+BE,BE)
5490 RALS=f.O/ALS
5491 AB'SORT(ASB)
5492 ABR=AL/BE
5493 UVBP-UVB.aLS,AB
5494 UVBM=UVB-ALS-AB

5495 USL=-UVB,DUDY+ABR,UVB*DVDY-UB*OM,(DUDX-ABR,DVOX)-OM,DPDX,ROR+QUTIL
5496 I .M)-ASR.QVT(L.M)
5497 PMLP=-UB,OM*DPDX-RGB,ASB*OM,DIJDX-ASB,_TERM-ROB,AB*DMtRALS*(AL*(UB

5498 1 eDUOX+DPDX*ROR)_BE.UB,DVDX)4QPT(L.M)4&SB*OROT(L.M)+ROB*AB*KALS°
5499 2 (AL*QUI(L.M)+BE,OVT(L.M))

5500 PMLM=-UB'OM,DPDX-ROR*ASB*CM,DUDXoASB-ATERM_ROB*AB°OMeRALS,(AL,(UB
5501 I *DUOX*DPDX*RO_)*BE*UB*OVDX)*OPT(L.M)+ASB°OROT(L.M)-ROB*AB,RALS,
5502 2 (AL°QUT(L.M)+BE,QVT(L.M))

5503 PMLPt=-UVBP°DPDYOS(L.M.I)oROB*AB*RALS,UVBP-(AL*DUDYGS(L.M.t)*BE
5504 I "DVDYOS(L.M,1)).PMLP
5505 PMLMI=-UVBM,DPDYQS(L.M.2)+R0_*AB°RALS-dVBM-(AL-DUDYOS(L.M.2)_B[
5_O6 1 *DVDYQSIL.M.2))+PMLM
5507 VRHS:-(2.0*ROB°_R,AL'RALS,USL+°MLMt-PMLP1)/(2.0"ROB'AB,ALS/BE)
_508 PRF4S:O. 5- ( PMLP I _PMLM 1 )
5509 URH_ : AB_ •VR| 4__UgL
5510 ROPHS:- UB,OM. egOD_ - UVB,DROOY . ( PR;IS +U_-DM,DPDX+UVB,DPDY-_PT { L. M) )
5511 I /ASB
5512 GO 10 140

5513 C
_514 C REGULAR FORM OF IH£ EUUAIIONS
55:5 C
5516 130 URHS=-UB°OM'DUDX-UVB°DUDY-(OM'DPDX.AI..DPDY}*ROR.OUf(LoM)

55t7 V_HS=-UB-GM,DVDX-UVP°DVDY-BE,DPDY,RO_*QVT(L.M)
=518 ROPHS=-U3,CM,DFODX-UVB'CRCDY-ROB'IOM'_UOX+AL,DUOY+BE*DVDY)-ATERM

5513 t +OROT(L.M)
5520 PRHS=-UB-OM,DPDX-UV_.DPDY+ASB-(RORHS+UB-OM-DROD_UVB°D_OOV).QPT(L

= nl 1 .M).5.

5522 C
5523 :40 V(L.M._;3I=VB+VRHS-DT
5524 IF (ITM.LE.t) GO IO 170
5525 IF (UB.GE.O.O: GC TO 150
5526 DQOX=(_(L+I.M.Nt;-QB),D_R
5527 DEDX=(E(L+I.M.NI)-EB),DXR
5_28 CM=OM2
_529 150 QqHS=-UB,OM,DCDX-UVB°DQDY*QQT(L.M)
5530 O(L.M.N3J=QB+ORHS,DT

5531 IF (Q=L.M.N3).LT.QLOW) Q(L._.N3)=QLOW

5532 IF (IXM.EO.2) G0 TO 170
5_33 £RHS=-UB,OM,DED_-UVS,DEDY+QET(L.M)

5534 E(L.M.N3)=EB+ERHS,DT
5_35 IF {u3FS.NE.O._C.LDFS.[0.O) GO TO 160
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5536 IF (O(L.M.N3).LT.BFST,FSO(MI) O(L.M.N3)-BFST,FS0(M)
5537 " IF (E(L.M.H3).LT.3FST,FSE|M)) E(L.M.N3)'BFSI,FSEIM)
5538 160 IF (E(L,M,N3).GT.ELOW) CO TO 170
5539 Q(L.M,N3)-QLOW
5540 E(L.M.N3)=ELOW
_541 170 U(L.', N3)-UBtURHS*DT

5542 P(L.k.N3)=PB+PRHS,DT
5543 RO(L.M.N3)-ROB.RORHS.DI
5544 IF {P(L.M.N3).LE.O.O) P(L.M.N3)=PLOW,PC
5545 IF (R0(L.M,N3).LE.O.O) R01L.M,N3)=ROLOW/G
5546 180 CONTINUE
5547 190 CONTINUE
5548 RETURN
5549 C
5550 C CUMPUT[ THE FINAL SOLUTION AT T4DT
5551C
5552 200 IF (IVC.EQ.O) GO TO 210
5553 IF (NVC.EQ.1) GO TO 210
5554 MIS=MVCO
5555 MIF-MVCT
5556 IF (u_.EO.t.ANO.NGCB.NE.O) MIS=2

5557 IF (MIF.EO.MMAX) M;F=MI
5558 C

5559 C BEGIN THE L OR X DO LOOP
5560 C
5561 210 DO 39C L=2,L!
5562 LMAP-L
5563 LDF5-O
5564 IF (L.GE.LDFSS.AND.L.LE.LOFSF) LDF5=I

5565 UOLD-U(L,1,N3)
5566 VOLD-V(L,I,N3)
5567 POLD-P(L,1.N3)
5568 C
5569 C BEGIN THE M OR Y DO LOOP
5570 C
5571 D0 380 MsMIS,MIF
5572 IF |IVC.EO.O) GO 70 220
5573 IF (NVC.NE.I) GO TO 220
5574 IF (M.LT.MVCB) GO TO 220

5575 IF (M.GT.MVCT) GO TO 220
5576 GO TO 380
5577 220 IF (M.EQ.MDTS.Ak_.LOFS.EQ.f) GO TO 380
5578 MM&P=M
55?9 CALL MAP

5580 OM=OM2
5581 AL-AL4
5582 BE=BE4

5583 DE=DE4

5584 BED=BE3

5585 UB=U(L.M,N3)
5586 VB-V(L.M.N3)

5587 PB=P(L.M.N3)
5588 ROB-R0(L.M,N3)
5589 ROR=I.0/ROB

55G0 ASB=GA_MA*PB*ROR

5591 QB=Q(L.M.N3)
5592 EB=E(L.M.N3)
5593 IF (M.NE. 1) G0 TO 260
5594 C
5595 C CALCULATE THE QUANTITIES FOR M=I
5596 C
5597 OUDX=IUtL+I,M.N3)-US)-DXR
5598 DPDX=(P(L.I,M,N3)-PB)'DxR
5599 DRODX:(_O(L.I.M.N3)-ROB)-DXR

5600 DVDY,(4.0,V(L.2.N3)-V{L.3.N3)),O.5,DYR
5eO1 IF (ITM.LE. 1) G_ "0 230

5602 DQDX=(g(L+I.M._J, GB)'OXR
5603 OEOX=(Z(L+I.M.N3)-EB)*DX_
5604 230 V(L.M.N3)=O.O
5605 URHS=-UB'OM'DUEX-CM'DPOX'=OR.OUT(L. M)
5606 RORHS=-UB*OM*DRCOX'ROB=CW'OUOX'FLOAT(4+NOIu)'ROB'BE'OVDY.gROT(L,M)

5607 P_HS=-UB'OM'0RDX*_SB*(R0_S*UB'0M'D_CDX)_C_rIL-M)



5608 IF (ITM.LE.1) GO TO 370
5609 IF (U(L,M,NI].LT.O.OI GO TO 240
5610 DQDX=(QB-Q(L-I,M,N3)I,DXR

5611 DEDX-(EB-EIL-I,M,N3)),DXR
5612 QM=QMt

5613 240 QRHS=-UB*OM,DQDX.QQT(L,M)
5614 Q(L.M.N3)=O.5-(Q(L.M.NI)_QIL.M.N3).QRHS*DT)
5615 IF IO(L.M.N3).LT.QLOW} OIL,M.N3)-QLOW
5616 IF (ITM.EO.2) GO T0 370

5617 ERHS=-UB,OM,DEDX*QET(L.M)

5618 E(L.M.N3)=O.5"(E(L.M,NI|_E(L.M,N3).ERHS,DT)
5619 IF (MDFS.NE.O.AN3.LDFS.EQ.O) GO TO 250
5620 IF (O(L.M.N3).LT.BFST,FSQ(M)) Q(L.M.N3t-BFST,FSQ(M)
5021 IF (E(L.M.N3).LT.BFST,FSE(M)) E(I.,M.N3|=BFST*FSE(MI
3G22 250 IF (EIL.M.N3).GT.ELOW) GO TO 370
5623 O(L,M.N3)=_L0W
5624 CIL,M.N3)=ELDW
5625 GO TO 370
5626 C

5627 C CALCULATE THE QUANTITIES FOR M NOT EQUAL TO I
5628 C

5629 260 IF (ND!W.NE.O) ATERM=ROB,VB/YP
5630 ULP'U(t..I.M.N3)
5631 VLP_V(L.t.M.N3)

5632 FLP=P(L.I.M.N3)
5633 ROLP_R_(L_I.M.N3)
5634 ULM=Q(I -I.M.N3)
5635 ELM=E(L-t.M.N3)
5636 IF (M._E.MDFS.OR I..h_.tDFS_-I} GO 10 270
5537 ULP'O.5'(ULP_UL(L.I.N3)}
5638 VLP=O.5"(VLP*VL(L.I.N3))
5639 PLP=O.5.(PLP+PL{L.I.N3))
5_40 ROLP=O._'(ROLP.RQL(L.I,N3))

5641 270 IF (M.NE.MDFS.OR.L.NE.LDFSF+I) GO TO 280
5642 IF (ITM LE.I) GO TO 280
5643 QLM=O.5*(QLM_QL(L-1.N3))
5644 ELM=O.5"(ELM.EL(L-t.N3))
5645 280 UVB=UB,AL.VB,BE+DE
5646 DUDX=(ULP-UB)°DXR

5647 DVDX=(VLP-VB),DXR
5648 DPDX=(PLP-PB),DXR
5649 DRODX=(ROLP-ROB),DXR

5650 IF (ITM.LE.I) GO TO 290
5651 DQDX=(QB-QLM),DXR
5652 DEOX=(EB-ELM),DXR
5653 290 DUDY=(U(L.M.I,N3)-UB),QYR
5654 DVDY=(V(L.M.I.N3}-VB),DYR
5655 DPDY=(P(L.M.I,N3)-PB|_nyR
5656 DRODY=IRO(L.M.I.N3)-RQB),DYR
5657 IF (ITM.LE.1) GO TO 300
5658 DQOY=(Q(L.M*I.N3)-OB)-DYR
5659 DEDY=(E(L.M.I.N,)-EB),DYR
5660 C

5661 C SPECIAL FORM OF THE EQUATIONS USED BY IHE ;UICK 50LVER
5662 C

5663 3"'0 IF (IQSD.EQ.D.OR.NVC.EQ.t) GO TO 320
5664 I_ (M.EQ.MVCB.OR.M.EQ.MVCT) GO TO 320
5665 ALS=SCRT(AL,AL.BE,BE)
_36E R_LS=I.O/ALS
5667 AB=SQRT(ASB)

5668 ABR=AL/EE
5669 UV£P=UVS+ALS-AB
5670 UVBM=UVB-ALS°AB
5671 BER=BED/BE
5672 DUDYt=(UB-UOLD),DYR,BER
5673 DVDYI=(VB-VOLD)-DYR.EER
5674 DPDYI=(DB-POLD)-DYR,BER
5675 IF (MDFS.EQ.O) GO TO 3!O

5676 IF (M.NE.MDFS:t.OR.LDFS.EQ.O) GO TO 310
5677 DUDYI=(US-UL(L,N3)),DTR*BER
5678 DVDYt=(VB-VL(L.N3J)-DYR,BER
5679 DPCYI=(PB-FL(L.N3))-DYR,BER
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5680 3tO USL=-UVB,DUDY+ABR,UVB.DVOY-UB.OM.(DUDX-A2R*DVDX)-OM.DPDX*ROR,QUT(L
5681 I .M)-ASR*QVT(L.M)
5682 PMLP=-UB,OM,DPDX-ROB,A3B.OM,DUDX-ASB*ATERMoROB,AB.OM,RALS,(AL.(UB
5683 ! =DUDX.DPDX-ROR)+BE.UB,DVDX)+QPT(L.M).ASB°QROT(L._)+ROB.AB=RALS,
5684 2 (ALeQUT(L.M).BE*QVT(L.M))

5685 PMLM'-UB°OM,OPDX-ROBeASB*OM,DUDX-ASBeATERM_ROB*AB,OM,RALS*(AL,(LIB
5686 1 "DUDX.DPOX'ROR).BE°UBtDVDX)+QPT(L,M)+ASB=QROT(L.M)-ROB,AB,RALS,
5687 2 (AL'QUT(LoM)+BE'OVT(L,M))

5688 PMLPI--UVBP*DPDYt-ROB,AB*RALS,UVBPt(AL,DUDYt.BE,DVDY1)+PMLP
5689 PMLMI=-UVBM*DPDY+ROE*AB*RALS=UVBM,(AL=DUDY.BE,DVDY)+PMLM
5590 VRHS=-(2.0"ROB'AB'AL'RALS,USL+PMLM1-P_LPl)/(2.O,ROB,AS,ALS/BE)
569f PRHS=O.5*(PMLPI.PMLMI)
5692 URHS-ABR,VRHS+USL

5693 RORHS=-UB'0M'ORODX-UVB*OROUY+(PRiIS_UB,OM,DPGX+UVB,DPDY-QPT(L.M))
5694 1 /ASB
5695 GO TO 330

5696 C
5697 C REGULAR FORM OF THE EOUATIONS
5698 C

5699 320 URHS=-US,0M*OUDX-UVB°DUDY-(OM°DPD_.AL°DPDY)°ROR.QUT(L.M)
5700 VRHS=-UB'0M°DVOX-UVB'DVOY-BE,DPDY*ROR+QVT(L.M)

5701 RORHS'-UB'OM'DRODX'UVB'DRODY-R0S*(OM'DUDX+_L,DUDY+BE_DVDY)-AIERM
5702 I *OROT(L.M)

5703 PRHS'-UB°OM°DPDX-UVBoDPOY+ASB-(RORHS+UB'0M°DRODX+UVB°DRODY)+QPT(L

5704 _ .M)
5705 C

5706 330 IF (I3SD.EO.O.OR.NvC.EQ.f) GO TO 340
5707 UOLD=U(L.MoN3)
5708 VOLD-V(L.M.N3)
5709 POLO=P(L.M.N3)

5710 340 V(L.M.N3)=O.5°(V(L.M.NI)+V(L.M.N3)+VRHS*DT)
5711 IF (ITM.LE.I) GO TO 370

5712 IF (U(L,M.Nf).GE.O.O) GO TO 350
5713 DQOX=(Q(L+I.M.N3)-QB),DXR
5714 DEDX-(E(L+I.M.N3)-EB)°DXR
5715 OM=OMI

5716 350 QRHS--UB=0M-DQDX-UVB-DQDY*QQT(L.M)
5717 Q(L.M.N3)=O.5°(Q(L.M.Nt)+Q(L.M.N3).QRHS,DT)
5718 IF (O(L.M.N3).LT.QLOW) Q(L.M.N3I=QLOW

5719 IF (ITM.EQ.2) GO T0 370
5720 ERHS--UB_OM,DEDX-UVB,DEDY.OET(L.M)
5721 E(L.M.N3)=O.5°(E(L.M.N1)-E(L,M.N3)_ERHS,DT)
5722 ;F (MDFS.NE.O.ANO.LDFS.EO.O) GO In 360

5723 IF (Q(L.M.N3).LT.BF_T,FSQfM)) Q(L.M.N3)-BFST,FSO(M)

5724 IF (E(L.M.N3).LT.BFST°FSE(M)) E_L.M.N3)=BFSr-FSE(MI

5725 360 IF (E(L.M.N3I.GT.ELOW) GO TO 370
5726 O{L.M.N3)=OLOW
5727 E(L.M.N3)=ELOW
5728 370 U(L,M.N3)=O 5"(U(L.M.NI)+U(L.W.N3)+URHS,DT)
5729 P(L.M.N3)=O 5"(P(L.M.NI)+P(L.M.N3)+_HS-DI)

5730 R0(L.M.N3)=O.5"(R0(L.M.N1)*RO(L.M.N3)+RORHS,DT)
5731 IF (P(L.M.N]).LE.O.O) P(L.M.N3I=PLOW-PC

5732 I; (RO(L.M.H3).LE.O.O) RO(L.M.N3)=RULOW/G
5733 380 CONTINUE
5734 390 CONTINUE

5735 _TURN
5736 END



5737 SUbROUtINE WALL
5738 C
5739 C eo_*eeeeeoetee_oeeeee*ee*eeeeeeeeelle*eoeoeeeeeoeeoeeeteeleeoe
5740

5741C Tills SUFRDUIIN£ CALCULATE5 TFI£ _OUNDARY MESH POIP415 Ar T:,{

5742 C WALL. FRFE-J[I BOUNDAPY. CENrEPeODY AND DUAL FLOW SPACE WAI.LS
5743 C

5744 C I,*_',,**,eeg*,*e,ee*eeeeeo,o_eeeote,leooeel*.eelee_eeo,*e,el,
5;45 C

_746 "CALL.MCC
5747 IP:l

5778 Y2=O.O

5749 Y20=O.O

57EO NJSL=NOSLIP

575t IF (IB.EO.t.ANO.Iw_LL N£.O) NOSL,O

5752 IF (N.[Q.I.AND.JFLAG.NE.O) DELY=O.OCY)I,YW(LdET-I)
5753 XWIO=O.O

5754 ATERM2=O 0
5755 ATERM3=O.O

5756 IF (IB.EO.I) GU 19 IO

5757 IF 118.GT.2) GO TO 20

5758 Y3=O.O
5759 _DUM=I
5760 MOUMI=2
5781 SIGN=-I.0

5762 GO TO 40

5763 10 Y3=1.O
5764 MOUM=MMAX

5765 MDUMI=MI

5766 5IGN=t.O
5767 CO TO 40
5768 20 Y3=Y(MDF_)
5769 _OUM=MDFS

5770 IF (IE.EO.4) GO TO 30
5771 MDUMI=MDFS-|

5772 SIGN=I 0

5773 GO TO 40

5774 30 _DU_I=MDFS_!
5775 SIGN=-I.O
5776 40 DYS=SIGN,DYR

5777 MMAP=MDUM
5778 C

5779 C BEGIN THE t OR X EJ LOOP
5780
578' _0 700 L=2.Lt
5782 L_F5=O

5783 IF (L.GE.LOFSS.A_D L.LE.LDFSF) LDF5_f
5784 IF (IB.GE.3.ANO.LSFS.£O O) GO TO 700
5785 LMAP=L
5786 CALL MAP
5787 AL=AL3
5788 BE=BE3

5789 DE=DE3

5790 C
%79" IF (JFLAG.[Q.O) GJ TO 70

5792 IF (IB.NE.I) GO TC TO
5793 XWID=XWI(L)

5794 IF (ICHAR.EO.I) G? TO 50
5795 _

5796 C USE THE DUMMY AR_'S TO MA_,IPULATE T-E ONE-SIDED SOLUTIO_d_
5797 C FOR THE FREE-uET CR SHARP £ZPANSION C0_NER CASES
579_ C

5799 !F {L._E.L_FT-2) G_ TO 50

5800 U(L.I,_OUM.N3)=LID(3)
5801 V(L*I._DUM.N3)=VD(3)
5802 P(L.1._DUM.N3)=PD(3}
5803 RO(L+I.MOUM.N3)=_CDIg)
5804 GO TO 70

5805 50 IF (L.NE.LdET-I) GO TO 60
5806 IF (;C_AR.EO.I) UZL?=U[L.MC_W.N_)

5BO" U(L."_U_.'JI)=UD(_
580_ '.'(L.UDL'M._4):V[I':

'.7__



P !

5809 P(L.NDUW,NI )_PO( I )

5_ I I GO TO 70

".-12 _0 Ir (L.P'[.L,JET} GO TO 70

58 t3 U(L" !.I4CU_.NI)=UO(2)

5814 V(L-'.u0U_:.N!)o'JO(2}

58 15 Ir,(t-f.u0U_ .;JtI=PD(2 I

5_;'G PO(L- t .Mou_.r_ I=POD! 2 )
58"7 C
5818 70 U I-U(L.MDuW.NI )

5819 Vl :V'L.VDU_I.N')

5820 P I =P (L.MDU_.N' _

5821 PO I-l_O(L. MDUP, ,_,_ )
5822 U2-UI
5823 V2-€I

58;4 _I-3GOT(GA_MA-Pl/_O!)
5825 _2=^ t
5826 IF (ICHAR.fq[.I) GO TO 80
5827 U3=U!

5828 v3=vl
5829 P3=Pl
5830 _03=_gl

5831 AS:A1

5822 G_ TO 9O

5833 80 U3_UIL._DU_.:.N3)
5834 V3=V( t ._OUM. N3 }

583% P3 =P ( L .'_DUM. N3 )
5836 PC3 =f-O( c .MDUM.N3 )
5837 A3 =SOP; (GA_"AA-;'3/#03)
5838 C

5839 C t:,_tCUtAfE Ti4E P_0PERTY I_':E;_DO[ATING POLYN0._I.',L C.'_[FFICTFNTS
5840 C

5841 90 £U:(UI-U( t. MDUM1 .N 1 ) ).DYS

5842 8'J:(V_-V(L.MDUM?.N! )),,0€']
5843 BP:(P_-P(L.MDU'w_.NI ) )'DYS
5844 8PO= (_0_ "RO( t ,VDUM I ,NI ) }"DvS

5845 BOJT =(GUT(L. MOL'_ ) -6UI (L.{VOUM I )) "_,f5

5846 I";QVT= (OVT (t ,MD,._I) -OVf (t, _DUM I ))•L_vS

5847 BQP f - :'_P f ( t .MDt; u ) -Or, T( L. MQUM 1 ) ) .[9€ _,

5848 BQROT : { '_0 f ( t . _"UM ) -QROT ( t, MDUM 1 ) ) "DiS
5S4; C']:U I-EU*Y3
5850 CV_V 1-BY'- Y 3
585 _ CP=P!-£_-','3

5852 CP-O =I_0f-_;_0" Y3
5853 CUU r :LL;T { t . _."2tJU) - £,r.)tJT • €3

E854 CO'JT'_,';TI[ .{_'!qJt'! 80VF'V3
5£55 ('OPT _Cef { L . '_rltlu } _";_' I " €3
5_56 CK.'?QT='_'OT I [ .Mrj,a)._ }_r T., 3

=-957 C

5_.58 C CnLCULaTE THE rqoSS DEP, Iv.*.TIV_. ItlI[_?"rJLArING PC: Y_'QMI,_t
_-859 C CO£FFI_-IENTS

5860 C

536' DU-(U_ U_I - t._._T_:._.r_ _ ).O_R
-:8€;; D;= (V!-V! I. - | .M[ j_ I*|1 ) ) .i),*R
E863 DD:(P!-,"( ' - I .ME. '-1.t': ) ,*.DXP

-:8C,: DI-'O= ( *._ : -RC I L - '.'ADL_. rJ 1) ) ,O_R
E865 DUf:(U, . \iOj'._ I ." t ) -q( L - I . M[}UM 1 . _4I ) ) .,_ ('_,
_gS"_ D'$ I : ! ';I, ._'?GL_MI .', I ) - Vi L - : _.'DL;MI . t'J_ ! ) • _' ._

_.],]e '3_:];=t'_CIL._DUr.,:.,N1)-ROIL-t "4[3UMI._, )),CI_

-_S_C . £'J , =(9;-C€ " _.D,T,
ES7 t S[ _ : ! D z "_P _ ) "[_, 3
EZ7Z BOAJ =(--:C "6ut) I , ._'_ 5
=__ ;.5 C.S'3=_L_-EC_J. f 3
5_ i4 CO'J =C'.'- :J__-'..'- , 3
z37=, CD; :-r'c-'_i;-'" _?

-:3v5 CC_,O_C_?,-;jD_;G."7
E377 t-
-=778 C CALCUL-'::. '_2
__q79 C

:74.



5881 UV3=U3*AL+V3,BE.D£
5882 DO 130 ILL=I.3
5883 UV2=U2'AL+V2"BE.DE

5884 Y2=Y3"(UV2.SIGN'ALS*A2+UV3.SIGN,ALS,A3),OT*0.5
5885 C

5886 IF (IQSD.EO.O OR.NVC.[Q.I) GO T0 1OO

5887 IF (IB.[Q.I.AND.Y2.LT.Y(MI)) y2=v(M1)

5888 IF (I8.EO.2.AND.Y2.Gr.Y(2)_ Y2=q(2)
5889 IF (MOFS.EQ.O! GO TO 100

58_0 IF ([B.EO.3.M;D.Y2.LT.Y(MDFS-I}) Y2=Y(HDFS-I)
5891 IF (I8.EQ.4.AND.Y2.Gr.Y(MDF3.I)} Y2-Y(MDFStl)
5892 C

5893 100 IF (IWALL.EQ.O.OR.|B.NE.1) GO lO 110
5894 UVI:UI*ALcV1,SE
5895 *I_Y3-(UVI.UV3),DT*0.5
5896 C

5897 C INTERPULAIE F[R THE PROPERTIES
5898 C

5899 UI=6U'II¢CU

5900 Vt:EV,YI¢CV
59G1 PI:BP'YI+CP
59C2 _OI=BRO,YI+CRO

5903 110 U2=BU'Y2+CU
5904 V2=BV-Y2+CV
5905 P2=BP,Y2_CP
5906 _02"BRO'Y2+¢_O

5907 AD=GAMMA,P2/_02
5908 IF (AD.Gf.O.O) GO 10 120
5909 NP=N_NSTART

5910 WRITE (6.710) NP.L,MDUM.NVC
5911 IERR=I
5912 RETURN

5913 120 A2=SORT(AD)
59!4 130 CONflNUE

5915 _UT2:BQUT,Y2¢CQUI

5916 QVT2=BQVT.Y2*CQVT

5917 QPT2=BOPT*Y2.CQPT

5918 QROT2"BQROT'Y2*CQROT
5919 C

5920 C INTERPOLATE FOR THE CPOSS DERIVATIVES
5921C

5922 IF (IWALL.EQ.O.OR.IB.NE.I) GO TC 140
5923 OUI:BDU.YI_CDU
5924 DVI:BDV'YllCDV
5925 DPI_FOP,YI_CO_
5926 DROI=BDRO'YI_CD_Q

5927 GO TO 150
5929 140 OUI=_
5920 RVI:DV

5930 DPI=Dp
5931 DqOI=DRO
593_ 150 DU2:6DU, "_.CDU
5q33 DV2:BDV'Y2¢CDV
5_34 D_2:BDP'_2*CCP

6935 D_D2-BDRO,Y2+COqO
5936 C

5937 C r I_ , " -_A._U..A,E THE P<I TERMS
593_ C

5939 I_ ¢t:DI_.EQ O) ,iO TO !00
59.10 I r (t_ [O.2t GO fO 150
594 t A "[£%12 :_02"V2." [ _P - ( Y3 -,'2 )lE£ ;

5943 ;60 :: (_CE(LI.EO.O.O) GO TO t70
5944 tTE_:2=_O2"V2,'_C_fL)*YT,.'_E _
Oq4_ _ T_ 130

574_ 17C _T[FM_:_O2"B['.IL.2._I)-Of_

5947 180 ?3I_I=-UI'C_'OOI-CMI°DPI,/qOt

5950 PS:I_=-IJ2°CMI.0_U2-RO2,OM_,CL;2-L'_M2
F351 PSI22:-U2-CM_'CU2-OMl-DP2,"RC2
5752 _$I37:-U2.0U_,D,.,2
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5153 PSI42='U2°QMl'DP2*A2*A2°U2._WICDRO2
5054 C

5955 C CALCULATE THE OUAPJTITIFS FO_ THE vUICK SOLVER
5956 C

5957 IF {IQSD.EO.O.O_.NVC.[O. I) GO TO 320
5958 ALO,AL
_959 BED,BE
5960 DEO=DE
5£61 OM_=OM2

5962 YPD-YP
5963 ILLI'O
5964 MMO-O

5965 DO 300 ILL-f,ILLO5
5366 If (ILLI.NE.O) GO fO 210
5367 IF (ILL.NE.I) GO ro 190
5968 UVAO'(UV3"SIGNoAtS,_2I,DT
5969 YPOO=Y3

5970 FY3_-UVAO

5971 Y2_y(MoU_I)

5972 GU fO 250

5973 190 UVAVG=O.5"((U2qJ3)'ALAVG'(V2*V3),BFAV%)_D_AVG
5974 UV&,(UVAVG_IGN,AL_A#},_!
5975 FY2_f3-1JVA-Y2

5976 IF (rf2orf3 Lf O O) GO TO 200
5917 IJV_O_tJVA
5978 v20{J_Y2
5979 F_3=FY2

59_0 IF (SIG_J.Lf.OO) Y2-YfMDUM*ILL}
5981 IF (SIGN.GT.O.O} Y2-¢(MOUM-ILL}

5982 lr (Y2.EO Y(MVCSJ.O#.Y2.EtJ.Y(MVCf 1} GO TO 2OO
5983 GO TO 250
E984 200 ILLI:I
5355 Y2Q=Y2

5986 GO TO 240

5q87 210 UVAVG:O.5"({U2*U3)'ALAVGt(V2*V3),BEAVG)tDEAVG
5988 UVAT:(UVAVG*SIGN,AI_£A2I,Df
59_9 f f2=Y3-UVAf.Y2
5990 FY20_Y3 lirA-f20

5991 IF (FY2°FY2(_ {/O ('_ _;0 TO 220
5992 GO fO 230
5693 220 UVAO:UVA
_994 Y2OO=Y20
5995 230 UVA=JV_T
5996 Y20=V2

5£97 240 Y2:Y20+(Y20"_20Q)'(Y3-UVA-Y20)/(UVA-UViO+Y20-Y200)
5998 IF (Y2.LT.Y(MVCB)) Y2=Y(MVCB)

5999 IF (Y2.GT.Y(MVCT)) Y2_Y{MVCT}
6000 IF (Y20.E0.O.O) GO TO 250

_COI IF (ABS((Y2-Y20)/Y20).LE.CUS) G0 Io 3_0
6002 C

6003 250 DO 260 MM=MVCB.MVCT1

6004 IF {Y2.GE.YIVM}.ANO.Y2.LE.Y{_I)) GO IO 270
6C_35 260 CO_T ZNtJE

6006 270 ROY=(¢2-V(HM) )oDyR

6007 U2=U( L . MM. NI )t (U(L .Mu,f ,N_ )-UI L.M_.NI }_*ROY
60'38 V2=V( L .MM._I ) _ (V( L .M?.I+ I .N1 __v{ L,MH.N t } ),ROy
6C69 P2=P( L. MM.P_ _ )+ { P(I..M_, I .N_ ) -P(L .MM, N I );-RDY
60_0 RO2:ROiL._M.NI).(40(L.MM+I.f_lt-RO(L._.N1)),RDt
60;1 iF (MM.EQ.MMO) G_ TO 280
5OI2 MMO=MH
6013 MM_P=MM
60!4 ,P=O
E015 CALL MAP
60f6' _P_=yP
6017 _MAP=MM_I

60_8 IP=I
60_9 CALL NAP
6020 YPMMI=YP

6_21 280 YP2='_P'qM.(¢PMM_-ypMM),_D_

6022 8EAVG:(Y2-Y3)/(YP2-YFD)
5_23 AL&VG:AL3,_EAVG/SE3
6024 DEAVG=DE3-_E&VG/BZ3
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6025 A2D-GAMMaoP2iR02

6026 1r (A2D.GT.O.O) GO TO 2q0
6027 NP=N_NSTART

602B WRII[ (6,710) NP,L.MGUM.NVC
6029 IERR.I

6030 RETURN

6031 290 ALSA2=SORT(O.5"(A2D+A3,A3t,(ALAVG,ALAVG_BEAVG,BEAVG))
6032 300 CONTINUE
6033 NP=N.NSTAR/

6034 WRITE (6,720) ILLOS.NP.L.MDUM.NVC.ICHA_
6035 IERR=I
6036 RETURN
6037 310 AL=ALD
6C3B BE=BED
6039 DE=DED
6040 OM2=OMD
6041 YP=YPD

6042 MMAP=MDUM
6043 A2=SO_T(A20)

6044 320 IF (ICFfAR.E_. 1) GO TO 350
6045 C

6046 C CALCULATE THE CROSS DERIVATIVES AT THE SOLUTION POINT
6047 C

6048 IF IUFLAG.EQ.O) GO TO 330

6049 Ir [IB.NE. 1) GO TO 330
6050 IF (t EO 2) GO TO 330
6051 IF (L.NE.LJET-li GO 10 330
_052 GU TO 340

6053 330 OU3:(UfL+I.MOUM.N3)-U3)-DX_
6G54 DV3:_V(L_I.MOUM.N3)-V3)*D_
6055 DP3:(P(L+|.MDUM,NSI.p3)tDXp
6056 ORO3-(_O(L_1.MDUM.N3)-RO3),O_
6057 GO TO 350

gOSR 340 OUJ=(U3-U(L-I.MDUM.NS)),Dx_
_059 OV3=(V3-V(L-I MDUM,?:3)),DXP
6060 DP3=[P3-P(L-I.MDUM.N3)),_X_

506! ORO3=(RO3-RO(L-t.MDUM.N3)),O_R
6062 C

6063 C ENTER THE FREE-J£f BOUNDARY ITERATION 100P
60G4 C

5065 350 YWI(L)=YWIL)

_066 OO 580 NJ=1.tO

6051 IF (ICHAR.Eg. I) GO TO 430
6068 IF (OFLAG.LE O) GO TO 410
_069 IF (IB.tJE..1) GO TO 4tO
6070 IF (L.LT.LdET) GO TO 410
6071 IF (NJ EG 1) GO TO 400
6072 IF (NJ.GT.2) GO TO 380

6073 360 ¢WOL[)=YW(L)
_074 POLO=P(L.MUUM.N3}

6075 IF (P(L.MDUM.N3).LT.PE(MM_xl) GO TO 3"0
6076 YW(LJ=YW{L)+DELY
6077 GO TO 390

_O7B 370 YW(L):_W_L)-DELY
6079 GO TO 390

6080 380 IF {P(L.W3UM.N3).EQ.POLD) G3 T0 3_0

_081 DVOP=(YWIL)-YWOLD)i(P(L.MDUU.N3)-P_LD!
_082 YWNEW=_W(L)+OYDF'-(PE{_:MA_)-PfL._DUM.N_))
_083 _WOLD=YW(L)

_0_4 POLO=P(L.uDUM.N3)
_Q35 YW[L)-YWNEW

6996 390 IF (Y_{L)-LT.(I.O'DYW)'YWZLD} vW(t}=(t O-DfW}'v'_ULD
6'297 IF (vW(t) GT.(I.O.DcW),YWOL3)¢W(t }=(I.O+DYW)-,wOLD
60£B 400 NXNY(L)=-(vW{L)-YW(L-I)),DA:

6_99 XWI(I.):(YV[L)-YWIIL))/DT
6C90 XWlO:XWI(L)

6_9t CaLL MAP

_G92 AL=AL3
_0_3 EE=_E3
6094 DE:DE3

609_ _LS-SO_T(AL'_L_BE-_E;
6¢95 C
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6097 C CALCULATE THE P_l TEPM3 AT THF _qttlrlq_ P(]INT

60q8 C
6099 410 If (NOIM.Eg.O) GO TU 440
6_00 IF (18.E0.2) GO TO 420

6101 _rFPM3=PU3"V3./Yp
_102 t;0 TO 440
6103 420 IF (YCEft.).CO.OIO) GO TO 430
6104 ArEaM3"RO3*V3/YCB(I )
6105 GO IO 440
6106 430 ATF_M3"RO3*BE*_I(L.2.N3)'OYP
6107 440 PSIt3=-U3,0M2*ORO3-RO3*nM2"_J3"ATFR_3
6108 PSI23--IJ3,0M2,DU3-OM2-Di'3/R03
6109 P5133" "IJ3*GM2*_V3
G 10 PSI43; -U3,[JM_*DP3+A3,A3,U3,OM;,[;_U3
G 11 4_ ARR-_J_'JY(|.I

12 If (IU [0.2J AI_P'NtP_¢L_(: )
6 I:1 IF (IR I_? :11 AInU N_N_[([ |

6 14 I[ ill} IU 4) AIHt NxNfU(i )
6 15 At 11,At /At
6 16 BEB,Bf/AL5
6 17 AI_t{AI*A3)-O._
6 |B A2B'(A2+A3)'0.5

6113 RO2B-IRO2iR03)'O 5
6120 IF (ICHAR.EO. 1} GO IC ,60
6121 PSI216=(PSI21+PSI23},O.5+UUT(L,M[)UM)
6122 PSI3tB_(PSI31*PSI33)'O.b_(jvrit-._[)U_}
6123 PSI41_=(PSI41*PSI43),O.5_(JP;iL.MCUM)
6124 PSII2B=iPSIIP_PS!I3_OROr(L.MDUM)t_ROr2)*0.5
6125 PSI22B,(PSI22*PSI2.1+QUT(L.MUUM).QUr2),O 5
6126 PSI32B,(PSI32*PSI33+QVTIL.MDUM)+QVT2),O.5

6127 PSI42H-(PSI42.PS{43*UPT(L.MgUM)_QPT2)'0.5
61_8 GO TC 4TO
612g 460 P_I21B-PSI21+_}UT(L,MDUM}
6130 PSI_IB=PSI31¢GVTIL.M_IJM)
6131 PSI41B=PSI41+QPT(L.MDUM}
613: PSIt2B-PSII2+QROT2
6133 PSI22B=PSI22+QUT2
1134 PSI32B-PSI32€()VI2
6,35 PSIa2B=PSI42.QPT2

6 36 470 IF (IWALL.EO.O.OR.IB.NE.I) GO TO 520

6 37 C
6 36 C SOLVE THE COMPATIBILITY EQUATIOfJS FOR A COfJSTANT PRES_IJRE

6 39 C INFLOW - OUTFLOW BOUNDARY

6 40 C

6 41 ROAA2=31GN,RO2B,A2_,ALB

6 42 ROAB2=SIGN'RO2B*A2B'BEB

6 43 PSI2T=(PSI42B-QPT2.A28,A2B*(PSI12B-Q_OI2)+RO_A2,PSI22B_RUAB2
6 44 1 _PSI32B)*DT

6 45 P(L.MOUM.N3)=PE(MMAX)
6 46 IF (IWALLO.NE.O) PiL.MDUM.N3)=2.0,P(L.MDUMI.H3)-P(L.MDUMt-I.N3)
6 47 IF (ALW.EQ.O.O) GO TO 480

6 48 _(L._CUM,N3)=(ALW,PE(MMAX)+P2+P(L.MDUM.Nt)+ROAB2,{V2-V(L.MDUM.NI)}
6 49 1 _RJAA2-(U2-U(L.NDUM.N1))+PSI2T)/(2.0+ALW)

6 50 480 IF (P(L.MDUM.N3).LE.O.O) P(L.HDUM.N3)=PLOW,PC
_151 IF (tl.GE.Y3.AND.IW_LLG.FO.O) GO TO 510

6152 RO(L.NDUM.N3)=ROI+(P(L.MDUM.N3)-PI-(PSI41B-OPI(L._DUM})'DI|/(AIB
6153 I .AIB).QROTIL,MOUM)'OT
6154 IF (RO(L.MOIJM.N3).LE.O.O) RO(L.MOUM.N3)=ROLOW/G

6155 PSIIT:{PSI21B-ABR,PSI31B),DT

6155 IF (ABR.EQ.O.O) GO TO 490
6157 ABRT=ABR+I.0/A_R
6158 V(L.MDU_.N3)=(A_R-VI*V2/A_R*U2"Ut'PSI1T.{P2"P(L._DUM.N3}+PSI2T]
6159 1 /ROAA2)/ABRT
6!60 GO TO 509
6161 490 V(L.MDUM.N3)=V2.(P2-P(L.MDUM.N3J*PSI2TI/(RC2R'A2B)

6162 _00 U(L.WDU_.N3)=Ul+ABR,(V(L._UM.N3)-Vl).P3!IT
6163 GO TO TCO
6164 510 NO=N1

6165 IF (ICHAR.EQ.2} NO=N3
6166 RO(L,_DbM,N3I=O.t,RO{I.MDU_.ND_.O.9*RDtL.MDUM.NI)
6167 U(L.MDUM.N3)'O.I'U(I,MDU_,ND)+O-9"U(L,MOUM.NI)
6168 V(L,MDUM,N3)=V2+(-P(L.MDUM.N3)_P2-ROAA2*(U(L._IOUM.N3)-U2J*PSI2T)
6169 1 /ROAB2
6170 GO TO 700



6171 C

6172 C S0_.VE THE COMDATIB|L_TY EOUA;IONS r(]f_ A SOLID 00Uf_jDART '6t73 C

6174 520 U(L.MDUM.N3)_(Ut'ABR°IVt-XWID)+(pSI2:_j-ABR,psI21B).DT)/( 1.0+ABR6175 _ ,A_g)

617G V( : . f,'DUM. N3 ) _ "U( L, MOl_et, N3 ) ._ BR.XWID
6177 IF (_".IOSL.EO.OI GO TO _30
6178 U( L. MOUM. N3 )=rio

6179 V ( L .MDUI_. N') ) :,) 0
6 180 PSI22B'PSI22B-QUI2

G 18 I PSI32B'PS132C -UVT2

6182 5"10 P(L*MOLIM.NSI'P2 SIGN'_{')2ReA2R.(AI.R.IU(L.IaDtJM.N3).U2),,BtrI,{Vfl .!,_OUM
6187 I .N3) V,_)),(PSI42E+A2p,,A2cS.PS112p,.SIGN.pr.j2B.API],(ALR.PSI22B_,REB
61_4 2 .PSI32B)).I)I

GtR5 Ir (PfL.MDUM,N3).t F .O O) P(: .MDUM.NT)=PLOW'-pc

6 18F; PO( L. _tDU;_.N7 )"PO I+ {P(, .MDUM. N3 )-Pl P_I4 ;R'_,I )/{ A IB*A JR }
6187 IF (ROIL.IVDUM.N]) LE.O.O) ROIL..M_UM.NS),ROtOW/G
6188 IF (IB.EQ.2) GO TO 540

61Rq IF (113 FO 3) GO 10 550

6f90 !F (IE.E,'J.4,' G'3 TO 5f,O

6191 IF (IW(I).LI.O.o) GO !0 970

6192 IF (dFL4G.I:O. I AND L.G[ LdET) GO IO 570
6193 PIL.UDUM.N3),P_IL.MDUta.N3).RG.TWIL)
6194 GO TO 57Q

Gt95 540 IF ;TC_( t).tT. O O) GO TO 570

6 196 P( L. MDUM. NIl) :RD{ L. MC_UM.N3 ) .RG. TCB{L )
61'::}7 GO ¥0 570

619R %50 IF (TL(_).LT O O) _0 1,_ 570

6 19':J P( I . MDUM./,-_3 J-RO( L. MI)UM.N3 )*RG- IL ! t )
6200 _0 T0 570

62_I 550 Jr (TU{ l).tI O O,_ G_ TO 570

6202 PlL.k'DUM.N3)=_OIL.MUU_.I.NS),RG.TU(t )6203 C

6204 C TEST fOR CONVEDGI'NCF.- or THE rPEE-jFI P,UU/"DARy /6205 C

620,5 570 1F (JFLAG EO.OI GO 10 700
6207 IF (IB.NE, J) GO 10 700

6208 IF (L.I.T.LJET-I) GO TO 700
62oq IF (L.[O.LdEI-II GO T0 59")
6210 I;" (ICHAR.EG. I) GO TO 700

6211 IF (dFLAG.EQ.-I.AND.L.NE.LqE1) GO T0 700
62t2 IF (UFLAG.EO.-! M'JG.L.E'.,,.L,JET) GO TO 6'30

G2 13 DELP=ABS( ( P{ L, M_UM. _13 ) "_E { MMAX ) )/PF ( MMA,_ ) )
6214 IF (DELP.LE.O.G_JI.AI'JD.t.NE.LJET) G3 TO 7OO

_215 IF (DELP.LE.O.OOI.AND.L EO.LJET) GO TO 690
6216 580 CONT/N'-E

6217 IF (L EQ.LJ['T) GO TO 690
6218 GO TO 700
6219 C

6220 C SOLVE FOR TFIE DOWN_,TRE^W SIDE f]F TIfF W'-IL EXIT ,")('}ZrlTFOR

6221 C EITHER TltF SMA;D EXPANSION COR/'JER /','ISE. UNOFR-FXPAI_DE{)
F,222 C FREE-,2ET CASE CI_ OVER-ErPANDED FRFE JET CASE
6227 C

6224 590 UDi3),U(L.MOUM Ki3)
€,225 vo( 3 I-v(L ._DU_4.h3 )
6226 F'D(3):r'(L,MDUM.NS)

6227 POD(3),I_O(I..MDUu NT)
6228 Pl}( 4 } -';'E ( MMA_( )

6229 _',_1-*-n I ;IJD(3)'L,'DfS)_V_?IS)'VO(SIL,(GAf, IMA.PDf3)/ROD(3))}
- ; ._1"

6230 DUMD: 1.0_QAM2.XM_ o_MI
623 ; 7L)=PD( 31/ ( POD( 3 ) "RG J
623'2 I ID=TO.DUMD
6233 PTD =PD( 3 ) • DUMD. -GAM :
6224 C

6235 C S}h'.#P EXP.',NSIO', COR:iZR L_SZ
623_ C

6237 IF (,JFLAG.NE.-_) GO I(J C30
6238 B = SORT I G_M3 )
6239 CCI:,XMI*XHI-I.0

6240 IF (CC1.LI.O.C) CCl:0.O

6241 PMAI=B.Ai'AN(SORI(CCI/IB.R)) )-AT_N(SSRT(CCI))

6242 FMA :AT&N( -NXNY (L dE T ) ) -A ;,iN(-NXNY {L,JET- I) )
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6243 PMAO=PMA_P_AI
6244 XM2-2.0,XMI
6245 DO 610 [=1.10
6246 CI,XM2,XM2-1.O

6247 PMAI'B'ATAN(SQRI(CI/IB.B)))-ATAN(SQRT(C:))
5248 IF (ABSI(PMAi-PMADI/PMADI.LE.O.OOOII GO TO 620
6249 IF (I.NE.IJ GO TU 600
6250 XMO=XM2
625! X_2=O.9*X_2
625_ PMAO,PMA;

6253 GO TO 610

6254 600 DMDA,(XM2-XMJ)/(PMAI-PMAO)
6255 X_O,xM2

6256 X_2=XM2*DMDA,(PMAD-PMAi)
6257 PMAO'PMAi
6258 610 CONTINUE

6259 620 DUMD,t.O*GAM2,XM2,XM?

6260 TD=TTD/DUMO

6261 PDI4)=P;O/DUMD,-GAMI

6262 ROD(4)=PD(4}/(RG, TD}
6263 GO IO 660

6264 C
6265 C UNDER-EXPANDED FREE-dET CASE

6266 C
6267 6_0 iF (PE(MMAX).Gf.PD(3).AND.XMI.GF. 1.0) GO TO 640

6268 ROO(4)=ROD(3}'(PE(M_AXJ/PD(3)),,(1.0/CA_MA)
6269 GO TO 650
_270 C

6211 C OVER-EXPANDED FREE-JET CASE
6272 C

6273 640 PRU=P_iMMAX)/PD(3)

6274 ROO(4)=ROD(3),(GAM3,PRD_I.0)/(PRD*GAM3)
6275 650 IE=PE(MMAX)/(ROD(¢),RG)
6276 XM2-SORT((TTD/TE-I.O)/_M2)

6277 660 55-SORT(GAMMA,PD(4)iROD(4))
6278 VMAG,:XM2,SS

6279 UD(4)=VMAG/SQRI(I.0,NXNY(LJET},NXNY(LJET)I

6280 VD(4)--UD(41,NXNY(LJET_

6281 IF (UFLAGEQ.-1) GO TO 7OO
6282 IF (_MI.GE. 1,0) GO TO 7OO
6283 C

6284 C AVERAGE THE I-SIDED MACH NOS FOR THE INTFRIOR POINT CALCULAIIONS

6253 C IF THE LIPSTREAM FLOW IS SUBSONIC - FREE-OEr CASE
5286 C
6287 XMB_(XMI*XM2)/2.0
6288 IF (XMB.GE.I.O) GO TO 670
6_89 CPL=I.O
6290 DPR:I.O
6291 G3 TU 680
6292 670 D_L=XM2-t.O
6293 GPR=I.0-XMI
6294 XMB=I.O
6295 680 OPI.R=DPR.CPL
6;_6 £UM=I.O+GAM2eXM3°X%2

6297 TZMP-TTD.'DLtM
6_8 F(L.MDU_.N3J=PTO/DUM°-G_MI

€299 RO(L,HOUM.N3)_P(L._DUM.N3)/(RG,TEMP}
63gO AS:GA_MA,P(L,MDUM.N3)/R_(L,MDUM.N3_
6301 OA=XMB*SORT(AS)

6_02 _XNY=(DPR-NXNf(L,]_T)_DPL-NXNY(L)I/DPLR
6303 U(L.MDUM.N3_=_A/SQRT(I.D.ONXNY-_NXNY)

6304 V(L.MOUM.N3)=-U(L.MDUM.N3},DNRNI
_305 GO TO 700

6306 690 UD(lJ=UC(3)
6307 VD(I)=VD(3)
6308 PD(I)=PD(3)
6309 R00( I)=ROD(3]

6310 UO(2)=UD(4)
6311 VD(2)=VD(4)
5312 FD(2)=PD(4)
6313 ROD(2)=RO_(4)

63'4 700 CCNTI_UE
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63_5 IF (JFLAG.EO.O) RETURN
6316 IF (Ig GE.2) RETURH

6317 IF (ICdaR.EO. l) RETURN
6318 U|LJET-I.MM_X.NI)-UOLD
_319 IF (JFLAG.EO.-1) RETURN
6320 YWI(LMAX)=YW(LMAX)
6321 YW(LMAT|-2.O*YW(LI)-YW(L2|
6322 NXNY(LMAX)=-(YW(LMAX)-Y_fL,)).OXR
6323 XWI(LMAX)=(YW(LMAX)-YWI(LMAX))/DT
6324 RETURN
6325 C
6326 C rORMAT STATEMENTS
6327 C

6328 7!0 FORMAT (IHO.61H*,.°, A NEGATIVE SOUARE ROOT OCCURED IN SUBROUTINE
6329 IWALL AT N_.IG.4H. L=.I2.4H. M=.I2. IOH. AND NVC'.13.614 *-..*)
6330 720 FORMAT (IHO.fi4H ****° TH_ CHARACTEPISTIC SOLUTION IN WALL FAlLEn T_
6331 ! COt4VERCE IN .12.17H ITERATIONS AT N-.16.4H. L'.12,4H. M=.I2.GH. N
6332 2VC=.I3.1H../TX. IOHANO ICHAR,,I1,6H -*.*-1
G333 END
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6334 SUBgOUTINE INI.ET
6335 C
6336 C =°'°*-**,°,*-,,,*,,*,*,o,,,,,.*,,,,°o,*,,o*°*°,**o°,*-o,,ooo,,
6337 C

6338 C fill3 SUBROUIINE CA|CIJLAIES II4E EUUNDARY M[SI4 POINTS AI THE INLET
6339 C
6340 C e,.,,,°,oo°°,,,,,,.,.°,°.°.,ot,,,,,,°,,,6,°,,,,°.,,,,°,,,,,,,,

6341C

6342 OCALL,MCC
6343 lP=t
6344 {MAP=I
6345 LDI=2
6346 _3=X!

6347 DXP=XP(2)-X3
6348 ATERM2=Q.O
6349 ATER_3=O.O
6350 MIS,t
6351 MIF-MMAX
6352 IF (16.E0.3) _IF=MDF5

6353 IF (IB.EQ.4! MIS=_DrS
6354 IF (IVC.£Q.O) GO TO 10
6355 IF (NVC.EO. t) GO TO 10
6356 IF (MIS.EO.1) WIS=MVCB

6357 IF (MIF.EO.MMAX) MIF=MVCT
6358 IF {ICHAR.FC.1.ANO.MIF.NE.MMAX) MIF=MZF+I
6359 C

6360 C 8EG;N THE M OR Y DO LOOP
6361 C

6362 10 DO 400 M=MIS,MIF
6363 IF (IVC.EO.O) GO TO 20
6334 IF (NVC.NF.I) GO TO 20

6365 IF (M.LT.MVCB) GO TO 20
6366 IF (M.GT.MVCT) GO TO 20

6367 IF (ICHAR.NE.I] GO T0 40_
6368 IF (M.EQ.MVCB.AND.MVCB.NE.I) GO IO 20
6369 GO IO 4(30

6370 20 IF (ISUPER.EO.OI GU TO 70
6371 IF (ISUPER.EO.2.ANO.I6.EO.4) GO TO 70
6372 IF (ISUPER.EQ.3.AND.IS.EO.3) GO T0 70

6373 SM=U(I,M,Nt),U(I,M,t_f)/(GAMMA,P(I.M.NI)/RO(t,M,N1))
6374 IF (SM.LT. I.O.AND.IINLET.EQ.O) GO 10 30
6375 IF (INBC.EQ.O) P(1,M,N3)=PI(M)°PC
6376 IF (Ih_C.NE.O) U(I.M,N3I=UI(M)
6377 UOLD=U(I,M,N3)
6378 VOLD=V(t,M,N3)
6379 POLD=P(1,M,N3)
6380 GO TO 4OO
638 ! C
6382 30 IF (INBC.NE.O) GO TO 70

6383 IF (M.EQ.HMAX) GO TO 40
6384 IF (M.EQ.MDFS._O.IB.EQ.4) GO TO 50

6355 IF (M.EG.MDFS.A_D.IB.EQ.3) GO oO 60
6386 IF (M_NE.1) GC TO 70
6397 ] _ (NG_B.EO.O] GO TO 70

6388 IF (TCB(1).LT.O.Op GO TO 70
6389 P(1,M,N3J=TCB(II-RO(I,M,N3)-RG
6390 GO TO 4'3O

5391 40 IF (T_(1).LT.O.O) GO TO TO
6392 P(I,M,N3)=TW(t),RO(1,M,N3I,RG
6393 GO TO 400
6394 50 _F (TU(1).LT.O.O) GO TO 70
6395 P(1,M,H3)=TU(t)'RO(I,M,N3)°_G

5396 GO TO 400
6397 60 IF (TLfl).LT.O.O) GO TO 70
6398 P( I,M.N3)=rL( 1)-R9( I,M.N3)-RG
6399 GO TO 400

64OO C
640! 70 MMAP =M
6402 CALL MXP

BED=2.0,BE3,_E4/[BE3*3E4)6403 =
8404 AL34=4L3+AL4

6405 IF (AL34.EQ.O.O) AL34=I-O



6406 ALD-2.0*AL3*AL4/AL34
6407 U2_U(1.M.NI)
640_ A2eSORT(GAMMA,P(1.M.N1)/R0|I.M.NI))
6409 IF (ICHAR.NE.t) GO TO 90

6410 IF (]SUPER.EQ.t) GO TO 80
6411 U( 1 oM.N3)=U2
6412 1( I.M.N3/=V( I.M.Nt}
6413 80 A3=A2
6414 C
6415 C CALCULATE THE PROPERTY INTERPOLATING POLYNOMIAL COEFFIC]ENTS
64t6 C

64!7 90 OtJTB-QUT(f.M)
6418 QPTB=QPT(I.M)
64_9 O_OTS=QROT(1.M)
6420 IF (IVC.EQ.O} GO TO 100
6421 IF (W.EQ.MMAX) GO T0 IOO
6_22 IF (IIVC.EQ.I.0R.M.eJE.MVCT*I) GO TO 100
6423 C
6424 C LINEAR (NTERPOLATION IN TIME FOR M:MVCT+I

6426 u_-uUI(I}.RIND,(UU2(1)-UUI(I))

6427 VB-VVI(II_INO-(VV2(I)-VVI(I)I
6428 PB-PPI(1)_RIND'IPP2(I)-PP111))
6429 _OB=RO_Of(t)_RINDo(RORO211t-R0qO_11|)
6430 ULP=UUI(2)+RIND*{UU2(2)-UUI(2))
6431 VLP-_VI(2)IRIND,(VV2(2)-VVI(2)}
64_: PLP_PPI(2J.RIND'(PP2(2)-PPl(2))
6433 ROLP-ROR01(2)4RIND,(RDRO2(2)-_0_01(?))
6434 GO TO 110
6435 C

6436 100 UB-U(I.M.NI)
6437 VB=V(I.M.P_f)
6438 PB=P(f.M.NI)
6439 R08=RO( I.M.NI_
6440 ULP=U(2.M.NI)
6441 VLP=V!2.M.NI)
6442 PLP_P(2,M,NI)
6443 _0LP=R0(2.M.NI)

_444 110 BU=(ULP-US)/DXP
64_5 BV=IVLP-VB)/D_P
6446 BP=(PLP-rB)/DXP
6447 ERO=(ROLP-ROBI/D_P
6448 CU-UB-BU'X3
6449 CV=V_-BV,X3
6450 CP=PB-BP'_3
6451 CRO=ROB-B_9°X3

6452 C
6453 C CALCULAIE THE CROSS U_RIVATIVE TNTERPOL_TING POLYNOMIAL
6454 C CO[FFICIEt_TS
6455 C
6456 IF (M.EQ.I) GO TO 130
5457 IF (M.EQ.MOFS.AND.I_ _0.41 GO TO 140

6458 _F ([VC.EQ.O) GO TO 120
6459 ;F (NVC.E0 I.OR.M._E.MVCB) GG TO 1_0
6460 C
6461C LINEAR INTERPOLATICN IN TIME FCR M-MVCB

6462 C
6463 _LPMM=U(2.M-I.NNI)'RINO'(U(2.M'I.rJN3I-U(2.M'I.NNI))
6464 ,LPMM=V(2.M-I.NN1)°_IND°(V(2.M'I._N3)'V(2.M-I.N_JI))
6465 PLPMM=P(_.M-1.NfJI)*RJNU-IP(_.M-I.NN3)-Pi2.M-IoNN|))
e466 ;0LPMM=R012.M-I._)'RIND°(_0(2.M-I.NN3)-RO(2.M-I.NN1)}
_467 UMM=U(1._-I.NN1}.R_D°(U(1.M-I°NN3)-U(I.M-I.NN1))
_468 VMM-V(I.M-1.NNI).RI_D'(V(I.M-I.NN3)-V(I.M-t.NNf))
6469 _MM=P(I.M-I.NNI}+RI_O-(P(IoM-1.NN3)-P(1.M-I.NNI))
6470 ;OMM=RO(1.M-I.NN:)*_]NO,(RO(t.M-1.NN3)-RO_I.M-I.NNI))
6471C
6472 _U=(ULP-ULPMM)(DYR
6473 DV=(VLP-VLPMM)°DYR
6474 DP=(PLP-PLPMM)°DYR
6475 CRO=(RULP-ROLPMM)'D_R
6476 CUI-(UB-L_M)°DYR
6477 _VI=(VB-_UM)°DYR

185



6478 DPI-(PB-PM_),DYR

6479 DROI=(ROB-ROMM),DYR
6480 GO TO 150

6481 120 DU'(ULP'U(2,M-I.NI))*DYR
6482 DV=(VLP-V(2,M-I.NI)),DvR
6483 DP=(PLP-P(2.M-I,NI)),Dy R

6484 DRO=(ROLP-_O(2.M-I.NI)).OyR
6485 DUI=(UB-U(1,M-1,N1))oDyg
6486 DVI_(VB-V(I.M-1,NI)J,C/R

6487 DPI=(PB-P(t.M-I.NI))*DyR

6488 DRDI=(ROB-RO(I.M-I,NI)),DYR
6489 GO TO 150

6490 130 IF (NGCB.NE.O) GO TO 140
6491 DU=O.O

6492 D_=(4.0*V(2.2,NI)-V(2,3,N1)),O.5,DYR
6493 DP=O.O
6494 DRO:O.O
6495 DUI=O.O

6496 DVI=(4.0,VII.2.NI)-V(I.3.NI)),O.5,DYR
6497 DPI=O.O
6498 DROI=3.0
6499 GO TO 150

6500 140 DU=(U(2.M+I,NI}-ULP),DYR
E501 DV=(V(2.M+t.NtI-VLP).DYR
6502 DP=(P(2.M*I.NI)-PLP),DYR
6503 DRO=(RO(2.M*I.NI)-ROLP),DYR

6504 DUI=(U(1.M*I.NI)-UBi,DVR
6505 DVI=(V(I,M.I.NI)-VB),DYR
6506 OPI=(P( I.M.I,N1)-PB),DyR

6507 DROI=(RO(I.M,I.NI)-ROB),DYR
6508 150 BDU=(DU-DUl)/DxP

6_09 eDV=(DV-DVI)/DXP
6510 EOP-(DP-OPi)/DXP
6511 BDRO=(DRO-DROI)/DxP
6512 CDU=DUI-BDU,X3
6513 CDV=DVI-BDV,X3
6514 CDP=DP1-BDP,X3

6515 DDRO=DROI-BDRO-X3
6516 C

6517 C CALCULATE THE COEFFICIENTS FOR THE QUICK SOLVER
6518 C

6519 IF (IOSD.EO.O.OR.NVC.EQ.t} GO IO 160
6520 IF (M.LE.MVCB.OR.M.GE.MVCTI GO TO 160
6521 IF (M.EO.MGFS.AND.LDFSS.EO tp GO IO 160
6522 DUDYQ2=O.5"(DUDYQS(2.M.t).DUDYOS(2.M.2))
6523 D_OYQ2=O.5°(DVOYQS(2.M.1)_DVDYQS(2.M,2))
6524 DPOYO2=O.5"(DPDYQS(2.M.f)+DPDYQS(2.M.2))
6525 DUDvOI=O.5,(OUDYQS(I,M.I)+DUDYOS(I,M.2)}
6526 DVDYOI=O.5"(DVDYCS(t.M._)+DVDYOS(I.M.2))
6527 OPDYQI=O.5°(DPOvOS(I,M.I)+DPDYQS(I,M.2))
6528 BDUOS=(DUDYQ2-DUDYOI)/OXp
6529 BOvos=(OVDYQ2-DVOYO1)/DXP
6530 BOPQS=(DPDYQ2.DPGYOI)/D_p
6531 CDUOS=DUOYQt-BDUOS.X3
6532 CDVQS=DVDYOI-SDVOS,X3
6533 CDDOS=DpcyQt-BDpOS°X3
6534 C

6535 C CALCULAT_ A2
6536 C

6597 160 IF (ICHAR.NE.1) A3=SQRTtGAMMA,P(I,M,N])/R_(t,M.N3))
6538 DO 170 IL=1.2

6539 X2=X3-(tU(I.M.N3)-A3)°OM2+(U2-A2J°O_2)°O.5,DT
6540 IF (X2-X3.LE.O.O5-DXP) x2=x3_O.OS,OxP
6541C

6542 C INTERPOLATE FOR THE PROPERTIES
6543 C

6544 U2"BU,X2.CU
6545 P2=BD-X2.CP

6546 RO2=BRO-X2,C_O
6547 A2=SORT(GAMM&-P2/R02}
6548 170 CONTINUE

6549 V2=3VoX2.CV



6550 UV2=U2*ALS.V2"BE3
655f C

6552 C INTERPOLATE FOR THE CROSS DERIVATIVES
655; C
e534 DU2-BDU°X2+CDU
6555 DV2=8DVoX2+CDV
655E DP2=BDP,X2+CDP

6557 DRO2=BDRO*X2*CD_O
6558 C

6559 IF (IOSD,EO.O.OR.NVC.EO.I) GO TO 180
6560 IF (M.LE.MVCB.OR.M.GE.MVCT) GO TO 180
6561 IF IM.EO.MDFS.ANO.LDFSS.EQ.1) GO TO 180
6562 DU2OS=BDUOS*X2*COUQS
6563 DV2QS=BOVQS'X2+CDVOS
6564 DP205=BOPOS-X2+CDPQS
6565 C

6566 C CALCULATE THE PSI TERMS
6567 C

6566 180 IF (NDIM.EQ.O) GO TO 200
6569 If (M.EO. IIANO.YCB(I).EO 0.0) GO TO 190
6570 ATE_M2-RO2,V2/YP
6571 GO T0 200
6572 190 ATERM2=!_O2,BE3oDV2
6573 200 PSII2=-UV2*O_O2-RO2*AL3*DU2-RO2°BE3*Ov2 ATERM2

6574 PSZ22=-UV2*DU2-AL3°_P2iR02
6575 PSI42=-UV2,DP2_A2tA2oUV2°OR02
6576 C
6577 IF (IOSO.£O.O.OR.NVC.EO.I) GO TO 210
6578 IF (M.LE.MVCB.OR.M.GE.MVCT) GO TO 210
6579 IF {M.EO.MDFS.AND.LDFSS.EQ.t) GO TO 210

6580 PSII:=-UV2*D_O2-RO2*ALD,DU2OS-RO2,SED,DV2OS-ATEP_2
6581 UV2=U2*ALO+V2°BED

6582 PSZ22=-UV2oDU2QS-ALD,OP2QS/R02
6583 210 IF (ICHAR.EO.1} GO TO 280
6584 C

6585 C CALCULATE THE CROSS DERIVATIVES Ai Tile SOLUTION POINT
6586 C

658T Ii (M EO 1 AND fJ(;C_ EQ.,)I GO 10 22_

6589 IF IM.EOmMDFS _flt).lBmEg.3l GO TO 230
6589 IF (M.EQ.MMAx} GC) TO 230

6590 DU3=IU(I.M+I.N]I U( I.M.N3))°DYR
6591 DV3={V( I.M_I.NSI-V(t.M.NS))°DYR
6592 DP3-iP( t.M+I.N3)-P( I.M.N3)),DyR
6593 DROS=(RO(I,M_I.NS)-RO(i.M.N3}J°DYR
6594 GO TO 240

6595 220 OU3=O.O
6596 DV3=t40.V(1,2.N3) V(I.3.N3)).O.5.DvR
6597 UP3:O.O

6598 DR03=O.O
6599 GO TO 240
6600 230 DU3=IU( I.M.N3}-U(I.M-1.N3)),DYR
6601 DV3=(V(1.M.N3)-V(I.M 1.N3))°DYR
6602 DP3=IP( 1.M.N3I-P(1.M-I.N3))°DYR

6603 DRO3=(RO(I.M.N3)-RO(I._I-1.N3)},D/R
6604 C
6605 C CALCbLAIE IHF PSI IER_S AT ]F,E SOLUTION F_INT
6606 C

660T 240 IF (NDIM EQ O) GU TO 260

6605 IF (U.EO.I.ANO_C6(f).EO 00) GO TO 250
6609 ATE_3=ROil.N.N3),V(1.M.N3)/_P
6610 GO T_ 260

6611 250 ATE_MS=RO|I.M.N3),BE4,D¥3

6612 260 UVO=U(1.M.N3I'AL4*V(I.M.N3),SE4
6613 PS!13=-UV3,DRO3-RO(I.M.N3),AL4.DU3-RO( ;.M.N3)._E4.D_3 ATERW3
6614 PSI23=-UV3,DU3-AL4,DP3/RO{l.M.N3)
6515 PSI43=-UV3"DP3._3+A3"UV3"OR03
6616 P

6617 IF (IQSD.EO O.OR.NVC.EO.1) GO TO 290
6618 IF (W.LE.MVCB.OP.M.GE.MVCT) GO TO 290
6619 IF (M.EO.MDFS.A_;_.LDFSS.EQ.t) GO TO 290
6620 DODYI=0.5,(U( I._+I.N3)-UOLD),OYR
6621 DVD}_=O.5°(V(!.M_I.N3)-VOLDI°Dy2

.u%,



6622 OPDYI-O.5*(P(I,M*I.,N3)-POLD),DYR

6623 IF (MOFS.EQ.O) GO TO 270
6624 IF (M.NE.MOF_I.OR.LDFS_.NE.I) GO IO 27O
6625 OUOYI=O.5*(U(I.M_I.N3)-UL( t.N3))-OY_
6626 DVDYI=O.5-(V(I.M*I.N3I-VL(I.N3)),DYR

6627 0PDYI=O.5,(P(1.M.I,N3)-PL(I.N3)),DYR
6628 270 PSI13=-UV3,ORO3-RO(I.M.N3),ALD,DUDYI-R0(I,M.N3)*BED,PVDYI-ArERM3
6629 UV3=U| 1,M.N3),ALD+V(I.M.N3),BED
6630 PS;23--UV3,DUDY1-ALD,DPDYl/RO(I.M.N3)
6631 GJ TO 290
6632 280 PSI23=PSI22

6633 PSI43=PSI42
6634 PSII3=PSII2
6635 290 IF (IQSC.EQ.O.OR.NVC.EQ. I) GO TO 300
6636 UOLD=U(1.M.N3)

6637 VOLD=V( 1 ,M.N3)
6638 POLO=P(I,M.N3)
6639 300 PSIIB-O.5,{PSII2+PSII3)_QROTB

6640 PSI_B=O.5"(PSI22.PSI23).QUTB
6641 PSI4B=O.5-(PSI42+PSI43).QPIB
6642 C
6643 C SOLVE THE COMPATIBILITY EQUATION FOR P OR U
6644

6645 IF (ISUPER.EO.O) GO TO 340
6646 IF (ISUPER.EQ.2.ANO.IB.EQ 4) GO TO 340
6647 IF (ISUPER.EQ.3._ND.IB.EO.3) GO TO 340
6648 ROAB=O.5-(RO2-A2_RO(?.M.N3)-A3)
6649 AB=O.5-(A2+A3)
6650 IF (INBC.NE.G) GO TO 320

6651 PSIT=(PSI4B-ROAB*(PSI2B-QUTB)¢AB*AB*(PSIIB-QROTB)),DT
6652 IF (ALI.EQ.O.O) GO 10 310

6653 UfI,_.N3)=(ROAB*ALI'UI(M).ROAB,(U2+U(I.M,NI)).P(t.M.NI)-P2-PSIT)/
6654 ! (ROAB°(2.O*ALI)J

6655 310 P(I.M,H3)=P2.ROAB,(U(I._,N3)-U2)*PSIT

6656 IF (P(t.M.N3).LE.O.G) P( I.M,N3)=PLOW*PC
6657 GO TO 400

6658 320 IF (M.EQ.MMAX.LND.IWALL.NE.O) GO TO 400
6659 PSIT=(PSI4B-QPId-ROAB,PSI2B.AB*aB°(PSIIB-OROTB)),Ot
6660 IF (ALI.EQ.O.O) GO TO 330

6661 P( I.M.N3)=(ALI*PIiM)'PC*ROAB°(U(t.M.NI)-U2)*P2.P(I.M.N1)*PSIT)/(2.
6662 I O.ALI)

6663 IF (P(I.M.N3).LE.O nl P(I.M.N3)=PLOW,PC
6664 330 U(t.M.N3)=U2+(P| I.M.N3)-P2-PSIT)/ROAB
6665 GO TO 400
66F6 C

6667 _ SOLVE THE COMPATIBILITY EQUATIONS FOR U. V. P. AND RC
6668 C

6663 340 MN3=SORT_U(I.M.N3),U(t.M,N3)*V[t.M.N3).V(t.M.N3))/A3
667C T2=P2/(RO2*RG]

6671 TTHET_=TAN(THETA(M))
6672 UCORR=I.O

6673 I r (NOSLIP.EQ.O) G_ TO 350

6674 IF (M.EQ.M_X.AND IWALL.EQ.O) UCORR_O O

6675 IF (M.EQ.I.AND.NGCB.NE.O) UCDRR:O.O

6676 IF (M.EQ.MDFS.AND.LDFSS.EQ.I) UCORR_O.O
_577 C

667B 350 DO 380 ITER_'.20

6679 CEM=(I.O+G_M2-MN3°MN3)
6e80 P(1,M.N3)=PT(M)/(DEM,,G_M1)
6_51 T_=TT{_/DEM

6652 IF (M.EO.MMA(.ANO.TW(1).GT.O.O) T3=TW(1)
6683 IF (_.E_ t.A_D.T_B(I).GT.O.O) T3=TC_(I}

66_4 IF (_.NE.MOF3.0R.LDFSS.NE. 1) CO TO 360
€_E5 IF (IB.EO.3.A_D.TL(1).GT O-O) 73=TL(I)

66_ I= _I_.EQ.4._;_.TU(t).GT.O.O) T3=TU[ I)
668T 360 PAVG=(P2+P(I.M.N3)),O.5
6683 TAVG=(T2.T3)*0.5

665_ ROAVG:PAVG/(TAVG,_G)
669,) AS=G_WUAoP_VGi_gAVG

663_ U( t.M,N3)=U2+DT,PSI2B.(P(t._.N3)-P2-(PSI4S._S,PSIIB),DT)/(ROAVG
6692 1 ,SORT(AS)}

6692 U(I.M.N3)=_(I.W.N3],UC3_



r,6q4 v( l.M.rj !)-l)( I,M.F_I)-! THor^
6,'J9 _ O_N'] " *Aej)

66"37 M_'J?]-qf_t,)t { (_j( t .M.N3)*I,'( 1.M.N'])*V( I.MPI1)*_,I t.M.N_)),/A?,)
Gti'}_J ]r (f_MPJ_I NF.O O) {.{] fO "77"1
GG_,I_I 1, (Af_%|Mr,I;] {JMN]I |[.r) f i(J@l) (;{3 rE} _I_0
6 70 r) c,O If) 3:1_
6701 370 If (*4ltq( (MI_J]-(I_.4NIIIG_PII| LE .(10,J! I r;() Tr} ",'_,)
6702 [)m], C()fJI IrilJF
67()3 C
6704 NP -#'i t _-1%TAR I"

6705 lRlrf 16,4"]01 M.PIP

_/(;i) 3'){) R(J( I.M.N{IJ-!'( I.l.ll]j),#(l._l;. 131
lj/(,/ 40C C[]N r 1fltJfr

If)7Ofl IF ( lwll I..fJl Oi ill I .MM4# .fill-l'f ('.IIM;'.,)
_ l()'# C

611() (" z'tR(] ll![ ('()If.ill? O II}ll llIF ll,V,f,l{) fir) '11 IP t](}';lltiAtll C(}f,_7:li[lri CA'IE
1) ] I I t

I:J-lf2 r (fJfV,l il + ff7 1_ [:rt II,II_C" [i) (jl lh i,]PrJ
t)713 F ( IbUI)ER ELI (11 _| IUI_IN

G714 t I lIt_nll_ l_cJ 2.,'lNl)It: [Q.4) RErtllRr4
6710 l (l_,tJPER.[,J Z1.AN{.) I[I.EQ.3) REIUfRPI
GR1G r (."i,c El}. I APIL} MVC!3 {(j I) GO TO ,llO
6717 F (PJGCB.NF.O! U( I. t.r,131=O 0
6711:1 410 F (rllJC.EO, I ,_rJ[_ luIVCr [O !I.4MAA) (ill fO 420
6719 IF (IWALL EU O) U( 1,NIMAX.N3):O.O
G720 420 IF IMI'IF_ EO O) !_[i'LJPI',I

6721 IF (NVC.FO.I.A,"ID (Mf_)FS Gr MVCEI.AN[).I',4_FS LT.,-IVCI); FtElUi_:,
6722 U( 1,_Dt'S,NJ)=O.O
6723 RETURN

6724 C

6725 C F0R:,_,\FSIATEMEI<JI'_
6726 C

6727 490 FORMAT l'f;_O.5'31-I,,o,, If.iF SOLL)TIOP,I FO_% ii.iF li'ill_M'.;r.F8OlJe+C.'_'r + l'OlrlT

6?28 I1 i..12. IH..16.43Hi F#.ILF[_ TO CONVERGE IN 20 If[RATIONS ,,,,,1
6729 END



GI:10 SURROUIINF Exll!

67_2 C .-*. .... '''..'''. ....... ''* ..... ' ..... ° .... '°'°* ............ ''
fi733 C

6734 C THIS SUBROUTINE CALCULATES tilE BQUNOARV MESH POINTS AT Illl [x|l
6735 C
6736 _ °*4tOtt*te*e*tetee*ot°*e)e**4ooete*ee°Oeeteeee*)eeDet*_)oeeo)°

6737 C

6736 "CALL.MCC
6739 IP'l
6740 LMAP_I.MAX
6741 [01-|.1

6742 X3-X[
674_ DvP'I3-XP([:)
_744 AIEPM_-O O
_745 A IERM1-O O
6146 MISer

_747 MIr-MMAX

674B _M=O _
6749 R'_OF-t,_
6750 IF (NPF.N_.O| gNNPE-FLOATIN)/FLOAT(PJPF|

6751 |! {RNNPE.LE O.O.(IR.RNNPE._T ! _) RNNPE-I.O
n752 IF (IB EO.3) Mlr-Mnf%
6753 IF lIB EO.4| MIS=MDF%
6754 IF (IV_.E_.O) GO IO IO
_"55 Ir |NV_.[eJ.I) GO IO tO
675_ Ir (M|S.rO.I) M|_-MVCfi
fi767 IF (M|F.FO.MMAX) MIr-MV_I
675_ ir {l(,llkg.[_j I.ANI) MIF.NF MMAX| MIF-MIr_I
_75_ C
GIG() _ RECIH IH_ M 0_ Y rill I.OOP
_761C
6762 IO DO 130 M-MIS.MIr
67G3 IF IIVC.FO.O) GO TO 20

6764 Ir (NVC.NE.I) _0 |0 _0
6765 IF (M.LT.MVCR) no TO 20
_76R iF (M.GT.MV_I) _0 TO 20
G7_7 IF (I_IIAR.NF.I) GO IO 330

6"i68 ir (M.EQ.MVCB.AND MVt.BNE.I} _O I0 20
6769 GO TO 130
_770 20 IF (IExiI1.EO.I) GO 10 40

_77! AII]-G_MP&-P(LMAX.M.III|/PI)IIM&X,M,NI)
f!772 Ir lAID GT.O._) r,O TO .10
6773 NP-IDNSIARI
6774 WRITE IR.3RO) NP.M.NVr. IqHAR
_715 llg_'l
6716 R[ I|IRN

_777 _0 A I _t]PT ( A I ) I
6778 ir IIEXl.t.Eq 2) _0 10 50
_77q SM=U(IMAX.M.NII*U([MAX.M.NI)/(_I-AI)
6780 IF (SM.LT.I.O) GO TO 50

6181 40 UILMAX.M.N3)-U(LI.M.N3I+FLOATIIrX)°(IIII_t.M.N3) tI(L_.M.N1))
6782 VILMAX.M.N3)=V(LI.M.N3I_FLOAIIIFxI°IVILI.M.N3)-V(12.M.N3))
6783 PKLMAX.M.N3I-P(LI.M.N3)_FLOAT(IEX)°(P(LI.M.N3)-PfL2.M.N3))
67_4 R0(LMA_.M.N3)=RO(LI.M.NS)+rLOAT(IEX)*IgI]|LI.M.N3} ROIL).M.NI|)
6765 UOLD=U(LMAX.M.N3)
67R6 VOLD-V(LMAX.M.N1)
6787 POIO-PILM&X.M.N1)
6788 IF IU(LMAX.M.N3) _E.O O| GO TO 320
676q PILMAX.M.N3)-gNNPE,PEIM)_|I.O RN_JPFI.PEI
6790 GO IO 300
6791C
6792 50 MMAP=M
6793 CALL MAP
6794 BED=2.O'BE3,BE4/(BE3+BE4)
6795 AL34=AL3.AL4
6796 DE34=DE3_DE4

6797 IF (AL34.EQ.O.O) AL34=I.O
6798 IF (DE34.E0.O.O) DE34=1.0
6799 ALD=2.0-AL3,AL4/AL34
6800 OED=2.O*DE3,DE4/DE34
68OI UI=U(LMAX,M.NI)



6802 U2-UI
6803 A2=A1
6804 IF (ZCHAR.NE.I) GO TO 60
6805 U(LMAX.M,N3)=UI
6806 P(LMAX.M.N3)-P(LMAX.M.NI)
6807 QO(LMAX.N.N3)'RO(LNAX.N,NI)
6808 A3-AI
6809 C
6810 C CALCULATE THE PROPERTY INTERPOLATING POLYNOMIAL COEFFICIENTS
6811C
6812 60 (_JTB-QUT(LMAX.M)
6813 OVTB-OVT(LMAX.M)
6814 OPTB-OPT(LMAX.M)
6815 OROTG-QROT(LMAX.M)
6816 IF (IVC.EO.O) GO TO TO
6817 IF (M.EO.MMAX) GO TO 70
6818 IF (NVC.EO.I.OR.M.NE.MVCT.I) GO TO 70
6819 C
6820 C LINEAR INTERPOLATION IN TIME FOR M_MVCT*I
6821C
6822 UB-UUI(LMAX)eRINO-(UU2(LMAX)-UUI(LMAX))
6823 VB-VVI(LMAX)+RINO-(VV2(LMAX)-VVl(LMAX))
6824 PB-PPI(LMAX)4RINO*(PP2(LMAX)-PPI(LMAX))
6825 ROB-ROROI(LMAX)+RINO*(RORO2(LMAX)-ROROI(LNAX))
6826 ULM-UUI(LI)eRINO.(UU2(LI)-UUI(LI))
6827 VLM-VVI(L1)+RIND*(VV2(LI}-VVI(LI))
6828 PLM-PPt(Lt)+RINO*(PP2(L1)-PPI(LI))
6829 ROLM-ROROI(LI)+RIND*(RORO2(L1)-ROROI(L1))
6830 GO TO 80
6831C
6832 70 UB-U(LMAX.M.NI)
6833 VB-V(LMAX.M.NI)
6834 PQ-P(LMAX.M.NI)
6835 ROB-RO(LMAX.M.HII
6836 ULM-U(LI.M.NI)
6837 VLM-V(L1.M.Nt)
6838 PLM-P(L1.M.NI)
6839 ROLM-RO(LI.M.NI)
6840 80 BU-(U8-ULM)/DXP
6841 6V-(VB-VLM)/OXP
6842 BP-(PB-PLM)/DXP
6843 8RO-(ROB-ROLM)/OXP
6844 CU-US-BUoX3
6845 CV-VB*BVeX3
6846 CP-PB-BpeX3
6847 CRO-ROS-BRO*X3
6848 C
6849 C CALCULATE THE CROSS DERIVATIVE INTERPOLATING POLYNOMIAL
6850 C COEFFICIENTS
6851C
6852 IF (M.EO.l) GO TG 100
6853 IF (M.EQ.MOFS.ANO.IB.EO.4) GO TO 11o
6854 IF (IVC.EO.O) GO TO 90
6855 IF (NVC.EO.I.0R.M.NE.MVC8) GO TO 90
6856 C
6857 C LINEAR INTERPOLATION IN TZME FOR M-MVCB
6858 C
6859 Ulm_-_fLMAX.M-1.NNt)_RINO*(U(LMAX.M-I.I_I3)-U(LMAX.M-I.NNI))
6860 VI_4-V ( LMAX, N- I .NN! )+RINO* Iv( LMAX. M- I .NN3 ) -V( LMAX.N- I .NNI ) )
6861 PkmI-P(LMAX.M- I.NNt)_RINO*(P(LMAX.M- I.NN3)-P(LMAX.Mo 1 .NN1 ) )
6862 ROMf4-RO( LNAX.M- I .NNI ).RINO* ( RO( LMAX.M- I .NN3) -RO( LNAX, N- I .NNI ) )
6863 ULMlm_'U(LI.M-f.NNI)_RINO*(U(L1.M-I.NN3)-U(Lt.M-I.NNI))
6864 VLIm44-V(LI.M*I.NN1).RINO*(V(L1.M-I.NN3)-V(L1.M-1.NN1))
6865 PLImm4-P(LI.M-I.NNI)+RINOe(P(LI.M*I.NN3)*P(LI.N-I.NNI))
6866 ROL_IIM'RO(Lf.M-I.NNI).RINO*(RO(LI.M-I.NN3)-RQ(LI.M-f.NNI))
6867 C
6868 OU-(UIB-UNI4)*OYR
6869 DV-(VS-V14N).DYR
6870 DP-(PB*PNN)*OYR
6871 ORO-(ROB-ROllal)*OYR
6872 OUf-(ULM*ULMI_B4)*OYR
6873 DVI-(VLM-VLMI_4)*OYR
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6874 DPI-(PLN-PLII4MM)*DYR
6875 DROI-(ROLM-ROLMMIq)*DYR
6876 GO TO 120
6877 90 DU-(I_-U(LMAX.N-I.NI))*DYR
6878 OV'(VB-V(LMAX.N-I.NI))*DYR
6879 DP-(PB-P(LMAX.M-1.NI))*OYR
6880 ORO-(ROB-RO(LMAX.M-I.NI))*OYR
6881 OUI-(ULM*U(LI.M-I.NI))eDYR
6882 DVI"(VLN*V(LI.M*I.Nt))*OYR
6883 DPI"(PLM-P(LI.M-I.NI))*DYR
6884 OROI-(ROLM-RO(LI.M-I.Nt))*DYR
6885 GO TO 120
6886 100 IF (NGCB.NE.O) GO TO 110
6887 OU'O.O
6888 DV'(4.0"V(LMAX.2.NI)-V(LMAX.3.NI))*O.S*OYR
6889 DP-O.O
6890 ORO-O.O
6891 OUI-O.O
6892 DVI-(4.0*V(Lt.2.NI)-V(LI.3.NI))*O.5*OYR
6893 DPI-O.O
6894 OROI-O.O
6895 GO TO 120
6896 1t0 DU-(U(LMAX.N_I.NI)*UB)*DYR
6897 OV-(V(LMAX.M_I.NI)-VS)*OYR
6898 OP'(P(LMAX.M_I.NI)-PS)*DYR
6899 DRO-(RO(LMAX.M_f.NI)-ROB)*OYR
6900 DUI-(U(LI.M_t.N1)-ULM)*OYR
6901 OVI-(V(LI.N+I.Nt)*VLM)*OYR
6902 OPI-(P(Lt.M_I.NI)*PLM)*DYR
6903 OROt-(RO(LI.M_I.NI)-ROLM),DYR
6904 120 6DtJ-(DU-DUt)/DXP
6905 BDV-(OV-DVI)/DXP
69045 BDP-(OP*OPI)/OXP
6907 BORO-(DRO-ORO1)/DXP
6908 CDU-OU-EDU*X3
6909 CDV-OV-EOV*X3
6910 CDP-OP-GOP*X3
6911 CORO-DRO-BDRO*X3
6912 C
6913 C CALCULATE THE COEFFICIENTS FOR THE QUICK SOLVER
6914 C
6915 IF (I05D.EO.O.OR.NVC.EO.I) GO TO 130
6916 IF (M.LE.NVCB.OR.M.GE.NVCT) GO TO 130
6917 |F (M.EO.MOFS.ANO.LDFSF.EO.LMAX) GO TO 130
6918 DUOYQLX'O.5*(DUDYOS(LMAX.M.1)*DUDYOS(LI4AX.M.2))
6919 DVDYOLX'O.5*(DVDYOS(LMAX.M.I),DVDYQS(LMAX.M.2))
6920 OPDYQLX'O.5*(DPOYQS(LMAX.M.1)+DPOYOS(LI4AX.M.2))
6921 DUOYOLI'O.5*(DUOYOS(LI.M.1)*DUOYOS(LI.N.2))
6922 OVOYOLI'O.5*(DVOYOS(LI.M.1)*OVDYOS(LI.M.2))
6923 OPDYOLI=O 5"(DPDYQS(LI.M.I)*DPDYOS(L1.N.2))
6924 BDUOS'(DUOYOLX-DUOYOLI)/DXP
6925 BDVQS'(DVDYQLX-DVDYQLI)/OXP
6926 BOPQS'(DPDYQLX-OPOYQLI)/DXP
6927 CCUQS'DUOYQLX-BDUOS*X3
6928 CDVOS-OVOYQLX-BDVQ_ X3
6929 CDPQS'OPDYQLX-BDPOS*X3
6930 C
6931C CALCULATE Xl AN[:) X2
6932 C

6933 130 IF (ICHAR.NE.I) A3"SORT(GAII_k*P(LMAX.N.N3)/RO(LNAX.M.N3))
6934 DO 140 1L-1.2
6935 XI"X3*(U(LILtX.M.N3)_OMI4U1*OMI)*O.5,0T
6936 X2"X3-((U(LI_kX.M.N3).A3)*OMt.(U2.A2)*OIII)*O.5,DT
6937 IF (X3-XI.LT.O.OS*DXP) X1"X3-O.OS*OXP
6338 IF (X3-X2.LT.O.OS*OXP) X2-X3-0.OS*OXP
6939 C
6940 C INTERPOLATE FOR THE PROPERTIES
6941C
6942 UI"BU*XI+CU
6943 U2"BU*X2tCU
6944 P2"OP*X2+CP
6945 RO2-BRO*X2*CRO
6946 A2-$ORT(GANNA*P2/R02)



6947 140 CONTINUE
6948 VI"BV*XI+CV
6949 PI"BP*XI+CP
6950 ROI"BROeXI+CRO
6951 UV1"U1eAL34V1-BE3.DE3
6952 AI"SQRT(GAMMA*PI/R01)
6953 V2"SV*X2+CV
6954 UV2"U2*AL3+V2*BE3.DE3
6955 C
6956 C INTERPOLATE FOR THE CROSS DERIVATIVES
6957 C
6958 DVI"BOV'XI*CDV
6959 OPI"BDPeXI.COP
6960 OROI"BORO*X14CORO
6961 DU2eBOUeX2.CDU
6962 OV2"BOVeX2.CDV
6963 DP2"BOPeX2+COP
6964 ORO2-BDROtX2.CORO
6965 C
6966 IF (|OSO.EO.O.OR.NVC.EO.I) GO TO t50
6967 IF (N.LE.MVCS.0R.N.GE.NVCT) GO TO 150
6968 IF (N.[O.NOFS.ANO.LDFSF.EQ.LNAX) GO TO 150
6969 DVIQS-BOVQSeXI_COVQ5
6970 DP105-BOPQSeXl*CDPQS
6971 OU2OS-BDUQSeX2.CDUQS
6972 OV2QS-BOVQSeX2+COVQS
6973 DP2QS'BOPOSeX2+COPQS
6974 C
6975 C CALCULATE THE PSI TERMS
6976 C
_977 150 IF (NOIN.EQ.O) GO TO 170
6g78 :F (N.EO.1.ANO.YCS(LMAX).EO.O.O) GO TO t60
6979 ATERN2-RO2eV2/YP
6980 GO TO 170
6g81 t60 ATERN2"RO2*BE3eOV2
6982 170 PSZ31''UVI*DVt*BE3*OPI/ROI
6983 PSI41=*UV1*OPt*A1*A1*UVt*OR01
6984 PSI12"*UV2*ORO2"RO2*AL3*OU2"RO2*BE3*OV2*AT_RM2
6985 PSI22"'UV2*OU2"AL3*OP2/R02
6g86 PSI42"-UV2*OP2*A2*A2*UV2*ORO2
6987 C
6988 IF (IOSO.EO.O.OR.NVC 60. t) GO TO 180
6989 |F (N.LE.NVC8.0R.N.GE.MVCT) GO TO 180
6990 IF (M.EO.MOFS.ANO.LOFSF.EO.LNAX) GO TO 180
6991 UVI"UI*ALO+Vl*BEO4OED
6992 PSI31''WI*DV10S-SEO*O" lOS/R0!
6993 PSI12"-UV2*ORO2-RO2*ALO*DU2QS-RO:*EEO*OV205-ATERN2
6994 UV2"U2*ALO*V2*BED*DEO
6995 PSI22"-UV2*OU20S'ALD*OP2QS/R02
6996 180 IF (ICHAR.[Q.I) GO 70 270
6997 C
6998 C CALCULATE THE CROSS DERIVATIVES AT THE SOLUTION POINT
6999 C
7000 IF (N.EO. 1.ANO.NGCS.EO.O) GO TO t90
7001 |F (N.EO.MOFS.ANO.]8.[Q.3) G_) TO 200
7002 IF (M.EO.NMAX) GO TO 200
70G3 OU3-(U(L_X._.I.N3)-U(LMAX._.N31)*OYR
7004 OV3-(V(LlelAX.N+I.N3I-VILMAX.N.N3))*DYR
7005 OP3*(P(LNAX.N_I.N3)-P(LMAX.N.N'J))*OYR
7006 ORO3-(PO(L_AX.M+I.N3)-RO(LNAX.N.N3)),OYR
7007 GO TO 210
7008 1900U3"0.0
7009 OV3*(4.0*V(LMAX,2.N3)-V(LMAX.3.N3))*O.5*DYR
7010 OP3-O.O
7Olt 0R03"O.O
7012 GO TO 210
7013 200 OU3-(U(LMAX.N.N3)-U(LMAX.N*I,N"J))*OYR
7014 0V3- (V(LNAX .N, N3) -V(LNAX. N* 1 .N3) )*DYR
7Ot5 OP3-(P(LN.ItX.N.N3)*P(LNAX,N°|.N3))aOy R
7016 0R03- (RO(LNAX. M. N3)- RO( LmX.N* I .N3) )*OYR
7017 C
7018 C CALCULATE THE PSI TERNS AT THI[ SOLUTION POINT
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7019 C
7020 _10 _F (NOIM.FO.O) GO TO 230
7021 IF (M.EO.t.ANO.YCB(LMAX).EO.O.O) GO TO 220
7022 ATER_3.RO(LMAX.N.N3)*V(LMAX.M.N3)/yP
7023 GO TO 230
7024 220 &TERM3-RO(LMAX.I.N3),BE4,DV3
7025 230 UV3.U(LMAX.M.N3),&L4_V(LNAX.M.N3)*BE4_DE4
7026 PS_I3"-UV3"DRO3"RO(LMAX.M.N3)'(AL4,DU3+BF4,DV3)-ATERM3
7027 PSI23"-UV3"DU3-AL4-OP3/RQ(LMAX.M.N3)
7028 PSI33--UV3-OV3-BE4-OP3/RO(LMAX.M.N3)
7029 PSI43--UV3*OP3*A3-A3-UV3.OR03
7030 C
7031 ;F (IQSD.EQ.O.OR.NVC.EO.I) GO TO _50
7032 IF (M.LE.MVCB.OR.M.GE.MVCT) GO TO 250
7033 |F (M.EO.MOFS.ANO.LOFSF.EQ.LMAX) GO TO 250
7034 OUDYItO.5,(U(LMAX.M*I.N3)-UOLO),OYR
7035 DVDYI-O.5*(V(LMAX.M*I.N3)-VOLO)*DYR
7036 OPOY1-O.5,(P(LMAX.M*I.H3)-POLO).DY_
7037 ;F (MOFS.EO.O) GO TO 240
7038 |F (M.NE.MOFS_I.DR.LOFSF.NE.LM_X) G_ TO 240
7039 OUDYI-O.5"(U(LMAX.M.I.N3)-UL(LMAX.N3))*OYR
7040 0VDYI-O.5*(V(LMAX.M_I.N3)-VL(LM_X.N3))*DYR
7041 OPDYI-O.5-(P(LMAX.M.I.N3)-PL(LMAX.N3))-DYR
7042 240 PS|13"-UV3*DRO3-R0(LMAX.M.N3).(AL0,DU0¥I_B[D*0VDYI)-ATERM3
7043 UV3-U(LMAX.M.N3).ALO_V(LMAX.M.N3),BED_OED
7044 PSI23.-UV3,DUOYI-ALD,DPOYI/RO(LMAX.M.N3)
7045 PSI33=-UV3,OVDYI-BEO,DP0YI/RO(LMAX.M.N31
7046 250 |F [|OSD.EO.O.OR.NVC.EO.I) GO TO 260
7047 UOLO-U(LMAX.M.N3)
7048 VOLO-V(LMAX.M.N3)
7049 POLD,P(LMAX.M.N3)
7050 260 PSI31B-(PSI31_PSI33),O.5_0V;B
7051 PS[4_B-(PS|41.PS|43).O.5
7052 PSI12B'(PSX12+PSII3)_O.5
7053 PSi228'(PS;22*PSZ23),O.5*QUTB
7054 PSI428-(PSi42*PS;43)*O.5
7055 GO TO 280
7056 270 PSI31B'P_I31_OVTB
7057 PSI41B-PS141
7058 PSI128-P5112
7059 PSI2_B_PSI22_OUTB
70_50 P_I42B-P5|42
7061C
7062 C SCLVE THE COMPAT|BILZTY EQUATZ0NS FOk U.V ANO RO
7063 C
70(;4 280 P(L_&X.M.N3)-RNNPE*PE(M)#(t.O-RNNPE),PE!
7065 AB-O.5*(A2_A3)
7066 ROAVG-O.5,(RO2.RO(LMAX.M.N3))
7067 PSIT'(PSI42B_ROAVG*AB*PSI22B_AB*AB*PS_I2B),OT
7068 IF (ALE.EQ.O.O) GO TO 290
7069 PSIT-PSZT_QPTB,DT
7070 PSI41B-PSI41B_OPTB
7071 P(LNAX.M.N3)-(ALE-PE(M).ROAVG,AB*{U2-U(LM&X.M,Nf))+p2.P(LMAX.M.NI)
7072 I _PSIT)/(2.0_ALE)
7073 290 RO(LMAX.M.N3)-ROl+2.0*(P(LMAX.N.N3)-PI-DT*PS|41B)/(A3*A3+AI,At)
7074 1 .QROTBeDT
7075 IF (RO(LMAX N.N3).LE.O.O) RO(L_AX.M.N3)-ROLO_/G
7076 U(LNAX.M.N3)_U2.(PSET-P(LNAX,M._3)_P2}/(ROAVG.AB)
7077 V(LMAX.M.N3)-Vl.DTePSI31B
7078 XF (NOSLIP.EQ.O) GO TO 300
7079 IF (M.EO.I.AND.NGCB.HE.O) U(LM&X.M.N3)-O.O
7080 IF (M.EQ;IO_AX.ANO.IVALL.EO.O) U(LMA;.M.N3)-O.O
7081 IF (M.EO.MOFS.ANO.LDFSF.EQ.LMAX) U(LMAX.M,N3)-O.O
7082 C
7083 C CHECK F_R INFLO_ ANO IF SO. SET THE CORRECT _OUNOARY CONOITIONS
7084 C
7085 300 _F (U(LMAX.M.N3).GE.O.O) GO TO 320
7086 RO(LMAX.M.N3)-O.Se(RO(LMAX.1.Nf).RO(LMJtX.MMAX.NI))
7087 IF (U(LNAX.2.N1).GT.O.O.ANO.U(LNAX.Mt,NI).LT.O.O) RO(LMAX.M.N3)=RO
7088 1 (LMAX,MMAX.Nf!
7089 IF (U(LMAX.2.NI).LT.O.O.AND.U(LMAX.MÁ,NI).GT.O.O) RQ(LMAX,M.N3)-RO
7090 I (LI_X.I.N1)



7091 V(LMAX.N.N3),,-U(LMAX.N.N3)*(NXNYCB(LMAX)+(YP-YCB(LNAX))/(YW(LNAX)
"/092 I -YCB(LNAX) )e(NXNY(LMAX)-NXNYCB(LMAX) ) )
7093 |IF (MOFS.EO.O.0R.LDFSF.NE.LMAX) GO TO 320
"/O94 |IF (I8.7.0.41 GO TO 310

?095 RO(LMAX,M,N3)=O.Se(R0(LMAX, I,NI)+RO(LMAX,IOFS.NI))
7096 IF (U(LNAX,2,HI).GT.O.O.ANO.U(LMAX,MOFS-I,NI).LT.O.O) R0(LNAX,N,N3
7097 I )-RO(LMAX,MOFS,NI)

7098 ltF (U(LMAX,2.NI).LT.O.O.ANO.U(LMAX,MOFS-I.NI).GT.O.O) R0(LMAX.M,N3
7099 1 )-RO(LltAX,I,NI)
7|OO V(LMAX ;M,N3)--U(LMAX, M, N3) * (NXNYCB(LMAX).(YP-YC8( LMAX ) )/(YL(LMAX )
? IO 1 1 - YC8 ( LMA X ) ) * ( NXNY L ( LMAX ) -NXNYCB ( LNA X ) ) )
! 1132 ¢-;.rj I0 .12n

710_J "ill) I_I)IIIAA_(.PA.N'I)-_ T_,,(nI"I{IIdAX.M[ll g. Nl)el?fJ(IM^x.MM^X.tJl|l

11c14 IF IIJIIM^k.MIII%*I.NI}+I;I 11.(_ ANte IIIIMA,_.M|.HI) |i (I 111 I_()(IMAX.lq
110% I . I'J-_,| - f"(l( I M/%x . MelA x . N e1

110 r, Jr IU(IMAx.MlllC_eI.N1) II (i O AM11111MAX.MI.NI) _10+O) RrIII. MA_[.M
71(1I I .N1 ) -R()( I MAX .Mi)r %.N 1 )

71('1R V(LMAX.M.N_I)- IJIIMAX.M.N||-IN_NvlI|IMA v ).1 vi" YII(LMA, |)/(YWIII4AX | VII
?l('lq 1 (IMAXI)-INXNt(IMA)) NvNvLe(tMAllJl
7110

7111 _ AV[I_A(';I r 1111: _,OIUII[}N il |1_[- M^_.II hRIMRFP I% AI. IFI;'JAIIH_
7112 C AfiI')VF AM.) BI:If}W ! 0
7113 r.
7114 _;)O [r (I('H^R FO 1 0& [FxlZ! NF O) _1) I0 33r)

7 115 %M_1:1111 MAX ,M,N"J | • • 2/(_AMMA-P| LMAX,M.H'_ I/Rnl I MAX ,M,N'I| )
711_ IF (%MPt I ! I 0 ANI_ %M L| I 01 (;r) 1'0 -'17'10
7117 IF ('.M_I GI. I 0 ANI1 .%M GI I ()) _ 11) "l:)rl

711B PILM&X.M.II.'I)-I;'NNPF.PE(MI*( I O-I_NNPI )'PFI
?!1q 3_O ('tin I I Ill e[
71_(_ C

71:11 C _Jr) l'illJHl1^l?v If)HI)liltiNg AI IIIF ('(}RNr; Mlt.ll I'111HI%
1122 r
7123 Ir IIW^ll 1FI. I ('_1 _11 |1_ 14_l

7124 IF IVIIMA#.I_MAx.NI| _,I II 1_1 r.o 11"I :14_1
7 I_,_ Nli-II I
712G iF lit'leAP FQ ._l I_JI)-N'i

I1_? U( LMAX. MMA_t. H.1 ) :('1 | .U( I .MMA_ .1_)) lO _.11( I MAX .MMA_, N 1 |
"I 12R _OI I MAX .MMAX .N3 |-O. 1,l_OI ! .MMAx .h_l |+O (.). I_l'J( I MAX .MMA_ .HI |
71;19 340 r (NVC flj I.AHD MVrT.FQ MMAX) _ll IO 350

7130 r IMllrr) NF 0 ANr).IFI (Q..'I) GO i_ qr._
71_1 F (IWAIL [fJ O) VIIMAX.MMAX.N._)_ UILMAX.MMAX.N1).N_NY(LMAX)*XW|
7132 I (|,MAX)

713,1 f (li/(I) (;1".O O AH() PItMAX.MM^v.H3) EQ PE(MMAX)) PfJliMAx.Me41_.hl_)
7134 I -P ( LM4]_. MM& X .N:I )/( R_,, T'dl | MAX ) )

7135 r (TWII) GT o C) ANP.PILMAX.MM&_,.N3) HE PI_IMM^XI) P(IMA_.MMAX.N1)
7136 I -1_0| [MA# . MMAI .N'l ) • R(;. 11#11 MAA I
7137 350 r (NV(" F_J 1.ANT+ MVI_P. [I.) 1) GO I€) lr.11
71_R r IMnr'; NF _ _n_ IP (+) 41 r.l') III .-It-.{)

7 1:19 VI l MAX. I .hl_l 1" 1J11.MAP . 1 .N 11 *NWNY('R( 1 MAX )

7140 II r II¢_R(II GIrl _ ANI) PILM&( 1.H11 |0 Plll)I I_(){IM^I.I.NI)-PIIM^X
7141 I I .N3 I/IRG. T_P.I LM_+ I )

1112 IF" (ICH111 GI (I O AND PIIMAX.I.N)I NE PFIII) PILM^X.I.NII_I+PIIIM^X.
7143 I I.N3 I.RG.TCR| I MAX)
7144 C

714,._ C SET BOUN(]^RY CONnlTIOHS rn_ ]'lie DIIAI. lION _r)ACl:
7146 C
7147 360 IF (MOrS.E0 nOR IDF%F.N[.IMAX) R[IlII_N
7148 IF (NV_.[Q. I.ANt').(MUr.%.GI MVCR.AM).Mr)Ir%.LI MV_I)| RErUI_N
7149 !F IlR.EQ.4) (',40TO :'170

7150 V(LMAX.MOF<;.N3).- UIIMAX.MI)r%.N.'I)-NXFIYt (IMAX)

1151 IF (TI(II.GT.O 0 _M_ PILM_X,MOrS.NI) Fq PF(_q_r_)) &(I{LM^X,MIIfS.N])
7152 1 ,P( LMAX.kE)F 5.N31/1RP,- TI 1 t MAX ) )

715] Ir 1T1111 _l O.n ANO.PIOMAX.MI')F_..N_I) NF PF(MrlF_,)) PILMAx.MI}r%.N:i)
7154 1 - I_111LMAX. MOIr %. N.'I)- R_* TL (t MJtX )
7 1%5 Rf TURN

7156 370 vl t M_X .NOFS.N31- -tic LMAX .MorS.N.1 ).N_NVUI LM^X I

7157 lr Ill|( I).GT.(10.AN_.P(I.MAX.MPr%.N]I.EQ PEIMr)r_)) I_nllMAx.Mfll'€,.H3}
-- 715.q I -Pl LMAX. MOF%.N3 )/( RG,IUI LMAX ) )
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71.'S9 IF (TU( I).GT.O.O.ANO.PfLMJiX.MUIrS.N3}.NE.PEw, Mor%)) P(LMAX.MDrS.N3)
7160 I -RO( LM&X .MOF S, N3 ) • RG. TU(LMAX )
7161 REIURN
7162 C

7163 380 FOgI_JL! (IHO.57H.,,*,,* A NEG SOIINO 5PEr_n OCCIIRL_D IN SUt_ROU11NE FXITT
7164 I AT Nt.][6.4H. M-.I2.6H. NVC-.13.11H ANO ICHAR-.II.6H e.e*,,,)
7165 END



7166 SUBROUTINE OSOLVE
7167 C

7168 C ooeeeeee*eI*oel*oototeoeeQoe_ee*oeeeoeete0eto_eeoeooetoeeeeote
7169 C

7170 C THXS SUBROUTZNE CALCULATES THE VELOCITY ANO PRESSURE DERIVATIVES
7171 C IN THE SUBCYCLEO MESH AS PART OF THE OU]CK SOLVER PACKAGE
7172 C
7173 C teoeetee*teoe_oetooeeeee**_o*s*eotte*eeeeo*e6eoegoee,ttoe_eeoe
7174 C
7175 "CALL.MCC
7176 1P-!
7t77 YWl]-O.0
7178 YWT-I.O
7179 YI=O.O
7180 Y2"0.0
7181 Y10=0.0

7182 Y20"O.O
7183 MIS-MVCBf
7184 MIF-MVCTI

7185 IF (MOFS.E0.O) GO TO 20
7186 C
7187 ZB-3

7188 CALL SWITCH (3)
7189 GO TO 20
7190 10 MIS-MOFS.t
7191 MIFmMVCTI
7192 IB-4

7193 YWB-Y(MOFS)
7194 YVT'I.0
7195 CALL SWITCH (3)
7196 C

7197 C BEGIN THE L OR X DO LOOP
7198 C
7199 20 DO 510 L-1.LMAX
7200 LMAP-L
7201 LDFS=O

7202 IF (L.GE.LDFSS.ANO.L.LE.LOFSF) LOFS-f
7203 YPB-YCB(L)
7204 YPT-YWfL)
7205 IF (MOFS.EO.O) GO TO 50
7?06 IF (LOFS.NE.O) GO TO 30
7207 IF (IB.EO.4) GO TO 510
7208 M[F-MVCTI
7209 Y_T-t.O
72t0 GO TO 50
7211 30 IF (IB.EO.4) GO TO 40
7212 MIF-MOFS-I
7213 YWT-Y(MOFS)
7214 YPT-YL(L)
72t5 GO TO $0
7216 40 YPBmYU(L)

7217 50 IF (MVCB.NE.1) GO TO 60
7218 MMAP-I
7219 MM=I

7220 RFLD'-2.O°NXNYCB(L)/(I.O_NXNYCB(L)°°2)
7221 GO TO 80
7222 50 IF (MVCT.NE.MMAX) GO TO 70
7223 MMAP-MMAX
7224 MM=MM_X

7225 RFLD'2.0"NXNY(L)/(1.0_NXNY(L)o-2)
7226 GO TO 80

7227 70 IF (MOFS.EO.O) GO TO 110
7228 IF (LOFS.EO.O) GO TO 110
7229 MMAP-MOFS
7230 MM,MOFS

7231 IF (IB.EO.3) RFLD=2.0"NXNYL(L)/(I.04NXNYL(L)ee2)
7232 IF (IB.LQ.4) RFLO--2.0.NXNYU(L)/|I.O+NXNYU(L)ee2)
7233 80 CALL MAP
7234 0MII-2.O,0MI*0M2/(0MI_0M2)
7235 ALII-AL3
7236 BEll"BE3
7237 DEll-DE3

19"/
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7238 ALSIl-SORT(ALIl"ALlI_BE:l*6E11)
7239 UVI1"DE11
7240 RFLD-RFLO/BE11
7241 IF (L.EQ.1) GO TO 90
7242 IF (L.EQ.LMAX) GO TO 100
7243 PTERN-O.SeOMlI*(P(L.I.MM.NI)-P(L-I.I_q.NI))*OXR
7244 ROTERM-O.5*OMlt*(RO(L.I.I_4.N|)-RO(L*I.MM.NI))*DXR
2245 QTERM-O.S*OMII"(Q(L.I.IM4.NI)-O(L-l.I,U4.NI))*DXR
7246 GO TO 110
7247 90 PTERH-OMIl*(P(2.MM.Nl)-P(l.MM.NI))'DXR
7248 ROTERM-OMII*(RO(2.MM.NS)-RO(I.MM.NI))*DXR
7249 QTERM-OMII*(Q(2.KM.N1)-Q(I.lI_I.N1))*DXR
7250 GO TO 110
7251 100 PTERM-OMll-(P(LMAX.!_I.N1)-P(L1.MN.NI))*DXR
7252 ROTERM-OMIl-(RO(LMAX._.N1)-RO(LI.MM.NI))-OXR
7253 OTERM=OMlle(O(LMAX.MM.N1)-Q(L1.MM.N1))-DXR
7254 C
7255 C BEGIN THE M OR Y DO LOOP
7256 C
7257 110 00 500 M-MIS.MIF
7258 NNAP-M
7259 CALL MAP
7260 68"2.0*883*BE4/(883+8E4)
7261 8_D'883
7262 YPD'YP
72G3 Y3"Y(N)
7264 YPP-YP+DY/BE4
7265 YPM'YP-DY/6E3
7266 C
7267 U3-U(L.M.NI)
7268 V3"V(L.M.NI)
7269 P3"P(L.M.NI)
7270 RO3-RO(L.M.Nt)
7271 Q3-Q(L.M.N1)
7272 A3-SQRT(GAI,WA'P3/R03)
7273 UV3"U3*AL3.V3*8E3.OE3
7274 ALS'SQRT(AL3*AL3_8E3"BE3)
7275 UV30"U3*AL4.V3*B£4_DE4
7276 ALSD'SORT(AL4*AL4_BE4*BE4)
7277 C
7278 C CALCULATE YI (SECANT - FALSE POSITION METHOD)
7279 C
7280 ILLI-O
7281 1_40-0
7282 DO 270 ILL'I.ILLQS
7283 Z¥ (ZLL;.NE.O) GO TO IS0
7284 IF (ILL.NE.I) GO TO 120
7285 UVAO-(UV3.ALS*A3)*DT
7286 YIOO'Y3
7287 FY3"-UVAO
7288 Y1-Y(M-t)
7289 GO TO 190
7290 120 UVAVG'O.5*((Ut.U3)*ALAVG.(Vt.V3)*BEAVG).DEAVG
7291 UVA'(UVAVG*ALSA1)*OT
7292 FYI-Y3-UVA-Y1
7293 IF (FYI*FY3.LT.O.01 GO TO 140
7294 UVAO=UVA
7295 YIOO'Y1
7296 FY3"FYI
7297 IF (ILL.LT.M) Yt"Y(M'ILL)
7298 IF (2.ILL-M.EO.NMAX.I) GO TO 130
7299 IF (ILL.GE.M) YI-2.0*Y_-v(2.ILL-N)
7300 GO TO t90
7301 130 NP-N.NSTART
73C_ YRITE (6.560) NP.L.N.NVC
7303 IERR-I
7304 RETURN
7305 140 ;LLI-1
7306 YIO-Y1
7307 GO TO 180
7308 150 UVAVG-O.5*((Ut_U3)-ALAVG_(VI.V3)*BEAVG)_OEAVG
7309 UVAT-(UVAVG+ALSAI)*DT

..........



73t0 FYI-Y3-UVAT-Y1

7311 FYIOsY3-UVA-YtO

7312 IF (FYI*FYIO.LT.O.O) GO TO 160
7313 GO TO t70

7314 160 UVAO=UVA
7315 YlOO=YIO
7316 170 UVA'UVAT
7317 Y10"YI

731B 180 Yt"YIO.(YIO-YtOO)*(Y3-UVA-YtO)/(UVA-UVAO_YIO-YIOO)
7319 IF (¥1.LT.2.0*YWBoy(MVCT)) YI=2.0-Yk'B-Y(MVCT)
7320 IF (MVCB.NE.I.ANO.Y1.LT.Y(MVCB)) YI=Y(MVCB)
7321 IF (YI.GT.Y(Mt)) YI=Y(MI)
7322 IF (YI°YIO.EO.O.O) GO TO 290
7323 IF (YIO.EQ.O.O) GO TO 190
7324 IF (ABS((Y1-YIO)/YIO).LE.CQ5) GO TO 290
7325 C

7326 C INTERPOLATE FOR THE PROPERTIES AT Y=Yt
7327 C
7328 190 IYl-O

7329 IF (Y1.GE.YWB) GO TO 200
7330 YI-2.0*YWB-YI
7331 IYI-1

7332 200 DO 210 MM=t.MI
7333 IF (YI.GE.Y(MM).AND.Y1.LE.Y(MM*t)) GO TO 220
7334 210 CONTINUE

7335 ]20 RDY-(YI-Y(MM))°OYR

7336 UI'U(L.MM.NI).(U(L.MM+f.NI)-U(L.MM,NI)).RDY
7337 VI=V(L.MM.NI)_(V(L.MM+I.NI)-V(L.MM.NI)).ROY
7338 Pt"P(L.NM.N1).(P(L.MM+I.N1)-P(L.NM.N1))oROY
7339 RGf=R0(L.MM.NI)+(RO(L.MM.I.NI)-RO[L.MM.Nf))-RDY
7340 01=Q(L.MM.NJ)_(QfL.MM.I.NI)-O(L.MM.N1))°RO¥
7341 IF (IYI.EQ.O) GO TO 230
7342 UI=-UI
7343 VI=-V!

7344 RFL=RFLOt(ytoyWB)
7345 PI=PI°PTERM°RFL
7346 ROI"R01-ROTERM,RFL
7347 01"01-OTERM'RFL

7348 230 IF (MII.EQ.MM0) GO TO 240
7349 MMO-I_I
7350 MMAP-I,ttl

7351 ZP'O
7352 CALL NAP
7353 YPMM=YP
7354 MMAP=MN_I
7355 IP=I
735G CALL MAP
7357 YPMHI=¥P

7358 240 YPI_YPIc'M*(YPMHI-YP_M|,RDY
7359 IF (IYI.EQ C) GO TO 250
7360 YI=2.O.VWB-Y1
7361 YPI=2.0-YPB-YPI

7362 2-r'O IF (YPD.FQ.YPI) GO TO 280
7363 BEAVG-(Y3-Y1)/(YPO-YPI)
7364 ALAVG=AL3°BEAVG/BE3
7365 DEAVG=OE3,BEAVG/BE3
7366 A ID=GAIO(A*PI/ROI
7367 IF (AfO.GT.O.O) GO TO 260
7368 NP'N.NSTART

7369 WRITE (6.520) NP.L.M.NVC
_370 IERR-I
7371 RETURN

7372 260 ALSAI=SQRT(O.5*(AID+A_*A3)e(ALAVG*ALAVG+BEAVG*BEAVG))
7373 270 CONTINUE
7374 28C NP=N+NSTART

7375 WRITE (6.540} [LLOS.NP.L.M.NVC
7376 IERR-1
7377 RETURN
7378 C

7379 C CALCULATE DUOYQS. DVOYQS ANO OPDYQS AT Y-¥1
7380 C

7381 290 U30"U3

t99



7382 V3D=V3
7383 P30=P3
7384 RO3D=R03
7385 030=03
7386 ]F (Y1.GE,.Y(M-t)) GO TO 300
7387 U30=SOS,U3+(1.O-SQS)*(U(L.M-1.NI).(U(L.M.l.NI)-U(L.M'I.Nt)) .(YPD

7388 I -YPM)/(YPP-YPM))
7389 V30=SQS*V3+(1.0-SQS),(V(L.N-I.N1)+(V(L.M.l.N1)-V(L.M-I.Nl))*(YPO

7390 1 -YPM)/(YPP-YPM))
7391 P3D-SQS'P3.(I.0-SOSI'(PIL.M-1.Nf).(_(L.M+I.NI)'P(L.M'I.NI))*(YPO
7392 1 -YPM)/(YPP-YPM))
7393 RO3D=SOS*RO3+(t.O-SQS)*(RO(L.M-t.Nt).(RO(L.M.I.N1) "RO(L.M-t.Nt)),
7394 1 (YPO-YPM)/(YPP-YPM))
7395 Q3D'SQS*Q3+(I.0"SOS)*(Q(L.M'I,N1)*(Q(L.M+t.N1)'O(L.M-1,N1))*(YPD
7396 1 -YPM)/(YPP-YPM))
7397 300 ROYD=I.O/((YPD-YP1)*BEO)
7398 OUOYQS(L.M.I)=(U3D-UI) "ROYD

7399 DVOYQS(L.M.t)=(V3D-V1)*RDYD
7400 OPDYQS(L.M,I)=(P3D-PI)'RDYD
7401 DROQDYl=(RO30*O30-ROl,OI)/((YPD-YP1)*BE)
7402 C
7403 C CALCULATE Y2 (SECANT - FALSE POSITION METHOD)
7404 C
7405 ILLI=O
740(5 MMO=O
7407 DO 460 ZLL'I.ILLQS
7408 IF (ILLI.NE.O) GO TO 340
7409 IF (;LL.NE.t) GO TO 310
7410 UVAO=(UV3D-ALSD*A3)'DT
7411 Y200=Y3

7412 FY3=-UVAO
7413 Y2-Y(M+t)
7414 GO TO 380
7415 310 UVAVG=O.Se((U2.U3)eALAVG.(V2+V3)*BEAVG)+OEAVG
7416 UVA=(UVAVG-AL_A2)*OT

7417 FY2=Y3-UVA-Y2
7418 IF (FY2*FY3.LT.O.O) GO TO 330
7419 UVAO-UVA
7420 Y200=Y2
7421 FY3=FY2
7422 IF (_ILL.LE.I_qAX) Y2=Y(M.ILL)
7423 IF (I_AX.MI4AX-M-ILL.EO.O) GO TO 320
7424 ]F (N.ILL.GT.M_AX) Y2=2.0eYVT°_(I_AX+MMAX-H-ILL)
7425 GO TO 380
7426 320 NP=N.NSTART
7427 _RITE (6.570) NP.L.M.NVC
7428 ]ERR=I
742_ RETURN
7430 330 [LLI-t
743t Y20"Y2
7432 GO TO 370
7433 340 UVAVG=O.5"((U2.U3)*ALAVG.(V2.V3)'BEAVG).OEAVG
7434 UVAT-(UVAVG-_LSA2)*DT
7435 FY2=Y3-UVAT-Y2
7436 FY20=Y3-UVA-Y20

7437 IF (FY2tFY20.LT.O.O) GO TO 350
7438 GO TO 360
7439 350 UVAO-UVA
7440 Y200=Y20
7441 360 UVA-UVAT
7442 Y20=Y2
7443 370 y2-Y20.(Y20-Y2OO)*(Y3-UVA-Y20)/(UVA-UVAO_Y20-Y200)
7444 _F (Y2.GT.2.0"Y_T-Y(MVC8)) Y2=2.0,Y_T-Y(_VCB)
7445 IF (MVCT.NE.I,t_AX.ANO.Y2.GT.Y(MVCT)) Y2=Y(14VCT)

7446 (F (Y2.LT.Y(2)) Y2=Y(2)
7447 _F (ABS((Y2-Y20)/Y20).LE.COS) GO TO 480
7448 C
7449 C INTERPOLATE FOR THE PROPERTIES AT Y-Y2
7450 C
7451 380 XY2-O
7452 IF (Y2.LE.Y_T) GO TO 390
7453 Y2-2.0*Y_T-Y2



7454 ]Y2=I

7455 390 DO 400 MM=I,MI

7456 IF (Y2.GE.Y(MM).AND.Y2.LE.Y(MM.I)) GO TO 410
7457 400 CONTINUE

7458 410 RDY=(Y2-Y(MM))*D_R

7459 U2"U(L.MK.NI)+(II(L.MM_I.NI)-U(L.MM.NI))*RDY
7460 V2"V(L.M_.NI)*(V(L._4M+I.NI)-V(L.MM.Nt))*RDy
746t P2=P(L.MM.NI).(p(L.MM+I.NI).P(L.MM.NI)}.RDY
7462 RO2=RO(L.MM.NI)+(RO(L.MM+l.Nf)-RO(L.MM.NI%],RDY
7463 02=O(L.M_.NI)+(Q(L.MM.I.NI)-Q(L.MM.N1))-RDY
7464 IF (lV2.EO.O) GO TO 420
7455 U_=-U2
7466 V2=-V2

7467 RFL=RFLD*(Y_T-Y2)
7468 P2=P2-PTERM*RFL
7469 R02=R02-ROTERM'RFL
7410 02-02-OTERM*RFL
7471 420 IF (MM.EO.MMO) GO TO 430
7472 MMO=MM

7473 MMAP-MM
7474 IP=O
7475 CALL MAP
7476 YPMM=YP
7477 MMAP=MM.I
7478 lP=l
7479 CALL MAP
7480 YPMMt=VP
7481 430 ¥P2=YPMM.(YPMMI-YPMM).RDY

7482 IF (IY2.EQ.O) CO TO 440
7483 ¥2=2.0.YWT-Y2
7484 YP2=2.0"YPT-YP2
7485 440 IF (YP2.EO.YPO) G_ TU 470
7486 BEAVG=(Y2-Y3)/(YP2-YPD)
7487 ALAVG=AL3*BEAVG/BE3
748g DEAVG=DE3*BEAVG/BE3
7489 A2D=GAMMA*P2/R02
7490 IF (A2D.GT.O.O) GO TO 450
7491 NP=N+NSTART

7492 WRITE (6.530) NP.L.M.NVC
7493 IERR=I
7494 RETURN

7495 450 ALSA2=SQRT(O.5*(A2D.A3*A3),(ALAVG-ALAVG.BELVG*BEAVG))
7496 460 CONTINUE
7497 470 NPzN+NSTART

7498 WRITE (6.550) ILLQS.NP.L.M.NVC
7499 ZERR=I
7500 RETURN
7501C

7502 C CALCULATE DUOYQS. DVDYQS. AND DPDYOS AT Y=Y2
7503 C
7504 480 U3D=U3
7505 V3D=V3

7506 POD=P3
7507 RO3D=R03
7508 03D=03
7509 IF (Y2.LE.Y(M*I}) GO TO 490

7510 U3D=SQS*U3+(1.0-SOS)*(U(L.M-1.Nt)+(U(L.M+I.N1)-U(L.M-1 "41))-(YPD
7511 -YPM)/(YPP-YPM})

7_12 V3D=SQS*V3.( I.O-SQ5)-(ViL.M-1.N1)+(V(L.M+I.NI}-V(L.M-1.N_))=(ypD
7513 -YPM)/(YPP-YPM))

7514 P3D=SQS-P3+(I.0°SQS)-(P(L.M-I.NI)+(P(L.M.I.N1)-P(L.M-I.NI)),(ypD
7515 -YPM)/(YPP-YPM})

7516 R03D=SOS-RO3+(I.0-SQS)-(RO(L.M-I.NI}+(RO(L.M+I.N1)-RO(L.M-1.NI)),
7517 (YPO-YP_)/(YPP-YPM))

7518 Q30=SQSeO3.(1.O-SOS)t(Q(L.M-1.NI).(O(L.M+t.N1)-O(L.M-1.N1))*(ypD
75_9 -YPM)/(YPP-YPM))
7520 490 ROYD'I.O/((YP2-YPD).BED)
7521 DUOYOS(L.M.2)=(U2-U30)*RDYD
7522 DVDY_S(L.M.2)=(V2-V30),_OYO

7523 DPDYQS(L.N.2)=(P2-P3D)-ROVD
7524 _ROOOY2-(RO2,O2-RO3D-O3D)/((YP2-YPD)*BE)
7_25 OQT(L.N)=O.5e(OROCOYI.DROQOY2)
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7526 C
7527 500 CONTINUE
7528 510 CONTINUE
7529 IF (MOFS.NE.O.ANO.MIS.EQ.MVCBI) GO TO IO
?530 RETURN
7531C
7532 C FORMAT STATEMENTS
7533 C
7534 520 FORMAT (IHO.BOHee-** A NEG SOUNO SPEED (AI) OCCUREO IN SUBROUTINE
7535 1QSOLVE AT N',Ie.4H. L'.I2.4H. H',I2.9H ANO NVC'.I3.6H *teo,)
7536 530 FORMAT (IHO.63Heeeee A NEG SOUNO SPEED (A2) OCCURE0 IN SUBROUTINE
7537 IQSOLVE AT N'.I6.4H. L=.X2,4H. M=.I2.9H ANO NVC'.13._H e,eee)
7538 540 FORMAT (tHO.B4Heee_e THE CHARACTERISTIC SOLUTION FOR Yt IN SUBROUT
7539 lINE QSOLVE FAILED 10 CONVERGE IN .12.17H ITERATIONS AT N-.16.4H. L
7540 2-.12.4H. M-.12./.TX.6H. NVC-.I3.6H e**,*)
7541 550 FORMAT (IHO.E4H*o*-e 1HE CHARACTERISTIC SOLUTION FOR Y2 IN SUBROUT
7542 lINE QSOLVE FAILED TO CONVERGE IN .I2.fTH |TERATIONS AT N-.I6,4H. L
7543 2-.12.4H. M-.I2./.TX.6H. NVC=,I3.6H e.***)
7544 560 FORMAT (IHO.SgHo*,e- THE SOLUTION FOR _1 FAILED IN SUBROUTINE OSOL
7545 IVE AT N-.16.4H. L-.I2.4H, M'.12.6H, NVC=.I3.6H e**ee)
7546 570 FORMAT (fHO.59H*eQ*e THE SOLUTION FOR Y2 FAILED YN SUBROUTINE QSOL
7547 IVE AT N=.I6.aH. L'.I2.4H. M-.12.GH. NVC'.I3.BH *****)
7548 END



CASE NO. I * CONVE_GING-O(VERGING NOZZLE (45 OE_ INLET. t5 DEG EXIT)
SCNTRL LMAX'21.NMAX'E._AX-40C.TCONV.O.003 $
$lvs $

$G_NTRY NGEON'2,XI'O.31.RI'2.5.RT'O.8,XE.4.05.RCI.O.B,RCT,O.5,A_J.44.88.ANGE'15.0 $
$GCBL $
$8C PT-70.O._T-540.O $
$AVL $
$RVL $
STURBL $
$OFSL $
SVCL $

NASA CASE I - MIXING LENGTH NOOEL (REUBUSH 3. SOL[O SIMULATOR. NACH=0.8)
$CNTRL LMAX'40._AX'25.NMAX-7SO.NPRINT--750.NPLOT.250. IPUNCH. I.
LPPI"IS,NPPl"f.LPP2"I.NPP2-2._PP3-25,MPP3.1.TDTl.0.7 $
$IVS NtD'O.V-IO25*O.O.P-t025*9.45.
U(t.|.l)'41*O.O.U(I,2.t)-41*395.O.U(f.3. I).41.S09.0.
U(I.4.1)'_l*579.C,U(t,5.t)-41*640.O.U(I.6.t).41.700.O,
U(I.7. t)'41*780.O.U(1.8.1)-41*885.O.U(1.9.1).697.917.0.
RO(I.f.1)'41*O.O4223,RO(f.2.|).41*O.O4300.RO(I.3.t).41.0.04380.
RO(|.4.1)'41*O-O4421.RO(1.5.1)-41*O.O4462.RO(I.6.f).41,O.04505.
RO(I.7,1)'41*O-O4548.RO(I.8.1)-4t*O.O4683.RO(I.9.1).697,0.04730 $
SGENTRY NGEOM=f.XI-36.0.XE-72.0.RI.18.0 $
SGCBL NGC8-4.

YC8"13"3-0.2-9872.2._487.2.8844.2.7943.2.6782.2.5357.2.3667.2.1707.
1.9942.1.9253.1.6695. t6-1.53.

NXNYCB'12*'O-O,O-O064.0.0256_.O.0514.0.0772.0.1031.0.1293.0.15575.
0-1825,0-2096 0.23t6,0.2512.0.2672.0.1395,15.-0.0 $
$6C ISUPER_O.NSTAG'f.PE.9.531,IWALL.t.NO_LIP. t.TH[TA.25.0.O.

- PT'9-45.10.21.10-74,11.14.11.55.11.96.12.56.13.56.14.38.16,14.5.
TT'588-95.592.2.593. f,593.7,594.3.594.g.595.8.18.596.1 $
$AVL NST'fOOO,SNPT'O.5.SMPTF-O.5.NTST.O.IAV. I $
$RVL CMU'O-t6SE'O7.EMU'O.5.CLA'-O. flE-OT.ELA-O.5.CK.O, f43E.O3.EK.O.5 $
$1URBL ITN'I.:MLN-2 $
SDFSL $
$VCL IST'f.NVCB'I.NVCT-9.;OS-1.

XP'36.0.37.0.38.0.39.0.40.0.4 ! -0.42.0.43.0.44.0.45.0.46.0.47.0,48.0.
49-0.50-0.5t.0.52.0.53.0.54.0.55.0.56.0.56.8.57.5.58.1.58.61.59. t.
59.7.60.4.6t .2,62.0.63.0.64 -0.65.0.66.0.67.0.68.0.69.0.70.0.71.0.72.0.
Yl =3"0" 3"0025.3"0075.3-0173.3-0358.3.0700.3.13t7.3.2397.3.4232.
3.7260.4.2105.4.9615.5.98,7.0.8 0.9.0.10.0. !t.0.12.0.13.0.14.0.15.0.16.0.17.0.18.0 $
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CASE NO. 6 - TURBULENT PLANE JET IN A PARALLEL STREAM - TVO EQUATION
$CNTRL LSIAX-41 .IIOIAX" 17.NNAXu6000.RGAS-287.0. ZUI'2. IUO,,2.NPLOT-50O.
NPR I NT'-6000. FOT" 1. O. I PUNCH,, 1 $
$IVS N1D,,O.U(I.?.I)-779*7.5895.V-tO25*O.O.P-|O25*tOI.35.RO'IO25*!.2047.
U( !, 1. I)-47.366,47.O,_6.5.46.O.45.5.45.O.44.5.4t.0.43.5.43.O.42.5,
42.O.41.5.41.0. 40.5,40.O.39. _.. 39.0.38.5,38.0.37.5.37.0.36.5.36.0.
35.5.35.0.34.5.34.O.33.5.33.O.32.5.32.0.31.5.31.0.30.5,30.O.29.5.
29.O.28.5,28.O,27.5.
U( !.2. I)"47.366.46.5.45.5.44.5.43.5.43.0.42.5.42.O.41.5.45.0.40.5.
40.0.39.5.39.0.38.5.38.0.37.5,37,0.36.5.36.0.35.5.35.0.34.5.34.0.
33.5.33.0.32.5.32.O.3!.5,31.0.30.5.30.O.29.5.29.0.28.5.28.0.27.5.
27.0.26.5.26.0.25.5.
U( t.3. t)-47.366,45.5.43.5.41.5.39.5.39.0.38.5.38.0.37.5.37.0.36.5.
36.O.35.5.35.O.34.5.34.O.33.5.33.O.32.5.32.O.31.5.3t.O.30.5.30.O.
29.5.29.0.28.5.28.0.27.5.27.0.26.5.26.0.25.5.25.0.24.5.24.0.23.5.
23.O.22.5,22.O,2t .5,
U(1.4,1)-5"O.O.36"18.O. UL'5*O.O. VL-5*O.O. PL=51101.35. ROL-S'I.2047.
U( 1.5.1)-5-7.5859.36-15.O.
U( 1.6. I)-5*7.5859.36" 11 .O $
$GEMTRY NOIM-0.NGEON't.R;-5.O.X;,.-I.9050.XE-38. I $
$GCEL $
$BC ]SUPERt t ,PE" 101 . 35.UIL'O.O,VIL'O.O.PIL" 101 . 35,ROILm I . 2047.
UI'3*47.36G.O.0.13*7.5895.VI-17*O.O.P[-17*tOI.35.R01-17*l.2047.
AL;-O. I.ALE-O. 1 .ALW-O. 1. IVALL" t .NOSLIP" I $
$AVL IAV-I S
$RVL CI_J- 1.813[-G5. CLA-- I. 208E-05 $
$TURBL ITM-3, FSOL,,O. O. FSEL-, 10200.0.
F50"O.0.0.O.4.4.O.O.O. 11.12"O.O,
FSE"O. ! .O. 1. 10200.O. 18.4. t8. d. 12"0. I $
$DFSL NOFS"4. LDFSS'=t. LOFSF'5 .NOFS'2.
YL"S*O. 47625. NXNYL'5*O. O. YU"5*O. 47625. NXNYU-5*O. O $

-- $VCL IST-I.
XP-- 1. 9050. * 1. 4288. "O. 9525. -O. 47625. O. O. O. 47625. O. 9525. t. 4288.1. 9050.
2.3813.2.8816.3.4072.3.9594.4.5395.5. 1489.5.789t .6.4617.7. 1683.7.9107.
8.6905.9.5098.10.3704.11.2746, 12.2245.53.2224.14.2708.15. 3722. 16.5292.
t7.7447.19.O2!7.20.3632.21.7725.23.2531.24.8085.26.4426.28.1592.29.9627.
31.8573.33.8476.35.0386.38.1.
YZ'O.O.O. t5875.O.3|75.O.47_25.O.635.O.79375.0.9525.1. 1375.1.3531.
1.6042. |.8970.2.2380.2.6355.3.0987.3.6384.4.2673.5.0 $
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DO NOT REMOVE SLIP FROM MATERIAL

Deleteyour namefrom this slip when returning material
to the library.

NAME MS
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NASA Langley (Rev. May 1988) RIAD N-7


