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1. INTRODUCTION

The objective of this contract is to develop a computer pro-
gram to predict the inviscid, transonic flow field about isolated
nacelles. ‘Furthefmore, the problem is to be formulated to solve
Euler's equations without any approximation (such'as small dis-

turbances) and hence the terminology 'exact" solution.

The flow field is complicated by the presence of imbedded |
shock waves, an engine-inlet interface and exhaust plumes. Fur~
thermore, the transonic nacelles of interest have a very slender
but blunt cowl lip. This creates two distinct length scales, the
length of the nacelle and the cowl lip radius that can differ by
several”orders of magnitude. These aspects of the flow field
. present maﬁy numerical difficﬁlties. ' .

- Our approach_tblthe problem is to calculate-the'nacelle flow
field using.the method of time-dependent computations (TDC) . -Al-
though at the time of the issuance of this contract, other approaches
to transonic flow calculations existed, we felt that TDC offered
the most effective means of‘meetihg the goals ofithevcontract.

- This report.is divided into two major sectionsﬁ -Section 2,
the Final Report aind Section 3, the Computer Program Documentation.
The Final Report contains a discussion of our approach, the mathe~
matiéal formulation of the problem, some results and conclusions.
The COmputer Program Documentation contains one>éectioh geared
toward the engineering user of the program and a second'section

for programming considerations.




2. FINAL REPORT

2.1  GENERAL FEATURES

2.1.1 Approach

Our basic approachito solving the inviscid transonic~flow"
field about an isolated nacelle consists of using the method of
_ timefdependent computations (TDC). A time-dependent flow'can be
analyzed by solving.an initial and boundary value problem, that
is well suited for numerical solution. Steady state solutions
are obtained from asyuptotic, large time results; Thisitechnique
has'been used successfully in the past in a number of’relatively
| simple transonic problems such as the supersonic blunt body flow
(Ref. 1), the flow in a choked nozzle (Ref. 2), and the flow past
" a boattail (Ref 3). ’

Another feature of our. approach is the handling of imbedded
shock waves. “We feel that the most accurate and efficient pro-
cedure is to con31der all shocks as dlscontinuities, across wh1ch
the’ Rankine-Hugoniot relations must be satisfied Successful com-=
'putations of this type have been made for one dimen81ona1 £lows

- (Ref. 4) and for a few selected two dimen51onal transonic problems
'(Ref 3) R ’ ' ‘

_ The details of our baSLC approach are discussed in. Section 2.2.
Many of these techniques have been evolved from the work described
in Refs 3 and 5. Other specific features have been deVeloped by
dnecess1ty throughout the course of thlS effort, which will be dis-

cussed in the next section

2.1.2 Historx
Our first attempt at solving the transonic nacelle problem'

cons1sted 1n u51ng the approach in Refs. 6‘and.7. Namely,~a~b1unt




nacelle was considered to accelerate from rest. to the free stream
Mach number in a specified time interval. The computation would.
be performed between the body surface and the perturbation wave
front;Ashown schematically in Fig. 2.1. Several problems appeared
using this formulation. Firstly, as the wave front moved further
from the body, the mesh resolution deteriorated severely. It was
necessery to maintain sufficient resolution immediateiy behind the
wave front which caused a further loss in resolution near the body
surface. Secondly, we had a polar toroidal coordinate system
adjacent to a cylindrical coordinate system.‘ The interface between
these two systems had to be treated very carefully to avoid error.
These problems were greatly amplified when we began.to treat
nacelles approachlng the leading edge radii of the test case,

r/L 0.05-0.010. For these cases there was no way to maintain
Vresolutlon within the limitations of the storage of the computer.
Furthermore, it was observed that the perturbation front was ex-

tremely weak and, thus, not essential for the computatlon

Therefore, since it would be necessary to have the program
handle thln-nosed nacelles, the f1rst approach had to be dropped
Whlle problems were developlng w1th the origlnal computatlon pro-
cedure, an attempt was made to compute nacelles as if they bhad an
infinitely thln, cusped-cowl lip. This approach, shown schemati-
cally ih Fig. 2.2 eonsidered the entire infihite.domain 3urrounding
the nacelle. The basie‘methodology'used here was an extension of
Ref.s3, The results for the subéonic,_flow-through nacelle were
encoﬁreging} ' | - ' i

The hext step was to modify the cusped nose nacelle with an

actual blunt nose. Here it was decided to use the same coordinate

system stretchings'of the cusped nose case with a small overlapped
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- region of very fine mesh point resolution near the nose as in

Fig. 2.3. The nose computation was carried on independently of
the computation external to the nose with spacial and temporal

- interpolation at the interface boundaries. This procedure al-
lowed us to have very fine resolution near the nose with a cor-
responding small time step and a more sparse mesh outSide the nose
region with a correspondingly large time step. This approach,
that was successfully implemented for the very slender nosed
nacelles used in the experiments, was adopted as our "fipal" ap-

proach, It is described in detail in Section 2.2.

The final approach has been applied successfully to several
test cases with a subsonic free stream and the results are de-
scrlbed in Sectlon 2.3. When higher free stream Mach numbers or
lower 1n1et mass flow ratios were attempted, problems developed
Namely,s during the transient phase of the computation&the flow
goes supersonic inside the cowl lip. This situation appears to
be valid’ on phy81ca1 grounds A shock should form 1nsxde the cowl
lip and move upstream eventually popplng out of the 1n1et The
stagnation streamline would then move inside to cowl 11p and the
flow would be subsonic inside the inlet. 'However, this process
causes seuere numerical probiems. The shock must moVe‘upstream
through the inlet past the cowl lip and away from the nacelle.' It
must pass through the overlapped nose region. The complexities of
nose conputatiOn seem to preclude the represéntation of  this
"starting" shock as a discontinuity. ‘

Although ue‘generally feel that it is desirable to represent
.shocks as discontinuities on the basis of‘accuracy and;efficiency
factors, we did make some attempts at "smearing" this shock. As
a first step, we tried to change the entire formulation of the

‘equations to conservation form. A preliminary study of using this

~
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approach was performed on a simplified isolated boattail and the
results were encouraging. However, when the procedure was used
in the complete nacelle, computation problems developed. The
calculation deteriorated in the vicinity of the nose region in-
terface. This situation existed even without the presence'of
any imbedded shock waves . Apparently, the nose region interpola-
tion procedure did not work properly with the conservation form

variables so the approach was dropped.

In another attempt to handle this starting shock, we con-
sidered a crude smearing procedure. The points where the flow
decelerated from supersonic to subsonic Mach numbersiwere deter-
mined. The last supersonic p01nt was computed using upW1nd dif-
ferences. Since the shock could not pop out of the inlet the
appropriate value of the mass flow was never achieved. An ex-

ample of this case is discussed in Section 2.3.

Even if problems with the starting shock could be solved
there would be other difficulties in the transonic regime. ,Shocks
also appear on the cowl outer surface. During the transient, at
low mass flow ratios - these shocks may start right at the cowl lip
and progress around the nose and downstream until the steady state
p051tion is obtained.- Thus, similar difficulties to those_for the
starting:shock are obtained. We have attempted to,overcome,the
problems of the shock appearing at the nose by using‘the.smearing
technique JUSt discussed This procedure works adequately to delay
the difficulties until the shock is located downstream of the nose.
At this point, we feel the shock should be fit as a d1scont1nu1ty.
Once again, this situation presents a problem. Most of our ex-
perience with imbedded shocks in two space dimensionsn(Ref. 3)
consists of having the shock as a fixed internal boundary and

baving the mesh points move with the shock. 'However,‘complications




at the'no§e region seem to preclude this approach. The alterna-
tive of having a shock move between node points has not been
fully investigated and it appears to require further study before

it can be applied to this problem.

Our conclusions regarding the treatment of imbedded shocks

fof the transonic nacelle problem will be discussed in Section 2.4.

2.2 MATHEMATICAL FORMULATION

The basic aspects of the flow field for the nacelle are shown
schematically in Fig. 2.4. Important features of the problem con-
sist of: a long, thin nacelle with a blunt cowl 1ip’of small
radius of curvatﬁfe, a blunt centerbody 1qcated inside the cowl,
an inlet-engine interface where the mass flow is specified, an
under-expanded supersonié jét'plume and flow field boundaries ex-
tending:tb infinity.' The details of the formu}atioﬁ of these

problems now follow.

2.2.1 Basic Nacelle Computation

Thé formulation of the baéic.nacelle coﬁputafioh includes the
stretéhiﬁg of the flow field from the body surface to infinity and
haﬁdling-of the blunt cowl lip with a radius of curvature which is
very small compared with the length of the nacelle. We feel that
an efficient means of modéling_the flow field is to first formulate
the problem as if the nose of the nacelle were a cusp and then to
modify the computation to include the effects of the Blunt nose.
Note that we are not approximating the nose shape; nor are we
actually computing it as a cusp, but we are merely formulating the
problem with a cusp and then modifying it. This feature will be-
come clear when tHe nose region computation is discussed in Sec-

tion 2.2.2.
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Consider the flow field for a cusp-nosed naéelie shown iﬁ
Fig. 2.2. For convenience in the mapping functions that will be
discussed later, the floﬁ field is divided into seven regions.
Regions 1 and 2 are upstream of the nacelle, Regions 3 and 4 are
inside the inlet, Region 5 is the'plume, Region 6 is downstream
of the nacelle, and Region 7 is exterior to the ﬁacelle. The
origin of a cylindrical coordinate system, x,y, 1is located at
thé tip of the éusped cowl 1ip'at the centerliﬁe; We wish to
haveia mesh point distribution in the physical plane that con-
centrates mesh points near the nacelle surface and near the
centerbody or»axis. We also require the mesh points to be con-
centrated near the leading and trailing edges of the nacelle,
near the leading'édge of the centerbody, and extending towards
infinity (both upstream and downstream) with a sparse mesh point
distribution. The appropriate mesh point distributions and
stretéhings to infinity can be éccomplished-using techniques dis-
" cussed in Refs. 3 and 6. We map each region to a'cpmputational
squére where unifdrm,mesh-spacing in‘the‘éomputatiohai plane re-
- sults in:the desired mesh point spacing in the physical plane.
The stretching functions for each region are  tabulated in Table 2-1.
The‘parameters ihithe'transformations xo,‘xl; xz; x3, yé, Ygs dl,
Qps Qg5 Oy ‘may be selected by specifying the mesh spacing in the
physical planes and will be explained in Section 3.1.-

The gbvérning equaﬁibns inlthe physiqél plane for the time-

' dépéndént inviscid flow over the nacelle may be written as
- . Vy _ '
Pt_+,quv+ va + 'y(ux f vy + j y) = Q

u, + uuk.+ vuy'+ TPX + Xo(t) =0

(1)

v +uv +vw + 1P =0
t - X y

]
o

S, +usS + vS
t X y

11
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where P = log P, R = log p, S =P - YR, T = exp{(1€%l>P + % S};
and where p,p are the pressure and density nondimensionalized by
‘the free stream values, pw,pw; u and v are tﬁe velocities in
the x and y directions, respectively, nondimensionalized by
Vp /5 and j = 0 for two dimensional flow, and j = 1 for axi-
5ymmetric flow. The acceleration functiqn‘ Xo(t) will be dis-
cussed at the end of this subsection in connection with initial

conditions.

The governing equations in the computational plane which are

defined in Table 2-1 as

X = X(x)
Y =‘Y(x,y) o L (2)
- _ _ }

now become

-~ P, + FP_ + GP_, + y(Aux~+ Bu_ + Dv_

T x Ty y ¥ Dvy +H) =0

PT + FuX-+ GuY'+ T(APx_+ BPY) + Xo =0
‘ (3)

Vg +.ka,f'GvY'+‘TDPY =0

ST + FSX<+ GSY =0

where A = X_, B = Y., D= Yy, F=uA, G=uB+ vD, H= j v/y,
and the derivatives of the stretching functions xx"Yx’ Y are

y
tabulated in Table 2-2.

To Solve Egqs. (3) numerically,.a second order accurate finite
difference éppfoximation is used. Following the discussion of
Ref. 8, a two level scheme used elsewhere by MacCormack (Ref. 9)
is adopted. This two level scheme adapts to the regional makeup

of our mesh point distribution. Namely, the flow field at points

13 .
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x
along the computational interfaces labeled A, B, E, F, G in

Fig. 2.2 may be evaluated in one region for the predictor stage
and in the neighboring region for the corrector. For example;"
consider interface F. The predictor stage uses backward dif-
ferences for the X-derivatives and the flow is detérmiﬁed along
~the interface fmelthe equations in Regibn 1. The corrected
values are then obtained from forward differences in Region 7.
There will be no loss in accuracy'provided the mesh spacings in

" the physical plane on each side of the interval are identical.

A stable time step, At, 1is obtained by satisfying the

Courant~-Fredrichs-Lewy criterion. Namely,

At = mlnSAx,Agj |
u + v +VNyr

where -
- X
Ax = X AX
e §Z : é}l .
AY = ax AX + SY AY

'The boundary conditions at the surface of the nacelle are
the vanishing of the velocity normal to the wall. A procedure
identical to that discussed in Ref. 3 is employed here. At the

axis, the term H = j v/y is replaced by H = jDvY.

Initially, at T = 0, the nacelle is assumed to be station-
ary in a gas at rest; it accelerates to a transonic velocity in a

finite period of time. The acceleration function is

-

W -u &w sin(wrT) /2 0<T< Lo
X = ) | = ) ' (4)

0 T > l/w

15




where X is the abscissa of a reference point on the body with
respect to a fixed frame. A more detailed discussion of the ini-

tial conditions appears in Ref. 3.

2.2.2 Nose Modifications

Our technique for accurately computlng the flow fleld near
the blunt cowl consists of patchlng a small region over the cusped
nacelle nqse as shown in Fig. 2.5. The outer boundary of the nose
region is a circle of radius, r = c.

The coﬁpntationhprocedure.is as follows:

1. _Compﬁte the entire flow field for' the nacellerat

t =t + At as if the nose were cusped for one .

;. new old
- . time step. This t1me step, At, 1is the largest al-
lowable, satlsfying the C-F L conditlons, not in-

cluding the nose reglon

2. -Determlne the largest- allowable: time step in the nose
; region. " This time .step will be smaller than the one
. used in step 11 Choose 'Kt At/A tnose to be an”
- integer. ~TYpi¢a11y, this value may be two or three.

3.  .Determine the flow field at the outer boundary of the.

nose region by interpolation

4. Compute the flow-field inside the noSe”region;at

t old’ nose’

centered about the nacelle nose.

+ At using a polar coordinate'system

5. Repeat steps 3 and 4 until tose = tnew: )
6. ﬁeterminate'the flow field at the mesh points of the
. cusped nose forﬁulation that is interior to the nose

reglon h | | .

7. Repeat steps 1-6 for each time step, At.

16
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The governing equatithfin-the nose region are the basic
Euler equations written in a polar-toroidal (r,6) coordinate
system (see Fig. 2.5). Avcomputational plane (X,Y) (unit square)

is obtained with the following transformation

X = 6 - 1/2
T
' r - b(6
v - 2o B
T=1+¢

where r =“b(e)_ is'the surféce of the cowl lip and.‘r =c (a
circle).- is the'outer_boundary of the noée:regionﬂ._The governing
eqﬁa;ioqs may ndw,Be wfitten as | |

. » e D

Lo L PYx Dy o ysin @ + v cos 6 ok
PT+PpyfFPx+_V .AuY+r+A T T ‘+_J H+rsin6 | 0
up + EuYf+ Fux_- <= + 'rAPY - X cos 6 =0 o _— | -

’ . uv. . T ey o o
vp + Bvg +Fve+ T o (}}PX + DPY) +X cos 6 =0

T Y

ST+ESY+ FSxéO
Whefe B =_i/w, A = 1/(c?f9, D= (Y~ 1)b°/c -b), E = uA +f(V/f)D,A
F = Bv/r, ‘andf
o 2-p

Ly = ‘ ‘ ,
' 1 Axisymmetric
and io is the acceleration of the body that has been discussed
in connection with the initial conditions. Here, u and v are
the nondimensional velocities in the radial and azimuthal direc-~ -

tions, respectively.

18




The C-F-L conditions for the nose region may be written as

min(rA6,r)

AT =

whe;e
rAG = erx'
Ar = (¢ - b)AY ~ (Y - )b rax .

We will now discuss the interpolations necessary for the nose
region éomputation. First, the values of the flow field at the
duter bouﬁdary of the nose region must be determined fram the 

values— in the cusped’nacélle formulation. Three'typical situations
appear as shbwn in Fig. 2.6. Cases 1 and 2 correspond to mesh
situationé near r = ¢ and case 3 corréspondS'to the boundary

6 =7/2 or @ = 3v/2Q Cusp nacelle mesh points 1 and 2 are found
as the nearest set of nodes at least one of which is located ex-
terior to the nose regidn; We designate fold and_ fﬁew as
‘values of any function at these node points at time: to1d and 3
tneW'= tdld + At. The-Values‘of f at tnose =t 14 + nAtnose

are interpolated so that :

i i e vgel
£ _.fold+'(n/Kt)(fnew fold)"'“

where n ='1, 2, }.;,’Kt and i=1 or 2 -tbrresponds to points 1
and 2. Point a corresponds to the boundary value whose value at

t=+t + nAt remains to be determined. Point c corresponds

old nose 4 B

to the nearest mesh point interior to the outer boundary. The
values of the flow field at point ¢ can be computed since they
only depend upon the flow at point a at a time ¢t = to1d +

(n - l)Atnose. Point b corresponds to a point exterior to the

nose region between points 1 and 2 along 6 = Ga = ec in cases 1

19




CASE1 - CASE2 " CASE3

Fig. 2.6 Nose Region Interface Interpolation

Fig. 2.7 Nose Region Interior Interpolation
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and 2, and along r = r, =r in case 3. For casesil and'2, th¢

c .
valug of f"at point a, at t = told + nAtnoée’ 1is
S Tg T T, S N o
'fa = £ 7 (rb - rc/(fb B fc)". ' - D
where for case 1,
yb‘- Y1n
=i (yz A I U
and for case 2;
X, - X |
'Afb'.fl-f-(xz_ 1(f £1)
Similariy,'for.case 3; _
‘,Afa f + (-—_—f;:)(fb --fc)
where
R | - YN o
fy = f "‘( )£, = £))

Y4'Y3

Now all the nose region may be computed K steps until é'timé_ ‘-
t = + KAt is reached. The values of the cusped

new old “nose

nacelle points interior to the nose region may now be updated by
interpolation of the nose region points. The interpolation is-
illustrated in Fig. 2.7. Points 1, 2, 3, and &4 are the node
points in the nose region surrounding the cusped nacelle point a.

Points b and c are points defined at ¢ =6 at r=r1, =1,

and r respectively. By linear interpolation we ob-

1% 3
tain :
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e -6

a 1
£, = £, + (7o) (£, - £))
eé - 6
fc=f1+(93-9/(f - £))
and
r -r r -r _
_ 1]/_a 2\ , /_a 4 _— ’ _
fa - fb + 3 (r -r ) * (r -r > (fc fb) : (9)

1”2 37 %y

The entire cycle is repeated for successive time steps.-

2.2.3 Engine-Inlet Interface

The mass flow going through the engine at the engiﬁe-inlet
interface is a boundary condition on the nacelle computation.
From this specified mass flow the values of the flow variables
P, u, v, S along interface C of Fig. 2.2 must be found. One
technique consists of using unsteady characteristic compatibility
relations coupled with conservation of mass along streamlines.
This technique turns out to be quite cumbersome in practice. 1In
order to avoid'this.difficulty,'we have devised the?cdmputational
device diagrammed in Fig. 2.8. Here we assume a choked convergent-
divergent nozzle follows the interface. This is not the actual ex-
haust nozzle, but is:mérely a computationalftechniQUe to specify
the required mass flow through the interface by fixing the area of
the throat. Namely, the throat radius ' r* is found to be

| ;smzj/z B
) | GZOr- DY
2 vy -1 2\1% -
_ E}T‘: mrMoo{'y +1 M >J |

g a0
where ér is the mass flow ratio, H 1is the height of the cowl

lip above the centefline; and j =0 for 2-D and j =:1 for

axisymmetric flow.:
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Fig. 29 Exhaust Plume for an Underexpanded Nozzle
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Once the stream is accelerated to a supersonic velocity, the
computation may be terminated by extrapolating the flow in the
supersonic region. This device allows us to determine all the
fluid properties at the interface by only specifying the mass
flow. The detail of the flow through this nozzle, (the computa-

tional device) is not pertinent to the nacelle calculation.

2.2.4 Plume Computation

The major objective of including the plume calculation is to
determine the effect-of the plume shape on the nacelle surface
. pressure distribution. We feel that this goal can be most ef-
fectively achieved using a quasi-steédy approach. Namely, the
supersonic under-expanded jet (the case of interest) is computed
using steady state eqﬁatiOns with the-plume boundary pressure
distribution_specifiéd and the shape of the plume boundary re-
sulting;from the computation. This new. jet boundary isAthén used
in the time-dependent hacelleﬂcalculations for a specified number
of time steps (typically about 100). Then the resulting pressure
distribution from thé:ﬁacelle calculation is input'to.the p1ume
program and a new plume boundary results. This procedure is re-
peated‘uhtil the plume boundary pressure distribution and shape
reach steédy'valuesj This approach should converge Sinéé rela-
tively large changes in the'ﬁreSSUre'distriBﬁtion will produce

only very minor changes in the plume shape.

The basic features of an under-expanded supersonic exhaust
plume are illustratedAin Fig. 2.9. This computation»cénéiders
the flow fiéldvdownsfream to near the Mach disk. At this point,
the shapé of.thé plﬁme boundary is extrapolated. Thetiﬁtercept-
'ing shock is handled as a discontinuity Satisfying thé Rankiné-

Hugoniot relations.

26




2.2.4.1 Equations, Transformation

The governing inviscid, steady Euler equations are written

as
o - .
uPr f sz + y(uz + W, + j r) =0
uﬁr +wu, + TP_ =0
. ’ ‘ : - (11)
uw_ + ww_ + tP_ =0
r z z

uS + wS_ =0
r z.

where P = log(p/p f) R = 1og(p/pref), S=P - R,

T = exp[ I———-)P + ~ S} and u and w are the veloc1t1es in-

the r and z d1rect10ns, respectlvely, nondlmen31ona11zed by

/p

Note here that a change in notation has been made for the

——-\

Vpref Pref-

plﬁme'calgulatidn_discussion. The computer progran for the plume
was written independently of the nacelle program and, hence, used
somewhat dlfferent variable names. For éonsistency,iWe will now
adopt the notatlon of the plume program The following chart lists

the maJor changes.

Plume - Nacelle
z - X
r — y
u - v
w - u

Furthermore, the nondimensionalization of the variables is dif-

=P,P =P°°, and Q

ferent. For the naéelle, P ref

JP /p . For the plumé,
/o,

ref ref _

pref B pJet’ Pref = pJet’ and et =

where the subscrlpt jet corresponds to the conditions

Jet jet’
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at the nozzle exhaust plane. The relationship of pJet’pJet to
P>P,, and the chamber conditions are '
[v - 1]
( Y -1 ¥
P, =pP
jet w T o avly = 1]
- (1+Y21M2)
‘jet
(12)
L [+ 52 ) ]
0 _ ]et o jet
Jet [ +3'-—M)/R]

o0

where ﬁrf is the sfégnation'pféssuré ratio and Tff.ié'thé stagna-
tion temperature ratio of the jet /to the free stream.

'In general, the plume flow field w111 contain an_intércepting
~shock as shown in Fig; 2;91 Here the flow field is-split into two
regions, I and II. - Region I is bounded by the axis3qf*the jet b(I)
and the imbeddéd'shdék ¢(I). Region II is bounded'By the imbedded
shock b(II) = c¢(I) and the plume boundary c(II) ‘When thefé is
no intercepting shock,‘there will only be one reglon bounded by
b(I), the plume axis, and c(I), ‘the plume boundary A computa-

tional frame for either region is obtained with the following

transformation
e . & -b
X " c=-b :
_ (13).
Z =2z

The equations are then transformed and;rearrahged to.give -the.

Z-derivatives VéxplicitlyVas

26



wR, - vR

1 2
P, =
zZ WZ.? v
o sz - TRl
yARV I
W~ yr
' (14)
=L u,(uX_ + wX ) ~ 1P, ] |
Yz W X r Vi T er
S - - S (uX_ + wX))
Z w X r z”
where
R=Q-P‘(ux + wX ) + y(u X + w X +jm}
1 X r Z er Xz r |

R, = -‘{wx(uxr f wXZ) + TPXXZ]

The equations are differenced using the MacCormack scheme described
in Section 2.2.1. A marching procedure in the Z-direction can be
used, provided wz > vt or the Mach number in the =z-direction

is supersonic.

2.2.4.2 Charactefistics

The evaluation of the jet boundary and the imbedded shock re-
quire the use of characteristics. -In general, the characteristic
direction and compatibility relations in the computational plane

can be developed using standard methods. The characteristic direc-

tion is

SR A
't -

r

XZ uw * azé .
X, " W2 8.2
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a” = y1
B =AM -1
-2 2
u 4+ w
R
a

and the compatibility equation is

- 2 o
, , 2, : _ _ua’ u+wB
_i BT(PZ + BPX) + w (ez + xex) = = = 7 (15)
, w - a :
where 6 = u/w. The C~F-L rule for this case can be répresented

as s ’
AZ = min(%%) .
2.2.4.3 - Jet Boundary

The pertinent characteristic reaching the plUmeAbouhdary from
inside the jet iS-;K+ as shown in the sketch in Fig. 2.10. This

boundary is a streamline so that c, = u/w and X =1, whereby :

oy /.U
X, =X\ -w)
so that ,
V+ | 9w2,+ a2 ‘ o
A= Xr -6 + f—Ef—-EE— . g - (16)
o w - a S
The cbmpatibilityrréigtioh becomes
6, = - ato, +'J?' C pe(p, + R+P-) Lual | (17)
z T T T 2T PR TR T 2 _ 2 !
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with' P, prescribed from the nacelle computation. The above

equation is integrated to give the position of the plume boundary

at Z =7 + dZ.
~ “new . ,

2.2.4.4 Imbedded Shock

In general, the:interéepting shock does not immediately begin
at the nozzle lip. Its presenée is detected at é pdéition down-
stream of the nozzle exit By monitoring the pressure distribution
in'the Vr-direction at_each' z location. When the.ﬁaximum pres-
sure gradient gfows'ih three consecutive z steﬁs, a‘shock is fit.
Initially, the shock is taken to be coincident with-thé_ A chafac-v

teristic at the pOihtfof maximum gradient. "~Namely,

w - a° S o

As the‘shoék‘déVelobE; the values on the low pressufé.side are
computed;ffom the”twb’characteristics»reaching*théiShdck (see -
Fig.‘2.11); The values at»thé'two*pointS’ *+ -andrf*7' aréﬁob?
tained'by_interpolatibn.‘ T . .

. i o, P, .
.  + e (P -

\ _
x* = Py 2) S
Coe o (19)
+ BE: . -
where
. . +
+ cN - r2 --xz Az
€ =

Car 4+ 820 - A

L ArF 8z(hy - Ny)
The tWo’cﬁaractéristic*cdmpatibility relations may bé:simﬁltaﬁeously
solved_to get'gPN and -eN in terms of_.P*,e* Vand'thefqther flow
quantities at the * points. ' '



| 1
E3 - 5. D3
6., = 1
N E1
E, - =—D
. 2 Dl 2. |
_ . (20)
. D3 - DZGN
N D1
\
where
. + -
Dl = (TB) > El = = (TB) )
+ -
2 o 2
D2 = (W ) ' 3 E2 - .(W )
, . 1+  , |
ua  / u + wB\ k + +
D3 = .|~ - k 2 2) _Az + D1P* + D29*
w - a , :
| uaz- u - wﬁ\.~ - -
Ey = |- = (5—5)| otz +EP, +E6,

w - a

- The flow properties on the high pressuie Side at the shock are
found from one characteristic relation combined iteratiVelylwith:
the.Rankine-Hugoﬁiot'relations. The pertinent'characteristic
reaching the shock from the high pressure side is A as shown in
Fig. 2.12. 'The values at the * point are found'by interpolating

between points 1 and 2, whereby

P P, + e(P2 -'Pl)

* 1
O, = 07 + €(6, - 0,)
where
.. cN - Cc - xlAz
Ar + Az(7\2 - xl)
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The resulting compatibility relation may be integrated between

the shock and the * point to yield

2

' w o 2
* - .
Py = |t 5 - “E-: -1——91‘; . “2 arl + g—-r o o (21)
THi R (w" - a") Hi _

where Hi corresponds to the high pressure side of the shock.

The Rankine-Hugoniot relations may be written as

ZW/Mf,l - -1

P =P + log (22)
Nai Npo v+l
where .
W =L
1 1
" ‘
a = yIg ’
1 N o
31 is ;he»normal component of the velocittho the shock on the

low pressure side of the Shbck, and Lo refers to the low pres-

sure side of the shock.

ﬁk"= L. N. +w. N
LT N TN

N, = ~ —b N, = =

1 Vl + cg ,’1 2 V1 + cg

In addition, eﬁ ) is also a function of c,. We take 32,52 to
be the normal and tangential components, respectively, on the high

pressure side of the shock. From the Rankine-Hugoniot relations
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Y2 1
n~ 2
uy (v + 1)M
n
1
and
V., = V. = u N, ~ w N
2 1 NLo 2 NLo 1
whereby
u ~N ~
_ Ny Ul Vol
oy . = = = — (23)
Hi N, u,N, -~ v,N

The above Egs. (21), (22), and (23), are solved in a trial and

error procedure to determine <, at the new shock point.

An example of these procedures for a plume computation will

be presented in Section 2.3.

2.3 DISCUSSION OF RESULTS

The'applications of the numerical procedureé presented in
Section 2.2 are now discussed. The examples include three com-
putations of axisjmmetric nacelle flow fields about a given geome-
try with different mass flow ratios and Mach numbers and one com-

putation of an isolated boattail with a plume.

The nacelle geometry for all cases considered was the forebody
of the NACA 1-85-100 ﬁacelle.designared Inlet No. 8 of NASA LRC
test 264 as sketched in Fig. 2.13. Although the actual nacelle
was 54 in. 1long, only the first 18 in. were used in the calcu-
lations with a srraight pipe assumed to be following aft of the
cowl. The computatiohs did not include the centerbody as shown

in Fig; 2.13 and included a "throat" within the inlet to specify
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Fig. 2.13 Nacelie Geometry (NACA 1-85-100)
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the appropriate mass flow as discussed in Section 2.2.3. The

- geometry was’approximated‘with a series of 13 cubic fits with -

- .values of radius and slope at intersection points agreeing with

the exper1mental geometry The geometry routine is dlscussed 1n-x-'“

.Section 3.

4 A11 the nacelle calculatlons used approximately 2150 node
,p01nts in the entlre field with approximately 80 p01nts on the
surface of the nacelle and 19 of these on the cowl 11p The de-»
.-tails of the mesh p01nt dlstrlbutions are found in the test case
in Section 3.

‘ -.The first case computed is the flow field about the nacelle
'geometry dlscussed.above'at M= 0.4 and ‘mr.= 0;847. The fe; _
--sults of -the calculation after 2000 time steps, T = 2.43, are

:'mlshown'ln Fig. 2.14. Values of <, versus x/L axial distancef,

"near the;oowlllip are shown compared to experimental data from- o
run 20 Test 264 NASA LRC.

As a second example, the M= 0.7, mr,é 0. 8715 flow over the

same nacelle geometry as the flrst case was computed Figure-2'15'f.jf.

‘ h'shows the calculated. values of Cp' versus x ‘near the cowl . 1ip

- after 1600 time steps correspondlng to a nondlmen31onal time,
iT = 2.94. The experlmental data of point 47, run 20 of the Langley
‘test are in good agreement with the numerical results The details
of the computatlon in the v1c1n1ty of the cowl 11p are shown in the

_isobar plot Fig 2. 16

_ Next we attempted to compute the M = 0,9,.mr =:O.885 flow H.
over the same nacelle. ‘In this‘calculation, a shock formed inside
the cowl lip. As d1scussed previously in SectionVZ.l, we attemptedv
to "smear" this shock; However, the shock remained inside the inlet .

‘and'did not "pop" out. The effective result was that the mass flow v
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“Fig. 2.14 Nacelle Surface Pressure Distribution Cowl Lip
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Fig. 2.15 Nacelle Surface Pressure Distribution Cow! Lip
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"¥v1sed every 50 steps ' The number of plume 1teratlons was more

golng into the inlet was not sufficiently low. Although the mass
,flow specified_by the engine-inlet interface was 0.885, the S
:actual calculated mass flow entering the inlet was 0.930. This’
fact is in evidence in the computed sur face pressure distribution
A shown in Fig 2.17. . Here, the shape of the Cp versus X curve"
agrees with the data but is displaced. This phenomenon corresponds

to an 1ncorrectly matched mass flow.

As an example of the boattail plume computation; we consideredk"
‘ the:flow'ouer a‘straight semi-infinite pipe at M =0.7. 'The jetj;_
hhad an initial Mach number of ‘3.0 with a ratio of jet statlc | |
_pressure to free stream static pressure of 3. O - The results of ;;2r
the computed plume shape, 1mbedded shock 1ocatlon and Mach number
';dlstrlbutlons w1th1n the . Jet are shown in Fig. 2. 18 The calcula-d”; .

. tion ran - 500 Steps to. a time T = 12.4 w1th the plume shape re :

than sufflcient w1th the plume shape changlng less than two perrf*kffr:

hfcent durlng the flnal 1terat10n

2.4 CONCLUSIONS
fThe'basic objectives of this task have been to develop a ¢¢m:*""

puter~program for predicting the inviscid transonic flow field |

p,about'ahnacelle Furthermore, it was desired to obtain an ex-

tremely accurate solution to this problem. Our prev1ous experl-

ence in calculatlng transonic flows over simple bod1es dictated

our approach of using the method of t1me-dependentVcomputatlons

(TDC). However, as we have described in Sections 2.1, 2.2, and

2.3, the inherent complexltles of this problem coupled with our

ba81c approach have ‘prevented us from obtaining a satlsfactory

solution at this time.
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Fig. 2.17 Nacelle Surface Pressure Distribution Cow! Lip
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We do not feel that there is anything fundamentally wrong
‘with our methods. Rather, the sum total of complex features due

to geometry, engine inlet interfaces, 'exhaust plume and coordinate
stretchings have combined to form an extremely compllcated program.
This type of program cannot accommodate our shock f1tt1ng procedures
and, hence, the d1ff1cu1t1es at transonlc Mach numbers Nontheless,
the numerlcal techniques developed here will’ find some appllcatlons

for the. calculation- of subsonlc nacelle flow f1elds

| In order to solve the transonic nacelle problem at thlS tlme,
we feel that another approach may be found more suitable. Relaxa-
tion methods have proven quite effective in solv1ng two and three
vdlmen51onal transonlc alrf01l problems (e.g., Jameson .S work) and
more recently for ax13ymmetr1c boattails (e g., J. South) B How- ;
ever, some 1mportant technical details have to be developed before.
a relaxatlon approach can be used for the nacelle problem Some -
examples are the determlnatlon of a su1tab1e mapplng so that the
nacelle surface becomes a coordinate surface at the transformed
plane,‘and the development of procedures to spec1fy the 1nlet ‘mass

flow and to handle the exhaust plume computatlon

At present we feel that TDC has 11m1ted appllcablllty for
compllcated transonlc £low calculatlons Ultlmately, however, for
transonlc flows w1th strong shock waves and for t1me-varying flow

,flelds tlme-dependent methods should prove to be qu1te useful
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‘3. COMPUTER PROGRAM DOCUMENTATION

3.1  USER ORIENTED DOCUMENTAT ION

In~this:section-we'discuss all the details necessary to
enable the engineering user to run the computer program’ for the
time-dependent,nacellé calculation. Firstly, the geﬁeral-fea--
tures.andjovereall logic flow are presented. _The-program‘usage _
and.operation are then explained in terms of a complete discus-
-sioh.of_program_inputs; Finally, the accuracy and limitations

of .the program will be described.

3.1, 1» Geheral Features and Over-all Logic Flow

Here we present a qualltatlve description of all features of
the computer program pertlnent to the englneerlng user. A dis-
cussion of the optlons, nacelle geometry, mesh- p01nt dlstributionalr
vplume geometry, output optlons, plume computatlon, and over-all

loglc flow now follow.

3.1.1.1 “bgtions
The:hasic*computer program for the'time-dependeﬁt-computatioh

of the inviscid flow field abOut a nacelle is designated program
15C. This program. has several maJor options. Namely;hit can
handle e1ther a complete nacelle or an isolated boattail. . There‘
are also optlons for including an exhaust plume and for spec1fy-:
rlng ‘either two d1mensxonal or ax1symmetr1c flow. In addltlon,

the program may ‘be started from time T = 0 d1rectly'or‘from'a
tape input generated in7a previouS'run ' The 1mp1ementat10n of
these features will be dlscussed in the sectlon dea11ng w1th in~-
put and output. Other cr1t1ca1 factors necessary to run the pro-

gram consist of ‘the geometry and mesh polnt dlstrlbutlon

4b



3.1.1.2 Nacelle Geometry

The‘geometry routine supplied as part of the computer program,
called SUBROUTINE WALL, is relatively simple to im@lement The
nacelle surface is divided into three areas, the cowl 11p, ex-
ternal cowl, and internal cowl, as shown in Fig. 3.1. Each of
these areas is'divided into an arbitrary number of sections. The
user inputs the nuober,of'divisions for each regioh,and'the value
of y and dy/dk at each division point. In'addition, a parame-
ter is input at each point denoting whether a cubic or.a straight
line is to be fit between succes31ve divisions. The program auto-~
matlcally performs the approprlate curve fits. The details of the

user geometry 1nput now follow.

Firstly, the Iength L of the nacelle, -thebradius of'the'cowl :
lip..rn,:‘and the helght ‘above the centerline of the center of the
cowl lip, H. Note ‘that all barred qualities dlscussed here: are
dimeneional._ Allllengths in the program w1ll then be nondlmen51onai-
ized withbreépeetlto‘ L. The radius of the cowl 11p is taken from
the-necelle blueprint It is not necessary for this lip to be
circular and the value of r is somewhat arbltrary, However,bthe‘
smaller the rn, the greater t he resoiution_near the nose, that
also corresponds to ‘increased computer running time. Typically,
for the NACA 1-185-100 iﬁlet% we used an ?ﬁ = O&!hnl as is shown

in Section 3.2.4.

Next, the cowl lip must be considered. This region is divided
into JNOS intervals eS'shown‘in Fig. 3.2. EThe values of x,y and
dy/dx are input at each division. These values must be in order
starting at J = 1 'oorresponding to x = ;n onvthe upper surface

to J = JNOS which is x = r on the lower surface. The program

automaticelly curve fits r- as a cubic in 6 between each interval.
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Note that Cartesian values of ;,,;, d;/d; are input, with the
program}autnmatically converting to polar coordinates. It is

recommended that one interval should correspond to ; = 0 (the
value of dy/dx at this point is infinite and any finite 1nput'
value w111_be accepted). Generally three to five 1ntervals in

the nose region should be adequate.

' The next part of the geometry input is the external cowl. Here,
there are JOUT divisional pdints as shown in Fig. 3.3. The first in-
tersectiqn Je=1 "corresponds to the cusped nacelle point and is
automatically input'as x==-r +r and y = H;_dy/dx = 0. A cubic
fitc is used between J=1 and J=2. From J =2 J =-JOUT
values of X, V¥, dy/dx must be input along w1th the value of the.
parameter LOUT(J) . LOUT(J) 3 for a cubic f1t between J and J+1
and LOUT(J) = 1. for a stralght line between J and J + 1. Also 1t
is necessary to input the actual number of 1ntersect10n points which are
to be input called‘JOUTB Since J =1 is specified in the program,
JOUTB = JOUT-1. Noce'that we define r_ = 3r_

4 The last reglon to be con51dered is the lnternal cowl as de-
plcted in Fig. 3.4. Here we have - JINB d1v1s;ona1 points with
X, Y, “and dy/dg 1nput for each p01nt Aiso LIN(J) is input,
which determines the type of curve fit to be used'between J and
J + 1. The values at J = 1 are preset with x = - ro+ o,

y = H, dy/dx = 0, and LIN(l) = 3. Furthermore, values at the
next to last intersection point JIN-1 are predetermined from
the mass flow specification (Section 2.2.3) and the last value of

JIN where x =L, y=H, and dy/dx = 0. Thus, only values be-

tween J =2 and J = JIN-2 need to be input. The total number
of input intersectional points JINB = JIN-3.

When the boattail option of the program is used, only the data

for the external cowl need to be input. The plume geometry input
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Fig; 3.3 External Cowl Notation

J=1 o J=2 : ' . J=JINB J=JINB ~ J=JINB+3

R } - C . . - +1. . +2 ’ =JIN
P —a X -—_ J— —_ —_

F|g34 Internal Cowl Notation
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will be disCussednseparately. 'The nacelle geometry routine does
not explicitly have a centerbody, although provisions for this

situation have been maintained throughout the computer program.

The nacelle geometry.inputs will be summarized in Section 3.1.2.

3.1.1.3 Mesh Point Distribution and Coordinate Stretchings

4

Regions 1, 2, 3 4 6, and 7 shown in Fig. 2 2 have ‘NC(LREG)
mesh points in the x~direction and MC (LREG) mesh p01nts in’the
y-direction. Region 8 has MC(8) mesh points in the r-direction
and NC(8) in the" G-directlon. Values of NC(LREG) and MC(LREG)
are input into the program. ‘Within the present DIMENSION statements,
,the maximum value of MC(LREG) is 19 and the max1mum value of
NC(LREG)‘ is 40 w1th the additional constralnt of

_ _§ : .
'.,L . NC(LREG) =>150‘
LREG=1
Thns; the maXimumfnumber.of'meSh'points used in_the”nacelle'computa-
tion is-'2850; This does not‘include the points within the plume
which will be discussed separately. Region 8 corresponds to the nose

region.

increasing.the number of nesh points in each region increases
the resolution To 51mp11fy the choice we have built into the pro-
gram two sets of mesh distributions: one set for the complete nacelle
calculatlon and the other set for the boattail option. The values of
'NC and MC .of any region may be input to change any of the preset

values. The values of NC and MC for the nacelle calculation are
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NC(1) = 18 MC(1) = 18
NC(2) = 18 MC(2) = 18
NC(3) = 25 MC(3) = 18
NC(4) = 16 MC(4) = 18
NC(6). = 18 MC(6) = 18
NC(7) = 32 CMC(7) = 18
NC(8) = 19 MC(8) = 9
For the boattail option
NC(1) = 20 MC(1) = 15
NC(2) = 1 MC(2) =
NC(3) = MC(3) = 1
NC(4) = T MC(4) =
NC(6) = 20  MC(6) = 15
' NC(7) = 20 . Mc(7) = 15

NC(8) = 1 MC(8) = 1

Note that all the values of NC and MC are not independent.
. : ) _ ,

"~ The constraints are

MC(4)

= MC(3) = MC(2)
© MC(7) = MC(6) = MC(L)
 NC(2) = NC(1)

Once the number of mesh points are selected, the actual mesh point
'_Adistributioh in the”phyéical plane is .determined from'the values
of the stretching pafametefs. The stretching parameters xo, Xy s
_ x2,'x3, Yo» Yo» Ops-Ops A3, and a, are determined from physical
mesh point locations DD(J), J = 1~ 6. The lengths DD are shown
in Fig. 3.5. Shown here are the regional interfaces and the first
and‘last grid lines (in the physical space). {Values}of; DD are

as shown in Fig. 3.5. Again, to simplify the running of
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- Fig. 3.5 Stretching Parame_te'rs;
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Fig. 3.6 Plume Geometry
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the program, two sets of values of DD are built into the program.

.

Complete Naéelle Calculation Boattail Option

DD(1) = 0.005 DD(4) = 4.0 DD(1) = 0  DD(4) = 10
DD(2) = 0.005 DD(5) = 0.005 . DD(2) = 0.05  DD(5) = 0.05
DD(3) = 0.005  DD(6) = 4.0 ~ DD(3) = 0.05  DD(6) = 10

Note that the numbers 1-6 are only an index and do not corréspond

to any particular region.

3.1.1.4 Plume Geometry

Initially, thevshape of the plume in Cartesian coordinates
islinput into'the prog:ém. ‘These coordinates, xp “ahd ”yp; are .
scaled to the initial radius of the jet as in Fig. 3.6. A piece-
wise pérabdlic fitvié‘made to the coordinates extendihg-to'down-'
stream infinity. ' After the plume computation has beén made, the

new boundary shape is curve fit automatically.

3.1.1.5 Flow Field Output

- There are two basic output options, the surface flow field
output and the complete nacelle flow field. For théfsurface flow
field, values of the Cartesian coordinate position,'ixgy,  pres-
sure p, Mach number M, flow defleCtiqn T = V/u,{ and pressure
coefficieht'pr' are given_for each mesh point élong.the’surfacés
of. the outer cowl, inner cowl, and plume boundary (outside the"
Plume) ! * For the camplete fiow‘field, output -values of the entire
field are given for x, y, p, a:(speed oflsound), u,"? (velocity
componénts); M, p (density), Cp and S (entrbpy). The output is
divided into regions as in Fig. 2.2. Note that for regions 1-7,
u,v ~are the Carteéian1Velocities and for region 8, wu,v are the

polar velocities. All the outputs are nondimensional as discussed

52



in Section 2.2. The pressure is scaled by P> the density hy
p,» all velocities by pr/pm, and all lengths by 'L, ' the
length of the nacelle. ’

In addition, the mass flow going through the inlet is numeri-
cally integrated (trapezoidal rule) and output whenever the com-

plete flow field output is called.

3.1.1.6 Tape Input and Output

The program. has a restart capability. At the end of a given
run; the contents of all common blocks are dumped onto Tape Unit 12.
At the start of the next run, the data are read from Tape Unit 1ll.

The implementation of input parameters to use this optlon is dis-

cussed in Sectlon 3 1.2.

3.1.1. 7 Plume Caloulationr

~ The plume is computed every KPLUME number of time steps. If
KPLUME =-~ 1 there will be no plume and a stralght pipe will be
assumed to extend downstream of the body. The plume routines have
been written as a separate independent'program It is made part
of the ent1re nacelle program through subroutlnes BOUND and PLUBO.
BOUND takes the values of the pressure along the plume outer sur=-
face (obtained in- the nacelle calculation) and converts the re-
sults into a ‘form suitable for the PLUME routine. PLUBO curve
fits the computed plume shape into a form compatible with the
nacelle calculatlon The plume is computed to a specific value
of length which is 1nput This length should be shorter than the
distance to the Mach disk.

. The plume routine output  values of Z, r, p, u,'w, 8, M, S,

and 1, where quantities are nondimensional with respect to nozzle
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exhaust plane conditions (Section 2.2.4). The major input condi-
tions are -M; v, PRATIO. Note that here PRATIO is the ratio of
static pressures of the jet to the free stream. This quantity is

related to the stagnation pressure ratio Pr by

[Note that the stagnatlon temperature ratio is only requ1red to

rescale the variables to free stream conditions as in Egs. (12) ]

3.1.1.8  Quer-all Logic Flow
The details of computer program logic are presented in

Sectlons 3.2.1 and 3. 2 2. Here we will describe some of the im-

portant features of the logic flow.

The,program:begins by receiving input data on the basic
parameters associated with the run, all options, and mesh point
distributions. Following tbis,initial data for all variables are
computed. The coordinate stretchings are found in subroutine
STRECH. The values of- ‘the body geometry are calculated in WALL
and the initial value of the plume shape is given in PLUBO The

interpolations for the nose region are set up in SETNOS.

Then,the major timeAloop is entered. The size;of the new
time step.is determined and the value of,time incremented,t Within
the time loop, the entire calculation for'the cusped nacelle is
performed in POINT. A time sub-loop is set up for the nose reglon
and is computed in NOSE. If the optlon for the plume is in effect -
and this is the approprlate_time step for its eomputation, sub-

routine PLUME is called. This routine acts as a main routine for
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the plume computation with the main calculation teking-place in
SUPER‘and-the plume output given in OUTP. Once a new plume shape
is detennlned, it is curve flt in PLUBO and the stretchlngs for
the nacelle calculatlon redetermlned in STRECH. Now, except for
some optional output for the nacelle in OUTPUN, the step of the
major time loop is completed.

After a'specified number of time steps, KA, the computation,
is completed. Finally, there are optional outputs in QUTPUN and
optional saving of the data on tape in TAPER.

'3.1.2 Program Usgge and Operation

In order to explaln the usage of the program. we present a
summary ‘and descrlptlon of all input data. The order of the dis-
cussion follows the order of the data ‘cards. Examples of ‘all data
input are shown in Sectn)n 3.2.4. ‘Some.of the input is of the
NAMELIST type This input procedure has the'advantages of being
easily 1dent1f1ab1e and does not require all the data mentioned
in the namelist declaration to be input. . Thus, much of the input
is optional and these paraemeters will be denoted by an asterisk
(*). The values of the optional input parameters are denoted de-

fault options and will be discussed below.

3.1.2.1 . Program Input .
NAMELIST/RUN/NRUN, NDATE, EM, GAMMA, RMFLO, LA, LSYM, KPLUME, STAB

NRUN o Run number, Integer 1-99,999

NDATE: . Rundate, dimensioned NDATE(B), typlcal input
: NDATE = 2 19,73 :

EM . M _“Free stream Mach number

35




. GAMMA*

RMFLO

LSYM

KPLUME *

STAB*

3.1.2.2

'Free stream ratio of specific heats, default

value 1.4

Mass flow ratio at engine-inlet interfaue

0 two dimensional, = 1 axisymmetric

0 complete nacelle, =1 boattail option

The number of time steps between plume computa-
‘tions, typically 100. 1If equal to. -1 no

plume computation will be made, .default value -1

Stability parameter (for t ime step determination).
Typically 0.75-1.0, default value 1.0

Input/OQutput -Parameters

NAMELIST/INOUT/MREAD, MRITE, KA, JA, JB, MB, LOUTL, LOUT2

MREAD*

MRITE*

JA
JB*

- MB*

LOUT1*

LOUT2*

Tape read parameter, integer value represents
number of read cycles, = 0 no tape input,
default value 0 - '

-Tépe write parameter, = 0 do not wrlte on tape,
=1 write on tape, = ~1 rew1nd ‘tape ‘and write’

on tape, default value 0

‘Total number of'time'steps' .

Number of time steps between surface flow,

. field outputs, = -1 for no output

Number of time steps between complete flow field
outputs, = -1 for no output, default value -1

Number of mesh points from nacelle surface in
complete flow field output, = -1 all.mesh points.
default value = 1 (surface values only)

1 for surface output at end of computatlon,_
0 no output, -default value .Q N

=1 for complete flow f1e1d output at end of

‘computation, = 0 'no output, default value O
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3.1.2.3

. Mesh Point Parameters

NAMELIST/MESH/NC,'MC, DD

NC*
MC*

DD*

3.1.2.4

1.

. Number of mesh points in x~directions, dimen-
' sioned NC(8), full discussion in Section 3.1.1

Number of mesh points in y-directions, dimen-
sioned MC(8), full discussion in Section 3.1.1

Mesh p01nt dlstrlbutlon parameters, dimensioned
DD(6), full dlscuss1on in Section 3.1.1

Geometrz Input

General Descrlptlon A Format (20A4)

A

“'Alphanumeric*description, 80 characters long

~ General Paramétérs ELL HBAR RNBAR, JNOSB JOUTB, JINB

Format (3F10.4, 3110)

" ELL EA_
HBAR vﬁ:
RNBAR T
JNOSB

- JOUTB
JINB

Length of the nacelle’

Helght of nomlnal center of cowl 11p above

"centerllne, same dimensions as’ T

Radius of cowl lip (nominal), same dimensions

as L[

Number of divisional points to be input for
cowl 1lip, = 0 for boattail option

Number of divisional points to be input for

external cowl

Number of divisional points to bé input for
internal cowl, = 0 for boattail option
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Cowl Lip Data XBAR, YBAR, YPBAR Format (3F10.4, 3I10)

XBAR x )
YBAR - > Cartesian position and slope of divisional _
y points along cowl lip. Same dimensions as L.
YPBAR 2§
dx

- There will be JNOSB input cards of this type.

External Cowl Data XBAR, YBAR, YPBAR, LFUNO(J)
- Format (3F10.4, 3I10)

- N\

XBAR X

_ - Cartesian position and slope of d1v151ona1
YBAR y ? ,

p01nts along external cowl.
yPBAR <L
- dx J

LFUNO(J) - 3 for cubic fit between J and J + 1;

= 1 for straight line between J and J + 1
There will be JOUTB input'cards of this_type.

Internal Cowl Data XBAR, YBAR, YPBAR, LFUNI(J)
Format (3F10 4, 3I10) .

. - o
XBAR X :
- - Cartesian position and slope of d1v151onal
YBAR y -?
: p01nts along internal cowl.
- YPBAR Qz .
dx J
LFUNi(Jj, '3 for cubic fit between J ahd’,J.+ 1;

‘1l  for straight 1ine between J and J + 1

There will be JINB input cards of this type.
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3.1.2.5 Plume Geometry Input (Initial)

1. General Description AW Format (20A4)
AW ~Alphanumeric description, 80 characters long

2. ' Number of Intervals KK Format (1015)

KK Number of intervals for plume geometry. Corre~

sponds to the number of input cards to follow.
"If KK =1 the plume will be a straight pipe.

3. Plume Shape . XPP, YPP Format (2F10.4)

XPP "*p | Cartesian coordinates of initial plume shape.

' Scaling shown of Flg 3.6. There will be KK
YPP : yp” of these cards

3.1.2.6 Plume Calculation Input
NAMELIST/JET/NA, MA, KA, KOUT, PRATIO, DIST, GAMMA, STAB, ACH

NA* ' * Number of mesh intervals in the_ r-direction
' " NA(l) 1low pressure side of. the shock, NA(2)
high pressure side of shock, maximum value =

KA - - Maximum number of AZ steps in calculation,
not crucial, calculation should stop at Z =

KOUT - ‘Number of steps between plume output

PRATIO . Static pressure ratio

/p . Discussed in
‘Section 3.1.1 e

pjet

DIST o VDlstance to end of jet computatlon Should be
before Mach dlSk forms

GAMMA* v Ratio of specific heats for jet

STAB* | C~-F-L parameter, usually =1

ACH : Mjet Mach number at exhaust plane of nozzle

A schematic of the card data input is shown in Fig. 3.7.
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3.1.3 Accuracy and Limitations

The basic numerical methods for this computation are essen-
tially second-order accurate. However; the boundary conditions
and the interpolatibns at the nose region tend to reduce this level
of accuracy. Another factor affecting the accuracy is the spatial
‘mesh pointvresolution. The resolution is determined by the number
of mesh points and the stretching parameters. Improving the reso-
r'lution by increasing the number of mesh points increases the com-
putational time and core storage. The values of the'stretching
parameters~suggested.as default options in the computer program
should be sufficient for most applications. In general, the only
effective means of eraiuéting the accuracy of a coﬁputational ap-
proach of this cOmplexity is‘by'comparing with other analytical
methods and with experimental data. Caution must be ekeréiSed in
comparing an invisci% computation with data because of viscous |
effects.  Regarding the nacelle computation, an indication of the
'acéuraCy.ofrthe approach?is given by the data comparisons in

Section 2.3.

Therc are several limitations to this computatidnal program.
Namely, accurate results can oniy be assuréd for éﬁbqriticai free
stream Mach numbers. Furthermore, even at high’subcritical Mach
numbéré; when the maSs_flow ratio is low, problems may develop.

The reasons for these limitations ére'discuséed.in Section 2. Since
" there are no provisions for a bow shock, the program will not work

for supersonic free streams.

The basic program is written to handle a cusped centerbody.
However, the geometry routine would have to be mbdified to run
this case. 1In addiﬁion, the program cannot handle the short cowl
nacelle. .An'approximatioh of the short cowl can be made by treat-

ing the plume with a speéified internal solid boundary which

61



represents the jet plume. The remainder of the plume would corre-
spond to the fan jet. This computation requires a change in the

plume geometry input procedure and the plume computation routine.

3.2 PROGRAM ORIENTED DOCUMENTATION

In this section, we attempt to present enough detailed in-
formation about the computer program to enable the userlfo under -
stand and possibly to change the source language code. Firstly,
the structure of_the program is schematically described by flow
charts of the main prdgram and all major subroutines. A sub-
routine tree diagram'is also presented. Then each sﬁbroutine is
discussed 'followed by a descrlptlon of 1nput/output files. Lastly,
the 1nput and a part1a1 output for two test cases are presented

along with 4 FORTRAN source program llstlng

3.2.1 Program Flow Charts

The flow charts for Program 15C are shown in Figs. 3.8-3.18.

A subroutine tree diagram is presented in Fig. 3.19.

3.2.2 Subroutine Deseription

POINT Computes one time step for all interior points in

the cusped-nacelle formulation of the problem. All

‘and interface matchings are handled here. Included
"is a separate computation for the cuspedenacelle

solid boundary conditions, free stream conditions, ‘
point.

STRECH Flrst calculates all coordlnate StIEtChlng parameters.
- Develops coordlnates and derivatlves of mesh points
for cusped nacelle formulation in the phy51cal plane.

Obtalns_lpformatlon from WALL and PLUBO. After major
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: YES
YES ks ss N\ N0 '
. =JB .

NO

CALL
. OUTPUN
(9,MB,2) .

PROGRAM 15C

NO )
CALL YES . ' ' NO
OUTPUN . ,
{9,mB,1)
, ' CALL
A v , TAPER
_ (0, MRITE)
output /- . ’ NO .
DATA: - B o
. : . NO . ' =
CALL .
» © - NOSE :
INITIALIZATION . A o
OF VARIABLES : ' _ K

K=0

CALL
STRECH}SY

SR CALL
: STRECH (6)
NO ‘

YES -

CALL .
SETNOS

ENGINE-INLET
. INTERFACE
K=K+1 :
"TIMESTEP - ]
o o rerear  baf ASCELERATION
C-F-L COND : :

Fig. 3.8 Main Program
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ENTER

LMAC=0

INTERFACE .
MATCHING
(INTER.)

INTERFACE
MATCHING
(FINAL)

t

t

v

LMAC = LMAC + 1

v

FREE STREAM
VALUES
{INTER.)

FREE STREAM
VALUES
{FINAL)

START DO LOOPS
LREG =1,2,346,7

ALLN,ALLM

‘

COMPUTE
COEFFICIENTS

COMPUTE

DERIVATIVES '

COMPUTE
DERIVATIVES -

CUSP POINT
COMPUTATION

END OF LOOPS
ON LREG, N, M

BOUNDARY BOUNDARY
CONDITIONS CONDITIONS
(INTER.) (FINAL)
INTERMEDIATE _ - FINAL
VALUES VALUES
P,U,V.S

PI, Ul, VI, Si

EQUATIONS
PT, UT, VT, ST

Fig. 3.9 Subroutine Point
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BATA
LAMP/O/

" NO

COMPUTE .
PARAMETERS
x0,x1,x2,x3,y0,y2
al,a2,03,04

OUTPUT
STRETCHING
PARAMETERS

LREG = MREG

LREG=1,23
4,6,7
COMPUTE
axX ay .
XY, —
at’ an | RETURN
FOR ALL
N AND M :

Fib. 3.10 Subroutine Strech (MREG) .
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DATA
LAMP/0/

NO

INPUT
DESCRIPTION
AND GEN.
PARAM-
ETERS

COMPUTE - -
COWL LIP
PARAMETERS

INPUT
INTERNAL
COowL -
DATA

COMPUTE

INPUT
INTERNAL
COowL

DATA

COMPUTE
INTERNAL COWL
PARAMETERS

CENTERBODY
GEOMETRY

QO—

“LAMP = 1

INTERNAL COWL
PARAMETERS

LREG > 1

. "RETURN
Y, YP

COWL LIP
GEOMETRY

” " RETURN
Y, YP

INTERNAL
NACELLE
GEOMETRY

RETURN
\ . vy,

LREG <6

Fig. 3.11 Subroutine Wall (IREG, X, Y, YP, LP)
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DATA
LAMP/0/
LIPE/O/ -

LITE =
» LIPE
i

INPUT
INITIAL- PLUME

SHAPE -
PLUME SHAPE , CURVE FIT
PARAMETERS PLUME SHAPE

: RETURN
Y. ¥YP

Fig. 3.12 Subroutine Plubo (x, y, yp)

67




" SET UP INTER-
POLATION .
PARAMETERS
r=c¢

'NO OUTPUT
PARAMETERS
CSETUP.
INTERPOLATION
AT INTERIOR
POINTS
"NO . o OUTPUT .

PARAMETERS/ -

SET UP INTER-
POLATION
A_I..ONGA X =1,

NO - OUTPUT
. PARAMETERS,

RETURN

Fig. 3.13 Subroutine Setnos '(.I:RITE)
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" ENTER

START DO LOOP . BOUNDARY
' »  CconDITIONS
ST Do Loop END LOOP
=1 ON N, M, LMAC
START DO LOOP , , INTERPOLATION
ALLN, M ' ON OUTER
REGION 8 ' | BOUNDARY OF
: : NOSE REGION
COMPUTE . : :
DERIVATIVES : ' END LOOP
COEFFICIENTS : _ ON KS
COMPUTE , | INTERPOLATION
EQUATIONS ; '} ONINTERIOR
PT. UT. VT, ST CUSPED-NACELLE
! : POINTS '
RETURN
UPDATE : o

Fig. 3.14 Subroutine Nose
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/' ENTER IREG,
~ NTIMES,ITYPE

. YES

ITYPE=3

- YES

ITYPE =1

COMPLETE

, " FLOW FIELD
! : _ -OUTPUT

| I , A
i : v K
( INLET MASS NACELLE - CEOMETRY

b - - FLow SURFACE , :
P : ‘ | INTEGRATION : . OUTPUT : _ OuTPUT

RETURN RETURN

| | .. .. _ Fig31s _Subrout'i}.eo’ut;i&n‘(mse, NTIMES, ITYPE)

RETURN
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ENTER
IREAD, IRITE

YES ‘ , .
RETURN

REWIND ' REWIND
TAPE 12 ‘ TAPE I

READ TAPE 12
ALL COMMON
REPEAT
IREAD TIMES

WRITE TAPE I
ALL COMMON

RETURN RETURN

Fig. 3.16 Subroutine Taper (I Read, | Rite)
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ENTER

INITIALIZATION
. K=0

INITIAL
PRANDTL-
MEYER
EXPANSION

_ RETURN

NO

YES Z < DIST

K<KA -

CFL COND.
2=2+DZ "

OPTIONAL .
CALL
oUTP .

Fig. 3.17 Subroutine Plume
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"~ ENTER

SHOCK TEST
AND FIT

IF SHOCK 1S
FIT —
CALL OUTP

A RETURN
INTERIOR

POINT | o o
COMPUTATION - UPDATE

! ﬁ t

LOW PRESSURE .
SIDE OF - : END LOOP
IMBEDDED SHOCK ONN

.l - ?
HIGH PRESSURE

SIDE OF -
IMBEDDED SHOCK

»  PLUME
BOUNDARY

Fig. 3.18 Subroutine Super
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MAIN

WALL

STRECH .—J

PLUBO
SETNOS
OUTPUN
~ TAPER
BOUND
PLUME — ouTP
_ sUPER
POINT

NOSE . ,

Fig. 3.19 Subroutine Tree Diagram
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'computatlon beglns, this routine mod1f1es the co-~

ordlnates after each new plume computatlon
WALL Performs curve fit go nacelle geometry.

PLUBO ‘Pefforms curve fit to plume shape, either from in-

put data or as the result of the plume computation.

SETNOS Sets up all interpolations used ih the nose region -
cemputatioh. '
NOSE Computes all p01nts in the nose- ‘region. Performs

all small time steps for one complete time step.

Handles all interpolations at the boundarles.

'OUTPUN Handles a11 program output from the nacelle calcula—

tion (excludlng the plume)

TAPER A11 tape 1nput/output for restart capablllty
_ PLUME Qomplete plume computation MAIN routine.
SUPER Computes all points for the plume ca;culations.

Handles'shock points, axis points and plume boundary
points. Predicts and fits the imbedded shock.

BOUND Takes static pressure solution along plume boundary
from nacelle calculation and converts to plume non-~
dimensionalization. Interpolates pressures for

plume boundary computation in SUPER.

:~0UT? _ Handles all output from plume computation;

3.2.3 Input/Output Files

The entire pregram can be run using the standard input/output
files (Tape 5 for input and Tape 6 for outputs). During the com-

puter program run, no intermediate tapes or disks are used. However,
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the restart capability of the program does utilize tapés or perma-

nent disk files.

All output to the tape or disk is on TAPE Unit 12 and all

~input on TAPE Unit 111

may be as follows

NRUN  MREAD

£WN
H o O

. Schematically, a typical sequence of runs

MRITE INPUT OUTPUT
1 TAPE 5"///TAPE'12
1 TAPE 1¥’///TAPE 12
1 TAPE 1%}///TAPE 12
0 TAPE 11 -

Note: ' 'MREAD and MRITE are parameters for subroutine'TAPER and are

described in Section 3.1.2. Also standard output on TAPE

Unit 6 will be produced for all the above runs as discussed

in Sectlon 3.1.
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3.2.4  Test Cases

Sample Input - Nacelle Calculation

$RUN NRUN= llZoNDATE i080730EM—090RMFL0 e8852, A= 1,LSYM=0 SEND .
$INOUT KA-400.JA lOO.JB IOOgMB"-loLOUTl lOLOUTz-—l'MREAD O'MRITF O %

e O
INLET NO. 8 NACA 1—85-100 (CeRe=14093) , :
18, - 74682 0200 _ 4 . 4 4
TTe200  TTTT7VE2S TOTIVOZTTTTT . P
T e072 7770 7 e6111 ’ -
L5060 0 74682 140 X _
v 200 T 458 TTEUEZTO T e T ot
«200 7.825 © 437037 3
© 720 7966 . 062222 3
TReT . TB.2B0 012227 " 3 T R
186 9. 06 3
..,,.200 o .45%:_,,. $4270 - 3 .
IR P 4 3 R 43 13- 4 OO 7E " B e S )
445 7.413 . 040174 3
" 8410 | 74527 . 040 3
T T TN TP UME T s e i o
3 ) SR ;
1
Sample Input - Boattail/Plume Calculation
$SRUN . NRUN=108 ¢ NDATE=14522373,EM=e74LA=1,LSYM=1,KPLUME=50%
. SINDUT  KA=500,JA=-1,JB=50,MB=4- & . :
‘*“‘§NESH““NCTTT“ZU“NC(6Y—26“NC(7) 20.MC(1) 15 > e s e
" BOATTAIL, STRAIGHT PIPE
le : 5 ' Oa 0 1 0
T T8 o i T et e
PLUME DATA . N ' '
- 1018 == T e -
4 1.24
SJET KoUT= 10,PRATIO= 3., TTOT= 1sKMAP=10,KA=190,NA(1)=15,NA(2)=10, DIST=44  SENC
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3:2.5 _Source Language Listing

- .

—  _ PRCGRAM._NACEL (INPUTsAUTRUTsTAPES=INPUT+TARE6=OUTPUTsTAPELL o TAPEY2) s oo

C TRANSONIC NACELLE -CAy CULATION NaCOnolo

C THINGBLUNT CowL 1P - ‘ . NaCOnp20
cochN/BLKLINc¢B;o~C48\.NCI-ch'Nc1,NC4.NCSoNc6.NCJ;Nca;uC1»uczuu-NACono3o

19MCI 9MCO eMCOIMLO4MCT (MCRBINREG(8) ¢NMC(2) ¢yMMC (B0 92) tNMAX ¢ MMAYX NACON Q40
2¢GAMMAYGAGH yGCoGD G 91GF 4 X (4008) Y (1948) 9y xXP(130) NACONnOS0
_______341!?(130019)oHpoXEoYr'YA;XC&ROOPD.&MFLOOTT'CCQEN091" NACOND60 -
43SINTHE (20)9COSTHE (23) yRU20919) ¢+ .SyMILAWDX (B) 9DY {8) . NACONOT70
COMMCN/dLKc/Ptlso-lq,oU(lan19>.v<150919).Stlso.IQ)th(150.l9) NACONNBO
_______J.UL(1su-19)9vr£150.1ql.SL(150-19;-~sid.2).~r(a.2)m— - NACGNQ90-
2oMS(842) ¢MF(B42) gy TIMEIDTeKIJoXOTT(2) sQINF«QINFNIKDIVSHDTS" NACON100

COMMCN/BLKIZYET (1379019) o XCSU130) e XA9X14X24X39Y0sY2¢ALP (4)9sDD(6) NACOA110
e 1eBET (4o LSLPsHU13]), HL{13C)eHC(132) sHUPR (130)-+RLPR (130} +HCPR(130)NACONY20-

CONMCN/BLKQ/EPX(20)chZ(Zn)0EP3(\0~)0E94(100) EPS(38) +EPE (38) NaC00130
loNNl(ZJ)oNNd(ZO)'Ml(ao)9“2(20)!M3(18)0M4(3810L1(100’0L3(100) o NACON140
— 2 I111105)2120100)4JR(R0,19)2B(20)4BoR(2n) —NACON150-
COMMCN/BLKG/ XPL (2007 9PPL (200) sKPP . » NACO2160
COMMCN/BLKR/ PRATICynDISTPRADsKPLIIME ¢ JU - . -~ NaCon170.
———— COMMON/BLRS/ QDWW e STAB g NNMAX s NTH N TH - NaCONn180-
DIMENSION DTT(7)4NDAYE(3) . . NAC00190
NAPtLIST/RLN/NDUN,ADATEoEM'GAMMA RuFLOoLA.LSYM.KPLUMEoSTAB NaCON200
— NANELIST.INVUT/MREAD, MRITEoKAoJAaJRQNBrLOHF%OEOLtz NaCon210-
NAMEL IST/MESH/NC yMCsnD R NaCOn220
CALL ERRSET(20842560_1414010) ' naCon230

___loﬂl_FORMAT(IHln<9x;lIHFRAGQAM_lSC/LZQX.29HTRAKSONIC—NACELLE COMPUTATIONACON240-
IN //720X93HRUNG 1S, 13X,12¢1H/ 912014/ 4127//20X-ySHMACHE ¢F54398X sSHMFLO=NAC02250

29F6e4 /774X LOHINPUT nATA/aXoZHNc Sv98l4/4x42HNC5X4814/4X92HDD NaCOnz60
_— 395x16FBa324K 6hMREAD-pI?o3xobHMRxI;,44243x13HKAs;15o3x,3kJA-o13v_"NACD0270¢
493X913HUB=213/4XsTHKP UME= 4 14/) 4 . - o NaC00280:
1002 FNORMAT (4X*2Z21HTWO=-DIMeNSTIONAL FLOW /) : - NaConz9o
——1003.FORMAT.(4X31THAXTISYNMeTRIC FLOW—L)— : - , NaCON300
1004 FORMAT (4X916HBOATTAI} OPTION /) C ‘ , . ' "NACOA310
1005 FOE"AT(2X91602X07(12 Elo n : . : : - NACON320
— € INPYT. DATA : : : N ~—-NAC09330
GAMMA=1,4 . : : . : . e - NACon3eo
pMFEO:],: . ) : RN - : T NACONn3SO
STabale - - : . I _— NaCon360 -
KPLUNME==1 N ) . . S NACON370 -
REAY (SeRUN) : : i A - - NaCon3Ro
MREAD=n . - - M , - NAC09390 -
MRITE=0 : I T, - NaCenso00
» MB=1 : R : o . " NaCOn410-
_— JB="). . : : - . NAC0Mn420 -
LouTy1=¢ . e : . ' : ¢ NACDAG30
Loula=yg g » : "NAC0AGGn
o _REAYU(S,INOLT) Z . _— NaC00450 -
" IF (MREAD NS0} GO TO 8p o N , S o NACON460
IF(LSYM, EQ I) 6o 10 10 S : P “NaCONns70
. MCitlys1E: : : - : S e NACDA480
© MC(2)=18 . E : - B - NACONn490
NC(l)=18 CET : : . o NACONS00
________NC¢3)-25. _ _ - : i ~NACONS10:
3 NC (%) =16 . . ' : . NACOAS20
' NC(6)=18 - . . . ) NACONS30

e NCt1)832 - - — , , NAC0nS40

100



L NC(B)=19 : -NACONSS0

MC (8)=9 ' ' NACON560
00(l)=,005 NACONST0
—— DD (2)3. 05 - : NaCO1SR0
_DD(3)=.4vd5 , . _ NACONSS0
DD(4)=4. . : NAGONGOO
————————00%5)=.005 ‘NACON610
DD(6)=4, ' NaCON620
60 To.2¢ , ‘ NaCOn630
_————19—&0(l) 16 : : - : NaConean
MC (2) =) : NaCO0NgeSO
MC (8)=1 : , _ NACONG6O
——NC{l) 145 : NACONGT70
NC (3)=1 . . : NACONKABD

NC(3)=1 B NACON690
— NG44 =) ' - —-NACONTON
NC(6y=1¢ - _ , : : NaCONn7lo
NC(7)=1D : NACONT20
—  NC(By=1 ) _ . NACONT30
. DD(ly=n. ' : : NACODT40

DD (23=,"5 ’ . NACONTSO

— o 0D3)=.15 NaCoaT60 -

oD (4y=1i, : . : NaCOnT70 -
DD(S)=,u5 : . ) _ . NACONTBO
—___0ODt6)=1l., _ : . —NACOAT90
2¢ REAU(SvHESh) ' . : NACOneoo
Jd=L A : ' B : NACOnelo
—C CONSTANTS : — — - —NAC0A820
MC(3)=MC(2) . NACOnaao
MC (4)=MC (2) ) o . ' NACOAB4O
‘MC(9).=MC (2) : R A . - NaCOnBSO
MC(O)=MC (1) . . ' o NACONR&O
MC(7)=MC (1) - v : ' NACONBT0
_NC(2)=NCL) : NaC0AB8RO
NC(5) =1 NACOAROY
HRI1E(6o1001) NRUN.NnArE.EN'RMFLOomc-MCooo.MpEAc,MQITE.KA-JA.JB NACO0Y900
— 1.KPLUME NACOAGLN
IF(LALEQ.0) WRITE(697002) o _ NAC0n920
IF(LALEQLLY WRITE(647003) ’ . NACONG30
______._LF(L<YM EQ.1) wRITE (4110D4) NAC09940
NC1=AC(1) ' : E NaAC0NgS0
NC2=AC(2) . o NACON960
o NC3=3NC{3) NAC0N970
NC4=AC (%) . NACONG80
_ NC5=NC(5) : ’ ~ NACO:N 990

— — NC6ENC (6 : NACO1000 -
NC7=NC(7) v _ - NaCoroln
. NCa=NC(8) - : NaCOl020
———__MC1=MC (1) : ~-NACO1030
MC2=MC(2) , - NaColnsn
MC3=vC(3) NaCo1050
- MC4=kC.(4) NACO1060
MCS5=MC(5) : o NaColo070
MCESMC(6) : NACO1080
NACO1090

 MC7EMCLT) 101



: __MCe=MC(8). : , - - NaCol100
R NREG(1)=0 ' NaCO1110
: D0 Jo LREG=2,48 o : NaCoOl1120
%—__M_Jc.NRFG¢LREG)-NREG(LREG l)ONClLREG-IL~~ — e - NACO 1130
B NS(l,y1)=2 : NACO1140
NS(I.Z)-_ , NACO1159
NS (241} =2 2 . : —-- NACOY 160
NS (2,2)=2 o : . NACOl170
: NS(3,1)=2 ' . NACO180
—  NS(3,2)=2) , NaCO1190
NS (441)=2 NACO1200
. NS(4,2)=1 . NACO1210
b NS(541)=2 NACO1220
NS(542)=1 NACO1230
NS(6.1)-2 NACO1260
! NS(7.\)-2 NACO1260
NS(742)=1 NACO1270
NS (841).2] NACO12Rp
NS(842)=2 NACO1290
NF (4,1)=NC1 NaCO1300
o NE(le2)aNCle=) NACO1310 -
NF (241)=NC? NACO1320
NF.(Re2)=NC2=] nNACO01330
e NF{3.1)=NC3- NACO1340-
NF (342)=NC3=1 NACO 1350
NF (441)=NCa NACO1360
—-NF (442)=NC4 NACO1370
NF (Ss1)=NCS=] -NACO1380
NF (542)=NC5=1 NACO1390
e NF-{541}).=NC&=]) NACO1400
& NF (642)=NCe=] NACO1410
- NF {741)=NCT. NACO1420
e NF(142)=NC7=) NACO1430 -
¢ NF (841)=NCP NACO1440
el : NF (8,42)3NCa=] NACO1450
) ”-’j —_— MStlely=) NACOL1460
: MS(1l,2)=1 NACOL1470
MS(241) =1 NaCol1480
b MS5(2,2)51 NACO14G0
' . MS(3,1)=1 NaCO1500
. MS (342121 NACOIS10
: MS (441} =] NACOLS20
A MS(442)=1 NaCOlS30
] -~ MS(5.¢1)=1 NACO1540
o MS(5,2)=1_ NACO1SS0
‘ MS(641)=1 NACO1560
o  MS5(6,2)=1 : . . NACO1570
—— LR PR RS : - : : S NACO1S80
B MS(142)=1 NaCO1590
MS(8,1)=1 NACO01600
MS(8,2)=1._ NACO1610
MF t4,1)=MC1 =] NACO1620
‘ MF (142)=MC1=] ' NACO1630
o NF(241)=MC2 102 NACD1640



- - - - - - - - .- .- .-

MF(242)2MC2m]-

—NAC01650

MF(3¢1)=MC3 NACO1660
MF (3,2)=MC2 nACOl670
-MF-{441)eMCs NaColeB0-
MF(4.2)-MC4 NACO1690
MF (541)=MC3 NACO1700
—-———————MF(S.?)-ML‘ NaCoOl7l0
MF (641)=MC&=] NACOLT20
MF (6,2)=MCh=] NaCoL1730
MF{741)=MCT=] NACO1740
MF (7,2)sMC7=) NACO1750
MF (8,4 1) =MCa NACO1760
- MF(8,2)=MCRa}— NACOLTTO
c soaagonuactadoy NACO1780
C THE FOLLOWING THREE FARDS MUST BE fHANGED ACCORCING TO DIMENSIONS NACO1790
NMAK 24— naCo1R00 -
NNvAx-lso NaColRlo
MMAAZ19 NACO1820
(. _soc®avceosavas : NAC01AR30
GASGAMMA/ (CAMMA=] o) NaCo1840
GB8=zl,/ (GAMVAaY ) NACO1850
____~__~GC-LCAMNA0111/(GAMMA 1. NACO1R60 -
GO= (GAMMA=14)/2, - NaC01870
.GE-‘(AMHA*I-)/?. NACO1RS80.
GF= SrRT(GANMAx NACO 1890
QO=0F PEM . -NACO1900
T PITZ4.%ATAN(]L,) nNaCO1910
__K=0 ’ NaCO1920 -
J=o NaC01930
TIME=D, NaCO1940
LDI=l. _ . NACO1950
DO 4g LREG=1l4R. NAC01960
IF(NC(LREG)eLE,1) GO TO 35 NACO1970
IF(MC(LKEG) «LE,.1)6C..v0_3S NACO 1980 -
DX(LREG)=1+/FLAAT(NCILREG)=1) NACO 1990
OY(LREG)=1./FLOAT(MC|LREG)=1) NaCo2000
- —GO..lc. 45 -NACO2010
35 DX(LREG)=0. NaCo2n20
DY(LREG)=0. NaCO2030
_____i LCONTINUE NaCo2ps0 -
DO S0. LREG=1l,8 NaCozn50
DO 42 M=z=lavMax . NaC02060
42 Y(MILREG)L=(M=1)#0Y(LBEG) NaCo02070
DQ “a N=19eAMAY NaCo2080
. 4 X(hoLREb)-lN-l)'DX(LoEG) NaC02090
__Sc _CONTINUE —NaCQ2100
LSLF=9 NaCo2110
NTKE=NCG/2 NaCoz120
_NNTH=NREG(4) ¢eNTH. NACNn2130
KPP=NCO NaCo2140
CALY waLL(190,,YDsDULY) NACO02150
_ __YA=YD NACO02160 .
CALL HALL("lﬂ.oYD DMy 1) NaCo02170
YE=YD - NaCo2180
. XD=zXEg NACD2190
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—  —  CALL WALLAZ9XDsYDsCUu)

~--NaC02200

PRAV=YD NaCO02210
: PD1IST=XE NACOD2220
€  INITIALIZATIION NaCo2230
D0 60 N=1sANMAY - NACOD22409
00 6g M=1s¥Max NaC02250
—_—  P(NsM)=0. NACD2260
UINIM) =L, NAC02270
VINIM)=C, NAC02280
_____~_~51mov1-L. NACO2290 -
PI(NyM)=0o NaAC02300
UI(NeM)=0e NACO2310
VI(NsM) =0 NACO02320
60 SI(NeM)=De NACO02330
NN4SNREG (4) *NC4 NAC02340
00 75 M=114(4 naC02350 -
P(NN4goM)==Z43 nNaCo02360
79 S(NN4sM) =0, NaC02370/
WWzsG : e
QINF=0, NAC02390
GINFN=O. - NACO02400
X QFT(1) =0 ~NaC02410
xorl(2)1=0. NACOD2420
C - ' - NAC02430
—CALL_STRECHI(8) NaC02440 -
IF (LSYMJNE. 1) CALL SeTNOS(LOUTL) NAC02450
IF(LOUT1 NE«0) CALL AUTPUNI(15143) NACOZ460
C : : NaCOZ470 -
GO Yo 1¢0 NACO248R0
80 CALL TAPER(MREAD,MRIFE) NAC02490
— €. MAIN_LOOP NACO2500
100 K=ke1 . o NaCo2510
C TIME STEPSIZE oETERMyNATION NACO2520
€ _CeF=L_RULE NACD2530
DT=1, NACO2540
00 120 LREG=1,7 NAC02550
DIT(LREG)S]1.e . NACO 2560 -
" IF(LREGEW.D) GO TC 72¢ NACD2570n
NCC=NC (LREG) -NaC02580
- _MCC=MC (LREC]) NAC02590
MREG=1 _ NACO2600
IF (LREG.EQ.1.0R.LREG_GE.6) MREG=2 NACO2610
— IF(LSYMEU, L AND MnEr.EQ.44~Go—$6—+2ﬂ NACO2620
00 419 N=z2¢NCC " NACD2630
NN=NREG (LREG) «N NACO0Z2640
e IF(MREG.EQ.C) GO TC 302 NAC02650
MaMC2 NACO2660
L=m NaCo2e70
GO0 To. Lna -—NAC02680
102 M=) -NACO2690
_ Lsvel ' - NACO2700
. — 104 A= GFusoRT(EXP(P(NN.M,/GAos(NN.M)/GAMMA NACO02710
GPASSART (U(NNGM)Q®#24,, (NNgM) #82) ¢p NaCo2720
DYR=ABS(YYF INNGLI=YYR (NNsL=1)) NaCO2730

DXRSE SQRl‘iXAP‘NN)'XX°JN~-1143’3‘f5¥94NN0Nr-¥¥P(NN-!0H)}"2)-—_~——NA0027401
4



DS=AMIN] (DXR4DYR)-- -

- g v D

—-NACD2750

e NC (%) =NC4
: 105

[

DT1=sTABe0</Q0pPA o NACO2760
DTT(LREG)=AMINI(DTT(,'REG) +DT1) NaCO2770
FF(MREG.EQ, l.ano M EnesMC2—60-—TO0—Ltn2— naCo02780
119 CONTINUL NACO02790
120 DT="MINL(DTDTT (LREG)) NAC02R00
—————— e LFA N LE e = 11D TeDT/ 2, : ~NaC02810
IF((k/10)#10,FQoK) WolTE (691005)Ke (LREGsDTT(LREG)ILREG=1,7) NaCo2820
IF(UT.GTal.E=5) GO Th 139" NACO02R30
——— e CALL. OHTPU\tO.-1.2)~ NaC02R40
catlL EXIY NaCD2850
130 DXX=0X(8) NaCgz2Ré60
———— _JIF4YSYMJEQ l)_-(;o_-JG-_ysn NACO2870
OYY=DY (8) NACO2R80
M=1 NaCo2890
——DpTslal.- nNaC02900
DO 140 N=14NCB NaCO2910
NN=NREG(B) sN NACO2920
A=GFRSORT(EAPARINN ¢ ML LGASSINNIM) LG AMMNA)) NACO02930
QPAZSART (U NN,V a2+, (NNoM) #a2) 40 NaC02940
ROTH=R(NsM) *P T T8#DXX NaC02950
— DRRT(CC=A(A))1oDYY= (Y MeR)=l J08PR () *PLT9nXX MNACO2960 -
DT1=STAB#AMIN] (DRR4RATH) /QFPA NACO2970
140 DVYS1=AMINL(UTS)eDTI) : MaC02980
— KDIVe=1¢DT/AUTS]1 NAC02990"
OTs=DT/KDIVS NaCO03000
IF((K/15) %10, EQaKIWRTTE(641005) KowDIVSsDTS " NACO3010
—— 150 _TIMESTIMESC.L - ——-NaC03020 -
c ACCELERATICN FUNCTIOWN - NaC013030
LACY=a NALD30GO
*____~__IFLIIME GE.L, qu)Gc 10 Leo NACO03050-
DUNMSwwoP[IaTIME NACD3060
XnTT(2)==Q *wwaP1IaSIN(DUM) /2, NaACO3n70
QINFN=2G0®. 5“Ll.-CCS¢DUM)) NACO0.3080
GO To 170 NACO03090
160 LACS=1. NACO3100
— e X0TT{2)=0e NACOD3110 -
QINFN=QL NACO3120
170 CONTINUE NACO313n
(o : B NaCO3140- -
IF(LSUP.EQ.Z2) GO TC 789 NACO3150
LSuP=90 . NACO3160
- __MSuP=zc. : -NaCD3170
172 NNT= hREG(“)‘NCk' NaCo03180
: GO Tc 176 NACO03190
o176 _NNT=ANTH+3 naCo3200-
MSuP=1 . ' NACOD3210
176. AS=GFoSORT(EXP (P (NNT MC4) /GA+S (NNT MC4)/GaMMA)) NACO 3220
e DUNMSSORAT(UINNT (MCO) 524V (NNT 4 MC4).042). 245 — -NACO 3230
IF(DLM.GTe1008) | SLP LSUPS] NaCo3240
IF (LSUPLEG.T) G T¢ 180 NACO3250
_IF(LSUPEQ. L AND MSUALEN, -6 —GO-TO— T4 NACN 2260
IF(LSUP.EQ, I.AND MSUo.EQ.]) GO To 1R0 NACO3270
NC4=NTH+3 . NaC03280
-NaC03290- -



END S 106

t

'

__NE (441)=NCa___ --NACO32300

NF (442)=NC4 nNaACO3310

180 cONTINUE NaC03320

el ————NAC0 3330

IF(KPLUMEo‘U.-l) GC 0 200 NACO 340

IF ((K/KPLUME) #KPLUVE _NE,K) GO TO 270 NAC03350

-D0-.490 -N=1leNCs NAC03360

 NN=NREG(6) #lN NACO0 23370

PPLIN)SEXP (P (NNel)) NAC03380

190 XPLAN) =X XPLNN) NACO0 3390

CALL PLUME NaCO03400

CALL STRECHK(6) NACO 3010

. — 200 CONT.INUE NACO. 2420

C , NAC0 3430

CALL POINT , NACO 3440

o IF(LSYMJNELL)_CALL NaSE NaC0 3450

C NACO 3460

XO0TT (1) =x0TT(2) NaC03470

— QG INE2QINFN- NAC03480

C _ » NAC013490

IF(JaA.,EQ,~1) G0 TO 270 NACO 3500
—————IF (KA ) HJA_ JEQeKI—CALL—OUTPUN(S (MB o1} NAC0 3510

210 TF (YR,EQ.~1) GO TO 250 - NACO03520

IF((K/JB) 2.8 Fna,K) CaLL OUTPUN(9,MA,2) NACO3530

— 220 IF (K LTeKA}UQ Tn_lon : NACO 3540

CALL TAPER(UJMRITE) . NACO 3550

IF(LouTZ, EG.)) CALL nUTPUN(99MBo2) NACO03560

_SToP ~aC03570

END NACO 3580

- SURROUTIAE. TAPER(1aEADSIRITEY 1--00010

COMMEN/ZBLK1ZDUM] (3734) T 00920

COMMAN/BL KZ/DI)M2 (22874) I 00030

COMMCN/BLK3/DyM3 (3407) 010640

T COMMEN/BLKS/DIING (2435) T 09050

COMMGN/BLKS/DUMS (402) 700060

e COMMCON/BLKS/ZDUMG(401Y T—00070

COMMCN/ZBLKT/DUMY (1) T 00080

COMMON/BLKEZDUNR (5) T 07090

————COMMCN/BLKS/DUING (6) - ~1—00100

1001 FORMAT(IXs10HTAPE READ o1I5) T 01110

1002 FORMAT (1Xs 1 IHTAPE wRYTE ¢15) T 0n20

“1F-¢dREAD,ECeQ)- Go~1o-4oe - 01130

REWIND 12 T 01140

DO Sp J=1eIREAD T 04150

~WRITE(6+10G1) TREAD- —00160

So READ(12) ULM].DUME.0uM3gDUN490UM59nUM6 DUM7 DUMB »DUM9 T 00170

RETURN I 0n180

—100--IF(IRITE (EC 20 ) RETURN —01190

IF(LRITEEGe=1) REWIND 12 T 0n200

waTE(6o10 1€) IRITE : T on2lo0

NRITE111)_DUM1.DuMzonUMa.DUMa.ouus DUME&+DUMT.+ DUMB $ DUMO — -

RETURN T 0n230

T 07240



—  SURRQUTINE-POINT-

P—0no0lo0

C COMFLTES ALL INTERIOo AND BOUNDARY POINTS P 09020
COMMCN/BLKL/NC(B) «MC (8) sNCLINC2INCI9NC4HINCSINCOONCTINCBINCT eMC2 P 00030

e FaMC I MCL s MCO MU oML T (MCRINREG(B) ¢NMC (2 yMMC (B0 ¢2) SNMAX gMMA Y-~ = =P~ 000 4 0
29GAMMA GAIGB 4 GCsGD+GraGF X (40481 ,Y11948) 9 XXP(130) P 00050
3eYYP(1300lS) s o XEsYe o YA XCoRNWRDIOMFLOWTTsCCIEMIPTT P 00060

— 4 SIMNTHE [20) sCOSTHE (27) 0 (20219) ¢ .SyM9LA DY (B) 4DY (B}~ - P—000 70
COMMCN/BLKEZ/P(1Sn91G,92U(150919) +v{150919)+S(150919)sP1(150+19) P 0no80
19UI(157019)9VI(15001a) sST(1S0019)9nS(Be2) oNF(842) P 00090
20MS0842) sMF LB 2) 3 TIME eDT o Ko g XOTT(2) 93 INFeQINFNoKDIVS DTS~ P ~-04100

CONMCN/HLK7/YET(130019)9XCS(130)oXanI'XZvX3oY00Y20ALP(4)000(6) P 05110
1eBE 1 (4) s LSUP U 130) ,HL (130} srC (137 ) 9HUPR(130) oRLPRI(130)sHCPR(130)P 00120

. DIMEASION =0Ln1ﬂn'l9,oUOLD¢80'19)vvoL0480.49).50L0g80'19)—~-»~——~~P~"00130
NR]1=NC1 : , P 0nm40

. NR2ENREG(2) *NC2 ‘ _ P 0nisSO
—— NR33\REG.(3} *1 — P—0n160
NRTENREG(T) *1 P 00170

NLB= (NCBel) /2 : P 09180

i NMB=AREG(8LINLE . -—~P—00190
DO 25 L=192 : P 01200

LREG=3 , P 09210

— . IF(L.EQ.2)..LREG=Z P—00220
NF IN=NC(LREG) : : P 00230

MF [NaMC (LREC) - . . o P 01240
D01g_N=sleAFIN . . _ : P—00250

NM= (L =1)eNNAXSN : _— : : P 0n260
NN=DREG (LREG) 4\ - ' : A ' P 00270
_DO_lg_M=slaMFIN___ : P__0n280

POLU (NMoM) =P (NN oM) : ' ~ : P 0n290

UOLD (NMeMi =U (NNoM) o P 00300
_VOLD(NMeM) =Y (NNeM] ; ' P--0n310

15 SOLU(NMaM) 2S(NNyM) _ ‘ , P 0n320

20 CONTINUE . : : P 01330
00_L1g0n_tLMaC=z1,2 P—-0934p

DO 4755 LREG=1.7 . - : . P 00350
NSTA=NS{_RFGyMAC) : P 01360

e NFIN=NF (LREG, MAC) : , P——00370
MSTA=MS (LREUV | MAC) ' o ) P -0n38o

MF INzMF (LREG, | MAC) _ P 09390

DXx=DX (LREG) : P_02600
OYY=DY(LREG) o . ‘ ‘ P 00410
IF(SssyYMuNELL) 60 TC 702 ’ P 00420

_ IF(LREG.GT L AND LREALLT 61 GO _T0 405 —P__0n430

102 conlINUE ' . P 05440
DO 400 M=MSTAWMFIN . - P 0n450
L= 4 MAC - : P__ 00460
IF(LEQ,1IL=2 : P 00470
IF(L,EQMC(LREG) « 1) L-MC(LPEG) P 0n480

e XYY=2Y (M LRECG) . : . —P—--oﬁaqo
00 490 N=NSTAGNFIN P 00500
IFILEEG.EQ.>) 0 TC 500 : P 09510

—— 105 _NN=NREGILRZG)eN__ . __ . : P_ 00520
IF(LsYM.EQ.l) GO TC 708 P 0n530

IF (NN LEQUNRLGAND M.Enel) GO TO 400 P 04540

IF (NNLEG, NQT.AM) Me Encll—GO"TO 400 : P_—-09550

107



o IF.(NNGEQeNRZ(AND MeEneMC2) GO YO 420 _

P—.0n560

IF (NN oEQoNRIJAND M, EneMC3) GO TO 440 P 0nS70

108 CONTINUE P 00580
I=ANNeleLMAC P—01590
IF(‘:NAC.Eu.eIAND.N.EﬂONC(LREG)) I=mN P 01600

- XX=A(NyLRECG) P 006l0

—_— GO T10..(110412041306140,1504+160+17044+LREG f—-0n620
c COEFFICIENTS P 01630
110 CSxP=1, P 00640
ETYyP==l, 201650
ETxP=0. P 00660

GO TC 2¢0 o . v P 0n670

— 120 cSxk=1, _ '_ P -0n680
ETYP=1,/YA ’ S P 00690
ETxP=0, - , P 04700

— GO0 _-T0-260 : : P-—-0nT10
130 CSxP=1./XC , . P on720
ETYP=1% /7HL (NN) ’ ) . P 0n730
—~ETASYYP{NNsM)GETYP P~m0976o
ETXP==ETA®HLPR(NN) %ETYP : P 0n750

GO To 2uo0 . o P 0n760

. —— 140 CSxE=1.LI(XE=XC) _ P—0n770
ETYP=1,4/ (HL (INN) =HC (Nx1) ) ' A : S P 01780

ETAS (YYP (NNSM) =HC (NN} ) #ETYP : ‘ . P 0n790

ETXP 2 (LETA=L o) 8BHCPR-{iN ) =ETALHLPRANMIIETYD . 2—01800

GO T¢ 200 C S P 01810

150 CSxF==1s ’ P o0an820

— ETYPzlo/(YESHC(NNL). P 09830
ETAS(YYP(NNOM)aHC (NN} ) BETYP : . P 05840

_ .ETxP=(ETA~ 10)°hCPR(Nm)°FTYP : P 09850
—_—— G0 T0-2650-—- <P -0 V860
160 CSxP=z=1, ' oo : o P 01870
ETYPz=1, P 0An880

—  ETXxP=zHUPR(AN) ' P—01890
GO. To 200 ‘ S : P 00900

170 CSX',’#I./-XE . ’ . : ' -} 01910
ETIYP==1,_. — P.—09920
ETxP=HUPR (AN) : ) P 07930

200 GO TQ (225+25pn) 4 MAC~ ' P 0n940

—C —  DERIVATIVES ... _ -—P—0n950
225 PY=z P (NNeL) =P (NNyL=1%)/DYY P 01960
UY=(UINNoL) UtAN,L=1})/DYY P 01970
VY= {y(NNsLI=V (NNyL=l}) /DYy P-—-010980
SY=(S(NNsL}=S(NNeL=1})/NYY P 01990
PXz=(P{IsM) =P (I=1,M)) ,0XX P 01000

e DXy LT aM) wU (Tt M)) DX X — P—-01010
YXz(y(ITeM)=V(T=]14M)),DXX P 01020
SX={(S{IsM)=S(1=1,M)) ,DxX P 01030

—_— PP=P (NNsM]) 01040
UU=U (NNsM) P 01050

‘'VVaV (NNoM) P 01060

—_SS=3 (NNiM} P—0t070

© 60 TC 390 : : P 01080

254 PY-(PI(NNvL’-PI(NN'L 111/0YY . ' o P 01090

— UY=(ULINNsL)eUI(NNsL. 1)) /ADYY 168 - - , P—0VY100



B

—— — VY¥a VI (NN L =VE(NNsL _ 1))} /DYY ‘ P—01110
SYe (ST(NNoL)=ST (NNsLL_1)1/0DYY . o : P 01120
IF(LREG.NE,.3) GO TC 355 ° .

IF(LMACNE.Z) GO -TG 555 -—
IF(N.EQ.1) GO TO 285
ACH =SART((V(NN sM) @32V (NN 9M)0a2)/ (GAMMABEXP (PINN sM)/CASS (NN oM

— 1} /GAMMA) ) )

TF(ACHGTels01) I=AN
255 CONTINUE

PX=(PI(IsM)I=P(T= l.u,)/oxv P—01130

UX= (UT(TeM)=UT(T=14M))/DXX P 01140
VXz{VI(IoM)=VTI(TalyMy)/DXX : : P 01150
_______sxgis1114M1PSL+P9L0“¥¥l0¥x P—01160
PP=PT (NNoM) _ P 01170

UUsUT (NNoM) : P 01180

—— — yV=VJI.(NNeM) -P-—~01190
$S=3T7 (NNyM) - P 01200
PO:P(NNQM) P ol2lo

—_— UO=U(NNeM) P—01220
VO2V (NNeM) P 01230
SO=S(NN¢M) P 01240

300 _CONTINUE P—01250
XP=XXP (NN) P 01260

YPs= YYP(NNvV)_ . S ' , P 01270

—_—  AAs CCXDQxC\(NN\ P—01280
AB=ETXPOYET (NNyM) ’ P 01290

AD= ETYP“YET(NNQM) P 01300

— AF=Uyeaa P—01310
AG=zU®ABeVVTAD P 01320

AT= CXP(PP/PAOSS/GANMA) P 01330

AH=0, P---01340

L“x-l P 01350
xf(ABS(vPl.LT.l.E--)LAx 0 P 01360

MREG=] . P— 01370
IF(LREG.Lt.l.OR.LRrG GE.6) MREG=> ! ' P 01380

. IF{LALNELL)Gn TO 31- P 01390

e IF(LAXEQeZ) _An=ADavy — - -P—01400
IF(LAXJNEe.) AH=VV/Yp P 01410

C EQUATIONS : 01420

P
—3ln PT= r(AF°PonGoPY+oAMqurAAzux¢AaquyoADovvonuax P
uTs= f(nrouonGouY.A1¢,AAoponaapv))-xotr(LMAc) p
VIz==(AFeyXsAGeyysATe,Dapy) P 01450
: P
P
<]

L ST==(AF®#SX+AGBSY).
GO TC (3500375) 4 MAC

359 PI(NNyM)zPFePTanT 01480
e __UI(NNeM)lsUL*UTSDT : P—01490
‘ VI(NNeM)=VV*YTENT ' o P 01500
ST (NN eM) =SS¢STHDT ‘ P 01Slo

— e IF(MREG.EQalsAND MeEns1)_60 T0_340 —P —01520
IF(MREGeEW. L s AND M EneMC2) GO TO 342 ' g P 01530

IF (MEEG,EQ,2,0ND M, Enel) GO TO 364 ) . P 01540

. _G0 .10 440.. : : ' _ P—01550
360 HPRI=HCPRI(AN) ’ P 01560

60 1¢ 370 : P 01570
___362_1F(LREG EQ.2). G0 TP 200 £__01580
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o HPRISHLPR(AN)’

P__01590

60 10 370 P 01600

364 IF(LREG,.EQ.! «AND, LSYu.NE 1) GO TO 400 P. 01610
_,“,__«HPR‘-HUPR(\N) P-01620
37 SQR=SQRT (1, ’HPRI°°2) P 01630
TA1=21./SQR P 01640
TA23=PRIGTAL . P —-01650
VwaUyeTAlevVaTa2 P 01660
VWTSUT®#TAl+VToTA? P 01670
VHISyWeVWTAUT P—01680

UL (NNeM)=ValeTAl P 01690

VI (NNoeM)=VuieTA2 P 0t700

- . 60 TJp-4u0.— P—01710
« 375 P(NNeM)I=,54(PPaPQ+PTLOT) P 01720

: UINNyM) =,D8 (UY«JO*LT4DT) P 01730
VANNGM) 2,99 (VvevoevT 40Ty -P—Q01740
SINNIM)=,5#(SSeS0*STHOT) P 01750

IF (MREG.EW.L AND(M.Ene1) GO TO 380 P 01760
IFAMREG eEQ e L o AND (M EneM2)1-GO--T0-3a2 P—01770

IF (MREG.EQ.2,ANDMcEnel) GO TO 384 P o0l780

GO To 395 _ P 01790
——-380_HPRI=HCPR.AAN) P—01800
6o 1¢ 3% . ' P 01810

382 IF(LREGJEQ.Z2 ) GO 10 395 - P 01820
— HPRAzHLPR.(AN) : —+P—01830
6o 76 390 P 01840

384 IF(LREG.EQ.1,aND, L<Yu.NE 1) GO To 400 P- 01850
__HPRA=HUPR (AN) P—01860

390 SQR=<SQRT(l.*HPRI®#%2) P .01870
Ta131,/50R ‘P 01880

_ TAZ=WPRISTILL P --01890
VW=zUyeTALlevVeTAR P 01900
.VWO=L0#TAL+VOaTA2 P: 01910

e NWISUISTAL+VIRTAD P-—01920
VWNT 5% (VWeVWNVWTH#DT) ‘P 01930
U(NNeM)=VwWA®TA] P 01940
VANNSMYL=VNNETAL ~P—01950

395 CONTINUE P 01960
400 CONTINUE P. 01970
__._405_conlINUE P-—01980
¢ cusf POINT ' : : ‘P 019990
"IF(LSYML,EQ.laaND, LMAFeER.1) GO Tn - ‘500 P 02000

— IE(LSYM.EQ.loaND, LUApoEQ.Zl—GQ—IG—QO“ P—02010
NAl=ACl=] P 02020
MA3=MC3=] P 02030

MMg=7 —-P—.02040
YP=YYP(NR1s1) . P 02050

AH=0, - P 02060

GO_ Tc_4410,420).LMAc P—02070

416 DXPZXXP(NRU)=RO+R(NLReMMB) P 02080
DYP=YYP(NR3IIMCI)=YYP | NRI,MAJ) P. 02090
—PXPE(P(NRLs1)=p (NMBsuMR) ) /LXP. P-—02100-
UXPS (U(NRLol) ey (NMByuuMBY) ) /D XP P 02110
VXPS(V(NRLel)eVINMByMR) ) /DXP P 02120

Y — SXP3(S{NAle L) =g (NMB,MB) ) /DXR
- ' oo : 110
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————PYPZ(P(NRLs Ll )up (NRIv A3 ) /DYP

P—02140

UYPS(UINRLel) =) (NRIW,AD)) ZDYP P 02150

VYP2 (VINRLy1l)ay (NRIsuA3Y) /0DYP P 02160

— - SYPS(S(NR1s 1)-S(NRJouA3))/0YPw~ F--02170
PP:P(NQlol) P 02180
UU=U(NR1,y 1) ' P -02190
—~VV¥=V(NRlyl)-- 02200
SS=3(NR1s1l) P 02210

GO0 T¢ 430 P 02220
___AZn.DXP XXP(NRX)-xxP(NA}p P---02230
OYPSYYP(NR192) _YYP(Nnly1) P 02240
PXP=(PI(NRI1v1)aPI(NATs1))/0XP | P 02250
UXPS(UIINRI*1 Y= INAT9])) /DXP P—02260
VXPS(VI(NRI*1)=«VI(NATY®1)) /DXP P 02270
SXP3(SI(NR191)=ST(NATs1)) /DXP P 02280
PYPS(PLIINR1#2)aP I (NRT#1))-LLYP 02290

UYP= (UL (NR192)«UT(NRY1))/0YP P 02300

S VYPS(VI(NRIIZ2)=VI(ARYs 1Y) /0YP P. 02310
SYPE(SIINRL12})eSTANRY+1)-}/0YP P—02320

PP=P¢ (NR1s1) P 02330

UUsUT (NRY1s1) P 02340
VV=VI(NRLel) P—-02350

SS= 7 (NRYs1) P 02360
-pO::p(Npl!l) P 02370 .

— UD=U(NR1l,.l} P—02380
Vo=V (NR1s1) P 02390
S0=d(NR1y1) P 02400

430 1F(LAJNELL)_GO 10447 P 026410
AH=VY/YP P 02620

440 AT= LXD(PP/f°¢§S/GANMn) P 02430
PI== (UUSPXESVV#PYP4GAMMAS (UXP VYD eANL) _ 02440
UT-'(UU“UK~‘VVGUYP¢AT“P!PoXoTT(LMAr)) ‘P 02450
VT==(UUBVAZ Yy yYPsATHPYP) P 02460
___~___SI-'(UU“SX *VVRSYP). P—-02470
GO TO (4509469) 4 MAC P 02480

45n PI(N=101)-FPOPT00T P 02490
UI(NRLlsely=lUsyiTopT P—02500
VI(NRlel)3VVeyTapT P 02510
SI(NR1s1)=SSesTapT P 02520
PCC=PI(NR14 1) P—02530

UCC=UTI (NRLlW 1) P 02540
VCeSVI(NRL o 1Y P 02550
SCC3SIINRLLL)L P 02560
PI(NR7+1)=FCC P 02S7o0
UT(NR7s1)=LCC P 02580
VI(NET741)=vCC. P——02590
SI(Ng74+))=SCC P 02600

Pl (NR2eMCE)=PCC P 02610
___~___uI¢Nn2.Mc2)-ucc P—-02620
VI(NR2+MCe) VCC P 02630

ST (NRZyMC2) =SCC P 02640
PI(NR3WMC3)=PCC ~—P__ 02650
UL(NR3wMC3) =UCC P 02660
VI(Ng3sMC3)=VCC P. 02670
P-—-02680

— _SI(NR3sMCI)=SCC.-
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——.60_10_S00. = P-— 02690

460 P(AR]91)=eS?(PPspPO+PTONT) P 02700
UCNMNRYI 9 1) =e5® (L ¢U0+UT*DT) . P 02710

. VINR1e113e3%(VyevOeveoDT) . I - _.P. 02720
S(NRLe1)2e5%(554504579DT) : ' P 02730

PCC=P (NR1s 1) P 02740

e UCCEY (NRL P L) : sea—— ¥ A1
VCCavINK]L 1) , : P 02760
SCCSS(NR191) ) , ' P 02770
P(NR7+1)=PCC - P—_02780
U(NRT41)sUCC : P 02790
V(NR741)=VCC . : P 02800
S(NR7e11=5CC ~ P_-02810
PINR2sMC2)=PCC : : " P 02820
U(NR2eMC2) aUCC : L P 02830
VANR24MC2)sVCC —P—02840
S(NR24MC2) =5CC . P 02850

P (NR3eMCI) =FCC , A P 02860

—  ——U(NR3sMCII=VUCC - ' ' - P—02870
V(NR3sMC3)=VCC - P 02880
S(NR3IWMC3)aS5CC ' P 02890

—_—  GO-TC-8:0 , £—-02900
C FREE STREAM A _ P 02910
500 CONTINUE : : ' - P 02920

—D0-S1p.-M=1.eMCY e
S10 UT(1lyM)=QINF P
DO 520 N=l,4NCI [
— 520Ul (NeMCl)=SINF P
NN23NPEG(2) *) P 02970
’ P
]
P
P
=]

DO 530 M=1l+MC2
— 530 UT(NN2+M)SQLINF
NNG=NREG (S) *NCS
D0 240 M=l4MCs
_ 540 _UI(NNSM)=CINF
NN6=NREG (6) *NCH o P 03030
DO 550 M=leMCe -]
——550_UI(NN64M)=CINE p
00 760 N=1lsNCs P
NN=NREG(6) +N P
56y _UI(NNsMCO) =WINFE )
DO 270 N=1lsNC7 ) _ : P 03990
:
P
P
P

NN=NREG(7) +N
ST H-UI (NN ¢MCT).=UWINF

600 CONTINUE 03120

c INTERFACE A 03130
__1rqLeym.EQ, Aj_co_Jc_‘xa i 03140
nNCiL=ncl=l - : ‘ _ : P 03150

D0 610 N=leNCIL : P 03160
-NN=NGEG(2) +N. — P—03170
PI(Ng1)=PIl(NN,nC2) ’ o ' P 03180
UI(Ny1)=UL (NNyNMC2) P 03190
__VI(Ny1)=VI(NNsNMC2) : : P__.03200-
61C ST (N 1)=ST(NNGMC2) ' P 03210

c INTERFACE B , ' : P 03220
— 615 _CONTINUE P-—03230-
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— NN2=AREG(2)eNC2

NNISAREG(3) *] P 03250
00 620 M=lsMC2 P 03260
PL(NN3 M) SEL (NN M) P—03270
UI(NNIeM)SUT(NN2yM) P 03280
VI(NKIeM)IBVI(NN2 M) P 03290
— 6208 -SI¢NA3eM) 2ST(NN2GM) P-—03300
C INTERFACE C P 03310
NN4SNREG (4) *NC4 P . 03320
IF(SUP.GT-,U)- GmTc—t31 £—-03330
p0 €30 M=l,MCa P 03340
PT(NAG M) S=Z,3 P 03350
——630-ST(NNGoM) R P—-03360
* GO T¢ 638 P 03370
632 NN4L=NN&=1 P 03380
—_—NN4L2=NNG=Z P—03390
DO 635 M=z1,MC4 P 03400
PI(NNGsM)SZe8PT (NNGLT sM) =PI {NNGL2 M) P 03410
UL ANNG o M) SZ ot JTINNALT oM=L JANNG L2 9m) —-P—03420
VIE(NNG M) SZ oV ] (NNOLT yM) aVI INNGL2 1) P 03430
635 SI(NmaoM)=7-”SI(NN4L11M)-SI(NN4L20u) P 03440
—— 638 _CONTINUE . P—-03450-
C _XNTthACE 2 P 03460
_ NN6SNREG (6) +1 P 03470 .
o _NNJENREGULT)Y*NCI— P—-03480-
DO 650 M=14MCe P 03490
PI(NN6IMYSEL(NNT ¢M) P 03500
L UT(NANBeMISLLINNTGM) —-—03510-
: VI(NNGoM)SVI(NNT G M) P 03520
65¢ SI(NN6IMIZ=SI(NNT ¢M) P 03530
L INTERFACE.-F.. — P— 03560
NNTSNREG (7)) +1 ‘P 03550
DO 660 M=1sMC7 P 03560
PIINNTM)SELINC]oM) P__03570-
UT(NN79M)=UL(NCT 4 M) P 03580
v1(~u7,M)-v1(Nc1.M) P 03590
660 _STINNT M) ISLUINCL M) P—03600-
C INTERFACE .G P 03610
NNISAREG(3) *NC3 - P 03620
NNGSNREG(A) 2] P 03630-
00 670 M=lsMC3 P 03640
PI(NNG M) =FL(NN3 M) P 013650
UL(NNGot1). =L L INNT4M) P—03660-
VI(NNG M) SVI(NN3 M) P 03670
67¢ SI(NNGsM)SSI(NN3 M) P 013680
—_ GO0 _Tg_1G00 P—03690-
C FREL -STREAY P 03700
#nn CONTINUE- P 03710
DO-B1lp -M=).eMC] P—-03720-
8lo UllyM)=QINFN P 03730
D0 820 N=1,NC1 P 03740
—B20 U(NMCL)=UINFN ———P—03750-
NN2=NREG (2) *1 P 013760
00 83n M=1lMC? P 03770
B30 UINN2sMLsSQINFN_ —P-—03780-
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NNSSAREG{51*NCS_

P—03790

l

D0 840 M=lyMCS P 03800

840 U(NNS M) SUINFN P 03810
_ NN&=AREG(6) *NCS P--03820
DO 8sn M=1eMCe P 03830

859 U(NNg M) =QINFN P 013840
DO—-R60--NS1NCE P—03850

NNz=NREG (6) «N P 03860

869 U (NNsMCH)2UINFN P 03870
D0-879_N3lINCT— P-—03880
NN=NREG(T7) N P 03890

870 U(NNeMCT)=WINFN P 03900

—— 900 CONTINUE : P— 03910
C INIERFACE A P 03920
IF(LSYM EQ.1) GO TC olS P 03930
-NClL=NCl=l P—03940-

00 g1 N=1sNCIL P 03950
NN=NREG(2) +N P 03960

_ P (NN eMC2)=P Ny y— P-—03970
U(NNeMC2) U (NI 1) P 03980
V(NNeMC2) =V (Ny1) P 03990

— 9l S(NANsMC21=S(Nsl) P— 04000
C INTERFACE B - P 04010

- 915 CONTINUE - - P 04020
— NN2SAREG{2)tNC2 P 04030
NN3=AREG(3)*1. P 04040

D0 920 M=z=leMC2 P 04050
P {NN24M)=PINNIGJM) P——04060
UINN2eM) =U (INNI 9 M) P 04070

VINN2 M) =V (NNI e M) P 04080
—920_SANN2¢M)=S (NNI4M) P—04090
C INTERFACE C . P 04100

. NN4=NREG (%) *NC4 - P. 04110

—  IE(LSUPGTU)-G6O_TC—ad2— P—064120-
D0 93¢ M=lyMCe P 06130

. P(NNgyM)==243 P 04140
——930_SIANNgeM) =0 P—06150
GO Tg 938" P 04160

932 NNGL1=NN&4=1 P 04170
_____ —NNgLpaNNg=2 P—04180
DO 935 M=z14MCsa . P 04190

P (NN4gM)=2e9P (NNGLYIM)=P (NN&GL29w) . P 04200

e U (NKNGaM) S22 Y (NN T e M) el (NNGL2 om) —————P—-04210
V (NNGoM)=208y (NNGLTIM) =y (NNGL2 o) T P. 04220

935 S(NN4sM)=2.FSINNGL1s1s) =G (NNGL2 M) P 04230

04240

938 CONTINUVE_ .
c INTERFACE E .
NNGENREG (6) *1

— NN7SNREG(1)*NCY

04250

~-04270

00 950 M=l,MCs
P(NN7 M) =P (NNEgM)
UCNNT7oM) =V (NNG o M)

_ T VANN74M)=V(NNAM)
950 SINN7+M)=S(NNEeM)
_C . INYERFACE F :

p
P

P 04260
P

P

04280
P 04290
RP— 04300
P 043])0
P 04320
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— NN7=NREG(7)-¢1 P 08340
00 260 M=lsMC7 P 04350
PINCL M) =P (NNT oM . P 04360
UANC Y oM).2UINNT M) ~P-—04370
VINCY M)V INNT 9 M) P. 04380
960 S(AC)eM) =S (NNT¢M) P 06390
—C————INTERFACE--G P—-04400
NN3ZAREG(3) *NC3 P 04410
NNG=AREG (4) *1 . - P 064420
00970 M=leMC3 P--04430
P(NN3yM) =P (NNg g M) P 046440
UINNIoM) U (NNE oM P 04450
VINNIoM) sV (NNG oMy P-—06460
A97O‘S(NN3!M)=S(NNQ’M) P 04470
1000 CONTINUE P 04480
B0 1g2y-L= 1-2 P~-046490
LREG=3 P 04500
IF(LJEQe2) LREG=7 P 04510
NFINeNC(LREG) P—04520
MF INzMC (LREDL) P 04530
DO 1017 N=TsNFIN. P 04540
NM= (L =1)aNKAXGN P-.04550
NN=NEEG(LREG) «N : . . . P 04560
DO lalr: M=1oMFIN . : P 04570
PI(NANsM)=PCLD INM M) v R.— 04580
UT (NN M) =UCLD (NM4M) _ : P 04590
VI (NANgM)=VCLD (NM M) P 04600
—10lo ST(NAyMI=SCLD(NMoM) A P-—04610
1020 CONTINUE . ' P 04620
00 la3g L=192 : '
- LREG=3__

IF(LEQe2) LREG=4
' MF IN=MC (LREG)
___ _NFINzNC(LREV) =1
00 1028 Ms1eMFIN
. D0 124 Ns1sNFIN _ :
. NN=NREG{LREU).eN ~ : A _ —
ACH =SGRT((U(NN sM)®424VINN sM)202)/ (GAMMABEXP (P (NN M) /GA+S (NN oM
1)/GAMMAY YY)
IF(ACH.LTe1001) GO _Tn 1024 : i
Nlz=Nsd .
NL1=AN+1 . . ’
ACH!l= SQRTiLQJNLlLML_AZQMINLLJM)°92J/‘GAMMAQEXP(9(NL[,M)/GAOS(NL].M_
1)/GAMMAL} YY)
IF(ACHI.LT.1,01) GC +0 1026
- G0.TC. 1024 _ o
1026 N2=M,2 : - : ’
NLE=AN+2
PANSL ML (FANNGM)SF (mL2oeM} L2, i ——
UKL oM)IS (L INNIM) s (nL20M) ) 72,
VINLYoMI=(VINN M) ey (L29eMY ) /2, .
- S(hLI'M)-(c‘NN!MJ:SJNLZJN)LAZ. .
1224 CONTINUE
1628 CONTINUE

3 1 E_. ' . : . -
—1030_CONLINU - 15




e NN3SAREG.(3)*NCA_

NNGENREG (&) ¢y
00 lg32 M=1sMC3
PANNIgM) =P (NN4 ¢M)

UINNIoM)=UINNG 4 M)
VINN3I oM) =V INNG gM)

— 1032 _S(AN24M)=SINNG oM

RETURN . P 064630
END P 06640
«___SUBRCUTINE NOSE NOSONOL0-
CONMPN/BLK!/NC(R).NC(S),NCI.NCZoNC1,NCa.NCScNC6oNC1oNC8oNCl.Mcz NOSO01920
1eMC39MC4eMCOIMLEyMCT, MCRyNKEG(8) ¢NNC(2) oMMC(8092) YNMAXIMVAX NOS09030
o 2 sGAMMASGAICB s GCeGD.aGEIGF o X (400B)4Y (196819 XXP(130) NOS09040-
3eYYP (13,015 ) sHueXEsYeoYAyXCoRNIRNIoMFLOWTToCCIENIPTL NOS01050
49SINTHE(20) YCOSTHE (23) 4R (20919) o SyMsLA«DY (B) 4DY (8) NOSG0060
-CONMCNIULKE/P(ISO!leOU(ISOtIQLoVIYSOOIQLoSllSOclquPI(150019r—~——N0500070
1oUT(1529019) VT (15091a) osST(150919)9nS(d,42) ¢NF(8s2) - NOS09080
2oMS{892) oMF B 42) 3 TIME DT K JeXOTT(2) 9QINFQINFNeKDIVSHDTS N0S00090
COMMCN/HBLKSZEP] (201 9rP2 (201 9EPI(102).9EP4 (100).4EPS(3B)IEPE(38) NDOSOn100-
19NN (22 )oNN¢(20).Ml(:O),MZ(ZO)oM?(?G)vM4(38)oLll100)vL3(100)‘ NOSON110
2,!1(101).Xc(100).Ja(n0 19).3(20).8nnt20) . NOSODY20
— DYY3NY.(B) ~NOS04130-
DXX=pX(HY _ NOSO0N140
DO 500 KS=19KDIVS NOSON1S0
_DO_6g0 LMACZ1,2 MNOS00160-.
XACL=(FLOAT (KS= 2¢LNAr)/FLoAT(KDIVS))’(XOTT(Z)-XOTT(I))oxoTT(l)~ NOSON1TO
NSTAZNS (HsLMAC) NOSO7180
———NFIN=NF{8sLMAC) NOS0N190-
MSTA=MS (89LMAC) - NOS0n200
_ MFINzMF (8sLMAC) 'NOSO0Nn210
e D0-150_u=MSIAWMFIN NOS01220-
L=M=y1+LMAC NOS0N230
IF(MeEQ,1) L=2 NOS0n240
— DO _dgn. N-NSIAQNFYNf NOS09250-
NNzVREEG(8) #N . NoSonaeo
1=NNaleLMAC . NOS09270
- IE (4, Eo.nRFb(ns¢1)_4 I, NOS0Nn280-
RR=N(NyM) NOS01290
aa=1, /(cc-F(N)) NOS09300
— aAB=l /prr_g__ : —-N0S01310
AO-(Y(M 8)r=1 )GRPR(N)“AA' NOS0Nn320
GO T¢ (250‘0)oLMAC Ll NOS097330
25 PYsx ‘PLAN-L!'P(NN.L-l\)/nYY_ NOS6N340-
UY=L INNsLY =U(NNgL=1})/DYY NOS01350
VY= (V(NNeL) =V (NNyL=1})/DNYY NOS01360
e SY=(S.ANNSLITS(ANNsLel V)/NYY— NOS0N3T0
PX=(P(IsM)=P(T=14M)) OXX _.NOS01380
UXa (U (ToM) =U(Tal M)} ,Dxx NOS0n390
e A=V LIMI-V(T1=14M)) ,DXX NOSO0N400-
SXs(S(JsM)=S(1= I.M))/Dxx, NOSON4&10
PP=P (NNiM) . : NOS0N420
_ NUsU(NNWM) NOS01430-
VV=V (NNM) 116 ‘NOS0n440

§S=S (NN M)

NASOaaSH



— —60.Tg-1¢0.

S0 PY=I{pT(NNsL)=PTI.(NNsL.1))/DYY i°§°““°°
UYz (UT(NNsL) =il (NNoL L)) /DYY N°s°7“7°

WXz (VI(NNPL) =VI(NNoL L)1 /DXY noSonea0
SY={ST(NNsL}=ST(NNeL_1))/DYY NOS 1490-
PXz(PI(1sM) =PI (1 I.M))/nxx ~°5325°°

o UX=ALT(IeMI=UT (IaleMy) XX «os ro2e
» VX= AV (I oM) =VI(T=14M)) /0xX NoSns20-
SX=(ST(1eM)=ST(T=1yM))/DxXX Nosenaes
B NOS0nS50-
UU=UT NN M) NOS0N560-

VVa2 VT (NNgM) NOSOASTO

SS=EI (NNQM) NOSO"SSO
——160-AE=ULBAAIVV/RRBAD NOS0nS99
AFz=Vy/RIK9AB : NOS0N600
AT=LxP (PP/CRA+SS/GAVMMA) NOS0n610

AK= (LUSSINTHE (N) e VY BAOGTHE N )} A{HH RR4STNTHE NOS01620°
PT==(AE4PY+AFOPX+GAM AR (AAPUY+UU/Ro+ABOVX/RR+ADAVY/RR) ) NOS01630

IF (LALEW, 1) PT=PT=GAMLARAK NOS01640
U Tam {AERYY AR B X=VV @ 52 /QR +ATOARBDY XACCHC NS THE-¢N YD NOS0n650-
VT="(AEQVYsAFBYX+UL® V/PR+ATH (ABPy+ADBPY) /RR NOSON660
1=XACCPSINTFE(NYY NOS0n670
ST=w(AESSYsAFBGX) , NOS0Nn680-

-GO To-(110+12¢G)eLMAC NOS01690

110 PT (NN M) SPR*PTHDTS NOS01700
e UI¢NN o M) SUL LYTEDTS NoSoenT1O
VI (WA M) =VV*VYTHDTS NOS01720

ST (WneM)=SS*STDTS . N0S01730

IF-{M ;NE o-1-)--B0—T0-150 NOS07740
SOR=SART (1. *(RPR(N)/n{(N))a®2) NOS01750
TA251./50R NOSONT60

o TALSTA29RHPRINY/R(N)- NOSONTTO:
vW=peTalevveTa? -NOS01780
VWTEUTRTALSVTOTAR NOS01790

— e VHNSVYWeVWwIAULTS . NOS0NRON
. UL (NAoM)=VeNaTAY NOSO09810

VI (NN oM) =ViINETA2 NOS01R20
———60--T0-15)—— --NOS0N830
12 p(Nn.M)-.S°(PPoP(NN.u)oDTDDTS) NOS01840
S(NNyM) 2,50 (SSeS (NNyw) ¢STHDTS) NOSOARSO

e IF (M EQ.1)_50-TN. 140 -N0S01860
UINNOM) = S* UG (NN gus) ¢ )TRDTS) NOS03R70
VINNgM) =, 58 1Lyyev (NNow) svToDTS) NOS01880

_ G0_Ig.150 NOS0NRS0-
140 SARESQRT (1. ‘(RPP(N)/n(N))°°2) NOS0N900
TA251.75aR NOS07910
——XAy= InzodPr(N)/B(N), NO0S01920
VWsU(NNeM)BTAT oV (NNeu ) BTA2 NOS01930
VWISpueTalevvera2 NOSO0N940

o VWTISUTeTAl+VTaTAZ? . NOS0AQS0
VWANZ S8 (VN+VWTI+VWTaDTS) NOS01960
UINverM) =VWN®TAL NOS009T0

e V(NNgM)=ywh®Ta2 _ NOS0N980 -
155 CONTINUE - 117 NOSONn990
NOSO1n00

2009 COnTINUE



€ INTERPOLATIUN. AT OUTER ROUNDARY _ ReC

_NOSO1010-

DEL=FLOAT(XS) /FLOAT («DIVS) N0S01020
MAG=SMCA=1 : ' N0S01030
— . NAB3NCH-] NOS01040
DO 300 n=2+NAR NOSO1050
LLIGANL (N) NOSOYD6D
SANN2 (NL: NOS01070-
S%Eﬁ?(w) ' NOSO01080
J2=M2(\) NOS01090
EPsizEP1 (N) NOSOL100
—_ EPS2zEP2(N) NOSOl110
NN=NREG(8) oN NOoSOl1120
Pl:DEL°(P(LLloJ1)-PI(LLI:Jl))¢PI(L|chl) NOSO1130
UlsVELS (UL ey =Cl LU e d 1) s UL tli] s d1 ) NOSO1140-
VISUEL® (VILLL4U))=VI LLTeJ1))eVI(Lf 19d1) NOSO01150
S1=0EL® (SILLLaJ1)=ST LLIwJ1) ) eST(L; 10J1) NOSO01160
—  P2zDELR(PLLL2, g2y =P L 2 ed2 )+ P I(L1-29d2} NOSOYYTO-
u2= UEL“(U(LLZoJZ)-LI(LLZoJE))OUI(LuZ’JZ) NOSO01180
V2=UEL® (VILL24y2)=VIILL24J2) ) eVI(L] 29J2) NOS01190
- S82= DFL°(S(LL24J2)-SI4LL2oJleASIGLFZ&JE‘ NOS01L200-
PB=F14+EPSL#(P2.P]) ; - NoSol210
UR=UT+EPSLI® (U211 ) NeSO01220
 VBaV1+EPRSI®(v2avl) ~—NOS01230
SB=21+EPS14(S2-5]) : - NOS01240
UC=0 (NNIMARY 8CASTHE (+1) =V (NNIMAB) 0SFNTHE (N) NO0S01250
vc,U4NN3MA°)~s1NrHs(u).u(NN.MAe)nCnslug4u\ NOSO01260- -
PANNsMCH) =P (NNyMAB) ¢cPG28 (FB=P (NN9uuAB)) _ NOSO1270
S(NNsMCE) =S (NNeMAB) ¢+cPS20 (SB=S(NNeuAB)) " 'NOS012A0
— UA=MCeEPS24.lUB-UC) NOS01290
- VA=VC+EPS2% (yR=V() NOSO1300
U(NNoMCH)-LA°C09THE(u)oVAGSINTHE(N\ NOSN1310
300 _V(NNsMCHBLE=VA#c INTHE {N) 4 VARCOSTHE (a1} NOS01320-
DO 490 L=1+¢ _ NOS01330
IF(L,EQ.2) GO F0 410 NOSO01340
LRES=7 : NOS01350-
NAA= NOSO1360
NCC=2 NOS01370
_G0_TC..429 NOSO1380-
410 LREG=3 NOS01390
NAASNCH . NOSO01400
NCCENCE=1 NOSO1410
420 NNR= hREb(LFtG)oNNC(L\ NOS01420
NNASAREG (8):*NAA - NOSO01430
NLCEANREG (B ¢NCC NOS01440-
DO 450 r=l.MC8 NOSD1450
MRz (| = l)ovax.y ' NOSO1660
MM3FMIIMR) _ : NOSO014T70
‘MM4EN4 (MR) T B NOS01480
_ EPSS5=EPS(MR) ' e LT N0S01690
— _EPS6=EPO(MR)_- NOS01500
P3= DEL°(P(\NB.MM3)-P7(NNR PM3))»91,NNB.MM1) _ NOSO1510
U3=DEL® LU NBe¥M3I) =Us (NNReMM3) ) +1]T (NNB ¢MM1) NOSO1520
___~___yazUEL’(v(ANB.MM3)-Vv(NNR."M3>¥0VIlumayunz' ~“NOS01530
S3=0EL® (S(\NB,MM3) «S7 (NNB«MM3) ) ¢SI(NNB'yMMI) 18 NOS01540

P6=UEL¢(p(kNe.MM¢)-Py(Nme.NMa))oplcha,uua)

- NOS01550



NOSO1560

o U4=DEL®(UINNB o MM4) =Us (NNB o MMe) ) eI (NNH oMM4 )
VazUEL® (VIRNB,Mua) =V 7 (NNRoMM&) ) VI {NNB oMMG)
S4zUFL2(S(ANNByMML) =Sy (NNRBoeMM&L) ) ¢ST (NNHogMM4)

NOSO01570
NOS01580
NOS01590

. PBzP34+£PSOS(Pa=PI)
UB=U2+EPSS? (U4 el}])
VB=V3+EPSS52(V4av])
SB=S3+EPSS4(S4=53)

NOS01400
NOSO1610
NOS01620

UC=U (NLC, M)“cosTHE(NrC)-v«NLC.M)°SrNTHE(hrC)
VC=U(NLCeM) ®*STATHE (NACYeV (MNLCoeM) oCASTHE (NCC)

e P(ANASMI=P (N C M) +EPc6a(PRuP(NLC My

NOSO01630
NOSO01640 -
NOSO1650-

NOSO1660

e S{ANA M) SS(NLC ¢M)*ERcOHH (SB=SINL My}
' UAsUc+EPSO® lUR=1JC)
VA=VC+EPSH® (VR=VC)

NOSO01670
NOS01680
NOS01690

ULANASM)IZUAPCOSTHE(NA A} VARSINTHE tmAA) —
450 V(ANAvM)=-L“°SYNTHE(NAA)OVA“COSTHE(NAA)
490 CONTINUE

NOS01700
NOSO01710

— D0 49B_M=1.MCR

DO 492 N=3.NCH
NNz=NREG(R) +N

——eeACH - :SQRY‘LU(NN—ﬂM)9«24V4NN—*M4‘#2f%%GﬁMNA“EXP(P(NN 1M)/thS(NN ™M

1) /GAMMA)Y ) )
IF (ACH.LT+1+01) GO Th 492

'-‘-—-———-Nl"‘\-( g
NL1=NN=1

ACHl= SORT((U(NLI.M)OQZ‘V(NLl'M)°¢2)/(GAMMAGExP(P(NLI,M)/CA¢S(kL1cM

—— 1) /GHNMAYY)
IF(AcH1.LT.1,01) GC 70 494
492 COATINUE

- —60.-1¢.--499
494 N2=h.?
NL2=NN=2
UCNM-U(NN!M)RCOSTHE(M)-V(NN:M)“SXNTHELNL

VCN- st (NNOM)ESTNTHE (1) V(AN 9M) #COSTHE (N)
UCN2zU(NL2 M) 2 NSTHE N2 =V (NL2sM) R INTHE (M2)

VCNE= utuLZ.MxﬁsINT»E,Nz;.vtNL?oMyﬂrOSIHE(NZ\
PINLYsMIS(F NN M) *F (rL2yM)) /2, -
SINLTeM)=(SINNIM)*S(NL29M)) /2,

— - UCNLl=(UCN®LECND) /2,
VCNL= (VCN+YCND2) /2,

: U(hL]qM)-UCNl¢COSTPE(Nl)*VCNI“SIMTHE(N])
e VANLY oM 3=LCNTIBSINTHE (N1 e VCNLE2COSTHE (N1}

498 CONTINUE
499 CONTINUE

__500._Conignut nMOSO1720-

C INTERPOLATION AT IuT:Rron POINTS NOSO01730
0o . '00 L=lec NOSO1T40
NSTAzZ2.. NOSO01750-
NFIN=NNC (L) =) NOSOL1760

- DO fgn Na=NSTAGNFIN NOSO01770
_AR=z{{ =V1)onN"AXeN __. NOSO1780-
IF(L,En.2) GO 710 S20 NO0SO01790
NN=NSEG(7) oN NOS01800

. MFINz=MMC(NR]l)al_ NOSO1810
MSTA=1 ‘ i N0S01820

119 NOSO01830

GO T0 53¢



— MOS0 184p-

. 528 MSTA=MMC(NA22)al_

MF [N=MC3 . NOSO1850
, NN=NREG (3) oN ’ ~ NDSO01860
§30 DO 7q0n.-M=MSIA, MEYN NOSO 1870
JJ2IR (NReM) NOSO1RB0
LLisLl (Jy) - .NOS01890
— LL3EL3(JJ) _-N0S01900.
BOSEIRNNEL NOSO01910
112=12(JJ) " N0SO01920
EPSI=EP3 (JJ] NOSO 1930
_— . EPS4=ER4(JJ) NOSO1940
LJISLLI=NREG(R) NOSO1950
LJISLL3I=NREG (R) NOSO01960
—-——ulc= U(LLl1L1LJ“COSIH:lLJ14—MJLL4+JV%i£SINJHF(Ld¥3 —NOSOt97n-
U2C=UILL19T12)9COSTHeE (LJU1) =V ILLY s IT2)®SINTHE (LJ1) NOSO01g80 -
U3CSULL39111)8COSTHA(LI3I=VILLI LI 1) ®SINTHE (LJI) NnSO0l990 -
— UACEULL321L2)2COSTHa AL U3 =V (L34 1120 2SINTRE(LJ3) N0S02000-
VICEU(LLY s TLI1)#SINTHe (LJI) 4V (LLL1,I71)®COSTHE (LJY) NOS02010
vacs U(LLl0112)“SINTHE(LJI)‘V(LLI.IYZ)°COSTHE(LJI! NOS02020
VIC=UALLI LU ASINTHeAL YNV ALLI G I Y1 ) 2COSTHE(LJUI) NOS02030 .
VACSU(LL3v T2 9SINTHE (LJU3)*V(LL3 L 112) *COSTHE(LJI) N0S02040
‘PB= P(LLI.Ird)~E°s3°(n(LL1.112)-P¢L|1:112)) N0S02050
—  UB=U2C¢EPSI® (U4C-UECH : -N0S02060
VB=V?C¢EDS’°(V“C vac) . -.NOS02070
SR= >(LL1.Ixe)ogpsaa(c(LL]-IIZ)-StLulolIZ)) N0S02080
— PC=RULLLITL) ERSI Al L3 eI L mP by Lo THL N0S02090-
. UC=UIC+EPSI* (U3C-UIC) NOS02100
VC=V1C+EPSI®(VIC-VIC) . NOS02110
SC-b(LLlvl'l)OEPS3‘+e+tL3vJ}++~51tr%*{ NOSD2120
PN oM) =PB4EPS4® (PC=nD) : NOS02130
SINNeM)=SH+EPS4® (SCcB) NOS02140
—UANy M) =B EPS4R (UC~ 18} N0S02150
V(NNvM)—VB6tP§4“(VC-u8) NOS02160
700 CONIINUE - NOSO02170
—  Relan. NOS02180-
END N0S02190

120



_~__._~SUBRCUTINE PLUBO(XsY,YPR).

P I .

-—--PLUON010

couMcN/nLKS/XP(Eoo)ovP(Zoo)oKEvLITF PLU0n020
DIMENSION A{200),4B(220) PLUON030
— DIMENSION .AW(20) PLU0n040
DATA LAMP/ / PLUOnOSO
DATA LIPE/:/ PLUONO60
— 100 _FORMAT.(20A4] PLUGnoOT0 -
101 FORMAT(2F1 «4) _ PLUOY080
102 FORMAT(1X912164464E16,9) PLUONO90
— 103 FORMAT.(loIZ)_ PrLUo0a100
: IF(LAMPECeG) LITE= IPE PLUON110
IF(LaMP EGel (ANDLITE,NE, 1) GO TO SO - PLUON120
IFAUITE ,ECel).-60--10-25 PLUON130
READ (5.100) AW PLUON140O
wn175(6o10L> AW PLUONLSO
_ xPqly= 1. —PU01160 -
SYP(l)= PLUON1T70
REA9(50103) KK PLUO180
— WRITEF(6+123)_KkkK PLUOY190 -
KK1=KK+1 PLU0Nn200
D0 la K=29kK1} PLUONZ]10 .
REAV(Sel0l) — XoP,¥PP PrU0s220 -
IF (ECF(5))2042 :
2 CONTINUE. o
—  XPAK)=XPP/2ae}, PLUON230
YP{K)=YPP/2 e PLUON240
WRIIE(69101). XPP,YPP PLUON250
© 1o CONTINUE. — PLU0s260 -
20 KENY=KK] PLUON270
GO TC 29 PLUONZ280
25 KEND=KE- PLUON290--
» LITE=2 4 PLUOA300
29 IF(KENDLT.3) 60 TC 40 PLUON310
—  KENUYVSKEND=l__- PLUON320--
KENUP=KEND+ 1 _ PLU0A330
A(Z’-((YP(’)-YP(?))/,XP(3)-XP(2))-tYP(I)-vP(Z)) PLUDN340
LU P (1) axPA2) )yl ( XF.La)aXP (1)) PLUOGN3S0
8(2)-(YP(1)'YD(2)“A(a)G(XP(l)-XP(Z))“’Z)IQXP(I)-XP(E)) PLUON360
IF(KEND1,LT«3) GO TO 35 PLUON370
. DO0.30_K=3+KEND] PLU0A3BO -
BK)=2.,#A(Kk=1)a (XP(K)=XP(K=1))+B(Kal) PLUON390
30 A(K)-((YD(K‘I)-YP(K))'B(K)’(XD(Kol)-XP(K)))/(XP(K‘]) PLUONAOO
~leXpiKk) )R8 . PLUG0410--
3s XP(KENDP)-YP(KEND)OI PLUONnG20
8(KLAD)-2-°A(KENDI)“(XP(KEND)-XP(KFNDI))OR(KENDI) PLUONG3D
AJKLND)--B(KENO)IKZ.#(XP(KENDP) =XP{KEND)}}) PLU09440—
XEND=zXP (KENUP) PLUONS4SO
YENU=A(KENC) ® (XEND= Xo(KrNo))~°209<w5~0»~(xEN0 XP(KEND)) +YP(KEND) PLUO0N460
HFI‘E(bylogLJK:LAMF.,ITE.xEJKLJYpln¢aA¢KL.B4K)ox z24KEND).-———PLUON&T70-
40 LAMK=1 ' PLUONSBO
50 .IF (REND.LT.3) GO TC a0 : PLU0N490
JF LA GELXENVY_GN_TC..35 PLU0DS00 -
DO 69 K=3sKENDP PLUONS]O
IF(XA,LT«XP{K)) 60 TO 70 ’ PLUONS20
: Pt-UGNS30-

____bu_CONfINUF 121
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L

Ve sr 7 1 2

— 70 LLaKal . : .

PLU0Y540-

YZA(LL) ®(X=XP(LL))9®5+B(LL)*(X=XP () L)) *YP(LL) PLUONSS50
YPRZ2,%A(LL) 2 (x=xP(Li ))+B(LL) PLUONSGEO
—————RETURN . PLUONSTO -
75 Y=YEND PLUO1SB0
YPR=0. PLUONS90
—RETURN- PLUONGOO -
80 Y=YP(1) PLUGNG1O
YPR=0. PLU01620
RETURN- PLU0n630-
END PLU0N640
L SURRGUTINE Oure Quto
COMMEN/BLKT/R(3042) 941(37e2) oW (30421 9P (3092)95(30+2) ePN(30?2) “ouTos .
1sUN(3002) 9 4N(30¢2) 0S5 (30+2)19T(30+42)19P0(3042)¢U0D(3042)eW0(3ne2) cytTon. .
2450304 2) e ALKALGANMA 86GA o GHGC.aGN9REsGF 4GS 4 PI, TTOT. 0uT010
39D29KeDX(2)1DDX(2) sNAMC(2)9B(2)4Cri(2) ¢BN(2)sTsTAINA(2)9BZ(2) ouTonnt
49C232)eX(3 92)+SOFsB=TAF 9y ZINASAVE s PNIL1 sNSOsNSsKCUNT «DPMAXO ouToN96
COMMCN/HLKZ/PRATIOPRIST «PRADKPLUMES JJ euT01070
100) FORMAT (///42416HPLLME STRUCTURE /4Y+SHXSTFP4I5+S5Xe2HX= ouTono80 -
19FBe3e5X4IFUX=9eFE1244 /79X e 1HY 99X T1HD9IX s 1HVeOXs1HUIBX93HTAU 'lOUT(,‘.'\X()QO
e 28BxX 1 1HM4GX e LHS 49X 0 LH¥) Q0uT04100
1002 FORMAT (4X94MREGION 974) ouTonyYlo
1003 FORMAT(I3+11F10,5) ouTon120
WRITE(6210611K 47,02 QuT00130 .
DO 4p I=1s1A : " QuT0n140
WRITE(6+1058) T oUTO0N156 .
—————NC=NA (1) sl 6y701160
IF (1,EQs1)"CanCed ~0uT0n170
00 lg N=1enC 0uT0A180
—————IF- I8N EQe 1-16O-F0—1 0 0yT0n190
5 TAUSUINsT) 7W (N, T) ’ ouT0n200
© AMACH=SURT ((U(NIT)A93oW (NG I)202) /GAMMA/T (NG T)) 0uT01210
-PRESSEXP (P.(Ny.Ly) —QuT04220
HRITE(vaOQJlNoR(NQIKvPRESvU(NoI)ou(NvI)OTAUgAMACH.S(N.I)OTlN.I)- OUTOa23o
1n CONTINUE " _ : : ‘ " ouTo0n240
RETURMN. ‘0yT 01250
eo :

ouT09260

122
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——————SUBRQUTINE PLIUME - PLUOAOLO
C PLUME DECK : PLUONg20
COMMON/BLK?/R(30¢2) 9i1(3002) 9W(3042) 9P (3002)05(30+2)9sPN(3092) . PLUONp30
Lo UNA3002)0sN(3092) 4S50 (3092)4T(3042)9P0(30¢2)eU0¢30¢2)eW0(3092)— —PLUONGSD
2.50(30.2)0NA'KA.GANMRoGA.GBoGCoGﬂ’ﬂE’GFoGG,PIoTTOT PLUONQSO

tDZIK DX (21 IDNX(2) sNAMeC(2) 9B (2) «CrI(2) «BN(2) ¢ I9TAINA(2)IBZ(2) T PLUOM060
——————40CZ‘2)0*(3 '2)OSQFOBrTAFv7vNASAVFr7NOL}vhso.ns;xcUNT.DPMAlo~-————PLU00070
COMMCN/BLKE/PRATIOWPRIST PRAD (KPLUNE Y JJ PLUONQBYO
COMMCN/BLKEZZP(200) 9~P(200) 1KPoLITF ’ . PLUOYNS0

— —— DIMENSION- rKl?“O%!FKranGF'LK(aoo)0mK#Z&&F—~———————————————————-——PLUOQ110
NAMEL IST/JUCT/NAGMA 4K 9KOUT PRATINWNIST 4GAMMA 4STABsACH,TTCT,KMAP PLUON100

DAT* LAMP/ =/ PLU0N120

— 1001 FORMAT (A £/ 3K LEHPLUME - INPHT-—DATA—A 24 ke THPOATIO=+F 6, 3.5x.=HMacw-———pLuowy3o
TeF6e45X, SHTTOT-.FR.a//A!.GHNA(1)-.I£q5x,6HNA(2)--12.5x.1HMA- PLUON&40O
291278 Xa3HKAZ 91495 X95L,KOUT= 914 e5XsSUKMAPZ914/4X9EHDIST=eFEe3 - P{U0n150

e 3+SXHHGAMMAZ yF6, 395X SHSTABZeF643) ' PtU0A160
1002 FOnMAT(///»X,IaHprvc BOUNDARY //11xv1Hx-qx 1HY) PLUONLTO
1003 FORMAT (1X91%92F10e5) PLUDN 180 -
— —IF(LAMBNE 4} GO-TC30 P1.UGA Y90
NA(ly=20 ' PLU09200
NA(2y=15 _ " PLUONZ210

MA=Llg : PLUDA220

Kazlen _ ' T PLU0Y230
DIsl=S.. S o : : - PLUON240
GaMMA=1 44 : - e Pt-U0n250
STaB=z1,. o : 4 S : - PLuon2e0
ACH=3, = . ' ‘ PLUON2T70

e KMAPz =) . i : : PL-Uon 280
READ (G4 JET) : PLUZ2Y290
WRITE(6910:1) PRATIO ACHITTOT o NAMAWKAKOIIT4KMAP ¢DIST,GAMMAWSTAR PLUON3I00

LAME=) - f : PL-U02310

NAL1=NA()) . o oo
NA2=NA(2) - e S : _ o : ,
____ln_LO\JINu S : —PLUBs320
NA (4)=MAL o o : : . : :

NA(Z)_NAZ y . s . 5 _
L1TE=1_ - . : Pi-U0n330

L=l e : S PLUON340

NS=3 - ’ . o PLUOA3ISO

NSQS3 s : : i - : PL-U0N360
DPMAXD=, - -t PLUON370
KOUNT=¢ PLU0Y380
2211)sPD1ST. : : P-U01390
CP(l)y=PRAD- v -PLUONSGOO
NASAYE=NAL(2) o : ’ PLUD"410

e _GB=1,/(GAMVAL ) : : - PrLU0n420-
GA=GaMMA®GA : o PLUO0430
GD=+5/GHE o _ - PLU0Y440
GC=G6E/GD PLUDN460
GF=SGRT(GAMMA) - - PLU01470
-GG=SGRI(GC) : PU0n480-
Pl=4,2ATAN(],) . . PLUDN4SD
ZN=PnpIST L PLUONSO00

CALL _BOUND (ZN,RDUM).- ——393 . : PLU0AS10-
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[VE-FATE VA K |

- o woeyywy ¢ 19
— PA=Ppum PLUQNS20
TTOT=1.+GU®ACHaB2 PLUONS30
PozTroT#eGa PLU0NS40
__W___,SMF_(TTOT'EKP‘-PA/GA)'P11/GD Pr-Upons50
D22245 PLUONS60
OUM= (SMFACH®82) /2907 . PLV09STO
——D0.-2a-K=192U0 -——PLUg580
DOM=KODUM , - PLU01590
DEM2SQRT (LGM) “PLUOAGOD
— . SMK=ACH®#824+UQM PL.UONG10
Cl1=acHee2.1, PLUOY620
C22=¢MK=14 - PLUOY630
—  ENUNs GGPAIANLQGQTJCIleC)+-A1AN4qO°¥4G+})} PrU0v640
ENUR=GGRATAN(SQRT(C25/GC) ) =ATAN(SQRT{C22) ) =ENUN PLUON6S0
PSIK=ENUK=aTAN(1,/SQpT(C22)) PLUONG60
DIN3] . +GDRSMK PLUDn6KT0-
RK(R)=PRADSUZuTAN (FSTK) PLUONGED
PK(Ky=GAsALUG(TTOT/DtM) PLUONG9O
— QKa3GRT(GAMMABGESSMK DM ) PLUNNT00
WK (M) =QK#CCS (ENUK) PLUOOT1O
UK (K)=QKaSIN(ENUK) PLUONT20
—20 CONLINUVE —PLUOAT730
RF = PnAooozofAN(ENUK) PLUQON740
OR=Rg/NA(l). = . PLuoen7so
——— NC=Na(l})e2_ —PLU0n760
NCM=NC-1 - PLUONT T
DDx(y)=Natll) PLLO"780
e Dx(ly=1./0CACY) —PLUOATI0
00 8p N=29NC PLUO~800
RINVY)=(N=2)2pR PLUGqAEL0
—-_——-1Lk'l)~4N!4)QDX(1\ -PUonaz20
: IF(R(Nol)oGT.QK(]))GA T0 30 PLUDNR3O
K=1 PLUONR4D
EPS=0. PLUOABSE
UK(“)-~ ‘PLUOWBﬁO
HK(K)-ACH’CF PLUDNRTD
PX(K)=nae —PUon880
60 !C 72 PLUGNRY0
30 IF(RcNol).LT PK(ZOO))GO T0 40 PLU0A900
K=129. PtUoasln
EPS=1, PLUON920
GO T¢ 74 S ‘PLUON930
40 D0 Sqh..K=19199 - : PLUON940
IF((R(NvI)-RK(K))’(RcNol)-ﬁK(Kol)) LE«NS)GO TO 60 PLUONGSO
So CONTINUE . ’ PLUDN960
QAQEPC‘(PLMJIl'RK(K)l/(oK(K&Jl-RKlKll PLUoA970
TC UINYT) =UK(K) 4EFSa (UK (Ke 1) =UK(K)) PLUONG8D
WINIT)=WK(K)SEPSH (WK Kal)wuK(K)) . PLUON99p
— PINI1)=PKIK)¢EPS#(PK Kel)aPK(K)) PrU01000
S(N*1)=3, : PLuololo
XINIY)=DX (1) #(NaD) v ‘ PLUO1020
80 T(N1)=EXP(PIN,1}/GA, SLN;J)/GAMMAL ~—PU01n30
Ul191)==u(3rl), PLU01040
Wilryy=w(3del) . PLUO1050

S1213=S5(30d) , - 124
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vww WITUU F IV YW U=PFIVC UFiZ]

Ua/U8/73

—_—— Pl l =P (3l PLUoin7o
T(191)=T(3s1) PiLUOLlnBO
BETAF=SURT(SMFa1,) PLUO1090

~—__——sor-~s~F°eAHwaor(Nc'1rf ~PLUo1100
uiz2el)=u. PLUOGL1O
K=0 PLUOL120

—————2=p2+BDIST Pruo113o0
1A=l PLUO1140
B(i)=0. PLUO11S0

—— YY) == (3] Pruoti1e0
X(191)==pxt{1) PLUOL1T7D

. 8Z(ly=u, PLUO1180

Gt b unNe s PrLuotigo0
CZ(ly=(C(l)=PaaD)/0z PLUGIZ200
caLL ouTtp PLUoOl210
Llel PtUo1220

100 K=x¥1- PLUO1230
LL=bLet PLUO1240
D2zh, PruUgtas0
00 110 I=l.ln PLUN1 260
NC=NA(I) ol ' PLUO1270

——————1F-(4 (EQe 1IN CaNC e — PLU01280
D0 117 n=laNC. _ PLUOL290
DEN=W(Ne]) 9W2_.GAMMA#T (N, ]) ‘PLuor3oo
DUMZSQRT(AUANCII 8820 Ny 119921 LGAMLALT- (NS 1) =4 ) PrU01310
DIVMZ(=RZ(II XN ) (AZ(T)~BZ (1)) - PLUO1320
DEVSARS(DI#* (U(NoI} @ (NgI)*eGAMMAST NoI}®#DI1IM) /0EN) PLUOL330

— DAMEARSAQINALUANG L) RolNg 1 =BAMMABT (N1 )-2DIHM)}-LDEN) Pt-U01 340
IF(DEMGTTEM) DEM=DAM ‘PLUO1350

\ Dz1=sTaBeux (1) (C(1)y _B(1))/DEM PLUO1360

e IF(D21.6T7e54)60-F0-150 PU01370
DZ=021 . PLUOL380

110 COATINUE - ' PLUO1390

e IF(Y2.6T41.E=8)60 10 129 Pr-Ug1400

© CALL ouTe PLUOLl&10
STQP PLUO1420

—120_2Ns£4D2 PrUotaln
CALL SUPER . PLUO) G40
2P (LL)=2ZN PLU01450

e . CRP(Lp)=C(Ial PLUO1460-

13¢ conTInuE PLU01490
IF (IK/KOUT)®KOUT EC,2) CALL OUTP PLVO1S00
IF (4, LTa0ISTaANDKolrokA) GO _TO 104 PU01510
kPzLL PLUO0LS20
WRITE(6+10;2) PLUO1530

e WRITE L6 UL 3 ) UK o ZE LK) a CRAKK L s KR L9 KR PLUCGTS40
RETURN PLUO1ISSO
END PLUO1560
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—  ___SUBRCUTINE SUPER

SyPonolo

couﬂcN/HLK7/R(3o.2).utanoz)ow(3o.2).P(3oo?)o5(3o.2)oPN(3oo2) SuPonp2n

ToUN(ING2) 9 *N(3Ne2) ¢S (3062) 9T (30421 ¢PO(I042)4U0(30,2)+w0(3042) SuP0an3o0

—_ZJ S_Q.‘_Bv’.‘.!-el,’ NA.!_KAI-GA&‘MA 'GAOGBJGC.I GQLGEIGF.‘GGQP.I Y rTnT : SUPO;)OQO

39DZsk DX (2)20DX(2) oNFMoC(2) 9B (2) oCM(2) 4BN(2) s Tv1ANA(2)9BZ(2) SuUP0nnS0

4’CZ(?) o5 (3 92)9SNF +BcTAF s Z9NASAVE s 7N oNQOoNSvKOUNtoDPNAXO SuPonn60

e COMMCN/BLK2/PRATIOPAIST,PRADGKPLUME s JY SURPOnOT70-

DIMENSION PH(30)402P140)¢CO(2)9TRY 2} 9ERR(2) SuPo0no80n

1001 FonﬁAT(lxoaprAnnlNGL ITEPATION FATLS AT K=e1542X92HZ=4F10,5) SUP0nn90

_1002. FORMAT(201I8) - SUP0H100

PRQUN=P (NCslA) SuPo0N 10

IF(JJEND) GO To 60 SUP0n120

1£F (b1, EQ, 1) GO T0 60 ~SuP0ona130

OPVAX=.Y ’ SuPgn140

NC=Na (1) 2 SUPON1S0

DO 1a N=4eAC SYPo 2 160-

PGR=P (Nsl1)=P(nNal,yl) SUPON170

IF(FeR.LT«ZPMAX) GC 70 10 SuPo~180

— _DPMAX=PGR . -SyP0n199-

: NS=N SuPon200

1n CONTINUE SuPo0n210

______JE4AQ,NE,NSQL_KOUN1- : SUP0n220-

IF (NS NE.NSU) GO TC «0 SUPQ0n2390

IF (OPMAX,LT«DPuAXO) O TO 60 SUP09240

_KOUNY=KOUNT*®] . SuP0n250-

TF (RCUNT,LT+3)60 TC ;o SUP0n260

20 CONTINUE SuP0a270

cAaLL. ouTe . -SyRQA280-

IA=¢ : SUP0n290

NcsA NA(1)¢2 SuP0n300

___*~_mNA4J}_NS-3 SuP0a310-

NCz=NA (1) 42 SUP0n320

DDOXx(1)=Na(l) SUP01330

OXly=1, /00X L1) SyP0n340-

C(Z’-C(l) SyP01350

€CZ(2y=cz(1 SUP0A360

C{1)=RINCeI) ~—SuPOn3T70

CZ(I)-(U(NC’I)'W(NCv1)-fAMNA°T(NCo1)“SORT((U(NC.I)O“ZoN(hC-l)““Z SUP0n380

1)/GANMA/T(\Lo1)-1.))/(w(ch1)°°2 GAMMA®T(NCe1)) - SUP01390

—_— _BZ42)=CZ1) : ~SUyP0n400-

B(2)=Ct(ly SUP0A410

NC=Na (2) el SUP01420"

———DDxA2)zNAL(Z) SUP0~43n-

OX(<)=1./00X(2) - SUP0n440

DO 40 N=19°C SuP012450

XAN22)3DX(Z)e(Nel) SUP03460-

R(Noa)-d(?)‘(C(2)°B(9))'X(N02) SUP01470

NSMENS=1 . . SuP0%480

- IPPQ=0 SUPOn490

00 35 NN=N3% M.NCSA SUP01500

: . DUMZR (N2} =R(NN91)- SuUP051.0

e IF(lPPOLEW.L) GO_TC 40 SuP0a520 -

IF (YLM.GTe.Y) GO TC -0 "SUP01530

EP-(:(NvZ)-R(NN-l l)s/(R(NNvl)-RlNH-IOI)) SUP0nS40
P#NOQ)—-F(N'\——I 'ﬁ)OEP“fp(Ner—)-F(N\l° -+1}
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u(NoayéuLNh!L,iL‘EpckueNMvL+-u4NN-LyL;}

SyPons560

WINI2)SW(NAT141) sEP® W (NNL) =W (NN=T 1)) SuPons70
SIN®2)SS{NAT1 1) oEPO IS (NN 1) =S{Nr=191)) SuP09580

e TN 2 ZEXPLRING2)LGA S (N 2)AGAMMA ) SUP0159%90
IPPQ=1 SUP01600

. 30 CONTINUE SuPons10
—— K g-CON T INUE- SuPgne20-
NC=MA (1) 42 SuPon630

D0 59 N=29NC . SyPOnk40
————— XNy 1} = (NeZ LeDX-¢1) SUP0n650
S0 CONTINNE ‘ SUP04660
P(192)=P(NSMy 1) SUP01670

—— U2 2U(NSMe ) — SUPO‘)680
T owW({192)=w(NSM,) SUP01690
S(192)=S(NSMyY) SUPONn700
————F{312)=2TANSMy L) SuP0n710-
NC=NA(2)+l SuPon720
PINCs2) =P (1CSa01) SuP0n730
————UUNC 20 2 (ACS ALY SuyP0a740
WwiNC,2)=w(NCSAy]) SUP0N7S0
SINC42)=S(NRCSa,Y) SyP0a760

L1=1 . SUP0n780D

CALL ouTtp "SUP03790

— 62 _CcONLINUE SuP0800
NSO=SNS SUP01810
DPM4X0=UPMAK SyP09820
LOGP=4 SUP0nR30-

70 DO 212 I=1v]a SuP01840
NC=MA(I) sl SuP01850

—— 1F (i EQellhC=NCa SUP0n860
" DO €an N=isNC - SuP01870
IF(nN81EQ.1) GO TO 230 SyPonRrA8n

—  NM}EA=LUOP. : SuP01890
IF(N,EQ.1)\MI=N SUP09900

IF (N, EQ.NCINMI=NG] -SyP0n910

o NPLIAMI e} SuP0~920
PX=(P(NP1sI)=p(NMleTI))enDX(I) SuP0nq30

UXs (U INPI D) =1 (NM] 4 1)) #DDX (1) SUP0"940

o WX=(WANPL I =w (NM)e 1)) enDX(]) SUP04950
SX=(S(NP1eI)=S(NMIsIV)I®NDX L) SUP01960
GX=ax/wi{NsT) ‘ . “SYP01970

AA=d /(W (N l)ne2aGAMLAOT NS L)) - SUR0~980
CIF(IAGEQ 2 AND T ,EQ Yo ANDJNJEQWNC) GO TO V40 SuP019990

IF (1, EQ.2eAND N,EQ,NA(2))SXS(S(Ne21=S(N=1,2))4D0X(2) SuPolaoo

IRl ME 1 e LCH NeNEL2I a0 T0_83 suPgsl9l0
PX=0, SuP01n20

Sx=V, SuP0103n

wX= L, SUPO1040

axz=5, SyUPO1050

87 TAUSUINGII/W(NGT) | SuPolnen

—— —_AB=zAA®uw(Mr[)eapaTAU ——SuyPoinT0
AC=GAMMLOAL®W N o]) SuP0l080
AD=AA®TAISTIN,T) SUP01n90

xRzl stCrli=g el
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e XZARPUIBZALIO (XNl ol =C2 (I OXIN,T))

—————SU901 110

AE=X2+pE8XS SuPol1120
AF=zX2+TAU®XR SUPD1130
______AG.SAMMA«AA314N.Laxwa.tx SuPol140
IF(I.EQe2AND,N,EG.1},G0O TO 104 R SuPo1150
IF(IEQeIAANDNEGCnC) GO TO 159 SYPO1160
DUMS.ACHUX4AR SuPo1170-
OONM=AGRUX P XK SuPo1180

P2z~ AE“PX‘CAMMA“AB'QV’XPODUMOJJ°0UM SUPOt190

——  Q2==pAEeux* VUepPyRXReDAMaJyel0M SyP01200
IF (JJEQ.U)G0 TO 9¢ SuPo01210
IF(JUBTEQ 1 .ANDNGEAe2)IGN TO 990 SyPo1220-

— P2zP7= (ABYCAMMAZR AN LaDUML Yy SuPg1230
Q2= QZ*(AD“CAMMA/R(hﬁv)-DOM)°JJ SUPQl240

9r SZ="AFeSX SuUP01250
——————UI:ZAFQUXPIlerilul&TI)ilnﬂpl— SUP 01260
WZz=W (Ny1)®2d SuPol1270

Go Teg 180 SuPQ1280
—100-1F (LCOP.EN.1)—6ATEC—309 SYP01290
NC1=NA(1)+2 SuUPQ01300
BETA1=SGRT({U(142)890+W(142)%82) /GAMMA/T(142)=1,) SuP01310
______BETAJ-SuRJ1104242lii?*w42+2¥*12+46AMMAf44?r2+-kwr SuPRo1320
AAL=AA : SuP01330
Tayl=taAU - SuP01340

— TALSU (2423 LW (29 2) : -SyP0 1350
AA2=1 4/ (W(Z912)882«GAMART (242)) SuUP01360
TALAMIS(U(LeZ)ow(192) GAMMART (142)#aETAY) ®AA] ~-SuPo01370

e ALAM2=(U(242) W (292 ) GAMMART (242)aETA2IHAAR SyPo1380-
EPS=(CMI1}=L(1)=ALAMT®D7) /(DX (2) /Xoe (ALAM2=ALAM]) ®D2) - SUP01390
IF(EPSeLTeot) EPSZ=.0€ SuUP01400
—____ﬁ.PSJAR-Pilic)4FPS11PL¢O?J-D(402)! —S13P01410
Tays= TAUI’PPS¢(TAU2-TAUI) - 'SuFol420

AL=s5 SUP01430

TAyd= ULBoEl/NL¢42‘ : -SURO1440-
PPYAR= 2.»9(2.2)-9(3'9)orps°(9(3o2).9(2.2)) ‘SuP01450

. TTUS=2.9TALE=TAUI*EP® (TAUI=TAUL) SUP01460

— _PSIAR=AL®PIlARe(].=A} ) #PRTAR SuP01470
TAUS=AL®TALSs (1,=-AL)aTTUS - 'SuP01480
DUMI=w (192)%%2/8TAL ,T(1,2) SUP01490

o DUM2=WI(242)/BETA2/T(2s2) —SuPo1500
DUM=DUML +EFSe (DUM2=D/)1M1) SuPO1510
DOML=ti(1s2Y® (U], 2)-u(1.2)~BETA1)~AA1/BETA1 SuP01520

Y DOM2= uLé.él’(ut?,ZJuu(2424.551A24ﬁAAZJRE¥A2———————~—————————————~—SUP01%30
' DONM=LOML +EPS® (UOM2=DAM]) " SUPOB1540
DOM=DOM#GANMA/C (1) 90> SUP01550

. _ﬁ____DANtPSIAR:DPMnlAus_DnMA SUPO156D-
KIp=1]* SyPo1s70

ME=1 o SuPo1s80

IRY (1) =C2Z2(1) —SyP01590-
TRY(2)=C2(1)% 99 - SuUP01600

110 SQR=sQART (1. ‘TRY(ME)'oZ)- SyYP01610
e EN1Z14/5QR SuP01620-
EN3S=TRY(ME) #EN] SUP01630
TA1==EN3 SyP01640

TA33eN]
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~_____.vu~§=uN(NC151)ntnlouG(NclleAIA3.

SuUP01660

e TAUZ=U{NCM e L) LW (NCHM T )
. v 129

S UWANC=UNINCTI 211 ®ENLeswy (NCL 1) 2ENS SyPol1670
SMAC=UWNCP9C/GAMMAZ T NCY 4 1) SuP01680
——u——mpuzN DN(NCIOl)oALOG(,GAMNA“SMNC-GDT1GEv SUP01690
UWNSUWNC® (ZURSMNC 1 4y /GE/SMNC SyP01700
UN(L,2)sUWt ®E e vWACATAL SuPo1710
— wu41.2) UANPENI sy WhCaTA D SuPg172n-
SN(loZ)-SN(NClol)‘PNoN-PN(NCIol)oGAMMAGALﬁG(UWNC/UWN) SyP01730
"TAUZA=UN (1 o€y /uN (142, SYPO1740
——— PN L192)=DAM DU BTAL 20 SUP01750
ERRINEI=PN(Le2)«pNEN . SUP01760
IF(MEEGL,2) GN TO 124 SuP01I770
. MEz& . St/Pot780
- 60 T¢ 110 SyPol1790
- 120 IF(ARSIERRIME) ) LT 1 Eaky GD TO 135 SuUPO1ROD
_____*JFJAES(tRRLd)-EQDtLJy.rtrkoE-EL—GO-IO }22— SuPgtiAalo
pru=.99°T~Y(2) SyP01g20
GO T¢ 124 SuUP01830
__.lZZ_JQY“ thLlL?EDnL}iitﬂRYLZ)lIR¥LL+L¥(EPR(2+-FRR(1 $1IP01R4 0
124 ERR(I)“EQR(d) SyP01850
TRY (1) =TRY (€) SyUP01860
TRY.(2)2TRYA SUP01870
KIP=KIP+1 - SyP01880
IF(KIP.LT.2) GO ¢ Tlo SuP01890 -
— WRITE (641651 )K2 SuPo1900
134 .conlrnue SyPo1910
CZNSTRYA - SyP01920
60-1¢ 2.0 SyPG1930
14~ CONTINUE ' . SuPo01940
' IF(LCnNP.EL.]1) GO TC 300 SyPo11950
CN(1)=C 11 eC2.(:)0D2 SuP0lg60-
CNC=NAL1) «2 SyP01970
NCMZNC~1 | SuP01989
AAL1Z, /(NLNC,-l)i_Z-rAMMAﬂIiNC—41\\ SuP01990
AA2= o/ (Mol ) aRZanAMMART (NCMy 1)) SyP02000
BETAY=SQRTIIUINC 91)a%2+w(NC «1)895) /GAMMA/ZT(NC 9l)=1,) SuPo02p10
BETA23SORT(IUINCMeL)aP2 4w (NCMa1)ORD)LGAMMA /T-(NCM 0.} ) m] ) SyP02n2o0
ALAMIP=(UING 41)aWINr 4 1) +GAMMART(NC .91)2RETAL) #AAY SuP02030
AALAMIMZ (ULRC o 1) oW (NA 4 1) =GAMMASRT(MC 91)9RETAY) #AAY SuP02940
o ALAMZPI (U(ACM 1 )W INAMG 1) sGAMMART(MCM s L) RRETAZ) DAAD- -SyP02n50
ALAM?M’(U(\CMol)“W(NnM.I)-GAMMA9T(NCVvl)“QETAZ)“AAZ SyPo2n60
EPSP=(CN(1)=RINCMe L) _ALAMZP®DZ) /(DY (1) /XRe (ALAMIP=ALAM2P) ®#D2) SyUP02n70
_EPSM= ICN(JL:R{NCMLLI-ALANZP DLLLJDvJ1L/XR¢+ALAM!M-ALAMZMl’OZ)——--—SUPOZQSO
DUVMA=BETAL#T (NiFe]) SuP02n90
DUME=RETAZHT (neMy 1) SyPo2100
—— - D1l=YLM2+EPSHe (nUML-DIM2) SuP02110
El-'(ouwzoFP5u0(0U~1 Dum2) ). SuPnz120
DOM1zw(NCrY)wa)D SyPo02130
———  DONM2:W(NCMs L)oa). SUPDN21490
D2=UrMR+EPIP e (nNM] =DAM2) SuP02150
E2=0CM2+EPIM(DOML=DAM2) SyP02160
e _PSTARPzF(NCMs1) sEPSPA(P (NCeLl)aP (NCuyll) SyPoz170
PSTARM= PlNCMol)OEPSMQ(P(NC'I)-P(NCVQI)) SuPp2180
TAYLl=U(NCY1) /W INCH]) SyP02190
SyPa2200



suPo2210

— _ TAUSP=TAU2+tPSP®(TAUT=TAU2])
TAyUSK=TAy2+LPgMe (TAUT=TAY2) SuP0222n
DEMIz= (UINCI1)2GAMMABT (NCel) /ZRINCOITI®(II(INCII) oW(NC,1)9BETAT) ®AATY SUP02230
______DENd--(ULNCMll)°GAPM4°TLNCM LllR4Nthl}9‘U(NCM’l¥’W(NCM.1)¢8E1AZ;~SUpozgan
1%Aa¢) SuPg@2290
OIvla=(UINCO1)#GAMMAST (NCo 1) /RINCITI®(UINCo1)=W(NCo1)#RETAL)®AA1) SUP0Z2260
Dlud--LU(NCM.I)brnuuﬂﬂt{ncm;JJ/R(Nrnol404u(wcu'l}ow(NCMol)onETAE)-Su902270
10A42) SuUP02280
AKP= DEMzoEPch(nEMI-aEMZ) - SyP0z2290-
— AKMSIQIM2¢EPSMe (DIMInnIM2) SuP02300
AKP=AKP®#DZ ‘SUP02310
AKME=AKMENZ SuP02320
—— D3=AKPD1RFESTARPAD2ETALISP SuP02330
EIcAKM+E I HESTARMIEZHTALSH SyP02340
TAUN=(E3=E1/D14D3) /7 (c2-E1/D19D2) SyP02350
—— PN(NC1}=(C3=D2#TAUNLLDL SUYP Q2360
TEMP=EXP (PN INCo1)/GA) SuP02370
Q2= #GAG (TTOT_TEMP) . SuUP02380
——————MN(NC91)-ScRT(GZ/tL.;TAUN°QZ¥¥ SyP02390:
UN(NCvI)’N’(NCol)’TAnN SyP02400
SN(NCol)=er - SUP02410
G0 T 270 SyPo2420
150 CONTINUE - ' ‘SyP 02630
CALL QOUND(ZN.PBB) -SYP0 2440
- PN(N,l)=PHR SyP02450-
PZBOUN'(leNvf)-PBCUM)/OZ SUP02460
STAUYASUX/WINIT) =TAUSQy SuP02470
L SMES(TTOTSEXP(=PN{Ns3)LGAL=1,)/GD_ SyP-0-2480-
TlN'I)-EXP(VN(Nol)/GA0S(NoI)IGAMMA\ SUP02490
BETAF=SQRT(SMF=1,) SuP02500
e SQFESMEPGAMMALY (Ne L) SuyP02510
ALAM=AE «+AGSW (N, T)*BEFAF8XR SyP02520
TAUZ--(T(Ncl)“nFTAF/m(Mol)“92“(9X0cZBOUN/ALAM)0TAUX)°ALAN SuP02530
_____4“J43nAmrA9AU/R(N011!4BEVA£31A“L7 SUP02540-
SN(NsTI)=S(NeT) SyP02550
IF(LCOP.EQ,L)GO TO 140 SUP02560
__..__,_IAUN TAU«T2UZepD? : -SyP 02570
TAuU=TAY . SyP02580
CN(la)-C(IA).TAuooz SUP02590
e CQ(IA)=CqIA) SuP02600-
C2(IA)=TAUAN T . SyP02610
TAU=TAUN . ‘ SuP02620
G0_J¢ 170 SuP02630
16¢ TAU“:.S“(TAUO‘TAU‘TAHZOOZ) SyPo2s40
cZ(lAr=Taun - “SUP02650
CNJIA)-.S“(CQ(LAJQCitA)A.S“LLAUOtIkUNll -SiP02660n
177 WN(NSI)=SURT(SAF/(14.TAUNS®2)) SuP02670
UN(N.I)-TALN°WN(~cI) -SyP02680
—60_T¢-200 SYP02690
180 IF (LCOPJERL L) G0 TO 190 SuP02700
PN(Ns1)=P(NITI)+PZ2%D2Z . SyPo2710
SN (NsI)=SINLI)+S2%12 sSyPo2720
UN(Ne D) =U(AYT)eUZ®*DZ | . SuP02730
W (N, I)'N(\OI)ONZ”CZ‘ SUP02740

—-—GO——IG—ZOL

- 130

SuyP02750



—AFCPN NG T) 2,52 (POANy I )4 Ny F)oPZ8DT )

SNINeI)=,52(Sn(NgI)ec(nel)*522D2) . 'SUPOETGO
UNINGT)=,59 (U0 INGT) +/i (NeT) $UZBD2) Coe SuP02770
———WN(NG [ ) S5 WO Ny ouriNy T+ WZB0 Y EUPOZ?BO
200 CONTINUE ' SuP02790
210 CONTINUE SuP02800
———s8nNtlyaB 1) : SuPo2al0
BN (2)=CN(1) SuPo2s20
: 2=2N . ) SuP02R30 -
—— IF (08 EQ.2)—CZ41)=C2hn SuP02840
BZ(2)=CZN L SuP02850

00 281 I=},1A SuUP02860
————NE=NA (Fhe) SuP02870
IF(3,EQ.1)N\C=nCe) SuPo 2880

—_— G4l aCn) SuP02900
IF (COPLEG.L)GC TO 240 SuP02910

.+ DO @20 Nzl.NC ‘ SuP02920
—— PO(NyI)zR AN ] " SuUP02930
UO(NyTI=y (N —SuP02940-
WO(NgT)=w(Ne]) SUP02950
—220_S0UNSI) =S (NL]) SuP02960
230 PN(la1)=Pii(3y1) SuP02970
WNI(lol)=wn(3y1) SyP02980

e SNAd,13.ESNL3, 0y . 5UP02990
UN(lal)==Un(3,1) —StP03000
UN(241)20. - SuP03010
D0_240-M=1aNC SUP03020
PINsT)=PNI(NIT) —SuP03030

UINI Ty =UN (A9 T) SuP03n40

WANL T EwN (e D) SuPn 1350
SINYT)SSNI(N D) . ——:Uioaqco-
__Zhg_RIij):u41ltx4~,4¢34;44*‘éLLSJM 8 -SUP03080
25% conlNUE - ' T SuP03090
IF(LCOPLEQ,1)RETYRN SuP03100
LOOP=1_ ‘ . : SUP03110

GO . TC 7° SuP03120-

END . SuP03130

S "SUP03140

—— SUBRQUTINE _OUTPUN(IReGyNTIMES ITYPF} : —u——vuyiv
.gowﬂcN/uLKl(NC(e),wc}e)oNCloNCZ-NCaoNCAoNcsoNC6,NC7-Ncaer1.Mcz 0 0no020

19MC3 9 MCG o MCOIMLOyMCT (MCRINREG (8) oNaiC (2) 4MUC (B0 12) INMAX IMNAX 0 07030

e 24GAMMA 3 GASCBaGCeGD s GraGF 4y X (4098) oY (190R)9XXP1130) -0---00040-
3eYYP (1394160 gHueXE s Yo 9YAsXCoRAOIRNeNMFLOsTT4CCoEVIPTI 0 0A050
49STNTHE (20) 9COSTHE (231 4R (20919191 SvMsLAsD¥ (B) oY (8) 0 00060
-——w*—bCONMCN{ﬁLKE/P}ISOv19%0U1150v19rvv(150v19)oStlSOol9)19111501ﬁ97’”“—0“m00070
loUI‘iSu'l9)’VI(ISOvlc)951(150019)'MS(doZ)oNF(SvZ) 0 o0no80

0 ‘0nn90

20MS (R 42) sMF (B42) ¢ TIMe oDT oK1 J9XOTT(2) 9QINF L QINFNIKDIVSDTS

—————ﬁ—COMMCN/BLK3/YET(l3ca?9)cXcS(l30f.Xh'Xl.XZoX3.YOvY2-ALP(“)QDD(e) -—8-—00100
]oRE!(4)'LSLP'HU<]30),HL(130)9HC(13;)'HUPF(130)orLPP(IBO)vHCPR(l30)O 072110

COMMCN/BLK4ZEP) (20) 1eP2(20) 1EP3(107) 9EP4(100) 9gPS(38) ¢EPE (38) 0 00120
——————~L.NN[(20r'NhZ420).Ml«éO)vMZl?O)vM3448)1M4(38r1tlt100)vL30100%-—~—-0<—Oﬂl30
2111¢100)12(100) ¢JR(a0419)9B(20) ¢BPR(20) ' o 0 01140

0 09150

FPRES (PP)ZERP (PP) . 131



FDENS (PP 4SS)=FXP ((PP_SS)/GAMMA)

0-—02160-
FAS{PP+SS)2GFaSART(EvP (PP/GA+SS/GAUMAY) 0 01170
FACH (UUsVVIRA)=SQRT (/1UB2+VVe082) /A, .0 on180
e FCPIPRE) 32" (PRE=14)-, (GAMMAREMa0 ) 0--01190
FPTOT (PRE*AM) =PRE® (1 +GNaaM@e) ®aGy 0 09200
1001 FORMAT(//4X84HSTEP IS0 10XySHTIMEZE1244, 10x+3HDTaEL2,4) 0. 00210
—_1002_FORMAT(/4Xs10HREGICN NO,12) .. — —-0~- 01220
1003 FOKMATI(/SX9€HMETI//9y 2 1HXe9XsTHY s9velHPsOIxs IHAIGXTHUIOX1HVeGX O 00230
1o1HM g 7X9SHSLOPE 46X 9 3URHO4 7X 9 2HCP 4By ¢ 1HS) . 0 00240
— 1004 _FORMAT(I3914F10,.5)- ~0~--01250-
1005 FORMAT(//4X927THROATTAIL SURFACE FLAW FIELD /) 0 0n260
1006 FORMAT(//4Xs2RHROATTAIL COMPLETE FiOw FIELD /) 0 o0n270
1007 _EORMAT(//74%2ThNACEL-E COMPLETE FLAW-FIELD-/) 0—0n280-
1008 FORMAT(/4X9€6HNACELLE SURFACE FLOW FIELD //4XsSHSTEP 0 .0n290
10I595XsSHTIME= Fhe3) _ -0 00300
— 1009 _FORMAT.(/4XKelCHOUTER —AOWL—)— 0-—01310-
1010 FORMAT(/4X«lOHINNER ~OWL ) "0 01320
1011 FORMAT(/4X+14HPLUME QOUNDARY ) 0. 00330
__JﬂlszORMAT(13KLLHXyllKLlu!JJJXJlHQJlJx+thJlal+3H;4U*lo"ZHCPJ4OX02”970“"00340*
: 1/) -0 09350
1013 FORMAT (4x97F 12, a) 0. 09360
1014 _FCKMAT.(//4X9.13nGEOMETRY-TFST_/) . -0--004370- -
1015 FORMAT(//4X98BHCOWL L7TP II3K'IHX'1IXJIHYQlnX03HTHEOIOleHEOIOX 0 " 01380
193KBPR) : 0 09390
—10l6_ EORMATL13X11H1411X01u¥+lox+3ﬂlpn\ 0—09400--
1017 FORMAT (/74X +8BHROATTAL ). . 0 03410
IF(ATYPELEGe3) GO T0 210 0 01420
—  IFqLSYM.EQ.L)_ G0 TC- a3 0-—01430-
IF(ATYPELEGs1) GO TO loo 0 09440
- G0 10 @ 0 -01450
€ _COMPLETE FLOW_FIELD._AUTRUT 0—00460-
2 IF(ITYPEJESe1)IWRITE (£91005) 0 .00470
IF(ITYPE, EF-Z)NPITE(‘ol006) - 0 03480
- 6010 6. —0--—-07490-
.4 NRITF(b!lUu7) 0 0n500
6 wa7E(6910'1)K.T1MEonT 0 01510
IRS=IREG : 0—04520-
IRF=1REG. _ : 0 0n530
IF (LREG.NE.Y) 60 ro 0. - 0. 00540
IRS=1 - 0 0n550-
______~_er a_ . X VIR Pty
10 DO 9o LREG= IRSOIRF 0 095570
~ IF(LREG.EW,%) ¢0. TC nl - 0 05580
e MCC=MC(LREC). 0—01590-
NCC=NC(LREG) 0 00600
IF(LREGLEW,.B) 60 TC 10 - 0 03610
JF(LREG.GT.leaAND, LREr.Lt.sL_Ga_Jo—:n —0— 01620 -
MSTA=1 . _ 0 00630
MFIN= NTIMEQ 0 01640
_~__"»_JF(NTIMtSoLQ.-1) MFlm-MC(LREG\ ~0.—00650 -
' 60 TC sc - 0 01660
' 20 MSTAzMCC+l=NTIMES . : 0 01670
_,______1£4NT1MES.EQ,.,) Mstﬁ,n 0—-0n680-
MF INzMCC . 0. 09690
IF (LSYM.EQ, 1) GO TC. a0 132 - 0. 00700



_60.J¢ 4c__

0--.0n710-
3n MST2a1 0 04720
" MFINaNTIMES _ 0 00730
e IF (NTIMES e EW =1} -MF [0=Me (LREG ) —0-- 0N T40
IF(LSYM.NE.L) GO TC 40 0 0n71S0
IF(LSYM,EQG,L) GO TC 40 0 09760
60 WRITE(6910C2). LREG -—0— 09770
D0 70 MsMSTA,MFIN 0 0n780
wRITE (601023 0 09790
Y=Y (MsLREG). O--0n800
D0 79 N=1sACC 0 0n81lo0
XX=X (NoLREC? 0 09820
NN=NREG (LREG)oN ~-0-—0n830
PRES=FPRES (P (NNsM)) 0 095840
DENS=FDENS (P (NNoM) o SINNeM)} 0 01850
— _AS=FAS{P(NNIM) ¢S (NNl ——0-—04860
ACHSFACH (U(NNyM) oV (Nn9M) 9AS) 0 09870
ENTSS (NNeM)®1000 0 0n880
CP=FCP (PRES). . -0 01890-
IF(LREG.NE.B) GO TC €9 0 0n900
SLCPE=n. 0 01910
ucaRz U(NN!“)“COSTHEJM)-VLNMLM)QSJNR“ElM\ 0—-0n0920 -
VCAR=U (NNOM) ®SINTHE (ai) 4V (NNIM) @COSTHE (N) 0 00930
IF (ABS(UCAZ) «GTeleE=a) SLOFE=VCAR/IICAR 0 0n940
— —_XPzR(NaMIRCUSTHE(N) +50=RD 0--09950 -
YP=R (N M)“SINTHE(N)ouH 0 03960
GO To 66 . 0 00970
—50_CONLINUE . 0—09980-
XP=XxP (NN)=RD = 0 00990
YP=YYP (NNoM) - 0 01p00
SLCPE=0.__ 0-—01010 -
. IF(“BQ(U(N\'M)).GT 1 E-n\cLOPE V ¢Na g M) ZU(MNOM) : ‘0 01920
6n WRITE(641034INTXPyYP PQFS,ASoU(NNou)QV(NN.M)'ACHoSLOPE.DENSoCPoENTO 01030 .
IO_CO?\TINUE 0—01040 -
89 CONTINUE 0 01050

DUMEL ./ (GFoEMaMH) . .
IEiLAJEQ.I)“DUN z.gouMzHH

DO S0 L=192
. NNM NREG (3)*6

_______IF(L EQ. 2) NNM:NREG(Q,O!O—

____...__XEVFXXPA(NNM)
EMDOT=(,
EMIZ0,. -

—————-D0O-85- Mzs29¢NC3F—!
EMIi=EM]
DEL= YYP(NN”'M)-YYP(NMMoM-l)

———————-DENSzFDENS (P-(NNMyM) s (NNM oM} }
AS=FAS(P(NAM¢M) ¢ S(AN9M) )
ACHZFACH{U(NNM M} oV (N\iNMoM) 1AS)

—-————E“I=DE—NS"AS°AC'_‘-'——~—~-
IF(LALEG,]) EMISEMI®LYP (NNMyM)
8s EvpOT= EMDOT‘(EPI.ENI,)“DEL/Z.

e —— EMDUT=EMDO T ® DM
WRITE(691018) XEMIEMROT

1018 FORMAT(//4x'2HX=oF7.Av5¥o5HMDOT-.Fn 8/77) 133



—— S6-CONTINUE

0loé60

J=0 0
RETURN 0 01070
L SURFACE-FLCH _FIFLD —=—_NACFLLE 0-—01080
100 WRITE(6¢10:8) KeTINE 0 01090
DO 200 L=1+5 0 01100
_ 601110, 120.130;140r159L41 0—0t110-
110 WRIIE (6+10(Y) 0 ol1120
wrilg(6s1012) 0 01130
— LREG=8 0-—01140
NSTAz1 0 01150
NFIN=NCB/24+1 o 0 01160
M-l 0"" 0‘170
GO To 160 0 ot180
12r LREG=7 ¢ d0i190
— NSTX=NNC(1) 0—-01200
NFIN=NC7 0 o0l210
M=1 0 01220
— 60_T¢_160 0—@1230-
13¢ WRITE(641010) 0 01240
WRITE(641012) 0 01250
LREG=8 0—01260-
NST#=aNCB8/2¢1 0 01270
NFINaNC8 0 01280
Mz} —0—01290-
GO Tg ‘160 0 01300
145 LREG=3 “0 01310
-NSTA=NNC (2} 001320 -
NFIN=NC3 0 01330
M=MC 3 0 01340
. GO_TC-.160 0—-01350-
15¢ WRIlF (691011 -0 01360
WRITE (691012) 0 01370
. LREG=6_ -0-—01380
NST2=1 0 01390
NF INz=NC6 0 01400
M=) 0—01410-
165 D0 190 NL=NSTa,NFIN 001420
N=NL 0 01430
STEL JEQ L)) N=NFIN=NL 1 —0—01440
—_ NN:NFEG(LRES’LON. V——0 4D
PRFES=FPRES (F{NNsM) ) 0 01460
AS=FAS (P (NNoM) 4S(NNyu)) 0 01470
R ACHEFACH(U(NNgM) ¢ VAN s M) 4AS) 0—01v480--
CP=FCP (PRES) ‘0 01490
PTCT=FPTOT(PRESsACH) ¢ 01500
e IF(LREG.EG . B)_-GO. TC~+JA 0—01510-
’ XP=AXP (NN) =RD : 0 01520
YP=YYP (NNov) "0 01530
SLOPE=:. 0—-01540
IF(“BS(U(NK'M)).GT 1_E-R)SLOPE= V(NN.M)/U(MN.M) 0 01550
GO Tc 180 -0 01560
—-116-XP= “(No“)“CUSTHF(N)oqo-QO 0--01570
YP=R (NoM) ®SINTHE (N) ¢4H -0 01580
SLOPF=9. - 0 01590
—  _UCAR= U(NNoklPCOSTHEiul-M(NNJMl!SIN!H IN) —134 001600~



VCARSU(NNIM)OSTNTHE (<)) « VANNyM) @COSTHE (N)

0 0lel0
IF (“RS(UCAFR) (GT.1eE=n) SLOPE=VCAR/ICAR 0 01620
—-184-wRIIF(6+1013)-yay YPQQQESVhCNrSLQPE CRePTQY 0-—01630
190 conTinuE 0 01640
200 CONTINUE 0 01650
— RETORAN. 0-—01660 -
c " GEOMETRY TEST 0 01670
210 WRIIE(691014) _ Q0 01680
1F(LgyN,EQ 1»—@0~lc—92= 0—01690"
WRITE(691015) 0 01700
00 <20 N=lsNCH 0 01710
THESPII®X(N'ByePIL/2_ 0—01720
. XP=B(N)#COSTHE (Ny RO _RD 0 01730
YP=g (N)SSINTHE (N} *HLG 0 01740
___2Zn_ua1tg¢5.1oldt—xnfxp.,Hsfa¢u+ra PRENY 0—01750-
225 DO €90 L=l+4 0 01760
Go T¢ (230¢£40.250v2s0)9L 0 01770
— 230 [F(LsYMl.EQ,. L) _GOo _Tg 332 6—01780 -
WRITE(6410:59) C 01790
WRITE(691016) 0 01800
o NSTA=NNC(L) 001810~
G0 To 234 0 01820
232 wRITE (69101 Ty 0 01830
—WRITE(661009) . 0—01840-
NSTA=z1 0 01850
234 NFIN=NCT 0 01860
—  _LREY27? —0—01870-
M=z1 0 01880
60 To 270 . 0 01890
_..._ZALIE(LSYM EQ.IJ—_GO._T_C_;QA 0 01900
WRILE(691G1Y) 0 01910
" WRITE(641010) 0 01920
o NSTARaNAC(2). 0--01930-
NF IN=NC3 0 01940
LREG=3 0 01950
M=mb3 0-—01960-
B GO T¢ 270 : 0 01970
250 IF (LSYM.EQ.1) GO Tc 290 0 01980
NSTAsl 0--01990~
: 0-—02000-
———NEIi=NCé. 0 02010
LREGa4: 0 02020
Mzwz4 0—02030
— 60-TC-270 0 02040
260 wRITE(601011) 0 02450
WwRITE(641010) 0—02060-
—-NSTAwl ——- 0 02070
NFIMaNCo 0 02080
LREYV=6 0—02090
——— M=)
270 DO 280 N=N514°N‘IN g 83:23
=NREG(LREDL) sN .
ggxt.sa;l.CR.L;EG.«)“HP°=HUPR4NNF— g——g::gg
IF(L.EQe2+CRL,EQeI) HPP=zHLPR(NN) 0 02140
280 uRIT=(6v1013) XXP (NN s YYP (NNoM) 91PO 0-—0215n-
_296..CONTINUE - - 0 02160
RETURN 0 02170

END



- ." SURRQUTINE SETNOS(JRYTE)

SETO0n0l0-

COMMEN/BLKL/NC (8) o¥C (8) sNC1oNC29NCIoNC4INCSoNCHsNCTINCBINC] 9MC2

SET0A020

19MCIeMCG o MCOIMLB G MCT (MCRINKEG (8) ¢NAIC(2) oMMC (80 02) SNMAX s MMAYX . SET01030

—— 29GAMMASGASGB 4 6CoGD1Gr eGF o X (40U s8) -4 Y(1948)y¥X(130) SETON04O
3eYYU135019) YHHGXESYE YA9XCIROsRDRUFLO 9 TToCCIEMOPTT SET05050
49SINTHE €20) 9COSTHE (27) 4R (20919) o SyMoLA+DX (8) DY (8) . SET09n60
—— COMMGN/BLKG/EP] (20)-0eP2(20) sERP3(10~) 9EP4(100) yEP5(38) yEPE{3IB) ——-SET0AQT70-
1.NAJ(20).th(ZO).MltaO).uz(eoyouqtae)ouctaa)oLl(loo)-Latloo) " SETonog8n
29110100)912(130)¢JR(n0¢19)9sB(20) «BpR(2P) "SET0n090
—1C01-FORMAT (64X 9ZOHNOSE- REALON--INTERPOLATION /8 X-y3HR=C /8K ¢ 1HN g 2X -——-——SETQN100
193RNAL 92X 9 THNNS 93X 920M] 9 IX92HM2 91X, 4RISTIT,6XeIHEPL 49X 9 INEP2) SET09110

1002 FORMAT(4XJBHINTERICR,BXolHNoachHM.axoZHIl-3x.2h12.3x-2HL1 SET0n120
————t93XI2HL 346X 9 IHEP3 ¢ IX  IHF P4} —SET04130
1003 FORMAT(aXoAHX=R0/8xoaHM¢3KvZHMROZX 3HNNC 4 X 91N 3X g 2HMI 93X "SETON140
192HM4 06X 9 3REPS 49X 93HPE) : SET0N1S0

— 1004 FORMAT(4X1615,2E12,4) : -SET0A160-
C SET UP FOR INTERPOLATION AT Rs=sC . SETONn170
CC=Rg SeTo0H180
— D0 lp-N=leACH SEF04190
THESPII®X(L.*8)ePIl/2. SET0n200

CALS wALL(PoTHF.sBoenPR.s) SgET00210
Binf=88 SET07220-
BPR(N)=BBPS © . SET09230

COSTHE (N)=CUS (THE) SeTszéo

— SINTHE(N)=SIN(THE) SET0n250
- D0 ig M=1erC8 E 58700260
“RANIM)SY (My U)“(CC'BB\‘BQ SgT0n270
ln_conIINus - SET0n280-
NABSNCE=] SET01290
NM=YeR/241.. SET01300
_______lﬁLiRILE,NE.ax_!RIJE4lennll SET0A310
00 €900 N=2+NAR . SET0n320

IF (N EQ.NM) .Go. T0. 13~. SET01330

— THE= PIIux(N98)4PTIs2 5 SET01340
Xa=CCHCOS(TRE) 4R . - SET00350
YAsCCoSINITHE) ¢ 1N s "SET01360
IE(THELGTW.FI1)_ G0 TD Zn SET0A3T0
LREG=7. . : SeET01380

MREG=1 .. SET01390
60 lc. .32 SET07400-
20 LREY=3 SeTonslo
MREG=2 - SET01420

30 NCcE ENCALREG) - . ~SET07430

D0 5n L=1nCC - SET01440
LL=NREG (LREG) o SET01450

o IF(Xx(lLbly.CT, XAl_ﬁC_:Q_bn SET0%460
Sn CON}INUE ' SET0n470

6c L11= -1 ~ SET07480
LListlal. -—SET09450

XB=zAx (LLY) " SET0AS500
RB]'(XB'RO)/COS(THE) SET0nS10
_______111 X8 _ .. SgT01520
IF (MREGL,EG.Z) GO TO a0 - SET0A530

. 00 70 .M=19¥C7.. ' SET01540

_____N_RRLM_SORIL(AJL.R0133;34114LL14M

o5t

SET04550



_ IF(RR1.GTeLC) 6O TC 35

-—-SET01560

——— M1 (Ny=MM

137

70 CONTINUE SeT01570

7S MMz=M SET0NS80

e —-G60-T¢..9¢ - SET01590
80 DO 84 (MsleMC3 SFET01600
M=vC3= Mol SET0"610
——_RR1= SQRIL(K11-90)¢0=o(YY‘LLI.ML-HHDCOZ\ -SET0n620
IF(RR1.GT«CC) GO TO a5 SeT01630

84 CONTINUE | ' SET0N640

88 _MM=M SET0Nn650

9n TH511=ATAN2(YV(LLI.Mu)-HH.xll-Ro) SET0N660
IF(THET1,LTe0,) THELY =22,0PII+THEL] SET0N670
LL25(LLel SET0N680

IF (THE1]1 (LT e THE JANC omREG JEGel) LL2=LL1=1 SET0n690
IF(THEL) OT o THE qANC o uREGEGe2) LL2=LL1=1 SET0n700
IE(LL24LT e AREGILREE) (L2211 SETOATLO-
x22=xx (LL2) SET0N720 -
Y223YY(LLZ MMy SET0N730
Y11Eyy-cL oMMy SET0NT740
DEL=(Y22«Y11) /(X22-%X71) SET0NT50
RB2=(Y11=HFYDEL®# (RD=y11))/(SIN(THE)=DEL®COS(THE)) SET0NT60
Ii‘Ll‘IOEQ. U--RB?:‘Q. SET°0770'

IF (RB2,GE«CC) 6N TC ol SET01780

MM=MMe (20MEEG=-3) SET0n790

SR 1 U 7, W P —~SEF01800
91 CONTINLE , SET01810
Istf=1 = SeETonB820

—  IE(nB2.LTeFBl)_181T=5. SeT0a830
IF(Is1T.EN.C) GO TC. 72¢ SeET0N840

v IF (MREG.EQ.€) GN TC 505 SeTa850
—— DOl Mzl eMCl SEF0n860
IF(YY(LLI’”’.GT.YA) po T0 1¢4 SETO0N8TN

100 CON!INUE . : SETONRSBYQ
104 MM1EM SET04890
MM2EM el SET01900

- GO Tg.. 118 SET0A910
—10S-D0_.dyn_LMsleMcy SET0N920
MzMCT=apMel SET0n930

: IF(YY(LL1I?) «LToYA) A0 TO 115 SET00940
__ 116 CON}INUE. SET0n950
115 MM Sy SET09960
MM23M 4 | SETON9Tn

—_118 v8= HHeRBICSINCTHE) - SET0n980
EPLIN)=(YB=YY(LLYIOMMT) )/ (YY(LLLIMM2) oYY (LL] oMM1)) SET01990
NNTN)=LLL e SETo1000

— NN2(N)=LLL SET01010
M1 (N)=MM] "SET01020

M2 (N)=MM2 SET01030
RB=RBY1_____ SET01040

GO Tgo 159 SET01050

120 xBzRB29C0S(THE) +R0 SET01060
.Epllu)-txd All)/gxzz X113} SETO1070

NMNT AN LY SET0108N
NN2.(N) =LL2 SET01090
SET01100



—  M2(N)aMM

138

SETOl1l0:

RAsRp2 SeT01120

GO Tc 150 - SETO1130

—13¢-NNI-IN)aNREC (719 SET0T1140

NN2 (N) =NREG (7)) #1 SETO1150

M1 (N} =) ‘SETO1160

e M2(N)=2 SgTO1170

EP1(N)=C, SgT01180

RB=Cc ) SET01190

———+SA~RCG‘CC-B(N)l°¥lNC3.}~3+ ) SeTot200

EPZ(N)-(CC-RC)/(DB-Rr)' SET01210

IF(JRITE.NEWQ) SeT01220

_-——-_+unzle¢e++un¢+—~¢NN}4m»vanzuw»'»rf~fvne+wyrrsxT.59}+~+v592(~+——————sr101230

200 CONTINUE SETO01240

C SET UP FoR INTER]IOR. OOINT INTERPOLATION SeTo1250

- =0 SET01260-

IF(JRITE.NEQO) NRITE(6.100¢) SETO01270

DO 400 LI=192 - " SETO1280

IF&LI.EO.2¢_GQ_IQZ=1‘ - SET01290

LREL=7 SgT01300

6o lg 220 SET01310

— 2lc LREG=3 ___ SgV01320-

220 NCCSMNCULREG) SETO1330

MCC=MC(LREG) | SET01340

— 00 3%a_N=2«NCC— SET01350:

S NR=(I=1)2tMAxXeN SET01360

NN=NREG (LRFOG) aN: SET01370

__,___,JatlxLNNL.CI.noL_Gc_qo_ SEF01380-

DO 340 LM319MCC SET01390

M= M . - SET01400

__,_*__15LLL.EQ.ZL_M-uccaeut-- SET01419-

XA=AX (NN) SET01420

YA=YY (NNoM) SETO01430

__,,,__RA_SCPT((KA!RolﬁﬂzxivA-HHJ!“?l SETol640-

IF(RALGTLCC) GO TO 3,5 . SET01450

THEAzZATANZ2 (YA=HH,XA=p0) . SETOl1460

;F(JHEA-.LL-orL—¥HEA——-2vAﬁ¥P61HE‘ —SET01470

Jd=Jdy+1 SETO01480

JR(NReM)=2Jy - SET01490

DO_€g0. L=1eNCA_ —~SET01500

THESPII®X(L*8)+PI1/2 . _SgTOIS10

IF (THE.GT«THEA} GO Tr 260 SET01520

___ 250 CON]INUE. SET01530

260 L3 (YY) =L+NEEG(8) _SETO1540

. L1(JU)SLeNFEG(H) =] SeET01550

——  THE3=THE. : SgT01560

THE L= lecx<L-v.9)oplv/2. SETO1S79

: DO 270 I=l.MCA SET01S80

o RRalcCeB(L= 1);¢Y<I.8,¢34L.1\ -SgT01590

IF (RReGT R2) GO TO 240 _SETO1600

270 CONTINUE - ) SETO1610

280 1F(l.EQ. 1)_1;7 SET01620

12(Jy) =1 SETO01630 .

: 11(Jy)=1=1 SET016460
__,_~__RR2<iCC-8(L_ly)nny.ox,nt.-1\

SET01650



RR13(CC=B(L=1)19Y(I=TsR)eB(L=1} : SET01660

RR3I=(CC=B( L))oy (T=19a)eRr (L) . SeT0l1670

RR4= (CC=BILI)I#Y (T sa)eR(L) _ SETO01680n

—_ ER3(JI)S(TREATHEL) L} THE3=THEL) ~SET01690
EP4 (JJ)=,59((RA=RRZ) ,(RR1=KR2) *» (RA.RR4)/ (RR3I=RR4)) a ' SET01700
IF(JRITE,NEe)) wnIIE}Qslooé)N.M.II(JJ).IZ(JJ).Ll(JJ).L3LJJ) SETO1710
L EPI(JJ) EPA LYY , SETO1720
34n CONTINUE o : ‘ SETO0173n
345 MMC(AReLT)=M . - SeTol740
35 _COANTINUE — SETO1750
360 NNCILIN=N ' ' SET01760
400 CONTINUE SETO1770
£ SET UP_FOR. LNTERPOLAzION_ALONG_x.H~ — SeTo1780
IF(JRITEJNE#Q) WRITE(6,1003) o SET01790

DO 609 LI=192 : ' SET01800
—NRCENNCILILY SeTo1810
IF(41,EQ,2) GO To %17 T SET01820

N=1 . SET01830

Nl=2 — SETO1B6O

LREG=7? o : SETO01850

.60 Tp 520 - : . o SeETo01860
510 N=Nk8 — SETO01870
NlsNCB=1 = . . SETo1880

LREG=3 o . S 'SET01890

~—S2¢ MCC3SMC(LREG) : —SET01900
NNRC= NPEG(LREa)och o SETO1910
XAASRO - , SET01920

— D0 S90.M=zlsMCa o . i : SET01930
MRz (L I=1)®vYMAXeM : v ' SET01940

YAASR (NeM) #SINTHE (N) ,HH , SETC1950
YCCZR-ANToMIPSTNTHE (NT-)ebh SET0 1960
XCCZRI(N1 M) *CNGTHE (NT) oR( i SETO1970

: XBA=XX (NNRC) : _ o SeTol980
———Y8B= LLXHB-XQC)/txAA-vCCLJiilAAetcClAY SET0199¢0-
~IF(MeEWe1) GO T0--550 ) ' SET02000

© DO 530 MM=leMaC : SET02010
_IF(YY(NNRC:MM)TGX'YBQL—GO—lO 549 SeT02020

$30 CONJINUE - , SET02030
540 MM4=NM. : : SET02040

- MM3ISMM-] - : R SET02050
Y44=YY (NNRCYMMG) . . SET02060

Y33=yY (NNRCYMM3) . SET02070
EPS(MR)=(YEB=Y33)/ (Y, 4%=Y33) : : SET02080
EP6{MR)I= (XAR=XCC)/ (XaqBeXCC) o SET02090

M3 (MR) =MM4 : _ SET02100

14 . SET02110
IF(YRITELNE«O) : : SET02120

IWRITE (69100 4) NoMRoNoC NeMI(MR) ¢4 (MR) 4EPS (MR} 4EPE (MR) ) SET02130

e 60-%c 590 : SET02140
550 IF(LI,EW,2) GO TO 562 SET02150
M3(Mnr=1 o . SET02160

— M4 (MR)=2: : SET02170
Go !'c S70 - - . : SET02180

S6¢ M3(Mg)zMC3 ’ ) : SET02190

— M4 (MR)=MC3=l _ .—-SgT02200
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5S¢ EPS(MR1I=0.a ' : SeT02210 -

EPG(NR)-(XAA'XCC)/(XQB-XCC) -4 . . SeT02220

590 CONTINUE _ . SET02230

— 60c COAnTINUE - . ——SET02240
: RETURN ‘ ‘ - SET02250
END : - - SEgT02260

— SURRQUTINE. STRECHLUR:Gl‘ S STROnD10
COM“CN/BLK‘/NC(B)ONC(B)oNCloNCZONC1oNC4oNC5oNC6cNC7oNC30NC]oMCZ STR01020
19MCI oMC4 yMCOyMCOHyMCT (MCAINREG (8) ¢NMC (2) yMMC (B0 92) sNMAX yMMAYX STR09030
______ZOGAHNAcGA'CU;GC0GDchOGFQX‘“008)'Y(1908)0XXP€130‘ ~—STRONGSGN
3eYYP(13CelG) gHpueXEsYeoYa, XCQRGQRDQCMFLOOTTQCCoEN'PII STR0NOSO
4,SINTHE (20G)9COSTHE (2% ) eR(20919)91.SyMelLAsDY (B) 4DY (8) STRONQ60

CONMCN/BLK’/YFIJIBO.qQJ9!C5i430}010911'XZcX3vY0'¥2 ALP (4)+DD(&)~—-STRONDTO
1oRAE] (41 9LSLPeHU(130) (HL{130) +HC (137 )!HUPR(I30)oHLPR(130).HCPR(I30)STROQ080

DIMENSION AL(Z)oERR(:) ' .. STR01090
DATR_LaMP/ /. STR0N100 -
100] FORMAT(/4Xs21HSTRECHING 'PARAMETEDS /8Xe4H X0=0E12,443X . STRON110
1904H X1=9E1264,3x,4F vZ-oEIZ 493X44u x3=.512 493X94H vo-oElz 4 STROn120
e 233X94H _Y2= - -STR0A130 -
3+€12, 6'3XO“HALA—oElZ.‘/4X94HBEI-QE120 93X .4HBE2=9E12, ¢o3x o STRON140
494HDE3=VE12e443%X,4HBr4=4E12,4) : STRON150
—  E(FALIBE)Z S8 () esTaANHIALYLF=,5))/BE) . STR0N160-
F2(6sALIYRE)S2,98E/ (4] #(1,=(2.8G=14)282a8L0802)) ~ STRON17O0
Gl(FeA1sA2)=(A14A29A, 0G(F))RALOG(F) C- STRON180
G2(E9A190A2) 341428 A>RALOGIF)I/F ' ——STRON190
IF (LAMP.NE.U) GO TO j02 , - STROn200
C - STRETCHING PARAMETERe. , . STRON210
——— DO 4 L=le2_ — : STROn220-
IF(L,EG.2) GO 1O - 1 © - STROn230
DEL=DX()) o . - - ‘ . e STRON240
~D1=0p.(31 SENPNLRLR : i — STREN250 -
.De=Dp(sy .-~ - : o : . ' STR0n260
60 To 2 . - .. S s : . STRO1270
1 DELSpY(l) - : : STROn280 -
D1=Dp(5) A c *f - STR01290
:02=zVD(6) . . o e I Sk Lt STRON300
—— 2 DELL=l.=DEL : -STR0A310-
DLOG=ALOG(CEL) ] A " STR09320
D1LO0G=ALOG(VEL]) - S ) : . STR0n330
DET=CLOG=~D1LOG — : e STR00340-
DUMI-(DZ“UlLOG/DLOG-nl°0LOG/DlLOG)/DET . STR02350
DUNZ-(Dl/OILOG-DZ/OLnG)/DET o S " STRON360
— I1F(L.EQs2)_60O_10 STR09370
x0=0UMl - ‘ ST : STR07380
x2=0ymz : A : : i " STR0A390
GO . .TC__ 4 L - STR0N400 -
3 yosbumt - - . L - , . ' ‘STRO%410
Y2=0uM2 . . S . STR00420
— 4 CONTINVE .~ _ , ———S§TR01630 -
X1=X0 P S : " " STRON440
X32X2. . - : _ STR0A450
DO.___S Lzled : S » : — STR0N460 -
ALP (L) =0, - o : S - - STR0N470
5 BET(L)=0, - . 140 - : ' . © STR01480

— D020 L=l ' - - ~————$TR01490



GO To( 11s 12+ 13¢ 1a),L

STRONS00

11 IF(LSYMJ.EW.L) GO TC 20 STR01510
DEL=DY(2) . STR01520
OIM=pEL %HH STRONS30
IF(D0(1) 4GTeq8NIM) -AD(1)2e99DIM STYRONS40 .

——  DUM=2,°0D(1)/HNe] o .. ——-S$TR0NSS0
-_60.To--15 STR09560 -

12 IF(LSYMJEQ.1) GO TC 20 STR00S70
DEL=DX(3) . STRONS80
DIM=DEL®XC STR01S90
IF(UD(2)4GTee9aNIM) AD(2)=e9%DIM STR0N400
oum= z.°oo(2i/xc-1. : STR09610

—60-TQ--15— ‘ STR0NG20-

13 IF(LSYM.EQ.L) GO ¢ 20 STR0N630

DEL=0X (&) ' STR0N640
——DIMSCEL® (XE=XC) . STR0N650
IF(UD(Z).GT0.9°DIM) AD(2)3.990IM STROn660
DUM=2,#DD(Z)/(yE=XC) ], STRO06T0
——60-—F0-—15 - STRONG8N

14 DEL3nX(7) STRON690

OIMSpEL®XE. STRON700
—1IF¢bpr2y, GT'-Q“DIMF»hD4E+ﬂ'9“D'“ STRONT10- -

Dum= 3.°DD(2)/XE “le STRON720

15 AL(1)=.5 ' STR01730

——AL(2} =46 STROAT4O-

MEsl STRON750

: KIP=1 STRONT60

— 16 EF= TANHlAL‘ME)ﬂ(DEL-—5r+#JANH(15“hr4#E%} STROATT0 -

ERR (ME) =EF =UUM STRON780

IF (ARS(ERR(ME)) (T4l E= 3) GO T0 1a STR0N790

e IF{MEJEQ,.2MH0-TO 17 STR0N800

ME=2 - STROn810

GO Tg 16 STRO08B20

— 17 _ALBMR= AL(l)-Enptxia(AL42>-AL41444t=RRL2L-ERn4};} SYR01830-

ALBAR=AHS (ALBAR) STR09B40

AL (1)=aL (2) STYR0NBS50

AL.(2).=ALBAR STR0N860-

_ERR(1)=ERR{C) STR01870

KIPSKIP+] STR0Y880

IFeKIP, LE.zU)GC_TO__qb STR0NB9O-

CALL EXIT STRONGO0

18 ALP(L)=AL (ME) STYR0N910

e BET()=TANR 5aALP (L)) SYR0A920

20 CONTINUE STR0NG30

" LAMP=z1 STRON94 0
WRITE (60107 l)xo:xl:x=vx3|lOvY2aAlP.BET STR09950

C STRETCHING UERIVATIVeS -AND BODY GEAMETRY STR0N960
102 IF(MREG.NE.B) GO TC 7064 STR0N970

_MStAazl SYR0N980
MFIN=7 STR00990
GO T¢ 1u8" STRO1000

104 MSTH=MREG__. --STRO1010
MF IN2MREG 'STR01020

108 DO 200 LREGSMSTA,MF Iy STRO1030
—STR01040

——— NCC=NCILREZ) . 141



MCCENMC(LREG!

00 195 N=1,NCC g;:g:ggg
NNaNREG (LREG) an —~STRO1970-
GO To (110.120+130¢12041501604170)4LREG. STRO1110-
119 IF(N,EG.1ICE0 10 111 o STRO1120
xxp(uu)-sl(xx.xo.XZ) STRO1130
XCs.ANN)=1 -IUZJquXOtJZL STRO1140 -
GO Tg 112 STRO1150
K11 XXpINN}==520, STRGt160
e XCSINN)E=Da ~STR01170
112 IF(M,EQ.MCC)GO TO 114 - STRD1180
YYP{ANIM) ZYAeG1 ) e=YUrYN,yY2) STRD1190
e YEY(ANeM)IS®losG2(le=vY oY0sY2] SYR01200-
GO Tg 114 SYRO1210
113 YYP(hNoH)=‘00. SYRO1220
e YETAANMIS. S¥RO1230 -
114 cAL: waLL(lvxxp(NN),AH.AHpR h STRO1240
HU(NN) =AH -STR01250
o HUPR(NN)=AERPR_ SYRO1260--
© 60 TO 190 . " SYRp1I270
120 IF(LSYML,EQ,1) GO TC 790 STRO1280
e JF(N,EQ.1)G0. -T2} : STR01290-
XXP ANNI =Gl (XX o XN ¢ X2) STR01300
XCS(AN)=1e/62(XXeX09y2) STRO1310
Ga Tp 122 : STRO1320-
121 XXPINN)==53Y, -STRO1330
" XCS(NN)=Qe T 'STYR01340
— 122 ET4AS FI(YY'AL94}499571¥ —STR01350-
YYP INNgt) SYARETA .STRO1360
VET(NN.V)-Fﬁ(ETAoALp'l)9BET(1)) . STRO1370
CALL_ﬂALL(7LXxP(NN)cAH.A&gR-l) *STRO.1380--
HL (NN) =AH STR01390
HLPR (NN) =AFPR ~STRO1400
CALL KALL(2JXXPJNN)+ﬂH14HPQ42‘ STRO1410
HC (NN) =AH STR01420
HCPR (NN) =AKPR -‘STR01430
_ G0_To-190 - STRO1440"
130 IF(LSYM.,EWQ,1) 60 TC Y90 STR01450
‘ CSISFI(XX9ALP (2) 4BET:2)) . " STR01460
XXP.INN)=XCeCST_. ~STRO1470
XCSINNI=F2ILST ALP (2 9RET(2)) STRO1480
caLs HALL("XxFlnN)c,HcAHPRvI) - STRO1490
HL (NN =AH “STRO1500 -
_HLPR (NN} =ALPR SYRO1510
ca L NALL("XXP(NN)oﬂHQAHPEOZ) STRO1520
—— HC(NN)=AH. __ -:STR01530
" -HCPR (NN) =AFFR STR01540
E£TAS Fl(YY-ALP(l).BET,l)) ‘STRO1550
e XYYPUINNeMIZETABRL (NA) - —STRO1560
YET(anM)-FC(ErﬂgALppl)oBEIll)) :STR0O1570
GO0 To 190 : ‘'STRO1580
J.QLIE!LS!H.EQ u_ann_;qo______lAZ SYRO1590 -



CSISF1(XX9£LP (3),BET3))

STR01600

XXp(NN)=XCe {XFeXC)aCel STRO1610

e XCSINNI=F2(CSTsALP.L3},+BET.L3)) —STRO1620 -
caLs NALL(4'XXP(NN)gAH AHPR 1) STR01630

HL (NN) =AN . o STRO1640

——— HLPRNN).SARPR ~STR01650
e CALL WALL (G XXR(NN) .o aH,ANPRS2) STRO1660 -
HC (NN) =AH STRO1670

HCPR (NN) =ARPR STRO1680
ETASF1(YYsALP (1) 4BET 1)) STRO1690
YYP(NNot) SRC(NN) & (RL (NN)=HC (NN) ) SE+A STR01700
YET(NNsM)SFE{ETA, ALP:l)yBET(l)) STRO1710
60--10--190-- STRO1720"

150 IF(LSYMEQLL) GO TC Y90 STR01730
IF(NJEQ.NCCIGN To 157 STRO1740
XXP (KN)2XEaGL (1. gmXXyylygX3) STRO1750-
xcs(NN)=-1./62(1.-xx;x1.x3) STRO1760

GO T¢ ‘152 STRO1770
——151-XXBINN) =500 STROt780
XCSINNI=Qa STR01790

152 CALL: UALL("XXP(NN)oAH AHPR 1) STR01800
—_—  HWENN S AH— SYRO1810-
HLPR (NN) =AFPR ~STR01820

CALL  wALL (S oxxP(NN),AH AHPR.Z) STRO1830
HC.(NN)-=AH. ~STR01840-

HCPR (NN) =AFPR - STR01850
ETASFL(YYALP (1) ,BET 1)) STRO1860
—  YYPINNsM)=RCANNL o YFLHC (NN RETA STRO1870-
YEY(NNoM)-Fi(ETA.ALP(l)qRET(l)) " STR01880

GO .Tg 199 _ ‘STRO1890
—16C IF (NJEQWNCC)GO.. Y0 167 STR0O1900 -
XXP (AN) SXE=Gl (1omXXoyly¥I) STRO1910
XCS(AN)=el, /62(1.-xx X14X%3) STR01920
I <1 ) Tnmlbz-. STR01930-
161 XxxXPINN)I=500¢ STR01940
XCS(NNY=0." : STR01950
_ 162 CALL. PLUBO(‘XPLNNL4AuJAHDDL, STR0O1960 -

HU' (NN ) =ANR . STRO1970

HUPR (NN) =A=FR , STR01980
e IF(M,EQ.MCC)GN.I0 164 STRO 1990 -
YYP (NNoM)=RU(NN) =Gl (T e=YYsY09Y2) STR02000
YET(uNoM)-'laer(l.‘vY YOeY2) STR02010
60..16.-190 STR02020 -

163 YYPINNIM)=CUQ, STR02030

_ YET(NNsM) =200 STR02040
- 60..T0 .190. S$STR02050-
170 CSISFY(XX9BLP (4)4BET)4)) STR02060

T OXXP (AN)=XE®CST STR02070
XCS{NN)=F2(LSTeALP(4)1BET(4]) ~-STR02080

CALL. WALL(79XXP (NN) e aHsANPR]) STR02090

HU(NN) =AH - , STR02100

———— _HUPR(NN) =AFPR. __ STRO2110
IF(M,EQ.MCCIGN To 175 STR02120

YYP (NNoM) SFU(NN) =Gl (T emYY Y0 yY2) STR02130

— YETINNIM)Zed o /G2 (1 emu Yy YD Y2) 143

—STRO2140



- —

GO Teo 190 ' " STR02150

171 YYP(NNoM)-'Q . STR02160
—— YETANNOML=C e v‘ — - STR02170-
195 co~}r~ue ‘ ‘ C : STR02190
——200 CONTINUE _ STR02200..
RETURN : i . STYR02210 -

END : o ' oo STR02220

— ...SUBRCUTINE NALL(LREG x,zovP-LpL — —walL0Onglo
COM“CN/bLKlfNC(B)ONC¢8)thl'NCZvNC1ohCA.NCSoNCboNC?oNCG'NCI'MCZ WAL O0N020
LoMCI gMC4 ¢4MCO9yMCEWMCT7 (MCRINREG (B) ¢NuC(2) 9yMMC (RO 92) INMAX JMMAX ~waLonp30
__~_;_206AM~A|GAQC¢'GC GO.GctGF.xK(QuQS)9VY(IQ¢8}1XXP(130F~—~ — wal 0940
JeYYP(13C015) gHHoXF oY aYAXCoRAIIRNIoMFLOWTT4CCoENIPTT : wal 01950
49SINTHE (20) *CNSTHE (2%) 42 (22919) o1 SvyMaLADY (R) 4DY (8) waLO7g60
DIMENSION THE (G}, BNUCKQ)‘BPNOStQLJANl¢Q¥JAN?(9¥rXOUTLQ%&YOUT(9¥1—~WAL0)070

1YPOUT (9) o LFUNO(9) vA0Y (9) 4A02(9) o XIn(F) o YINIO) 9 YPIN(9) sLFLNI(9) waL00980
2+811(9) 9412109y ,A0¢20) . . ‘waL0np90
_______ACU°LXL5XR0YL.YR.XLP Ype)= lixgﬂixnp)’LxL-vR)-z e{Yp=YR) ) /- (XL=XR)—WwaLON1 00
19403 . walon110
acuU(xLoxR.YL.VR.YLP Yaw) (3e0 (YL =vR)=(YLP+2, ovap)O(xL-xn))/(xL XRwaLON120

1)8a2 ~wal0n130
YCU”(xPoxR'YRvYRPQAA BB)= AA“(XP-XR)”3‘BB¢(XP-XR)'OZOYRP¢(XP-XR) walL0n140 "

1+YR B ‘WAL 0150
YPCURLXP-KF!XRQJAAJEQL.J 9AA£4XR-1543*2*21499'445!!3444RP~———————~NAL00}60

Y000 FORMAT(20A4) , -~ .WALON170
1001 FORMAT(JFL -4.3110)‘ o ' - wakoni8o
——4002»F0FMATt“x‘1“HGFOMETRv~4NPU?¢4*ﬂ2ervFJ—315Xv5HHBARst7‘4o5X-——~———MALOW190
196HRNBAR=F /,4) - wAlL21200

1003 FORMAT (4X9RHCOWL LIP,SX.4HX8AR:6XoaHYBARoonaHYPR) © waLkon21o0
——1004_FORMAT(4 X3 LIHEXTERNA}--COWLAE X +4HXBAR 1O X-94HYBAR»6 X9 IHYPR —wAL01220
1910A94HLFUN) . - wak0n230

1005 FORM3 T(axolJHINTERNA' COWL/SXe4HXBARP?EX e 4HYRARSEX#3NYPR ~ =~ - walL0n240
_—_-~—4410X,AHLFUR - ' , ' WAL 01250
DATA LAmMP/~/ .. S A . waLonz6n

1F (CaMPoNE, Uy 60 TC.700 : . - “WAL0N270
_READ(Selodod A - . - -wAL01280
HRITE(ble’U) a B . - < wal0n290
Plo2=FP11/2. S ' . S ‘WwALON300

e TPI02=23.,¢PI02 . - wal 0n319
READ (Sel003)) ELLsHBEADIRINBARYJINOSAy JOUTBJINB . - wakoo32o
WRITE(691072)ELL HBAaoRNBAR wal 010330

—— ___RN=RABAR/ELL.. , : S — : — wak03340
RO= ; @RN S - ' ) wal0n350
RO=HQ=RN : o - S B WAL0N360

- HH=HBAK/ELL — ' wWALOa370
XFad, eRU ) : ‘ - .- waLoO0n3Bo0
OUM=nMFLo°FM°(<1 060«6M°°2)/GE)¢~(-GC/2.) - wal0n390

— T TI=zHHeDUM___ ” : ' waL 03400
IF(LAGEN. D) rT=HH°SonTJnUM)" : s o . walkonslo

_ - EP=s0000G] - , » ~ -wal0n420
G :COwk LIP..DATA ..~ ' - ——WALON&30
JNOSzUNOSH L . _ - A ‘ ‘ -WAL01440
IF.(JNOS.EQ.V) GO TC 25 wAL0n450
- wRITE(6210.3) : . ——WALO0N460
00 Ig Just1uNOs : 144 : .7 waL0na70

'REAE¢591001) XBARoYBAR.YPBAR wal-nnama



o _WRITE(6210a1)XBARLYBAR,YPBAR.

e vy

wal0ns90

XNC2zXHAR/ELLeRD wWALONS0D
YNOS=YBAR/ELL waALONS10

e _IF(J.EQ.1) GO 10 5 wal 09520
IF (V. ENGJNCS) G0 TC & walL0NnsS30

THELJ) =PI~ ATAN((Yh0<-HH)/(Ro-XNoSs) wALONS40

GO_I1C 7 _ waAL0NSS0

- S TMELJY)L=RIOZ WAL ONS60’
60 T¢ 7 - . wal 00570

6 THE (Y)=TPIC2 waL0ns80
IR TREA JY e BT D:}-EF.AND.THELdr.Lv-aII¢EPr—fHEer= T WALONS90
eNob(J)-sacT((xNos R2) #0224 (YNOS=HH)##2) . WALO01600
BpPNOS(J) =0, wal0nelo
TE(TEEAI) sNELPTT)BENAS (U)ol YPRAR — 8 (HHaYMOS) A (SINLTHE(J) V& (SIN( ~wAL 01620
lTHE(J))-C0<(THE(J))“VPBAR))'BNOS(J)'COS(THE(J)))/SIN(THE(J)) wal0ns30

lo CONTINUE ‘ walL 01640
e UNCS1=JNOSael WAL 0A650
. 00 20 .J=19J4N0s1 wWALOnG60

. ANl(J)-ACUC(TNE(J).TuE(Jol)oBNOS(J»,dwost)ol)-BPAOS(J)oBFNOS(JoI))wAL0n670
___—2O_AN2(JL—5CUE(TNE¢Jl+1u5+40+l48N0S(J++6N054d+}11BPNOSkd)vBFNOSFJ01))WALOﬁ680

C EXTERNAL CCWL DATA wALONG690
25 JouT=youTH+ L WALODT00
—x0u L =0e waL0n710
youT (1)y=he - wAL07720
. YPCUT(1) =), wALO0N730
_— LFuNC(1)=3 -WALONT740
WRITE(69102%) wWALOATS0
00 3dg J=2+.0UT WALONT60
EEAU(SIlCvll_XBAR!VBARt!POUIiJlLLEuNGLJ\ -=wal0nTT0
WRITE (69107 L) XBARYYBAR,YPOUT (J) 9 LFIINO (J) wal 00780 -
X0U!-(J)y=XHAR/ELLRD wAL0AT90 -
3o youleuysydaR/ELL waALONROO
YE=YCUT (UOL ) wALON8l0
JOuTy=JoyT=1 waL 00820
D0 .40._J=1920UTY wALONR30
IF (LFUNO(J) «EQel) GO TO 35 wal0ngé0
Ao1(J)-Acu”(xour(d).VOUT(JOI)-YOHT(J)-YOUY(Jol).YPourtJ)oYpour(JoluALOneso
1)) wal01R60
AO?(J)-dCUk(XOUT(J)’vouT(JOI)9Y0UT(J)9Y0UT(J01)oYPOUT(J)oYPOUT(JolhAL0“87O
1)) wal 01880
60_Ic 4 waAL0NB90
35 agriyy=u, wALOA900
A02( =0, walL0ng1l0
4t CONTINUE waALONG20
C INTERNAL CTwL pATA walL0n930
CIF(JINHLEW.U) GO TC 45 wal 01940
JINSJINDG 3 - waAl0n950 -
JINB1=UINDel wALONG6D
JINBp=UINd+< waL0n970
XIn(1) =0, ’ wALO0N980
CYINGL) =HA waL0A990
. YPIN(1)=9. WALO1000
——LFUNp(})=3. waLOinlo
wWRITE(64105Y) wal 01029
00 50 J= zvV1~q1 145 wal01030
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KEAW.(SeLl0ULL _XRARS V«HA%-W!—N—‘-J)"LF‘WI“H" - “#ALO1940

WRITE (641001) XBARYYBARGYPIN (J) sy LFUNT (J) wal 01050
XINCJ)=ABAR/ELL *RD - , walolgen
— 50 _YIN(J)=YBAT/ELL : walOlo70
XCaXIN(JIN:L) . : . - - walo1p80
XINCJINuR) = (XFeXC)r2, - ’ wal01090
_  YIN(JINB2)=TY wal 01100
YPIN(JINBZ) =], i : waAlLOl110
LFUNP (JINE2) =3 ' wal0t120
XIN(JIN) =XF : T v , wALO1130
YINCJIN) =HK : : waloli4n
YPINtJINY= .o ' - ' WALO01150
LFUNT(JIN) =3 _ ) . walo0t1e0
_ D0.%Q _J=1ltJiNR2 . - waLO11Y70
IF(LFUNI(J) *EQ.1)GC +0:55 wal 01180
ATLCU)=ACUR(XTINCI) o XIN(Je1) o YIN(I) oYIN(J*1) o YPIN(J) o YPIN(Je1)) = wALO1190
e Al2fJ)= uCU’(11N141.XrN4J011:xLNiJL,¥LM44t44.vuxu44)oYPINtJolx)——-uaLOlaoo
GO Te 60 waloi21o0
55 af11(yr=u, . o walLo01220
_— o AJ2t ) =s, _ : _ - wAL01230
6n COANTINUE . i .- waLoigso
65 LAMFP=] ' ; S : © . waLo01250
— 100 IF(LP,EU, 21,sn_zo_aox waL 01260
IF(LREG.EU.B) 60 TC 400 ; ‘ wal.O1270
IF(LREG.GT.LoanD, LKER.LT.6) GO TO 200 ' . waLo1280
._L_____exrtnmAL_cch ~ATA _ —<wpAk 01290
IF(X.LTe04)GO 7O 120 -wAL01300
IF(R,GT«xF160 TO 130 - . : wal01310
——— 001142 J=24JouT- '. ' ——wALO1320
L=J - wal01330
IF (X LToeXOLT(U})GO Th' 115 ' wAL0l360
110 CONIINUE wakL 01350
115 vyayCLBiXeX CUT (L) g YCUT (L) e YPOUT (L) 940l (Lel)ya02(L=1)) ' - wal01360
vpaYPcuu(x ‘OUT(L)’YDOUT(L)oAnl(L'l)'AOZ(L 1)) - ‘wal01370
e -RETYRN - —- -wALO1380
120 v=zkh ‘ : : © walL013940
YP=_, . . T - _ ‘walL01400
-RETURN.: - . . : e — —-wALOtg10
13n y=vt R Ce - : - . walois2e
YP=0, : . . , - wiL01430
—— .~ RETURN i _ wALO 1440
c INTERNAL CCWL GEOMEToY . waLO1450
200 IF(XeLTe0esOR,X.GT, x:) 50 10 220 ’ ‘ - wal01460
___410_219—4-2&!'4 — wALOta70
L=J o -wWaALO1480
IF(X-LT.XIN(J))GO 10 21% "WAL01490
— 210 CONLINUE. . wALO1500
215 v= YCLR(X.XIN(LMYINM),YPIML)MIX:L =1)eAT2(L=l)) . - waloistio
P=YPCUH(X0XIN(L)0YpyN(L)qul(L-l) AIZ(L -1)) ' o wal 01520
aerunu_. — wal.0O1530
" 220 YsHh ‘ : wALO1540
YP=, s ~ wALO01550
H____*__REJURN : ' - ~wWALO01560
C cowl L1IP GEUMETRY T : : - waLk01579

300 DO "10 J= ZOJ.NQS ) . 146 . : . wat Avecon



L=J

PH=-VLDIDOV

wal01590
IF(X,LT.THELY))GO TO 315 ° waLO1600
31n con'INuE wALO1610
—_315_x= Y“UB(X-TFtiLJ-BNCSqLLJBPhQSLLl4AMJ(L-IL.ANZ(L‘I’L wal01620
YP= YPCUb(xerE(L)'EPMOS(L)’ANl(L X)MKNZ(L 1)) waL01630
RETURN wal01640
€ CENTERBODY_GEOMETRY wAL01650
——A06—v=¢0 wALO1660
. YPal - walole70
RETURN wAL01680
END— wal 01690
. SURRQUTINE.-BOUNNZeB} BOUONO 10—
COMMCN/BLKR/PRATIORAIST «PRADIKPLUMEIJY ~ BoU01n20
COMMCN/BLKGZ 7Kk (200) ,PK(200) +KEND EoU0~oao
101l FORMAT-(2F1lLes) 8odo1n40—-
102 FORMAT(1X919y3E16e4) BoU010S0
30 DO 40 K=2.KEND 20U0n060
: L;Jzn(n+¢ej.2r—&0—¢n—5v BoU0970-
40  CONTINVE Bo.0n080
‘ - 80U0090
S0 . LlsK=1
N - —80UQg"100—
R Eoz 22k (L1))/ (ZKIL31 =2k (L)) '80U0N110
! PRES=PK (L1) +EP® (PK (; 2) «PK (L1)) BOU01120
____—___psﬂLOG(anb#nnATIO‘ 80U01 130
: RETLRN - BoUD14
. ERD . Bouo1159
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