" NASA.CR-132634 -~ *

PREDICTION OF UNSTEADY AEROLCYNAMIC LOADINGS CAUSED BY .
- . LEADING EDGE' AND TRAILING EDGE CONTROL SURFACE MOTIONS IN
- SUBSONIC COMPRESSIRLE FLOW -- COMFUTER PROGRAM_DESCRIPTION

by

M. C. REDMAN and W.. S. ROWE

Prepared under Contract No. NAS1- 12020 by

THE BOEING COMPANY -
RENTON, WASHINGTON.

for

' NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

~ May 1975




)

Report No. I 2. Government AccessionNo. =~ . .. 3. Recipiant’s Catalog No, .

'NASA CRr132634

4 TieanaSubite  PREDICTION OF UNSTEADY“AEI-{ODYNAMIC- o] 5 Pepon Df'9‘~'75

"LOADINGS CAUSED BY LEADING EDGE AND TRAILING EDGE May —_—
... CONTROL CONTROL SURFACE MOTIONS IN SUBSONIC .| & P“”“”“°”“”“”“°“” SR
__COMPRESSIBLE FLOW--CONPUTER PROGRAM DESCRIPTION | - S

7. Author(s) . o o e L _8.PerfonnngOrganizationRéportNo. Co

M. C. Redman: and W. S. Rowe

. 3 4Performmg Orgamzatuon Name and Address - :
| . The Boeing Commercial Airplane Company
- P. Q. Box 3707 Lo L

1 10 work Unit No.

11, Contract or Grant No. -~

Seattle, Washington 98124 NAS1-12020 -

. National Aeronautics and Space Administratlon

‘| 13. Type of Report.and Period Covered'_ .
Sponsoring Agencv Name and Address ERE . R T

14. Sponsoring Agency Code
Washington, D.C.. 14 Sponsoring Agency Lode.

118

Supplementary Notes .

16.

' loadings caused. by motions of llfting surfaces with leading edge or tralllng_“f;tff}

Abstract
A digital computer program has been developed to calculate unsteady

'edge controls based on the subsonic kernel functlon approach.~

l'supplied deflection modes. Optional intermediate output.includes pressurev' o

The pressure singularities at hinge line and side edges have been'
extracted analytlcally as a preliminary’ step to solving the 1ntegra1
equation by collocation.;f ' '

The .program calculates generallzed aerodynamic forces for user . -

at an array of points, and sectional generallzed forces.z_Ftom one to Six}-

controls on the half span can be accommodated.

17.

Key Words (Suggested by Author(s) ) . ’ ' 18. Distribution Statement
Flutter, Wlng-Control—Surface Flutter, 7 Unclassified—Unlimited
Aerocelasticity, Structural‘Dynamics; o '

Aerodynamics, Unsteady Aetod&namics .

19,

Security Classif. (of this report) ’ -1 20. Security Classif. (of this page) e 21. No.ofPages | 22. Price®

Unclassified S ' 'Unclassifiedlf“’g;;' .l 157

N

*For sale by the National Technical Information Service, Springfield, Virginia 22161

et e e e s b o




' TABLE OF CONTENTS . =

SUMMARY e g

1.0  INTRODUCTION

oW

/2.0 - DISCUSSION

- General Remarks - . R LR -

Nomenclature T D mEe 8
Downwash Integral Equation' R o ' ‘15
Kernel Function . : ’
Loading Functioms - -
Downwash Definitions e
Solution for Undetermined Coefficients i
Unsteady Pressures, Sectlonal and Total'

_Generalized Forces - S

19
24

NNNPPNNN 
mqmqpuNw 

‘3.0 gCOMPUTER’PROGRAM USAGE . - ) R
3.1 Machine Requirements . = . ool T o 31
3.2 Opeérating System o AT S e ' 31
3.3 Storage Allocation
3.4
3.5

- Timing - . o E 36
File 1/0 o E T 37
3.5.1 File Utilization_ S R ¥
3.5.2 C-Matrix Library = . . - ¢ o oo oo . 38
© " 3.5.3 File Formats = . . o0 oo Lo 40
3.6 Control Cards R R N P
3.7 Program Input e - 57

3.7.1 General Remarks - Tl e 57
3.7.2 Limitatiomns: T - -
3.8 Program Output S e R - 70
3.8.1 Program Results - , B e |
3.8.2 Program Diagnostics =~ .- - o o 70
3.9 Sample Input/Output _ T 74

4.0  COMPUTER PROGRAM DESCRIPTION - o N . 101
4.1 Overlay Structure EEET -bfv V _ 101

4.2 Common Block Usage- - T 104
4.3 . Program/Subroutine Description S S ©131

iif

17 -

31

55



| | . .- Page -
. APPENDIX A - NUMERICAL INTEGRAIION TECHNIQUES S LY
' ‘APPENDIX B - MODAL INTERPOLATION : ;_TL'.'- ‘ :tliA S as1

. REFERENCES  ; EE ) - 1-" 'I';3 ' | ;'f";_ o ast

iv



- PREDICTION OF UNSTEADY AERODYNAMIC ‘LOADINGS CAUSED{”
'~ BY LEADING EDGE AND TRAILING EDGE CONTROL SURFACE -
OTIONS IN SUBSONIC CCMPRESSIELE FLOW _-_ COMPUTER
PROGRAM DESCRIPTION T

By
M. C. REDMAN AND W. S. ROWE .

'SUMMARY.

A d1g1tal computer program has been developed to calculate _
unsteady loadings caused by motions of’ llftlng .surfaces with

. leading edge or trailing edge controls based on the subsonlc
' kernel function apgroach. - ‘.

'The pressure singularities.at hinge line and side edges have
been extracted analytically as a preliminary step to. solv1ng_
; the 1ntegral equation by collocatlon.l ' :

The program calculates generalized aerodynamic forces for user
supplied deflection modes. Optional intermediate outrput includes-
pressure at an array of points, and sectional generalized forces.
From one to six controls on the half span can be accommodated.:
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1.0 INTRCDUCTION

’:.Thls document descrlbes in detall the de51qn and usage of the

- FORTRAN 1V digital- computer program, RHO IV. The RHO IV program

_'was written as an engineering.tool to ke used in-calculaticn - - =
. of unsteady aerodynamic loadings-on llftlng surfaces:with leadlng
- edge or trailing edge control surfaces in ccmpre551ble subsonic
I flow per the analysls technlques presented 1n reference .

Features of ‘this program 1nc1ude-

Modal 1nput in the form of surface deflections at - , .
~arbitrary p01nts - Input from dlSk flle, tape, or cardSu"

pffCalculatlon ‘of unsteady pressures at’ arbltrary polnts qf'
~on the lifting surface planform ;f e S

- Calculatxon of sectlonal generallzed forces at. arbltrary'
‘spanwlse lOCathnS on the llftlng surface planform_4

Calculat1on of general1zed forces

“Optlonal saV1ng of unsteady pressures, sectlonal or .

total generalized. forces for subsequent analysis

. Optimization of computer time through the capability .

to save and later reuse pressure/kernel 1nf1uence -

*_coeff1c1ent matrices: (c-matrlces)

Capablllty to prov1de for alrf01l thlckness correctlons'“
using velocity proflle modlflcatlons supplled by the .

~ user

Capabllrty to analyze up to six separate closed gap

control sur faces

Capablllty to analyze coupled main surface and controli-
surface modes _

;Included in this document are:

Description of equations used in the program |

Description cf .variable length'storage requirements

Description of user I/@ and scratch file formats
List of program limitations

Description of computer program usage




.Data stacklng procedures
Descrlptlon of program output - normal and d1agnost1c
Sample problem 1nput/output

Descrlptlon cf program structure and routlnes used



'2;0’-stcdssxou”'
2.1 GENERAL REMARKS o

>_-Thls sectlon w1ll present a descrlptlon of the nomenclature and
analysis as it appears in the RHO:IV program. ° Although ‘some

. information is given with each section, no attempt is made to
develcp or reference the sources of development of the theory C
involved. A full d1scu531on of the latter 1s glven 1n reference-Av

BRI of this document.

" As descrlbed ‘in reference 1, the problem of 1dent1fy1nq the

- unsteady aerodynamic loadlng on a lifting surface without downwash»'J o

‘ dlscontlnultles may be wrltten as a. boundary value problem.A}-

W(X,y) ..4__1_\.77 ffAPr(g,n) .K(X'EIY"H Ik'M) dEdn . (2.1-1)

e e s e e e

the structural- v1brat1cn mode. ~The rlght hand 81de of the

| '~ equation is the mathematical downwash which is derived from the"qv“fﬂhﬂlf'

surface integration of unsteady pressure times an aerodynamlc»3"_
influence function. The latter, called the Kernel Function, -,

~ is dependent upon geometry, reduced. frequency, and'MaCh'nunber.ﬁj:; ;€f*7"

The unsteady pressure is unkncwn; however, knowing the phy31cal'3"
characteristics of loading, the unsteady pressure may be e
approximated by a linear. combination of Assumed Pressure Terms o

- which will satisfy loading characterlstlcs.‘,‘*- :

AP_(E,n) '=.4pv2/"2“Ts = ZajAp-j-(s.[n),.-_j,=1,m o q2a1-2)

If the Downwash Integral Eguation, 2.1-1, is written for ‘a number-
of descrete points on the surface,- (Downwash Points, -or:

collocation points, or control points), the. resultlng Co_glex _
Linear System of Egquations may be expressed in matrix form as, = -

Wy} = eltal O (2.1-3)

where the elements of the C-matrix are



i3]

(Note that the C-matrlx terms are 1ndependent of structural
~ .mode.). For a simple lifting surface problem, solution of 2. 1= _
3 for: the unknown coefficients of the assumed pressure terms,-f*'
”{aj}, allows one to calculate the ursteady pressure at any point :
on”the surface or- integrate the unsteady pressure tlmes modal '
r,d1sp1acements to glve generallzed force. . :

With the 1ntroduct10n of control surface motlon relatlve to the -
.. remainder of the lifting surface. (main surface) .the problem
. . becomes somewhat more difficult. In particular, the kinematic

. downwash' distribution or sheet will ‘contain a steg dlSCOHtanlty
- at the control surface with respect to the main surface.. The. -

to match the discontinuous boundary condition is prone to numerlc
difficulties.. However, a pressure term associated with- control
‘surface rotation may ke written which will give -the required -
-jump at the hinge .and control surface ‘side: edge and whlch has

a known coeff1c1ent ' Thus ' . o

y ) Wy = L SI8P(E,m) K (x=E,y-n,k,m)dEdn  (2.1-5)
3 A . Awpv® S s |

where W* (x,y) will-have;rhe'same_jump discohtinuity-at‘the'hinge
and side edge as W{x,y) and will be relatively smooth away from-

Cy5o= L SIpy(Em) K (k;-E,y -n/k,Mdagdn T q@u1-ey)

'use of additional assumed pressure.terms. with unknown coeff1c1entsﬁz'""

~the hinge. The control surface unsteady pressure. term in- equatlon*jf e

©.2.1-5 is a function of the control surface rotation at n, O(nmy, .

i.e., is dependent upon the structural mode. . The control surface“o:"

irotatzon is . approx;nated by a cubic equatlon. N

S

A A An? nd L 2a1-6)
9(n) = Ag * Ain g+ Ao + Apaﬂcs' . (2-1‘ 6)
where  n = (n-y;)/(¥goy;)

= Inboard sxde edge of control surface

<
[T
)

Yo = Outboard side edge of control surface.




o Thls representatlon of - control surface rotatlon should sufflce

. for a broad range of control surface twist. The expressxon for

" the assumed control surface Fressure’ term. is then
"APS(€;n) 4pv2/ ’-n’ 2A3 lAp (5 n) S »_.(2A1f7)’,

“'If equatlon 2.1-5 is’ wrltten for the downwash p01nts and expressedf

- 'in matrlx form,

| {w*(x,y)} [C*J{A} Con o L (2 1-8) -

;.whefe=the elements of the Control Surface;csmatrigfafe'

* = ey ....'. ' -. : - ’ B .:'.: ' o 2'1-9.’:»:,
c ij © %»fprjfa.n)'K(xl Eryimm k}u)dgqnf o (2.1-9)

and 81gn1f1cantly, because of the polynom1al representatlon of-
control surface rotation,  are not dependent ugon structural mode.
. If the kinematic downwash is modified by removing any
',dlscontlnulty due to control surface rotation,

W(x;y) = Wix,y) - W*(x,y) - ":fA_Vfi S  (2.1—10)_V‘

- the resulting residual downwash sheet, W(x,y), which is smooth,
may be used to solve for the- ‘unknown coeff1c1ents cf the assumed .
main surface pressure terms, {a.}.  The total unsteady pressure .
is then a comblnatlon of main sugface pressure and control surface_
_pressure. R '

AR(g,m) = APL(Em) + 2R _(E,m) . 2a=Th

Thus'unsueady pressure may be calculated at any point on the
surface or integrated tc rroduce generallzed forces as in the
simple lifting surface probler. »



;~2 2 NOMENCLATURE

‘,The RHOIV/ program works w1th dlmen51ona1 coordlnates (E,n) and
_non-d1mensxonal coordinates ({3 n) "The . bO reféerence length used

. in reference 1 f¢r k value and non- dlmenSLOnallzlng of all

- coordinates is used in RHOIV c¢nly. to arrive at k. = w/V from the
.user input kK = bgw/V. Note ‘that- differences in nomenclature
between reference 1 and. thlS sectlon are noted parenthetlcally
'rthh the symbols. c

. syMBOLS .~ ____ " DESCRIPTION

A{n;m,j)- . - Cubic coefficients (m-1,...,4) in ﬂcs for -
o . mode j; for control surface ‘n.; _ .
'alm:j) B :. .im:f Undetermlned coeff1c1ents of assumed malnffél@x?f

_ _surface pressure terms. for- mode,j,
:,'(m=1,...,no.'of downwash points)h

be . j_‘;Reduced frequency reference length.: o
bm). . '_ _ - L Local planform seml-chord. | |

. ST ' “f,'b(ﬂ) = 0.5[& . () - El(n)]

C(x,y;m) o - - : C-matrlx terms for downwash p01nt (x,y)

- associated with. assuned maln surface
pressure terms. : :
(m—1,...,no._downwash 901nts)

C* (X,Y,n;m) o - C-matrix terms for downwash poxnt (x,y)
o ' S . associated with control surface n. .
pressure terms. - . :
(m—1.---.4)

c - ) ‘Chordw1se 1ntegral of g(E,n)K(xo,yo,k M),f
C,:,Co> ' o . coefficients associated with control

pressure express:. ons, -
Eqns. 2.5-11, 12.

Ey,Ep ' . Chordwise modification functions3_
associated with control pressure -
expressions, Eqns. 2.5-16, 17.

£Mm;i) S "Spanwise" portions of a pressure term. ..
' o {i=1,...,no0. of chords, main surface
analysis) (i=1,...,4, control surface
analysis) : : ' o -




SYMBOL_.. . ________ DESCRIPTION

B “F(k,y;n)*”;'. ‘~Z"s' ””.Port12n3o£ dcwnwash 1ntegral expressxon;'; s?ﬁ
. o ' "Egn. : . S
'sG(x;y;ny”y - ‘f = '.FPort12n3o§ dcwnwash 1ntegral expr98810n,ef’~?‘-":

6 /G_ 1Gqr G _)G74,G. " Portions of pressure expre351on
1S 751,“52 L1% L27 AT -assoc1ated with full chord control.-

: 9(€:n§j) S A' : "Chordw1se" portion of pressure term,-v
- : {j=1¢+..,n0. .pts./chord, mairn surface)
(3= 1, control ‘surface: analy515)

H . Spanwise modlflcatlon functlon
- o " - associated with control pressure-’
,rexpre831ons, Eqn. 2 5 M.

“ho o 'iIntegratlon limit in kernel functlon
o o L evaluatlon. . :
i; Y=1, or i-th dlsplacement mode, or 1-th

"spanwxse" pressure term.

:I;.».‘ K . Modxfled.Bessel funct1on.s
’5A‘Als' o | o A ]—th dlsplacewent mode, or j;th
v T : -"chordwlse" pressure term.~v
_K(ko,YO,k,M)" o ﬁ ‘vFull kernel express1on.
xxhs(xo;yg.k;M). _ o Non-51ngular portlon.of KQ:
. KsiXo:?o;k;M) | ;:' B singuiar'portien‘of K. |
-Kx o _. - 5a MOdlfled Bessel functlon
k_ <AA-F_ - ‘ ~ Reduced frequency, k = w/V. ,
kr'[k] . - Reference reduced frequency,k #baw/v.
L; | | Struve functien;~ | "
TL‘,Lz R - | ‘Porticns of pressure eXpressiou‘

associated with full chord control. .
M. o " Mach number

M(E‘Xs.n-ys) ' © . Portion of pressure expression



_n_A

10

AP (E,m:H)
.-_Aprts.'-n;.j)_ '
- AP_(Een,n33)
B CNAS )
- ApP(E,n;im)

Tp(€0<nvn;m) ‘

Qr(i-j)

' .QS (.n:i"'j) '

‘Gr(i;m)

"DESCRIPTION'.

’--assoc1ated w1th partlal chord ccntrol.hh
‘a pressure term number.

3Portlon of pressure expre551on o :
~assoc1ated w1th partial chord ccntrol. o

- A control surface number._:f‘h

;Total change in" pressure for mode ] at_.
‘point (g,n). P(lower)-P(upper) '

'That porticn of AP associated w1th the o
‘regular - (assumed maln surface) pressureA_g

terms. .

That portion of“APhassociated'with;the o
,pressure termS'forfcontrol surface n. -

The m-th assuned main surface pressure

~term value at’ (g,n). -

The m-th’ pressure term assoc1ated w1th'»~'

control surface n, ‘value at (g,n).»’r
Dynamlc pressure, q = 0 SpVz -

Portion of pressure expre551on
aSSOC1ated with full chord contrOr.

Generallzed force (generallzed unstoady
aerodynaric coeff1c1ent) for dlsplacement
mode i, pressure mode 3.: S

That portion cf Q associated~with the
regular (assured main surface) - :

‘pressure. terms.

That portlon of Q assoc1ated with the'
pressure terms for ccntrol surface n. ..

.Surface integral of'Z(g,n;i)Ap(g,ﬁ:m).



SYMBOL_- _

Q® miieg)y

Q (n’ IJ)

- Snenii, g

0P (nsdem
CRT
.jt!
Su [V,],-‘
W(x,y:J)
WH(x,y,n;3)

W(x,y:]).

DESCRIPTION

'?Sectlonal gererallzed force (sectlonal
- generalized ‘unsteady aerodynamic- :

coefficient) for station n, dlsplacement
in mode 1, pressure in mode J._;-

That portlon of Q assoclated w1th theA
regular (assumed malr surface) pressure'

. term.

That portlon of 0° asSocxated'ﬁ1th the
. pressure terms for ccntrol surface n.}_;':

Chordw1se 1ntegra1 of Z(g,n.l)Ap(g,n m).

A modlfled distance’ between points in . . 7]
'_kernel and CCntrOl pressure expressxons..~"“

'Planform semlspan
- Time.
‘Local'streamwise.velooity;5

Remote. freestream veloc1ty.-f

Klnematlc downwash at (x,y) for mode 3.

Mathemat1cal downwash at  (x, y) for.
mode j due to control surface n
pressure terms. :

Residual downwash at (x,y) 1n mode 3. 1.e.
W with all ccntrol surface: : :
dlscontlnultles,removed.;'

Local normal  (z) velocity.

Downwash point chordwise coordinate .

Control surface hinge corner
{1 = inboard), (o = outboard)

'x-g

Downwash point spanwise coordinate.

y-n

11



¥§YMBOL

'1gy .y y

12

Cz(x,ysi)

e (n) [@H]

DESCRiPTION

' Control surface 31de edge (1 1nboard),'
, (o—outboard).‘_ : _

T1me dependent modal dlsplacement

.normal to surface.,

Modal dlsplacement normal to surface |
T at (x.y) in mode i. , '

/BZ¥tan?l,

. an®iy

/FT—F—"?K—i”

/BZ¥EanZly » |
Dlmen51onal spanw1se coordlnate.uf

Non-dlmen51onal spanw1se coordlnate,-
n =n/s. - : : o

Non—dlmen31onal spanwise coordinate -

referenced to control surface. sPan, S

'"Chordw1se" non-dlmenslonal cressure

term coordlnate, 8 = cos~1l(~ =E)"

Control surface streamw1se hlnge

Airotatlon.

control surface hlnge sweep.;

Coutrol surface 1ead1ng edge sweep.

. DxmenSLOnal chordw;se»coordlnate;:_

Non~-dimensional chordwise c¢coordinate,

= [E-E; (M) Vb (n).

control surface hinge value.

.PlanfOrm-leadingvedge value..

Planform‘midchord value,
Eq = [E (M) +E, ) V2

Planform trailing edge value.



DESCRIPTION

'fluid,mass-density;

. "Spanwise" non-dimensionalpressure . -
- term coordinate, .4 =‘005’l(n)'ﬁ :

Circular 'frequency of os¢iliaﬁi0n;j‘
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.fj2 3 DOWNWASH INTEGRAL EXPRESSION

. The downwash 1ntegra1 expre531on,_wh1ch relates klnematlc and
%A mathematlcal downwash, 1s : :

,w(x;x) = ; f/ z'—r'i’[fhn)c + G(x.y y)/y0 - G’ (x'Y:y)/x@ldn 2. 3°1 o

=|

oy G(x,y y) + yG (erzY)

where C is the 1ntegra1 of the product of the chordw1se pressure"'”

75term and the. kernel functlon,

(n)
El(n)

E (n)

-7 % (E, n)K (x ,yo.k M)da + Y9, n)K (x .yo,k M)dg D232

El(n)

'f“and G{x,Y,Y) and G'(X-Y Y) .are related to the evaluat1on of thef“"
dlpole 51ngular1ty. see reference 1 o - ; :

G(x,y,n) = f(n)F(x.y.n) hff’f", - f:'fe_c ﬂ_,;12;3-3f7"

G' '(_}.(VIY‘OU) = 3G(X0an) /31'] £ m)F(x,y,n) * f (n)Ft (erp'ﬂ) B 2.3-14
1_ G(xry.y) = le G(X.y.n) L 4”"2;3;5

where'Ap(g,ny‘; f}n)g(g,n) is the~loaﬂing funétidn,*andﬂ';'

_F(Xfy.n)

F(x.y.y) = 2- fg(& yle

‘ 'F' (ervn)

'F'(X.ygy)

 Note. that 1ntegrat10ﬁ
- in equation 2.3-9 for

(n)

FglEm L+ x //§’_I—§’§§lelkx a& 236

El(n) _ ) | o

1kx dgt?*v.“, i;:eif | _ '; 2.3-7
.aF(X.y,n)/an-* o 2.3-8
2- 1029 (€, y)/Bn]elkx ode . 2.3-9

by parts, or a similar approach, is required»
those terms, 39 (&,Yy)”/9n, Wthh contaln :

a 31ngular1ty in the 1nterval, ‘see reference 1.
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Note also, that the spanw1se 1ntegrand assocxated w1th the

s;ngular kernel i. e.,

€ (n)

5._‘/""7—n [f(n)f g (g, n)K (%Y kM AE + Glt,yiy) /2 -»G"('x,&;y')/y‘o'li‘.""

: 1s of the form,

1n|yo/S|(regu1ar functlon) + (regular functlon)

- wh1ch requ1res log quadrature to be used around a downwash chord :
“for that portion of the spanw1se 1n+egrand



'_kernel 13_

':flz;u] KERNEL FUNCTION -

" rhe kerrel functlon is an’ aerodynamlc 1nf1uence funct1on relat1ngi7

. the induced normal velocity at an. arbitrary field point to’ a.
- . unit loadlng on a surface at some- other pointi. In the case of'
~a flat plate lifting surface, only the’ planar portlon of the

- “kernel is used. This may be: ‘written, .

R K (Xo.YOak M) kze-1kx0{ (R+kx0)/(Rk2ya) + 1/R -f(kxo-MR)/(ZBZR)
: -1n|(R kxo)/(2 2M)I/

where R szxz + szzyzo

" The expression 2.4-1 has been shown to contain’'a nurber of
"slngularitles which cause numerical ‘integration to be extremely -
expensive. The singularities have been 1dent1f1ed and mray be -~
- analytically suktracted from the full expression: yleldlng a S
non51ngular function.: The form of the 51ngular portlcn of the T

K(xo,yo,k M) = - ”"‘01 3 f[elkx/ﬂz*'yg]dl

. : S yoayo-oo . |
'w-h‘e're" " h = [x -M&Tr'_y%]/s
-which'reduces to_eqn. 2.4-3 when k 0
oyt < =01+ x'n/w}/v; e

'.The singular portion is 1ntegrated separately from the nons;ngular

portion. Because of its singular nature, it requires a large-
number of evaluations when numerical integration is. belng AT
- performed; however, it is relatively 1nexpen31ve to evaluate. .

- The nonsingular function is slightly more expensive to- evaluate

than the full kernel; however, because of -its regular nature,,‘we
it is evaluated much less durlng rumerlcal 1ntegrat10n.

Two forms of the non51n0ular kernel are used ‘The flrst Watkln's
formulation, is faster to calculate {and nunerlcally suffxcxently
‘accurate) for values of Kiyol21.0. The second, Rosel!s '
formulation, requires longer to calculate (particularly as. klyol
becomes large) , but is numerically more accurate for k{ygy}<1.0

For Watkints form, defining

kz.aéif,_“ B

17 -
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. The form of the full kernel eXpre351on is -

| k | .
.K(XOoYO,k M) = kze1 xo{ Kl(kIYOI)/kIYOI - 1. 57[1 k|¥o|)'L1(k|yo|)]/kl¥o| 2. 4 5.

#/Klyol - keoe ™ Mk2gg 4 1}

The two - expre351ons, Eqns. 2 u-z 5 are- oomhlned tor glve the

s non51ngu1ar form._k

(XOrYka M) = K(XosYork,M) - K (XOvYovk Mo 2.4-6

In Eqn-.2 4-4, the term- 3% T+7Z is. approx1mated by an exponentlaLjV~‘
Serles:-reference -6, which may be. 1ntecrated analytlcally., 

. For-Rosel's form, the non51ngu1ar kernel»ls wrltten dlrectly,'

(xo. yO,k M) - kze"""ouue“ 1- u+12/2)/(>\2+k2y3)3/2]dx R R

. +I[e”'(x~’-+k2y8)3’ ZJdA

+M( ikh -1- 1kh+k2h2/2)/(/EZX6484ka3/EZh‘4ka6) B 'i;"*:' :
KRR, - /LRI (R < k)]
- 5k2(1n[(/'2?7‘k‘2'3'+ VT + kf)/Z] - kf/mf ¥ y%)} S |

where the singular terms (the same as in Eqn. 2.4~ 2) are . alreacy
removed. The exponentials in the integrals are written as.»
infinite series and integrated. analytically. The- resultlng

‘infinite series of terms, which may be calculated . in a recursive’

manner, are truncated when a predeternlned conver51on crlterla



- “The set Ac(g, n) “is composed of all ccmblnatlons “of spanw1se,
f£(n), and chordwise, g (f,n), terms. For the determined case,’

' the number of spanwise terms is equal. to the number of downwash.
- chords  (=NSPT),.and the number of chordwise terms is equal to
‘the number of p01nts per downwash chord (= NCPT). R

2 5 LOADING FULCTIONS

. The loadlng functlons used w1th1n RHOIV are of two - types. ~The. -

" reqular, or main surface, pressure. terms are used to match the

-regular boundary condition associated with a simple lifting = .

... surface or the residual boundary condition associated with a. _

- 1lifting surface with controls-when the. control dlscontlnultles PRI
- have been removed: The singular, cr control surface, pressure .
terms are used to match the chanage in- boundary condltlon at a-"'

”control surface hinge or 51de edge._¢ ‘ S

*W.The regular pressure 1s assumed to be of the formf

82 (E/m) = 40V?/5 = ZAp(a ns m)a(m) R S 251

4pV2/ 702 {AP(E n; m)} {a(m)}

. where a(m)'are unknown coeff1c1ents.v The . term VSZ-HZ has ‘been
“included in the coefficient to simplify evaluation of the. dlpole

81ngular portlon of the downwash 1ntegra1 expre551on._

o The assumed main surface pressure terms," Ap(g n), are. themselves

composed of a "spanwise? and a "ckordW1se" term, e.g.

Ap(E,nim) = £(n; 1)g(a i) 2.5- 2

———r - s

The spanw1se terms used are

f(n.l) = sln[(zol-N)¢]//sz-“? i = 1,...,NSPT j*g-:-,32.543"
where o = cos-l(n), n = n/s L
: N = 1 for @ symmetric analy51s,'

0 for an antisymmetric analysis

:The chordwise terms used are

'g(E,n31) = cot(8/2) . - 2.5-4
Sin[ (3-1) 87, 3 = 2+3,<.<,NCPT " |

cosT1(-E), E = (E - g (m)/bln)

0

g(&,n:3J)

where 9

19



. Note that all Ap(g,n) go. to zero- at’ the planform tralhng edge ,
S .~ and tip as the square root of the dlstance. ‘The terms which -

‘are not -associated w1th g(£,n:1) go to zero at . the ‘leading edge-"

"in a similar manner.  The terms which are associated with g(&,n; 1)

“have "the. inverse square root singular form which is regquired -

-at the leading edge. Note also that f£(0;i). is-plus or minus :

one for a symmetrlc analy51s, and zero for an. antlsymnetrlc

analy51s. ' : : : : :

- The (i,3) combinations of Eqn._Z,S-Z-argeorderea:;
((1 1,44« ,NSPT) ,j= 1,_,Ncp-r)._: Lo L -

~ The singular pressure expreSS1on assoc1ated w1th a control surface
. is of the form, : . L S

AP (£, n) = pV e(n)g(a n)/ﬂ :gf_;;]:]“ ‘fﬂ},dfffj,-.di : 2'5-51

where as 1nd1cated in. Eqn. 2. 1 6 the streamw1se control rotatlon,_-
e(n), is represented as a cublc, S :

g G(n) = ZA(m)nm -1 _ 2.5-6
| o Des - (n-y )/y -y ) ST
N Defxnlng the "spanw1se pressure terms to be,. . . | o
.. . »V f(n;l) = ' /417,/57__717 o | ' : >2.5_“7‘ )
"j;f—;' ' ~~Equat10n 2.5-5 becomes, - '7“74 ."—-‘-{’ ” - ——"‘ “ '—“‘— T R
AP (E'n) = Hpv2 /§?=ﬁ7{Ap(£.n,m)} {A(m)} : Q;_:,i».e,z;seé
where Ap(g n-m) = f(n; 1)g(£.n) o ""'1.-: n'~ 2~5-9'”

The "chordwlse" portion, g(g n)c 1s comnosed of a pressure term
" from each side edge, T :

g(g.n) g(s.n.y )-g(arn.y ) + Sf[ g(E Ne=Yy) 9(& ne-y;) '2,5-19.
where v ' ‘ ' ' ‘
Y .Y, = Outboard and 1nboard 51de edges for rlght hand srde of
" planform S : -

-y-,-y..s Outkoard and 1nboard side edges for left hand 51de of
o -1 planform

S_ = +1 for a symmetric analysis, -1 for 'an antisymmetric
analysis‘ C -

_ The terms g(&,n,Y.) consist of a pcrtion derived, reference 1,
. in an asymptotic 5xpans1on prccess to satlsfy the change 1n _

- 20



boundary condltlons across the hlnge and 51de edge,'and
‘modification functions which maintain  the necessary singular.
characteristics at the hinge and side edge tut cause the .total-

~-expression to have the correct characteristics at: the planform;f.;VT!d:"'
- boundaries.. Two boundary value protlems are used: (1) partlalgvgf

chord control, . (2) full chord contrcl. The- partlal chord - =
_expression 1is used- for all side: edges associated with- tralllnq” e
.- edge controls. The part1a1 chord expression. is suktracted from
- the - full chord exgression. for all 51de edges assoc1ated w1th
leadlng edge controls. - - :

‘The spanwise. modlflcatlon functlon used for both the partlal
chord and full chord expre551on is’ . ‘

' H(n) /1-6‘(1 + .5c +_.375c2), o = ln Y |ﬁ1+s vl 1'1 2. 5 11vi,ﬂ'_

. The. follow1ng coeff1c1ents are used 1ndependent1y of 31de edge
~ for the partlal chord control expre831on..:x

¢ = [- (1+k2M2/48262 + M2/BZ + .5)/B, - g €, )(Zk + M2/32)/e 5)

2. §-12f1'7 a

Ca

The contrlbutlon to g(g,n) for each part1a1 chord sxde edge 1s
then, - . , : _ _ .

'r'gte-n.y ) = H(n)[C E M(s-x Y, ) +c Ez(n v )N(g-x';'-y )]‘2 5=14.

'[(g~gv)k2(17+ ;StanA ) - Zlk] bd  ;. : i }ii f, 2 5- 13‘:..

where E, = v (2¢ El—E)TE &y )/IE El . for £<£ '_;:'_‘fu;f 2. 5- 15.1
SO ERE /Gy for g2k -
B2 = [(E-5) ) (5,-8) /L (628 )) P (nmy ) ? }{(e (B ey ) }11/4 B
o B - 2.5-16
ME-x,,m-y,) = Tn[R- (82 (n-y) + (E-x,) tank, 1/By1  2.5-17
MRy = WR-Ex)) o 2.5-18
and ‘R = /(E*xsf7+8‘(n—ys)‘: B b d.‘ 2-5'1§'d-

Note tha£~C1,C2,M, and N were derived using the asymptotlc'

- expansion process; E; and E, are chordwise modlflcatlon functions. -

The following coefficients whlch are 1ndependent of (g,n) are
side edge dependent in the full chord control expression.

2




G

'. and the chordw1se modlflcatlon functlon Ez‘ls

E = [(6,-8)2{(E,-E) ) 487 (n-y) 73/ () P L (e —g>2+32(n Y, )2

22

‘where' - Cy

'~ where

‘and ¢, = tanhy + G 2(5-Eg(y ) tanh, - (3B2-262) (n-y) VB2

C»>

x gxp = (gc(y) gyl ))

VThe follow1ng terms are. dependent ugpon: 51de edge and upon (E,m
- in- the full chcrd control expre581on. AR : :

GIS‘= EsQi/VEE] ,,:d,, s f7ef o 2.5-22 .
. Ggy = EsvE=g; 00 U 2.5-23

Gg é‘Eg/E:EI (clLé f'chl)v,,_f S aus-

Q) asxgn(n-y )L1 + tanh Lz -'ﬂ:i‘. A‘ 252
Lo = REELGT 2572
= /RTIEE, cRD S s

' /TE W)+ B (n-y B rjfﬂ_-f';fffid,‘ki.J . 2.5-28°

e
0

w
K

1 2.5-29

Ly = 1+ ik2 (E- El(n))/zezv"_“ _:.( S ,f:j S 2.5-30

-,and'the chordw1se modlflcatlon functlon Ea 1s,

By = /3 - 2E - EF 2 253

addltlonally,

r1 = (mY I [Eain((Cy+Cy) 2) - E,1n(g2 -y )21 2 5- -32
GLZ ‘
where - €, =12 - tanAL(n Yg )y "'_: © 2.5-34

C2 = Z/EE[®I L. 2.5-3

L1+ k2 (g vy ) .75tanA (n=y_ ))/ezzs o S s 33

}] / :
2.5- 36
and fxnally,_

'GAT = EzBSlgn(n y ) arctan(C‘/cz) ' ' ' - , : 2.5-37 '

A ikgry AR o asa0
Kt PRI/ B b l‘BZ'M"')/B?) o asea




‘where - ¢,

VT | L;.'T

Lf + (n-y )tanA

Note that all terms except E, and E, were derlved u51ng the

_asymptotlc expan51on prccess.

9(5 neyg) =-[cIS 1s*Cs1%51* sz G52+C161,1%CL2 L2+CATGAT]

[ ik M2{£ El(y )}/B ]

. 5 39 :

f'The contrlbutlon of- each full chord 31de edge to g(E n) is -

"ff2"5-3af{g;3_~“

S 2. 5—40n{;f,- B

,23‘>'
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T2, 6 DOWNWASH DEFINITION

. The left hand side of the downwash lntegral equat1on is the

- kinematic downwash, or kinematic angle of, attack, W{x,y) .- The'

- kinematic downwash, which is derived from the modal displacements:
.-~ for some  -structural vitration mode, is the- boundary c0nd1tlon '

- which must be satisfied by the as yet unknown. pressure
vdlstrlbutlon under the 1ntegral equatlon 2.3- 1. ~

' The follow1ng is appllcable for any mode j; the subscrlpt 1s

omitted.. Reference 1 presents a more detalled derlvatlon and
explanatlon. . _ v

If the equatlon of the surface of a’ general body in a flow fleld ps'i”

is written, F(xX,¥,2Z,t) the condltlon of no flow through
the body is " _ : :
-'VDF/Dt ’ 3F/at + (3F/3x)u + (BF/BY)V + (aF/az)w-.z.f “”*_‘“.f2t6-1

where- DF/Dt is the substantlal derivative with respect to- tlmer
When the body is a flat plate undergoing sinusoidal motion;"

'r‘z(x,y.t) = z(x, gy eivt -“p:'=' R 5,t; : *_‘2-642-.f

,The veloc1ty nornal to the surface, w, can be wrltten,

w =l-[az/at + (az/ax)u + (az/By)v]elwt

.-[(QZ/ax)u £ (3z/3y)v + lwz]elwt 'uf o 206-3

Assumlng there is no . spanw1se f%ow, the klnenatlc downwash

.(amplltude ratio), W = wsv)el s is

”W(x.y) = -{(BZ(x,y)/ax)(u/V) + lkZ(x,y)] _7V _ fo.f ‘h 2. 6’4 :

where the term (u/V), called the.Velocity Profile, is 1dent1cally:p,,f~

one for a flat plate. A first crder approximation of thickness
effects may be introduced using a velccity rrofile which is not
identically one, see reference 2. This modification of the real
part of the boundary condition . is particularly significant when
attempting to calculate control hinge moments for non-flat plate
airfoil sections.

The RHOIV program will, at the user's optlon, generate an o
additional kineratic downwash column for a gust analysis. The
forms available are : -

Wix,y) = [cos(e) - iosin(o)] T p | 2.6-5

o [k(x- f)], X oof = a zero phase gust reference point -



‘ "w'hic'h». is referred to as.a gradual pje»nétra't_:.ion?-_gulét. and

S wWex,y) = (1 - 01

“‘which is referred to as a discrete gust.

2.6-6

2 .



2.7 SOLUTICN FOR UNDETERMINEL COEFFICIENTS .~

' In order to solve for the unknown. coéfficiehté”of the: aséuméd o

- main surface pressure terms, a(m,j), the kinematic. downwash,
"Wi(x,y:J) .. is first modified by reroving the mathematical: dcwnwash ORI
W% (x,y,n;Jj), associated with each’_ control surface in the analy31s.1*%w7-"
© The resulting residual downwash, W(x,y; j).» which is. smooth and-
‘continuous,. is used in the set of linear equations- whlch is

solved for the unknown coeff1c1ents.z

[w(x,y,J)].__[w(x,y.g)]v- IW*(X.y.n 1 2.7

where -

LW (x,7,n33) ] = [c*(x.y.n m) ][A(n m.J)] S 272

'then IC(x.y m) Tam )] = [W(x.y 3)] D X

26



52,8}'UNSTEAD&;PREssUREs;VSECTIONAL AND TOTAL GENERALIZED FORCES

- The final results geﬁerated by the. QHOIV program ‘consist . of delta
pressures and generalized forces. -The pressures: are determlned o
" by evaluating the various pressure terms used at- the desired -

"_Voutput points and combining with the required. coefficients.

" The generalized forces are determined by 1nteqrat1ng pressures Sele L

" times modal displacements for all combinations of modes used. . .

Sectional forces involve integrating along a- chord; tctal forces -
- -involve 1ntegrat1ng over the area of the planform half span.r;"-

'eAll program output has the coeff1c1ent of q = 0 50V2

?jThe pressure at any p01nt {E, M) fcr some mode 3 is" couposed of o
a contribution from the assumed main. surface rressure terms_and-_-?‘
- -a contribution.frcm the pressure terms associated with each.
- control surface. o I : ' I ‘

AP(E:TI: J) =_. 5API;“E.ﬂ;j") +.,ZAPS'(E,‘Y]_,.n;j)':-'.~, R, - 2.8-1.
... 'n S
where U R O TR
AP (E.n.]) = “pVZvSZ-nZ{Ap(E,n-m)}'{a(m,j)} - .M? 2.8-2 .

= contrlbutlon lrom assumed ma1n surface
pressure terms ' -

U

8P _(E,n/n3]). = 4pv2/SE- TRE(A(E, N nim ] (A (s m.J)} o 2.8-3
;éecontrlbutlon frcm control surface n :
pressure terms E

Note that the terms LAp (&, nem) can be calculated 1ndenendently o

of k value and Mach number. The program output for pressures,. S
AP(gn;j) /g, has dimensions of (modal dlsplacement unlts)/planformfj"“
-length unlts). : o

The.sectlonal forces at a spanwise station n for the'combinationp'
of i displacement mode and j rressure mode are also ccmposed -

of contributions from main surface and control surface pressure

. terms. - :

5. ‘ £ () : - o :

Q" (i ) = [7Z(E,m; 1)AP(E,n J)dE - o 2.8-4

(0% (nii, 3 1 = [Qr(n:i.j)] + Ios(n,mii, N1  2.8-5
n = - - o

where -

a7



| ‘ ’f'[c‘zf_.('nf;i.ifj)}]_

contrlbutlcn from: assumed maln surface -
pressure terms : o

",’[Q‘S(n»;i,m), : upvzwf“—SZ-nz' ftZ(s.n.l) Ap(s.n.m)dg ©2.8-7 S

El(n)

1,Note that-§ngay ‘be calculated 1ndependently of k value and Mach N°rw

. E (n): : e ‘
uovsz"Z'-_nZ't It%()&n.l) AP(«E,n,n m;ag)[A(n m, 3)} 2 8- 84
51 n . .

RS tnnzie i 1

contrlbutlon from control surface n';f}“
pressure terms L

.The program output for sectlcnal forces, {Q (n;l,])]/q, hasz'f

_dlmens1ons of (modal dlsplacenent un1ts)2 '

‘Similarly, the total generallzed,forceS'are'giﬁep byﬂ

SR S g (n) S O

- Q.3 =J I Z(g n; l)AP(E.n J)dEdn S . 2.8-9
(e, (1.3)] + Z[Q (n 1.3)] L 2.8-10

(e, 3]

- where

ECRCRIBRECACIUS S N

contrlbutlon from assumed maln surface o
pressure terms -

- | S £,_(n) | | |
o 'Gr(i'm) = upvzf ftV SZ-712 Z(E:n- 1) AP(F,:n m)d€dn B _' 2.8-12"
' 0 £,(m

Note that G may ke calculated 1ndependent1y of k value and MadINor
s n) B |
[Q (n; 1,3)]—4pV tr (YsT57z (8, n,l)Ap(E,n n; m)dEdn][A(n m,J)]Z 8-13
0 &, (n) ,
: 1 . :

= contribution from control surface n
- pressure terms.

28



. The program output for total forces, [Q(l 3) ]/q, has the :
dlmensz.ons of (planform length um.ts) . (modal chsplacement unlts) 2

29
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}ijua T MACHINE REQUIREMENTS

1f13 o COMPUTER PROGRAM USAGE j:

. oTThe RHO v program system is. wrltten for. the CDC 6000 serles«'
- computer. ‘It requires the use cf a card reader, ‘line printer,

frdLSk storage,.a mlnlmum of. zero and a nax;mun of flve tape drlves.,r .
3. 2.  OPERATING. SYSTEM

"The program runs ‘under the SCOPv 3 1 cr.. KROLOS operatlng systems.

:;df All system routines used are assured to-be standard CCC release.~ L
" 'With the exception of: COMPASS routines. used for. shlftlng and -

. vector inner products, all source routines. are coded in CDC 6600
':FORTRAN Iv. The overlay loadlng feature is used.vr

'13 3 STORAGE ALLCCATION

'The . RHO Iv program w111 1oad under a- fleld length of 370008.‘

The program has been wrltten to ‘use. blank ‘common’ as ‘a- worklng :
area for those pcrtions of the. analy51s which: are dependent upon.
the size of the user's problem. - Scec1f1cally, there is no proaram
- limitation on the number of mcdes, modal input’ pornts, pressure'

‘output pornts, or sectlonal force output chords._,n : ~

The minimum core requlrement of 530008 words is determlned by -

o C-matrlx calculatlon in Wh1Ch varlable dlmen31onrng 15 not used.,ﬁ A

The requirements for. the other sect1ons will ke calculated and
printed at execution time; they may ke precalculated using the
fcrrulae below. Some examples of required field lengths for o
~ selected problems is given fellowing the equatlons.-Note only
. those sectrons whlch wrll be used need be consrdered.

'-The,follow1ng varlableS”are-used 1n descrlblngvcore reqﬁirementszb-“

1.  NOVP ' Number of user supclied veloc1ty profiles ‘ o
2.  NVPP(I) . Number of points associated with. velocrty proflle I.'
B - (Refer to user ‘input, fage 64) , S
3. NPRC - Lumber:cressure output chords.
4. . NPPT = - NPRC*NPPRC . '

- 5. " NSGFC Number of sectional force output chords

(Refer to user input, page66. Note that default
values may be Supplled hy the progran ) :

6. NOCS Numker of c0ntrol surfaces

7. NIPTS(I)'.Numberuof modal 1nput points for zone I

a




P

S 13,

16
1.

(2

- 3)

(4

32

‘MIPTS :;[ Max [NIPTS(I),VI 1, NOCS+1]

- 10..

12.

150
~ 18.

19. .
()

. sectional and total generalized force precalculated

'NZONES © - Number of modal input - zones,l-NbCS+
NDMDS - : Number of displacements modes o
NPMDS . - Number of pressure modes B

'.‘“‘NDMDS'lf +NOT.GUST -
) NDMDS*1 if GUST . :
(Refer to user 1nput, pageGB)

rNDWPN»ff Number of. downwash’ p01nts = NDWC*NPDWC
- NPTRM  Number of assured main. surface pressure terms

{(=NDWP currently) : S
(Refer'to user 1nput pageGG)

LIIA;’_'e Length of 1IA 1nformat1on

Lve - Length_of velocity profile 1nformat10n
"LCCR .. Length of control rotation:information
- MPCHD = Maximum number of points/chcrd: requlred

- for sectional or total generalized. forceSfff'h
MICHD  Maximum number of chords requlred for generallzed
Coe force integration’ ‘ - R .

LINDEX.  Length of CMFILE 1ndex‘ff

(Refer to dlscu851on below)

-The 1nterpolatlon 1nformatlon arrays are used to calculate

control rotation coefficients, basic downwash- matrlx, and

1nformat10n. The length 1nvolved 1s,5.

(a)' LIIA = The sum of the 1engths of all IIA arrays 1nputh
: - by user (IIAIN TRUE Yoo or o ,
(b) LITA =

NZONES*(3*NDMDS+23) +. (NDMDS+Q)*Sum[NIPTS(I),
I= 1,NZONES] : . _ B

If'contrdls are present, control rotaticnheeefficients,are-
used in all preparation routines. . The length.involved is, .

~ LCCR = 4*NOCS*NDMDS

If velocity profiles are used, cubic spllnes are generated
for each profile, and the 1nformat10n used in calculatlon
of control rotations and the tasic downwash matrlx.

LVP = 5%Sum[NVPP (I), I1=1,NOVP] - NOVP

For the purpose of. performlng sect10na1 and total generallzed
force integration, maximums can be placed on the number

- of integration chords and points/chord which will be

required. The maximum number of points/chcrd requlred.for
sectional or total generalized fcrce. 1ntegratlon 1s,




w‘fMPcnn 22+ (u*hocs+12) if nocs>o_,;'

' The maximum number of chords requ1red for total generallzed
force 1ntegrat10n is, s :

j MICHD é 17 + 8*NOCS

‘(SrirIf a user supplled CMFILE is. cresent, a CMFILE 1ndex is
':equlred._ The 1ength of a CFFILE 1ndex lS,

;LINDEX = 13*No. Maln Surface C—matrlces o+ No.;CCntroi'
Surface C-matrlces .

‘A minimum for each of the’ sectlons 1s glven, followed by addltlve
" amounts for each ‘subsection. The ccre required is the maximum -
‘ .requlred for any section used. The requirement for a section
- is the section: mlnlmum plus waxlmum requlred for any subsectlon
used. : : : : :

‘I.  INPUT PREPARATIOE . -,snooo,‘ * Mlnlrum of 1440,

'A. Velocity profile . -7*uax[NVPP(I) I 1,NOVP] -4
'1nput - : :
_B. Pressure results B ,NPRcﬁ#'NPPT S
- input S :
c,»sectional.férée'.lf_ NSGFC;n*J

‘results input

D. Modal input . . 1la. MIPIQ*(NDMDS+Q) | -
_ - S or . b Maximum size of user 1nput IIA

II. MODAL INPUT PREPARATION 37ooosg+ LVP

A. Calculation of inter- l.'“-PTS*(NDMDS+2)+9*NDMDS o
- polation 1nfornat10n +2a. (MIPTS+3) **2MIPTS+3"
~Or b.23+3% (MIPTS+NDMDS) +MIPTS*

| 'NDMDS
B. Calculation of NZONES+IIIA+LCCR+3*NDMDS
* ‘contrcl rotation
coefficients
III. RESULT PREPARATION 37000, +NZONES +LIIA + LCCR
A. Formation of basic  LVP+NDWP# (2#NPMDS+3)+NOCS+1

, klnematlc downwash:‘
matrix
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) IV.

 VII.

tD;

"B;yUnséeady:preSSure

- results preparation

Sectlonal force
preparatlon -

Generalized force.
results preparation

C-MATRIX CALCULATION

'C-MATRIX LIERARY. USAGE

- SOLUTION SECTION-

,A..C-matrik/downwaéh

‘matrix printed
output-

¥-Solut10n for

surface pressure
terms

.Note that the value

43,

or

1. NPRCHNPPT .-
42a.NPPT*NPTRM . ~
or .b.NPRC*NPMDS#NOCS -

1. NZONES+3*MPCHD+NPMDSe
+2a .NCMDS*NPTRM o

 ‘or b.MPCHD*NPMDS

+3-,NSGFC..-

i.,z..as in ¢ above'f'

2*MICHD -
?530003 .#f\gi’: | )
'350008 + LINDEX +‘NDWP*NPTRN*2
'e.3sooos :"4, S
Jf1a 2*NDWP#NPTRM .,- : o
b. NOCS*(8*NDWP+Q*NDMDS)+8*NDWP

1..NDWP*(2*NPTRM+N)

.coefficients of main +2. NOCS*(B*NDWP+M*NPMDS)

of N 1s selected on the user's fleld

- length, N=minimum of 3, max1mum of. 1+2*NPMDS.

C.
© output.

- RESULTS

g Unsteady pressure

calculation

Sectional force
calculation

B.

Generalized force:
calculation

Pressure~coeff1c1ent_

B*NPTRM ;_7*'-

350003

1. NPRC*NPPT*(NPTRM+6)
+2a. 2*NPTRM N

or b. 2*NPRC*NOCS .

or c. UxNPPT =~
+3. 2¥NPPT (if NCCS>0)

2*NDMDS*NPMDS
NDMDS*NPTRM+2#*NPTRM |
119420%NOCS (if NOCS>0)

NSGFC :

1.
+2a.
or b.
+3.

l.,2. as in B;above



In order to prov1de a user w1th an ea311y determlned 1n1t1al _
‘field length estimate the preceding: ‘equaticns have: bteen applled

- The follow1ng flEld lenqth requ1rnments are for a llftlng surface E

_for several comblnatxons of user: controlled parameters. -

‘with two {2) control surfaces where’ the assumption is made that
the maximumr numkber of input pcints per input 2zone is . no more.

" than 75% of the total number of input toints.
: .have been rcunded up: to the nearest’ 50003- I

The fleld lengihs fotf "
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,FL‘Requiredgfgg}fj

Total No. | No. - | N.. Eownwash No.. Pressure R
) Input Pts. Modes - B : T_?ts,_,. _,Output“Pts¢v- -+ .. 10004 "f,g}w“
—T:::mmn 231 | 155 |
: | 100-0 150
35 231-100-0 150
so | - 72-35 " 231-100-0- 130
oy | 72-35 ' 231-100-0 R R
e BT S SR
100 “q00 0 | 12 231-100-0- | 125 |
| 35 231-100-0 105
T 72 2310 110
- | 1100-0 65
35 231 70 -
100-0 60
4 72 231 105
ol | 100-0 60
| 35 231 65 |
1 100-0 minimum |’
7 4 72 231 N 105
100-0 60
35 231 65
100-0 i nimum
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3.4 TIMING

 ‘The central processor tlme requlred to execute any problem 1s

- almost entirely dependent- upon the number of C-matrices: which -
must be calculated. A large {>90%) reduction in CP (central

- 'processor) time may be gained by utilizing prev1ously generated
4C~matrlces (refer to Sectlon 3 5. 2).,- L . :

"The principle factors 'in the CP. tlme requlred to calculate a""

C-matrlx are (1) the number of- downwash ‘points,. (2) whether. the fb

- matrix is associated with the main surface, a:trailing edge :
" control surface, or leading edge ccntrol surface, and (3)- whether N

the condltlon is steady state (k 0), or, unsteady (k#O).;-

Items (2) and (3)- plus planform shape and p031tlon of a downﬁashi-
point on the planform will determine the CP time required for

“each downwash point. The values given below are average
_requlrements for the sample problem of Sectlon 3. 9,

'§§BEBS§M' CONDITION - " CP. SECONDS/DOWNEASH PT.
MAIN k=0 | 1.0 -
o k>0 3.0 .
TRAILING EDGE k = 0 3.0
. CONTROL X > 0 11.0
'LEADING EDGE - k = 0 1.0
k>0 27.0

" CONTROL

The above values may be used 1n1t1ally to.- estlmate CP time .
required fcr a users problem. Note that a C-matrix must ke
. calculated or retrieved from a library for the main surface and
~ each control surface in the prokbtlem for each condltlon.' At

execution time the RHO IV program prints the specific.CP tlmeﬁf

‘required per downwash point for any C-matrix calculated as well

as printing a breakdown of CP usage by the- various: other sectlons"”

- of the program.




3.5 FILE 1/0 - T

3.5. 1 Flle Utlllzatlon

- RHO "IV uses standard 1nput and output, two 1nternal scratch

~ files, and up to five (5) user specified input/output. flles.“'v'“f
. The scratch files are referenced in the precgram by different

names, dependent upon the usage.. All user ingut/outgut flles
have the record format descriked below for READM/WRITEM.--

‘:The f11es referenced are:
1) INPUT.n._ Standard 1nput (BCD)
~.A(2) OUTPUT _7.Standard output (BCD)
(Bf: RHOSC1. . Scratch flle (blnary)
(MISFILE) Modal input scratch: flle
(RESFILE)_Result scratch file
. (4) RHOSC2 = Scratch file (blnary)
{(INSFILE) Inrgut scratch file.

{CMSFILE) C-matrix scratch f11e
-(COFFILE)-Coeff1c1ent flle e

- (5). MIFILE = Modal input flle; user specified file for - = .

input modal dlsplacements and assoc1ated
points (blnary) : .

{6) 'CMFILEt - C-matrix f11e, user spec1f1ed 1nput/output
: file containing the library of prev1ously
calculated C-natrlces. (blnary)

__(7) DPFILE-'_ Pressure output f11e user. spec1f1ed
-+ output file conta1n1ng all unsteady
-pressure results | ..

(8) - SGFFILE - ,Sectlonal force: output flle,'user spec1f1ed
output file contalnlng all sectlonal force
results. : _

'(9)’ GFFILE Generalized force output file, uéer'sPecified
- output file containing all generallzed force RN

results.

Note that the_usef épecifies the file names forv(S)—(Q) in datal
1nput. Files (5), (7)-(9) may be equivalenced in any combination

' -using one or more file names, the output for (7)-(9) will then

be 1nter1eafed on a k-value, Mach number condltlon ba31s.

37




':If a. CMFILE 1s deflned it must be descrete.g"

:The user may also spec1fy an 1n1t1a1 flle p051t10n for (5)-(9)._  TR
MIFILE is positioned ‘and used, then CPFILE,. -SGFFILE, and “GFFILE " -~~~
are positioned, ‘in that order. Therefore if a user- gives .two.

or more files‘the same- name, the initial file p051t10n spec1f1ed:'

. for. the last in the above sequence would be used.

o Aall 1nput/output flles use a two record format for each array

written. Routines READM and WRITEM are used to read and wrlte

f_mthesem;ecords.,-

38

3. 5. 2. C Matrlx lerary

READM/WRITEM FORMAT. -

" Record 1 - ID Record -fWord'l"e'SHMATIQ’

2. - MR@GW = Row" length of array .
3 - MCOL = Column length of.array
"4 - LID = Length of .user ID S
5-(4+LID) ID = User 1D L Lo

Record 2 - ARRAY Record WOrds 'MR@W*MCGL - ARRAY, wrltten

(ARRAY(I,J) ,I=1 MROW) J= 1'McoL)

The C-matrix llbrary, malntalned cn a user spec1f1ed I/ﬂ flle,

C-matrices written sequentlally 1n the order saved. = File 2

~consists of an index of File 1. .If the user spec1f1es a CMFILE

the index is examined for a match each time a C-matrix is
required. If a match is found the desired C-matrix-is accessed
and used. If a match is not found, the desired C-matrix is :
calculated, the. 1ndex_updated and the new C-matrix and updated”
index are written to CMFILE. If a legltlnate 1ndex -is not found
on the first attempt to access information in an: ‘execution, the

specified file is assumed to be a . new file; an initial null 1ndex‘,aef”
‘'will ke generated and execution will continue. There is no -

program limit on the number of C-matrices 1n the llbrary.-a

All arrays on CMFILE are wrltten and read using READM/WRITEM

The ‘CMFILE lndex consists of a . list of entries assoc1ated with -

each C-matrix sufficient to allow testing for a match on a
retrieval attempt. Note that the user must utilize MSIC in: 1nput'
to deferentiate between main surface planforms, and CSID to.
deferentiate tetween control surfaces associated with a main
surface planform. A main surface entry in the INDEX consists

of 13 words, and contains a counter for the number of associated

centrol surface entries which follow. A control surface entry =

CMFILE, consists of a two file set._ File 1 con31sts of all. savedﬁf




‘ ‘consists of one word;. it can only be referenced th.rough 1ts
IR assoc1ated main surface entry.- o : SR o

:f WORD

MAIN SURFACE ENTEY -

YVARIABLE.

MATPEZS

"file CMF1

New main surface entries are appended to the bottom of the

~index.

New control surface entries are inserted below the. last -

previous control surface entry of its assoc1atea maln surface
entry. .- :

1 59-18 |1 'H | MsiID Main surface ID - . ‘
. |=00§ T - "MATP@S . .~ | Position of matrlx 1n f11e -
. - o : : S . ACMF] ‘ S :
-2 {35-30 I . SYM - ‘Symmetry indicator = -
29-24 I NDWC : No. downwash chords - _
23-18 I * NPDWC . |  No. points/downwash chord .
17-12 I " NSPT ""No.. spanwise’ maln surface
R IR R ‘pressure terms-: -
11-6" I . NCPT' - No. chordwise main surface
S : o pressure terms - e
5-0° I NCSE: |- Number: of assoc1ated con- -}
E : : ’ - .trol surface entries-
-3 "R, S ' Seml span i "
4 R~ KVAL w/V - reduced. frequency
-5 ‘R " MACH M - mach number : - -
|l s H . _ DATE | - Entry datée .
7-13 H . - RTITLE- "« Entry run title
. CONTROL SURFACE ENTRY
. LYORD BITS VAR. TYPE VARIABLE * | DEESCRIPTION
1 59-18 H | - CsID Control surface ID
17-15 ) CSTYPE = | Control surface type
: ' : '~ Full span: ) -
"Tip span ‘Leading edge
'Mid sgan or .. . |
Partial span’ Trailing edge
14-00 I Position of matrix in
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. 3.5.3. FJ.le formats .

- all fJ.les, with the exceptlon of INPUT and OU'I'PUT are descrlbed
J.n thls sectlon' the order is alphabetlcal. R .

- A file name, equlvalent name, file type, .and short descrlptlon
~of usage are gIven in ade.tIon to- record forrrats. oo

>W1th reSpect to the - headlngs, the follow1ng applles, T
"(11.'REC.VNG S REC@RD NG. OR IDENTIFIER | | |
ZJ(Z)LiREPETITIGN':k' AN INTEGER SPECIFYIVG THE NUMBER OF IMMEDIATE o
R ’ ' "REPETITIONS OF THE RECORD. REPETITIONS OF SETS SR
OF RECORDS ARE DESCRIBED PRIOR TO ‘THE SET.
(3) ° VARIABLE = PROGRAM, INPUT, 'OR OUTPUT VARIABLE NAME.;:'e
. (DIMENSIONS) = NUMBER OF ELEMENTS ASSOCIATED WITH THE.

 VARIARLE. NOTE THAT ALL ARRAYS ARE WRITTEN"
IN CDC6000 STORAGE ORDIR, E.G., ,~_,

AL (B30 ASLDLE L AR

. (4 T - . - TYPE OF II\FORMATION , -

: : ' o I - INTEGER o “~:na*v -
REAL ' SR

COMPLEX (NO. TERMS= Z*FIRST DIMENSION)

HOLLERITH

MIXED.

R2maw
t

{
S

~(5) DESCRIPTION | DESCRIPTION OF INFORMATION BY VARIABLE

0




crcatlgrn T L e

R The follow1ng varla.ble names are used 1n descrlblng DIMENSIONS.

1 A NZCS E O~*NUMBER OF CONTROL SURFACES
2. "NOVP - NUMBER 'OF VELOCITY PROFILES
3., - NDWP = NUMBFR OF DOWNWASH POINTS . . - S
4L. - NPTRM f.,,NUMBER OF ASSUMED MAIN SURFACE" PRESSURE TERMS
o _ (=NSPT*NCPT, in most cases = ‘NDWPR)- -
. . NDMDS - NUMBER OF DISPLACEMVNT MODES . O
. - NPMDS -~ ' NUMBER OF PRESSURE MODES (EITHER NDMDS OR NDMDS+1)
. N@ZKVAL NUMBERYOF‘REDUCED FREQUENCIES o .
- . NOMACH " NUMBER. OF MACH NUMBERS ,'4' o Of'ﬁO
9. - NOCZND - NUMBER OFUCONCITIONS = N@KVAL*NGMACH':
~10. NPRC ° =~ NUMBER OF  PRESSURE REPORT CHORLS o
~11. NPPRC . NUMBER OF POINTS/PRESSURE REPORT CHORD I
‘12. . NPPT - . NUMBER OF[PRESSURE OUTPUT PCINTS NPRC*NPPRC
13. NSGFC - NUMBER OF SECTIONAL ‘FORCE OUTPUT CHORDS '
14. NPZ@NE NUMBER OF INPUT POINTS/MODAL INPUT ZONE

'1559 LINDEX =~ LENGTH OF CMFILE INDEX
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“{ FILE NAME* - CMFILE

. |by the RHOIV program ‘as” a llbrary of prev1ously calcﬂTstéé”
. |matrices. It is a multlflle file; the first file is the se

lof all saved C-mat*xces, +the second is. an 1ndex of the f1r§n
Routlnes READM/WRITEM are. uaed to READ/WRITE the ffme.

_}'REc;'REPETITIQN;33;;yARIABLE(Dlmgus;oNsy;r . DﬁscRI;fE&N}ifﬂ;fu..-'~'

—

‘The record pairglé,éfiSfrépeéted NOCMftimes'(refer to INDEX desc-)n

1A ' 1"-mf~-'rREADM/WRITEM ID INFO.- (ﬂ),';iQHREFER TO PAGE 38
o o USER 1ID (4)- _ L
- 1-8HC- MATRIX H. ;:ARRAY hAﬂE
2-s ...~ .. IR} :SEMI-SPAN" B S
| 3-rvaL . -f*;a,y]“_jf',_R~;Q3REDUCED FREQUEVCY w/v,‘
] 4-MACH. o R MACH NUMBER: .
C

vtﬁCOMPLEX'C4MATRIX,"

- ‘SAVED IN TRANSPOSE
o R . - - FORM. N=NPTRM.
4 | I s B - 'FOR A MAIN SUR‘ACE
L S P o S "~ |' - C-MATRIX, AND =4 FOR i
| A CCNTROL . SURFACE

- - C-MATRIX '

B 1 | c,NDWP)

12 | 1 | END OF FILE :”*7“‘

3a ~ 1 | READM/WRITEM:ID: INFO. (u),  REFER TO PAGE 38

» ' ~ '} USER'ID (5 = - S

| 1-10HCMFL INDEX
. 2-NocM .

 3-NMSNTRY = -

. ARRAY NAME
.~ NUMBER OF C-MATRICES -
NUMEER -OF MAIN SURFACE
" ENTRIES CR C-MATRICES | .
- LIBRARY CREATION DATE | -
~ LAST MODIFICATION DATE|

Mo

4-CDATE
5~LMDATE

oo e+ ]

138 | 1 INCEX (LINDEX) -

=

' CMFILE INDEX - REFER
TO PAGE 38 -
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' FILE NAME' CMSFILE (—- R‘-IOSCZ) : FILE TYPE' - SEQUENTI?\L BINARY

o CMSFILE is a sequent1a1 blnary f11e used 1nternally‘by RHOIV. .
|It is.generated by CMCALC and/or RDWRTC and used. bty PCMDWM and.
“ _SCLUTON during the. k-value, Mach no.. condltlon cyclet~mf o

-pREPETITIONgfﬁ;'VARIABLE(BIMEN§;93§ DESCRIPTION
" ROW.OF MAIN SURFACE = | .
- PRESSURE - TERM -C-MATRIX|

1 |wowe | ROWC(NPTRM)

{ :IF?NocS>0; a.setxof,Rec}'2’isjrepeatedfpérJEChtroi,'i‘éf-Noééftiﬁes._“ ﬁ3:

2 |mowp - | ROwc(4): . -~ - |¢€] ROW OF CONTROL SURFACH. "
o T .-+ 'l PRESSURE TERM C-MATRIX|.

43



"#yo.-
S

FILE NAME:

COFFILE (- RHOSCZ)

A~.FILE'TYPE°

SEQUENTIAL BINARY

,»VARIABLE(DIMENSiOﬁS)

T

_COFFILE isa- sequentlal blnary flle used 1nternally by RHOIV

-|It is generated by SOLUTON and used by PCMSPT and.the’ various
‘result routines, FORMDP,- FORMQS, and FORMQ, durlng the k—value

- |Mach no.. condltlon cycle.

REC.|REPETITION - DESCRIPTION

| weMps

 CMSPT (NPTRM). © -

COEFFICIENTS OF MAIN
' 'SURFACE. PRESSURE TERMS
" FOR A PRESSURE MODE:-

4




'FILE NAME'

: DPFILE

FILE TYPE SEQUENTIAL BINARY'“”  B

. lunsteady pressure results.:

lan.ID record and record of valuas.-i

DPFILE is a user spec1f1ed output file which will " ‘contain anyf;f;,
"Routine WRITEM is used to produce_wﬂug

REC.-REPETITION ,;vARIAELE(EIMgNSIoNsy T | ~ DESCRIPTION .-~ -
iNec. | - e R . ST
“1ia ) 1 READM/WRITEM ID INFO (4) -_LREFER TO»PAGE_387
: SRR USER ID (4) | - . :
1-10HRHOIV Y-TP H':"ARRAY NAME e
2-NPRC o 1I| NUMBER OF PRESSURE . = |
1 , - .REPCRT CHORDS . PR
~ 3-NPPRC . {I | . NO. POINTS/PRESSURE . '| "
S | |  REPORT CHORD S
4 -NPPT - I | NC. PRESSURE POINTS
118 | - 1 pRc(NPRc)J’” Co y R"“;PRESSUREfREPORT}CHORDS
12a 1 , READM/WRITEM Ic INFO (u) I |..° REFER TO- PAGE 38
' 1 - : USER "ID (4) N I A .
- 1-10HRHOIV  X-DP- BB : I DR
~ 2=-NPRC 11|  AS ABOVE -
3-NPPRC g
4 -NPPT I
|2B - 1 - XPPT (NPPT) | R| ~ PRESSURE REPORT -POINTS| .

The record pair 3A,B iS<repéated rer mode, i.é,-NPMDS,timés,'
for each k-value, Mach no. condition..

. The record pair will occur-
a total of NOKVAL*NOMACH*NPMDS'times;_7 S e o

- |3A : 1 ,READM/WRITEM IC INFO (4)|. ' REFER TO PAGE 38
' ' USER ID (6) L I .
1-8HRHOIV DP -|H|.~ ARRAY NAME - '
2-RKVAL R REF. K-VALUE= bow/V.
3-B0 R R-VALUE REF. LENGTH
4-s R SEMI-SPAN .
5-MACH R MACH NUMBER
6-1IMD I| MODE NUMBER
3B 1 PRESS (NPPT) C CCMPLEX PRESSURE AT | -
' : : . "ODTPUT PCINTS FOR MODE| '
IMD. ' ‘
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1B

| FILE

NAME: =~ GFFILE

FILE TYPE::

generallzed force results.

GFFILE is a user spec1f1ed outpu* file whlch w111 contaln anyf?;
Rcutine ‘WRITEM' is" used to produce

-de.*:

'REPETITION*

an ID record and a record of values.
REC.

:_VARIABLE(DIMENSIQNs,ef;

‘ 5pE§gRIPTIoN;;;"*“
1-Record palr 1A, B are repeated per k value, Nach nunber condltlon.-‘“
|The record pair ‘will cccur a total of NOKVAL*NOMACH tlmes.

11a.

1-,

READM/WRITEM 1D INFO (u)
"USER-ID (5) ‘
1-7HRHOIV Q .

2-RKVAL

3-B0O

. 4-8

5-MACH = -

M

www;wm

IQ,REFER TO PAGE uz

¥ARRAY NAME
- REFERENCE K-VALUE
“bo W/V B I
K- VAHUE‘REF.‘LENGTH;;F s
- SEMI-SPAN " o
- MACH NUMEBER

O (NDMDS, NPMDS)'

0

" COMPLEX GENERALIZED

FORCE MATRIX.

SEQUENTIAL BINARY R B




FILE NAME‘

INSFILE (= RHOSC2)

FILE TYPE:

SEQUENTIAL BINARY

'REPETITION:

' VARIABLE (CIMENSIONS): -

CRCOEFF,

INSFILE is a sequent1a1 blnary flle used 1nterna11y by RHOIV :
It is generated by various input routines and used by the varlousfj

preparaticn routines IIACAL, RESPR’P VPRDR.

Record set 1 cccurs if,NOVP>0; ah6 is repeated

*}?DESCRIPTION;W"V‘

NOVP tlmes.,

" STATION AT WHICH A

. CVP(4,NVPP-1)

" XVP DEFINING PROFILE"

1A 1 YVP R|
. L | . VELOCITY PROFILE IS
S | . DEFINED .. :
NVPP I| -~ NUMBER OF POINTS AT-'” a
' | % WHICH VELOCITY PROFILE| -
- ..IS SPECIFIED.
1B 1 "XVP (NVPP) |R| vELccITY PROFILE“POINTSLF
: S ‘I R} - CUBIC COEFFICIENTS IN | =~

Record set 2 occurs:

if any pressure results

.have'beene:equesﬁed,_,-

i.e. if DPPRT#0, or DPFILE#O.”‘
2A 1 YPRC(NPRC)f' R|: -'PRESSURE REFORT CHORDS| -
2B - 1 'XPPT(NPPT) . .. ‘R.'glPRESSURE~REPQRT‘PQINTS

if

SGFPRT#0, or SGFFILE#O

‘Record set 3 occurs if any sectlonal force. results have been
requested, i.e. . . .

3.

1

YSGFC(NSGFC)' :

"+ CHORDS

SECTIONAL(FORCE ouTPUT|

Record set 4 occurs unless IIAIN- TRUE., i.e. unless 1nterpolat10n
information arrays have been input dlrectly._ :
is repeated once for each input zone, 1 e. NOCS+1l tlmes.“g

The record set .

4n 1 NPZONE Il NUMEER OF INPUT. POINTS
, . _ ~IN ZONE -
X (NPZONE) R " X VALUES OF IVPUT
POINTS
Y {(NPZONE) R| = Y VALUES OF INPUT
- POINTS
4B . NDMDS ~ Z (NPZONE) - R MCDAL DISPLACEMEVTS AT|.
: : - _INPUT POINTS FORK ONE |
*MODE

Y



, ‘ Record set 5 occurs if any user: 1nput of . control rotatz.on N
-+ linformation has been indicated,: i.e. NOCS>0. AND CRI (I)#0 for
o some I=1,NOCS. 'Ihe record set 1s repeated for each CRI (I)#O

;CUBIC COEIFICIENTS OFZ*;a
. CONTROL ROTATION OR . | .-
'A32/3x AT SPECIFIED
HINGE POINTS

s-|- 1 | ccreu,NpMps) R B3
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" |the order defined in 1nput

7 |FILE NAME: };‘ MIFILE"';JQ_ - - FILE TYPE: SEQUENWIAL BINARY

. [MIFILE is a user speC1f1ed 1nput flle whlch is used*to prov1de
{medal. input. points and: dlsplacememts to RHOIV from disk or. tape.
Routine WRITEM, or. an equlvalent should be used to generate the |

IC record and value record. TR S : _ :

- VARIABLE(QIMzNSIONsy_f

{repETITION “{T| ' DESCRIPTION

MIFILE may consist of either records 1A,B and 2a,B or*BA,Bw” s
If TIAIN=.T. in 1nput records 3A B should be used _‘Otherwise. " -
use ‘1A,B, 24, B. e R : S S

. |The set 1A,B 2A B may occur once or l+NOCS tlmes. In the latter
|case, assuming NOCS#0, the.modal input points and" dlsplacements
are associated with *he main surface, and control surfaces in

lia~ | ~ 1 . | READM/WRITEM: ID "INFO (u)"MAAe:REFER TO PAGE 38
e .| usEr 1D (10 - ' | A useEr 1D oF UP TO 10
, - | WORDS MAY. BE INCLUDED.
R e © THE ID IS NOT USED BY .
\ N IR . ‘[ rEOIV.

1B |*- 1 - | xy@pezowE,2) - © |R| MODAL INPUT POINTS -
2a | 1 . | READM/WRITEM ID INFO (4)|M|. REFER TO PAGE 38

USER ID 410) - .| A USER ID OF UP TO 10

o S 1 | WORDS MAY BE INCLUDED.

~THE ID IS NOT USED BY
RHOIV. :

28 | 1 | z (vezonE, NDMDS) B "MODALVDISPLACEMENTS AT| -
, S L . Lo . ' INPUT POINTS - 1

NOTE: . If there is only one input zone, i.e. NOCS=0, or if
- points for all zones are keing input in the same block
~ NPZONE should be the total number input points. .-
Otherwise NPZONE should be. the number of- 1nput p01nts
for tbe partlcular zone. . ,

Set 34, B is used if IIAIN=.T., in which case the palr 3A B should
| be repeated for each 1nput zone, i.e 1+NOCS times. | =

3A . 1 | READM/WRITEM ID INFO (4){M REFER To PAGE 38

: ' : ' USER ID (10) - -~ . | | & USER 1D OF UP TO 10

' h o : : ~ WORDS MAY BE INCLUDED.

" THE ID IS NOT USED BY.
RHO1V.
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MISFILE is a sequentlal blnary file used 1nternally by RHOIV R
It is generated by MIINCK or IIACAL .and read bty IIARDR 1n the
preparatlon orlor to. the k-value, Mach no.’cycle. : '

MISFILE w111 be" used lf any modes exist.

| REC.| REPETITION. | VARIABLE{DIMENSiONS) | T| DESCRIPTION
1 |Nocs+#l . .| NIIA - . r|  wUMEBER oF IIA‘ELEMEVTsf{
' - IIA (NIIA) R| - INTERPOLATION INFOR... |~
. ’ " ARRAY FOR AN INPUT zomz

51
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'lf;==?

R

e

|2p

13a

lFILE

NAME: - - RES

FILE (= RHOSCl)

‘> FILE’TYPE-

SEQUENTIAL BINARY

'RESFILE is a sequentlal binary f11e used 1nternally by RHOIV. e
It is generated by the various preparation routines, DWPREP, -
- | PRSPREP, SGFPREP, ‘and GFPREP, prior to the k-value;. Mach no.w.:?
|eycle,. and used by the solution and result routines, - PCMDWM, v
SOLUTON, FORMDP, FORMQS, and- FQRMQ,Vdur;ng the condition cycle.: -

EC.
NO.

REPETITION .

———

VARIABLE (CIMENSIONS) =

T

' DESCRIPTION - -

lB.

NOCS |
IF NOCS>0

N_PMDS— :" .

CCR (4 ,NPMDS)

W(NDWR)

R

- .CUBIC COEFFICIENTS OF.
~ CONTROL ROTATION

R| COLUMN OF THE BASIC
. DOWNWASH MATRIX

i.e.

‘Record set 2 occur

if DPPRT#0 or

DPFILE#0.

s if any pressure results have been requested

ZAT:

2B .

2E

| NPMDS -

1
1 -

IF NOCS>0

’YPRC(NPRC)U
_‘xpPT(NPpT)f}"-'

. XBAR(NPPT) . -

'MSPTRM (NPET, NPTRM)

| FETA (NPRC,NOCS) -

.{_PREssURE'REPQRT
. PRESSURE REPORT

' NON-DIMENS TONAL
'NOTATION) - REPR.

';pornws

”YASSUMED;MAIN:SURFACE-

:POINTS.

ROTATION OF CONTROL
' SURFACES AT PRESSURE -
' REPORT CHORDS FOR A

CHORDS|
POINTS|
‘BAR_ ',

OF PR“SSURE REPORT

PRESSURE TERMS EVAL.
AT PRESSURE REPORT

MODE

Record set 3 occur
requested,

i.e. if

SGFPRT#O or SGFFILE#O

s if any sectional force results have been}

1

YSGFC(NSGFC)

SECTIONAL FORCE OUTPUT'
CHORDS

(1)
chord

, i.e. 'NSGFC

times.

The sequence 3B-3E is repeated per sectlonal force output-

3B

1

QSMSPT (NDMDS, NPTRM)

REFER TO (1)

R

'INTEGRALS OF ASSUMED
. MAIN SURFACE PRESSURE




3B..

' TERMS TIMES MODAL

CONT ;f 'DISPLACEMENTS ALONG'
A SECTIONAL FORCE
OUTPUT' CHORD'
(2).The-sequenée-3C—3E is repeated;per‘Conttol'surface if NOCS)O
Y3c | 1 | wrPTS | 'I|  NUMBER:OF QUADRATURE
"REFER TO (1) e | - POINTS
AND (2) XIPT(NIPTS) . - R| - CUACRATURE POINTS . | -
. QTYPE (NIPTS) - H CUADRATURE TYPE ASSOC.|
o R | WITH CUADRATURE POINT.
13D 1 | FETA(NPMDS) - .- R| CONTROL ROTATIONS AT |
- REFER TO (L) | . . | | cHORD FOR ALL MODES -
13 ‘|woMps | wzpTs) | R| ' QUADRATURE WEIGHTED " | -
REFER TO (1) | . ...~ .|  DISPLACEMENTS AT XIPT
AND (2) - “FOR A MOLCE L

Record set 4 occurs if any total generalized.

force results have.

‘been requested, i.e. if GFPRT#0,  or GFFILE#0.-
4 1 QMSPT (NDMDS,NFTRM) R| SURFACE INTEGRALS OF
: SR K | - MAIN SURFACE PRESSURE
. TERMS TIMES MODAL
: DISPLACEMENTS.
4B | 1 NICHD 'I| NUMBER OF SPANWISE = -
IF NOCS>0 R QUADRATURE CHORDS FOR
- ~ SURFACE INTEGRATION
~ YICHD (NICHD) "R| . QUALCRATURE CHORDS °
(3) .The sequence 4C-4E is repeated once for each control (NOCS)O)
by quadrature chord, i.e. NOCS#*NICHD times.
sc 1 | NIPTS I 'NUMBER:OF QUADRATURE
REFER TO (3) S "POINTS
XIPT (NIPTS) R CUADRATURE POINTS
QTYPE (NIPTS) | IT| CUACRATURE TYPE ASSOC.
| WITH QUADRATURE POINTS
4D S | : FETA (NPMDS)- R CONTROL ROTATIONS AT A
REFER TO {(3) " CUACRATURE CHORD :
4E | NDMDS WZ (NIPTS) .R|  CUADRATURE WEIGHTED
REFER TO (3) DISFLACEMENTS AT XIPT | -
- ' ~FOR A MOCE '
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- |FiLE NAME::  SGFFILE . -~ =~ = FILE TYPE: SECUENTIAL BINARY

_SGFFILE is a user spec1f1ed output file Whlch will contaln any
sectional force results. Routine REALM 1s used to produce an
ID record and a record of values.. :

REC.| REPETITION | VARIABLE (DIMENSIONS) -~.TJlﬂiDESCRIPTIde§.,'
1a | 1 | READWWRITEM Ip INFO (u) M q‘gREFER TO PAGE 38
S R USER ID (2) -

1 - 10HRHOIV Y-QS - H| ARRAY NAME o

2 - NSGFC I| NO. SECTIONAL FORCE

- |  OUTPUT crORDS
1B | 1 | yserc(wserc) - |R| - sEcTiONAL FORCE OUTPUTrp
o . - e CHORDSZ ) e

The record palr 2A,Bis- repeated per sectional. force output
chord, i.e. NSGFC times for each- k-value, Mach. no. condltlon. AR
The record pair will occur a ‘total of- NOKVAL*NOMACH*NSGFC tlmes;-dr

2A T 1'. . READM/WRI TEM ID INFO (u) M gﬂREFER ‘TO PAGE 38
o | USER ID (6) : '
1 - 8HRHOIV QS H]|. ARRAY NAME e
~ 2= RKVAL R| REFFRENCE K-VALUE= bow/VE'
3. - BO TR -K-VALUE REF. - LENGTH
4 - s R| .- SEMI-SPAN .
S -_MACH - |R]| MACH NUMRER " L
6 - ICHD I| OUTPUT CHORD NUMBER
2B 1 | QS(NDMDS NPMDS) cl COMPLEX SECTIONAL FORCE
' S MATRIX FOR CHORD ICHD&J



3.6 CONTROL CARDS

There are ba51cally four modes of executlon, frOmjt

a. ‘source in scurce form'

’b..;'source in UPDATL form,

i c,.T‘relocatable blnary;:

:'d,"tabsoluteibinarYg,

In the follow1ng, use. of spec1f1c control cards has been av01ded‘,fi:'
rather the required sequence of operatlons is- spec1f1ed.» A1k,
file names with the exception of RHOIV, are arbitrary.' Note
that all overlays have the name RHOIV,: ‘thus a. flle RHOIV 1is:
generated at load time. = For. the cases. above: .

','a;:'_ (1)

3)

(2)

(4)

(5).

(6)
*NOTE:

b, ()

Obtain a source flle, PROG (2 records, from permanent:
storage. (cards, tarpe, - permanent disk. flle, etc. ).

Compile flrst ‘record plac1ng relocatable blnary on
BPROG.

Complle second record plac1ng relocatable blnary on o
BSUBS. = - : . . '

Generate‘an alternate library onASUBLIB‘from BSUBS. . .
Load BPROG using alternate 11brary SUBLIB.‘dJ

Execute from RHOIV._

..On some systems, steps-a and 5 of a. may be combined |

into one operation, e.g., lcading BFROG. using BSUBS
directly as an alternate LIBRARY. . On other systems

in which the loader has no alternate litrary capability;:;'

a preload operation may be performed in which some _
program other than the loader searches for references
in the routines in BPROG to routines in BSUERS generatlnq
a file LPROG, is then processed by the loader (i.e.,

the above program performs the alternate llbrary
functlon)

Obtain an old program llbrary flle, OLDPL, from:
permanent storage. .
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(2)

3)

(m

(2)

(3)

(1)

(2)

Using UPDATE generate a source file, PROG (2 records).
(In UPDATE terminology, PROG would correspond to the
COMPILE file.)

Proceed with steps 2 - 6 of a.

Obtain a relocatable binary file, BPROG, main routines,

from permanent storage.

Oktain a relocatable binary file, BSUBS, alternate
library subroutines, from permanent storage.

Proceed with steps 4 - 6 of a.
Obtain an absolute binary file, RBOIV, from permanent
storage.

Execute from RHOIV.



3.7 PROGRAM INPUT
3.7.1 General Remarks

The input to RHOIV consists of -both BCD input, e.g. cards, and
binary, €.g9. CMFILE or MIFILE. The card input includes planform
description, definition of user 1/0 files, printed output
specifications, list of k-values and Mach numbers and modal input
description. Card input may also include velocity profile
definitions, the distributions of downwash points, pressure
output points, and sectional force output chords, and modal
displacements with associated points. The binary input may
consist of a library of C-matrices, and modal displacements with
associated points or interpolation information arrays.

The card input consists of field dependent input and free field
input. The field dependent input is identified in the field
column of data stacking as a specific field (number) with
associated format or as a LIST indicating sequential input per
the FORMAT using as many cards as required. The free field input
is identified by NAMELIST in the field column with associated
list name in the FORMAT column. . Some of the features of namelist
input are:

(1) card{s) field consist of columns 2 through 80,

(2) List consists of a $§ list name in column 2 followed by a
series of specifications continued on as many cards as
required and terminated by a $.

{3) sSpecifications are of the form:

a. Vname = Value
b. Vname {1) = Valuel, Value2,...,Valuen
Where Vname is one of the variable names for the list, value
is the associated value(s). Value may be an integer, a floating
point number in normal or exponential form, or in the case of
a logical variable of .the form. :
.T. or .True. indicating true

.F. or .False. indicating false

(4) - Specifications must be separated by commas. NOTE there
is no comma between the last speC1flcat10n and terminating
$.
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(5) - Embedded blanks are allowed except within the $ list name,
variable name, or value. Note at least one blank must
separate the $§ list name and the first specification.

(6) The order of appearance of variables on the card{s) is not
important - the spelling is.

{7) Any or all of the variables may ke left out of the list,
e.g., $list name .. $ is legitimate. This assumes of course
that there is a legal default value associated with the
variable (s) -not included in the 1list.

There are a number of input sets consisting of x and y locations
on the planform. Wwhere feasible, the option of specifying this
information in physical or local non-dimensional coordinates
{bar notation) has been allowed.

3.7.2 1limitations

The following are size limitations within the program (also noted
in Data Stacking):

2<NLE<10 No. leading edge definiticn points
2<NTE<10 No. trailing edge definition points
0<NOCS<6 No. control surfaces

1<|NDWC| <N No. downwash chords, N=72 /|NPDWC|
1<|NPDWC{<8 No. Pts. per downwash chord
1<NOKVAL<20 No. reduced frequencies

1<NOMACH<20 No. mach numbers

The following are analysis limitations:

No downwash chord should be placed at the tip or control surface
side edge. 1In general downwash chords should satisfy |y- g }12.02s
where Ng is the tip or a control side edge.

It is not recommended that a downwash chord be placed at or near
a spanwise planform discontinuity, e.g., a change in leading
edge or trailing edge slope.

No downwash point should be placed at the leading edge, trailing
edge, or control surface hinge.

The downwash point distribution should be such that the boundary
conditions are sufficiently defined. (A downwash point on a
control surface is not specifically required.)

No pressure report chord or sectional generalized force report
chord should be placed at a control surface side edge.



No pressure report point should be placed on a control surface
hinge. .
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itle

1

CARD SET 2A’~
Planform . .
Descr1pu1on.

Ceading Edge f;'7‘

[EARDSETZB

-~ |Definition

(CARD SET 2C

- {Trailing Edge| .
Definition :

Control Surfate

CARD SET 2D
Definition

NOVP

#0

~ NOCS. times

(CARD SET 2F -
Velocity Profile

- |Definition

60 .

(CARD SET 3
File

' Def1nrtionﬂ,;. f

(CARD SET 4 |
Printed Output,

[EARD SET 5A

.NOVP times

Def1n1t1on

Planform D1st_f 3'-""
Def1n1t1pn

- DATA INPUT FLOW - .

. CARD SET CARD SET 1_ .| S

(ARD SET 50 | .
Sectional Forcg:

-

3

(CARD SET.5B

Downwasi Point -

Definition

" NDWC times -~ -

A,: Output Chords |~

 (CARD SET 7A |
- |Modal Input. | .
-'4Definition

 (CarD SET 78
Modal Input -

Points

i

Pressure Output}
Pt. Definition

(&ARD SET 5C

y

CARD SET 7C
Modal A
Displacements

NPRC  times
NDMDS times

FIGURE 2

‘|once, or 1+4NOCS times .

" (CARD SET 6 - |- =



=01
. or
‘all CRI(I)=0 -
I=1,N0CS " - |

CERRD SET 0. | |
~ |Control Rotation| | Repeat for-each ™ ..~ "~ -
Description | | CRI(I)#0: . - . %

(_CRI(D)

_ 1]

(CARD SET 8
Termination -
Definition

FIGURE 2 (conti nuéd‘)_

vt - s
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-

W L o9 N U F W N

‘  Bﬂle'COSINE’DISTRIBUiIdNSf.E»n o

¢ ,Distributionvof chords - g7=f¢6511ﬁ/(gN¥1L1L?; :i5;$;ﬂf' 7

.5000- -

- .8090. ..3090

. .9010 .6235°
9397 ;7560
A'I;9$95 .8413
.9709 - .8855

.9781  .9135

.9830 .9325

©.9864 . 9458

2225
' .5000

,,7u35

.8090

1 ..8502

.8795

L1736

. 66971

_’;1423’ 1 o
L3546 .1205

5000 - 3090
?1.6625_[;4u57

6773 - .5469

Distribution of points/chord - & = -cos{2iT/(2N+N}, i = 1,N

©.5000

-.3090 .8090

-.6235 .2225

-.7660 -.1736
 -.8413 -.4154

- -.8855 -.5681

~.9135 -.6691 -.3090 - .1045
-.9325 -.7390 -.4457 -.0923

NOTE: %Chords/100 = £/2 + .5

| .9010
.5000
1423

FIGURE 3

.7485 .9709

.8090

.2737  .6026

L2737 .0923°

-f!u017'~-2u55;_308260'3’
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' DATA STACKING® - .-

CARD.

| sET

'FIELD NO.| °

* FORMAT '

COLUMNS | @ "

. VARIABLE = | .

. DESCRIPTION

(-

: TITLE'”“3

7A10

(2

PLANFORM DEFINITION'

“ulRUNeTiTLEV*WQUTﬁUT~HEADER'rﬁf:57af

oA

jRaoayﬂf7

m«ms::_m- B |

e |
. Ncos ¢
| move

”MSiDip5l‘

BO

.,;,Number of tralllng edge defn.
egptS. 2<NTE<10 (No Default)

| Number of veloc1ty proflles
0<NOVP

eNumber of leadlng edge defn.,n
gpts._2<NLE<10 (No Default) '

e.jmumber of . control surfaces :KJ??KV
;_0<NOCS<6 (Default is 0) Cteln

(Default is- 0)

: 'A unlque 1dent1f1er whlch w1ll;‘
"~ be associated with any maln :

. surface C- -matrix- generated

| 1-5 digit. integer - =

N (Defaultqls_O) C

Symmetry Indicator -

-0 - Symmetric. (default)
_ 1:- Antlsymmetrlc

fk value reference length

BO > 0 (Default is root sem1~*?*’
chord as determined from ’

"XLE(1) XTE(1)

Semi- span, S> 0 (Default 1s R

YLE (NLE)-YLE (1))

|2B .

LIST

6F10.0

| XLE(T) .
YLE(I)

'edge

 NLE pairs of X,Y values

Defining the planform leadlng
YLE(I+1)>YLE(I)

ac

LIST

6F10.0

CXTE(I)
YTE(I)

NTE pairs of X,Y values
defining the planform trailing
edge YTE (I+1)>(YTE(I), -

YTE{1) = YLE(1) .
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SET

-\CARD

FIELD NO.| ' FORMAT
COLUMNS | .=

“VARIABLE

]
B

- DESCRIPTION . - . -

@

PLANFORM DEFINITION ‘(Continued) -

;:If'NOCS >.O,utepeatfsetf2D1NbCS“times;

otherwise,  omit 2D.. -

2D

| 3] 21-30f

{ 1] 1-10f a7,3x | csip.

CYHLI

F10.0
"F10.0 .

211120}

5 _Vll»_ 31-40. F10 0 :_XHLO

‘s |41-s0| F10.0: | vEIO

6 | 51-60|  F10.0 - | LEIND

'geuAn 1dent1f1er to “be’ assoc1ated O
|with a control surfacef’rr' SRRl R
| C-matrix. - . -
| X value of: 1nboard hlnge p01nt o
‘ 4f;Inboard control szde edge. :

- | x value: of outboard hlnge
B ap01nt.

Outboard control Sld° edge.;‘

'Leadlng edge control 1nd1cator };i

#0 - - leading- edge,
=0 - tralllng edge. -
(Default is 0).:' .

If NOVP>0, repeat sets 2E° and F NOVP tlmes-fotherw1se omit ZE, F.?T
1Note if NOVP>1, Yve values must be str1ct1y 1ncrea51ng. '

2E

1] 1-10] F10.0 | yvp

2 [11-20] 110 - | NveB

'Station at which velocity.

profile is specified. Ifglff#
NOVP=1, any value may be R

'.used {e. g., 0).

Number of: p01nts deflhlng
velocity proflle at YVP.
(NVPP22) ,

2F

- LIST 6F10.0 | XVP(I)

’ VP(I)_' ;

NVPP pairs of values
XVP = fraction of chord
VP = veloc1ty profile value

-~.XVP(I)<XVP(I+1)

XVP (1) <0. o
XVP (NVPP) 21.0

(3)

FILF DEFINITION -

RHOB NAMELIST

MIFILE.

CMFILE

Default for all filenames is 0
File name in the form = n,
(1£ns<5)

Modal input file name

C-matrix file name
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- CARD .

|FIELD NO. | .

- FORMAT

* VARIABLE. -

T _ G . DESCRIPTION.
¢ |SET. | COLUMNS } " - R
:_[DPFILE>j_ eDelta pressure flle name
”«SGFFILE::"-'Sect.‘gen. force flle name-i_ﬂ”ff??
' GFFILE f;"Generallzed force flle namef“
B r”Default for all flle 1n1t1al
_ '_pos1t10ns is 1 -
| MIF1 Initial fi1e3§ositioh of.MIFILEj;*
| cMFr “EInitial-fiieVpdsition-oftéMFILETﬂ»*
;DPF14“f 'In1t1a1 rlle posxtlon of DPFILE
| seFFr - Initial file-p081tion;of
R SGFFILE ' S .
, : GFij*' In1t1a1 flle pOSltlon of GFFILE”;g;
Note that CMFILE must be dls--.
- crete; the others may be dis-. -
crete or the same. If any of *:
DPFILE, SGFFILE or GFFILE. are;f
the same, note that files’ ‘are..
positioned in the order. - .
DPFILE/DPF1, SGFFILE/SGF1, andf
GFFILE/GFF1 PR
" (4) PRINTED OUTPUT DEFINITION

RHOC

- NAMELIST

DPPRT

SGFPRT

GFPRT

"control is 0.

- n>0 - print for first n

.Sectional gen.. force prlnt

" Generalized force print

The default for all output
The input may be of form
n<0 - print fcr all condltlons
=0 - no print-out
: »condltlons
Delta pressure print control

control

control
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|carp
" |seT

~ COLUMNS

FIELD NO.| = FORMAT

“.VARIABLE . -

'DESCRIPTION-

.| DWMPRT®
| cMPRT
- | PCMPRT - -

| Downwash matrix print cohttol'
- C-matrix print c¢ontrol '

- Pressure coefficient matrlx

- print control: :

| (5)

PLANFORM CISTRIBUTIONS -

1sa

RHOD. | NAMELIST

NDWC

| neDwWC

NPRC (1)

 NPPRC

- '¥YDWC(I)= COS(lﬁ /(2NDWC+1)) e
'XPWD(I) -COS(le /(ZWPDWC+1))f31"

‘local non-dimensional. L
'coordlnates (EAR notatlon)e»aﬁ

- Number of“doanash ohofds~feﬁm

‘0<|NDWC|*1NPDWC1<72

| (No Default) .. R L
If NDWC<KO0,: a default c051ne>p;-fﬁv
' dlstrlbutlon‘w1ll be ' SRR

generated.

- Number. of po;nts per downwash‘swfef

chord. A
0<|NPDWC|<8 (No default)

If NPDWCK0, the user . 1nput 1n”£>“

set 5B is assumed to be in -

: Number of pressure output
chords. - . Sl
If NPRC. <0, the user 1nput in |
'set 5C is assumed to be in |-

local non- dlmen31onal

. coordlnates

Number of p01nts per pressuref

‘output chord.h

(1) If no user output chords are spec1f1ed but printed output
‘ or file output is indicated, a default set of 11 output = .
chords (and for pressure, 21 outgput 901nts/chord),1s used -
(n = 01l°1102"'00'81°91'_99)'_(_g_ -v=‘_"99'-'9i_°81-.-~1°81 A

.9,.99).

NSGFC (1)

Numter of sectional force.
output chords. If NSGFCLO0,
the user input in set 5D is

. assumed to be in non-

dimensional coordinates,




CARD | FIELD NO.| FORMAT .| VARIABLE . . DESCRIPTION =~
"COLUMNS | = N o DERERREION

Thelspecified;default,cosihe distributions -
repeat set 5B NDWC times.: : Note that input

If NDWC<0, omit set SB.
,w111 be used. ' Otherwise,

in. 5B should be in physical coordinates’ 1f NPDkC>0, and in local non-g-5f7;

dlmen51onal ‘coordinates. if NPCWCKO0.

58 |1 |1-10 | F10.0 TXDWé\d Y or ¥ of downwash chord
JLIST . 6F1°?d ' IXDWP(I) - X or ; of- p01nts on downwash O
g - ’ chord , 4
(7?10 0) I=1, NPDWC

If NPRC 0, omit set 5C; otherwlse, repeat set SC ‘NPRC tlmes. Note

that input in 5C should. be in physical coordlnates 1f NPRC > O, and gfri\;

in local non-dimensional- coordlnates 1f NPRC < 0

Isc. |1. 1-10 |- F10.0 | YPRC =~ Y or Y pressure outout chord 2
o lnIsT '6F10.0 | XPPT(I) - X or X.points on fpressure
A7F10.0) | . output chord I= I,NPPRC

If NSGFC=0, omit set 5D. Note ‘that input in SD should be in physical |
coordznates if NSGFC)O, and in local non—dxmensxonal coordlnates if
NSGFC<O0. ' - : S

SD‘

LIST

_7F10;0'

YSGFC (I)

Y or Y of sectlonal force -
output chords. I=1,NSGFC-

NON

'CONDITION DEFINITION

| RHOE

NAMELIST-

" MACHNG@

KVALUE

_LlSt of reduced frequenc1es,
{k=0) |

" List of Mach nurmbers -

(0<M<1.0)

' Both items must have at least

one value, and may have up to iE
20 values.v y

- {7)

MODAL INPUT DEFINITION

A

RHOF

NAMELIST

NIPTS (I)

Numker of modal input points/
input zone NIFTS (I)23, I=1,
NOCS+1. “Alternatively, for
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CARD

_FIELD NO.| .

COLUMNS

FORMAT. |-

VARIABLE.

" DESCRIPTION -

v}
(cont'

~ NDMDS

|zF

'*CRI(i)

DGUST -

' GPGUST ..

GPGREF

will determine which input .- . jo .
901nts 11e in whlch 1nput zone.qx4~

A user supplled multlpll--'

-applied to modes input in = -
~card set 7C. ~ (Default 1s 1. 0)

J“Control rotatlon 1nput 1nd1—fﬂf
- fied at. requlred hlnge p01nts

" n=0, no input -
-+ n>0, cubkic’ coeff1c1ents of

- .(Default is 0 for all I)
- I=1, NOCS R ,

" Discrete gust 0pt10n

- crete gust mode to be appended
- to the set’ of dlsplacement

‘Gradual penetratlon gust .
-option (Default=.F.) GPGUST-.T

NOCS#O, all® 1nput p01nts may o
be input in a single block,
in which case the program

Number of dlsplacement modes

cative factor which will be L

cator - 'J:
n<0, Delta: az/ax w111 be spec1

control rotatlon w111 be,_j
specified -

(Default = .F) . S
DGUST = .T. will cause a dls—:

modes.

will cause a gradual péne-
tration gust mode to ke ;
appended to the set of dls—“'
placement modes.

Gradual penetration gust
reference (zero phase) p01nt.
(Default = 0)

If MIFILE+#0,
NDMDS=

0, omit sets'.7B and C.
or once per each input zone, i.e.,

i.e., if modal input is to be read from MIFILE, or if’
Otherwise, repeat sets 7B and C once
either 1 or NOCS+1 times.




[carp | rremo NO.| . FORMAT | VARIABLE | .. DESCRIPTION .

"SET. | COLUMNS |- "~

‘:7Bﬁ> ,tIST{:; ~3<6?10.0§;%1inr,Y(I)iﬂv Modal 1nput p01nts, I 1 NIPTSf‘ 9
o o f e e F note (X(I). Y(I))#(X{J) Y(J))
- for I#J - - _

Repeat setL7C'once~fo£;eacbrdispléqement-mOGe; i;é;'NbMDS;timé§.~ “

{7e |zzst [ 7F10.0 | z@ | Modal displacement at point . |
- SR BT (X (D) ¥ (T)) 1= Taters

| 1€ any CRI(I)*0, repéat"set’7D once for éach:CRi(I)¥6 

17D |RHOG ~ .. |. NAMELIST| .CCR(I,J) = ‘| Cubic coeff1c1ents of control_ s

- T L [ T " rotation - (Default = 0) -:h‘}

I 1 u 1= Co' 2- Cl' 3 Cz, ‘q'-.C3 _’

J~1,NDMDS . -

Only those. terms which. are -
. non-zero need be 1nput

‘ or | : -
| DZDX(I,J) Delta DZ/DX at control hlngeAf‘
o . - - equation points, I=1,4, -

(n..= 0,1/3,273,1) -
J=T,NDMDS o

(8). TERMINATION DEFINITION

8 1 1-7° a7,3X | LNAME - . -Termlnatlon indicator

: R . . 7 IfBlank | .

"EXIT"® CALL EXIT' _ T

"RETURN" execute return to = |
‘ calling overlay .

AnythingIEISe,-éxecute~
CALL OVERLAY (LNAME,L1,L2,0) .

2 [11-20 | 110 | Lt '  ?rimary level overlay no.

3 |21-30 | 110 . l L2 B : vSecondary level 0verlay-ho._‘

69
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3. 8 PROGRAM OUTPUT

- 3 8 1 Program Results

' Prlnted output. of program results con31sts of an- 1n1t1al block

. of information reflecting the user's 1nput followed by those "
-intermediate and flnal results specified in card /set 4, Prlnted

- . Output Definition. ' The output controlled by card set u ‘is- = ,-c
- calculated for each k=-value Mach number conditionj- the user may -
'aelect to have all, none, or some flrst n COndlthnS prlnted.su ;‘1*

The 1ntermedlate output con51sts of downwash matrlces, C—matrlces,lfv5irl”
‘and coefficients of assumed main surface pressure terms. If S

C-matrix printout is spec1f1ed and control surfaces ‘exist," the

C-matrices for all controls as well as the main surface gressure”

terms are printed. If downwash matrix: prlntout is spec1f1ed

"and control surfaces exist, the residual downwash as well as.

full downwash will be. printed.: Note that the output. of full

7fand reSLdual downwash is . cycllc, four nodes at ar t1me.;;~-

The final results consxst of unsteady pressures, sectlonal and_

total generalized forces.  Generalized force output consists-

" of a single matrix per condition. _Sectional force output cons1sts,fi"ﬂ**

of a matrix per secticnal force chord {in’-the ‘order. spec1f1ed)
per condition. Unsteady pressure. output consists of

- reals/imaginary and amplitude/phase per output point (1n ‘the order»”
"gspecified) written two- modes at a t1me for all pressure modes
" per condition. S Sk . _ _ :

"Follow1ng all. condltlon output ‘a summary of . the CMFILE lndex

is given if CMFILE is present. Finally a summary of . raximum.
core requlred and central processor t1me used is: glven.

all normal output 1ncludes the user's run. t1t1e w1th date appendedr

and k-value and Mach number 1dent1f1ed (1f appllcable)

7Blnary.output from the- program consxsts of all unsteady pressuref

results if DPFILE#0, all sectional force results if SGFFILE#0,

- and all generalized force results if GFFILE#0.. The fcrm of the‘

information is described in section 3. S(Note that- a user may

"have all binary output placed on the same file, in which case

the results are 1nterspersed on a condlt1on ba51sl

3.8.2 Program Ciagnostics -

Program diagnostics may occur during input preparation or
execution of the problem. The RHOIV input processor attempts

to read and check all user input, identifying as many data errors
as possible. If any errors are dlscovered durlng 1nput process1ng




‘the execution is terminated follow1ng 1nput.f Errors which may
- be dlscovered 1nclude~-a,,'« e ST

(1) vexceedance.of programfsirevresrrioiions;;j

(2) _illegal planform defiﬁ;tion;’v |
.'l3)l'illegél distributioh of points.onfrhe plahgorm;;;r;ﬁt
'l(ﬁ)-‘lnaccurate file Spec1f1cat10ns,_h;A.. L

(S) - lllegal k-values or Mach numbers,‘fr
'(6)"1nsuff1c1ent modal lnput def1n1t10n.e7

. With one specxflc exceptlon, ifra user's 1nput is. processed wlth
no errors,. and sufficiemt memory allocation is prov1ded -the . '
job .should be completed without user origin errors. " If. any.
errors -do occur they should be of program or system orlgln. o

fThe exceptlon ‘to the above can. occur’ durlng C matr1x calculatlons.;;
~ If a downwash chord is placed. ‘too close. to the planform tip or

‘a control surface side edge, the chordw1se integration grid
routine CGRID may generate an illegal sequence of - 1ntegrat10n‘”
'reglons.“ If the condition € = 3, 76|Y0|/S< 001 occurs. a warnlng
message will be printed to indicate a possible problem may occur.
for a particular integration chord. The. condition will occur
anytime a downwash chord is. less than .02s from tne tlp ora
.control side edge. : :

The message does not . 1nd1cate an error, only the fact that the
‘above condition has not been met : :

The follow1ng is a llSt of 1nput processor dlagnostlcs- the 1nput _iA
numbers used are examples, : : :

PLANFORM DEFINITION ERROR:

l. - Illegal no. leading edge dern. pts.h(ésNLE$1by;ﬁLE:=f11
2. Illegal no. trailing edge defn. pts. (2<NTE<10),NTE = 11
A3. h Illegai no. control surfaCes'(OsNocssé),NQCS =7 )
L. Illegai no-vvelocity»profilesu(OSNOVP),NOVP = -1

5. YLE(1) # YTE(1) | | |

6. YLE(NLE) # YTE (NTE)

-



'9¢eA'Leading edge and tralllng edge 1ntersect

f?dsﬁ.iIllegal tralllng edge deflnltlon, YTE not str1ct1y 1ncrea51ng Z:a
':iorddCOnrrollsurface 1 does not lie w1th1n deflned planform\c.
‘3{114.
1,
. 13.

14,

_ILlegal leadrng edge def1n1t10n. YLE not strlctly 1ncrea51ng

Control surface 2 and 1 are 1ncompat1b1e

Velocity proflle statlons are not strlctly 1ncrea51ng

.Illegal no. of-. veloczty proflle pc1nts for statlon 1
'(2<NVPP),NVPP = -1 , .

jVeIOC1ty proflle pOlntS, XVP, for statlon 1 are not str1ctly

ncrea51ng

LR SCAMPQ,***-error.***Aon:velocitY“stationvT nonfuser<
error

'DEFINITION ERROR° B

'.'EILE

2.

File spacing error u, encountered for lnltlal p051t10n of
_DPFILE

CMFILE name is not descrete -

' PLANFORM DISTRIBUTION ‘ERROR:

72

2. ..

3.

4.

5.
6. ..
7.
8.

9.

' Illegal no. downwash chords, (1<ABS(NEWC*NPDWC)<72), Nch

‘Illegal\uoa.points/downuash<chord, (1 BS(NPDWC)<8) NPDWC-

-10.

. N

Downwash point 1, not on defined planforn

- Downwash chord 1, c01nc1des w1th a. control surface 31de

edge

Downwash point_z; cqincides.with axcentrol‘SUrface hinge
Downﬁash p01nts no. 2 and no. 1, are coincidentd
Pressure report chord 1, not on defined. planfcrm
Pressure repqrt point for,chord:no. 1,'not on planform

Pressure regort point 1, coincides with a control hinge

'1Q s




'flo;;_Pressure report chord 1, c01nc1des w1th a’ control 51de edge

~'11-1aSect10nal force report chord 1, not on deflned planfcrm SR

o fl2;jlsect10nal force report chord 1, c01nc1des w1th a control

c,s1de edge

CONDITION DEFILITION ERROR‘»

lzirl,.,_Illegal no. k-values, (0 < no.KVAL)
2;}i-Illega1 no. Mach nos., (0 < no. MACH{}ge-'"
";53;d}jlllega1 k-value,fko:s KVAL) - -

: 4. f;111ega1 Mach no., (0 < MACH < 1 0)

,rMODAL INPUT DEEINITION ERROR°

' f;.g gIllegal no. dlsplacement modes. (0<NDMDS) NDMDS f3g5;_u

'é,1r I11ega1 no. 1nput p01nts, (3<NIPTS), NIPTS-Z*V

3. Insuff1c1ent 1nput pts. 1n zone 1. (3<NPZONE),NPZCNE 2

4. Input pts.'no. 2. ‘and no..3. ‘are’ c01nc1dent

,‘5.,~’F11e spacxng error 1, on MIFILE

6. I/0 error MROW(MROWS on MIFILE whlle readlng X Y for zone 1

;7_ I/0 error MROW<MROWD on MIFILE whlle readlng Z for zone 1

| 8},udI/0 error MROW(MROWD on MIFILE wh;le-readlng IIA»for‘zone ij 

. comtwge e

73 .
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' 3 9 SAMPLE INPUT/OUTPUT

a_The follow1ng 1nput data, flgure l&, is for the 11ft1ng surface
- .shown in figure 5, page76. - A portion of. fhe output generated
by ‘this-data case is glven on: pages 77 100




- e et

'RHOIV_SAMPLE_DATA_INPUT

R NASA ™ x—2909 leadlng/tralllng edge controls
2A . $RHOA MSID 7000, NLE=2, NTE 2, NOCS= 2: NOVP l $
2B . 0.0 - 0.0 [.j 1.539 1 270 :
; 2C - 1.763 0.0 - . -1.763 S 270h : . ;5}4"
. 2D° LECS 1. 2165 L9231 1.072. - 1.0
- " TECS = . 1.628___ ..923 1. 665 1. 072 R
26 0.0 -~ .4
- 2F 0.0 .8 - - .005 _z_.86818‘\, 011 .95
e © .015 0 .965 002 - .97 ' .025 ¢ '*.9746
- .0375 - .9819 - .05 - - .9877 .0625¢w f-.992 : CUoe T
S .9875. . 1.0001 ;.1125._J'?l,0065gw,.,1375fb<..l.0017y?31_-Q;;jjfcw
«1625 -1.0161 - ~.1875 ' 1.0199 . .2125 - 1.0231 .- .. -
© . .2625 °1.0281 - .. .3125 - 71.0321. .- .3625 . 1.0349: - . .0h
.4125 . 1.0367° .4625 - 1.0377 ..5125.:: " 11,0379 "~ - ..
5625 1.0373 - .6125 - - 1.0359 -  .6625 . " -1,0336: i ‘-
.7125° -~ 1.0303.  .7625 .- 1.0259 - .7875. - 1.0231 -~ ‘
.8125 = -1.0199 - ..8375 - 1.016l. - ..8625 . ‘1. 0117
.8875 . 1.0065 ° .9125 - 1.0001: .9375 - .992
.95. .9877 ~ .9625 -~ .9819 - - .975 . .9746
.98 - .97 .985 " .965 - ".989 - .95 -
.. 995 .86818 1. .8 ‘-tt.’ .

3 $RHOB CMFILE=1 § ‘ Rk a o
B _$RHOC DPPRT=-1, CMPRT=~1, DWMPRT-~1 PCMPRT—~1 SGFPRT--1 GFPRT——1 $ .
SA. $RHOD NDWC=-9, NPDWC=7 $ oS : A

6§  $RHOE KVALUE (1) =0., MACHNO(1) =0.8 § o p
. 7A. - $RHOF NIPTS(1)7, NDMDS=5 § . _A_,-, D S
-~ -7B- 0.0 . 0.0 1.212 f.1 0 1.2165%7 - .923 -
- 1.3971 - 1.0 2.628- . = .923 1.665  _.1;072_
- 1.763 1.0 : U IR ;sgw _ v' _
c 1. 1. T. - T U P 1. 1.
8815 -.3305 - -.335 '.5156 - 7465 : -.7835 » _-.8815
0. - ' .098 0. . 0. 0. 7~ 0. - .. 0. :
0. ,'O. © 0. o. . 0. - .. 0..° . - 1158792
0. .098 0. 0. 7 0 0e o 0. o -.1158792

FIGURE 4

75
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‘ T - S . o sect10na1 and ‘total: generallzed : :
' L forces using the 1nformat10n produced
1n RESPREP and SOLN. : : .
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u.u 2 COMMON BLOCK USAGE

104

' The RHOIV program uses both BLANK and LABELED common. fiL'

i:'I‘he LABELED common blocks are used for communlcatlon between,* L
the prlmary and. secondary overlays, and.for communication between

routines in a secondary overlay. The block names and contents
are- descrlbed on the follow1ng pages.~ o -

.dThe T headlng on: the " follow;ng pages refers to- varlable type-"' B
- I= Integer, R - Real c - Complex, L - Loglcal H - Hollerlth.'”'

-jBLANK .common 1s used in most secondary overlays as a varlable-ﬁ

length working area. -In-general the program of a overlay

" calculates the area required for . arrays in: the: varlous subroutlnesbe

and passes a dimension and first: word address of each array

- through the’ subroutine calling sequence. A descrlptlon of the
.area used by each overlay is glven 1n sectlon 3. 3 ' :




o ‘DESCRIP’I‘ION_:' v

Ba31c 1nformat10n, used by all modules.--

LABELED COMMON NAME'l

BASIC '

LOAD LEVEL" PRIMARY (1 O)v

12

VARIAELE | T

. ENG.

NOM -

DESCRIPTIONS”'

a;E===@,, _ -
' - INDCM .

wn.

© Ww. . ® N o

sym
BO
s
 YROOT .-
1" RVAL
KVALR . -

" KSQD |

MACH

BETA

- BETASQD

" RTITLE

w

W W W

n’j .

oo

‘w/V¥,

=_b09/v

| C-MATRIX: CALCULATION

INDICATOR, . 0~-MAIN SURFACE,

.>0- CONTROL SURFACE

'ANALYSIS SYMMETRY INDICATOR
1-SYMMETRIC . '
Z-ANTISYMMETRIC

REDUCED . FREQUENCY REFERENCE
LENGTH R

'PLANFORM SEMI-SPAN

Y VALUE OF PLANFORM ROOT

STATION
K‘VAlUE, REDUCED FREQUENCY

REFERENCE K-VALUE

MACH NO.

USER RUN TITLE,

wiTH DATE -
APPENDED F




{LABELED COMMON;NAME:

CMLIB€:Jl.'

’fLOAD"LEVEﬁ'“

PRIMARY (1 0)

DESCRIPTION:

VARIARLE

_ ‘Varlables descrlblng the contents of CMFILE are L
malntalned in CMLIB during the cond:.t:.on cycle. S

T}

‘DIM.

_ENGf.NOM.

IDESCRIPTION

10

11

112

| FINDCM

' CMFOUND

IDNAME

NocM -

" NMSNTRY

" CDATE
LMDATE
LINDEX

 MSENTRY -

NCSE

MATPOS

DATE

L'.

“'INDEX MATRIX nAME
| INDEX ON WRITE, CHECKED ON
READ- ’ :

INDICATOR TO SEARCH FOR A
Cc- MATRIX

INDICATOR FOR C-MATRIX FOUND}

NUMBER OF Cc- MATRICES ON

N_CMFILE '

| nuMBER OF MAIN suRFacE R
(=NO. MAIN;Q-qu{
'SURFACE C-MATRICES ON CMFILEL,-I‘

ENTRIES IN TINDEX,

: LIERARY CREATION DATE

LAST DATE C-MATRICES ADDED -

jLENGIH‘oF'CMFILE'INDEx"

POSITION WITHIN INDEX OF A

MAIN SURFACE ENTRY -

NUMBER OF CONTROL SU ?ACE
ENTRIES ASSOCIATED WITH A
MAIN SURFACE ENTRY

MATRIX POSITION WITHIN
CMFILE

 CURRENT DATE
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LABELED COMMON

NAME:

No-'

DESCRIPTION: -
, -

e
o —

VARIABLE | T|

Used by most Cc- Matrlx rout1nes.

' LOAD LEVEL‘ SECONDARYﬂK1}5YﬁfJ;

ENG. - NOM. :

DESCRIPTION" R -

i 

ROWC

1 exyy. -

 GPXYY

| CIPK -

: KERN:

c|

(72,8) |

' ;1(72,8)

(72,8) |
. 16

_ROWS OF Cc- MATRIX ASSOCIATED

;SUBTRACTION TERMS ASSOCTATED. - -
| WITH EVALUATICN OF DIPOLE RN
3isINGULARITY | \

'KERNLL FUNCTION VALUE

WITH DOWNWASH POINTS ON. CHORD

fﬂCHORDWISE INTEGRAL OF PRESSURE;QV'

TERMS TIMES KERNEL

.K(xo.yo,k',m

107
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"I NO.

| LABELED' COMMON - NAME: |

'?;LoAbTLEVSL- 'PRIMARY (1,0).

VARIAELE

DESCRIPTION

'

“NOKVAL
' KVALUES
- NOMACH

~ MACHNO |

ENG. NOM. " |

.NUMBER OF K- VALUES REDUCED
FREQUENCIES

| R-vaLues -

| NUMBER .OF MACH NUMBERS.

MACH NUMBERS

1—-___._..___1 o




LABELED COMMON NAME: . COUNT

'LOADZLEVEL-' PRIMARY (1,0)

. nvo.

DESCRIPTION:

”Mlscellaneous counters used durlng condltlon cycle vﬂf
-to size working storage.:. ‘ . : S SR

VARIABLE

1A

10

11

12

~ NSPT
NCPT
NPTRM

' NDMDS

NPMDS'

NZONES -

- MIPTS

MIPSGF

MICGF

MIPGF

NOVP

" Locvp

T| ‘pIM. | ENG. NOM, '

|

| pESerRIPTION

NUMBER OF SPANWISE MAIN

SURFACEfPRESSURE'TERMSf

NUMBER. OF CHORDWISE MAIN

SURFACE PRESSURE TERMS

TOTAL NUMBER OF ASSUMED. . °

MAIN SURFACE PRESSURE TERMS. N

VE-NUMBER OF DISPLACEMENT MonEszfrg;;;

NUMBER OF PRESSURE MODES R
(NOTE, EXCEPT IN THE CASE OF  :

A GUST ANALYSIS,. NDMDS‘NPMDS‘“

FOR A GUST ANALYSIS .
NPMDS= NDMDS+1 ) |

NUMBER OF MODAL INPUT ZONES o

MAXIMUM NUMBER OF INPUT
POINTS IN ANY MODAL. INPUT
ZONE- S :

: MAXIMUM NUMBER 'OF QUALCRATURE ° |. .
POINTS REQUIRED FOR CHORDWISE | - .
INTEGRATION FOR ANY SECTIOBAL"'

"FORCE OUTPUT CHORD. '

MAXIMUM NUMBER OF QUADRATURE
'CHORD REQUIRED FOR SPANWISE

INTEGRATTCN FOR TOTAL GENERAi
FORCES. .

MAXIMUM NUMBER OF QUADRATUREL

POINTS REQUIRED FOR CHORDWISE |

INTEGRATION ALONG ANY »
QUADRATURE CHORD FOR TOTAL

'GENERALIZED FCRCES.

NUMBER OF VELOCITY PROFILES

LOCATION OF VELOCITY PROFILE
INFORMATION IN RLANK COMMON

109




110

1137
»14F{

15 .

16

NPRC. .
NPPRC
_NPPT

- NSGFC.

NUMBER OF PRESSURE REPORT-)} e
CHORDS. = '

| NUMBER ©OF POINTS/PRESSURE;5 f}** S

REPORT CHORD :

TOTAL NO. PRESSURE OUTPUT}ﬁu_f "

POINTS

o NUMBER OF SECTIONAL FORCE{ﬁ 

OUTPUT CHORDS.‘




| LABELED COMMON.

NAME:

. CQUAD |

LOAD‘IEVELF“ SECONDARY (1, 5/7y;

| pEScRIPTION:

DELXI is-also used durlng

GUsed by CHDINT and Chordw1se Quadrature routlneS~5ﬂ?~’Vﬁ
~in . C-matrix calculation.
sectional and total generallzed force 1ntegrat10n._w

NO.| VARIABLE | T|  DIM. ’ENG;‘NOM;:thESCRIPTION“:"'
EN »
1 XILIL R SR S MY OF CHORDWISE INTEGRATION
o | | 7.~ |REGION LOWER LIMIT
2| x1oIL |R Ey £ OF CHORDWISE INTEGRATION
S N | ;REGION UPPER LIMIT
4 | XIMID | R} “,‘EU+§L)/23':

111
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- INDCS

110

- |LABELED comMMON.

NAME:-

CSVAL

" |DEscrIPTION:
B Amost terms generated by CSINIT.

'_ LOAD LEVEL: SECONDARY(l 1- 3/5/7)

Used by TETERM, DTETERM, LETERM DLETERM,

e———

NC.

VARIABLE

T

-DIML

I ExGg.”

'NOM.

”DESCRIP”ION

1
12
13
14
15
16
17

LECS
| symsF

YCST

_XHCSI

 XLCSI
YCSO
XHCSO

' XLCSO .

. DELYCS
 TANLH
' BETAH

' BHSQD

TANLL

BETAL
BLSQD

XTE1

|

0

‘W W W W

'SURFACE, .
3-MID,’ 4-PARTIAL

'CONTROL, .T.=

INDICATOR FOR TYPE CONTROL
1-FULL, .2-TIP,

INDICATOR FOR LEADING- EDGEi

.F TRAILING EDGE.

SYMMETRY SIGN FACTOR

+1.0 - 'SYMMETRIC ANALYSIS
-1. 0

'.INBOARD CONTRCL SIDE EDGE

INEOARD CONTROL.HINGE POINT f'

|LEADING ECGE VALUE AT INBOARD]

CONTROL SIDE EDGE?

) OUTBOARD CONTROL SIDE EDGE.

OUTBOARD CONTROL HINGE POINT S

LEADING. EDGE VALUE AT ouT- -
BOARD’CONTROL'SIEE EDGE"

| conTROL: SPAN.

“TANGENT OF HINGE SWEEP ANGLE

TANGENT OF LEADING EDGE‘SWEEP;

FOR A LEADING EDGE CONTROL

PHYSICAL, OR CONSTANT PERCENT
CHORLC EXTENSION OF HINGE FOR

-LEADING EDGE, ;«»'7;'

- ANTISYMMETRIC AmALYSIsf'




‘ - - 1V - | - |E1-FUNcTION IN TETERM .

18- | pxte1e - | | |exIEl/an
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| LABELED COMMON

NAME:

" DWPTS .

 LOAb’LEVEL; PRIMARY (1,0)

|DEScrRIPTION:

Used in INPREP, DWPREP, RDWRTC,: and CMCALC gvfiffg?ff:“”J

NO.

VARIABLE-

o]

:DESCRIPTION

1

‘wacfi

~ YDWC

NPDWC

NDWP

. XDWP

DIM. L;ENG;fﬁom;"

72 R ¥:f,

720 b

:‘“»NUMBER:0?:DQWNWASH1CHORDS.:'

DOWNWASH ‘CHORDS, SPANWISE -

| COORDINATE VALUES FOR DOWNWASH»*7w
.Poxnrsi,,A;"

'NUMBER OF POINTS PER DOWNWASH»'fJQi

CHORD

TOTAL NUMEER OF DOWNWASH

POINTS (—NDWC*NPDWC)

| powmwass pornt STREAMWISE - |

COORDINATE VALUES -




| LABELED COMMON NAME: ENDIT LOAD LEVEL: PRIMARY (1,0) -
7 |DESCRIPTION: = Read in INPREP - used by RHOIV. :
. . Specifies termination procedure.
" Ivo.| variaee { T| DIM. | ENG. NOM. |DESCRIPTION
 LNAME I NTERMINATION INDICATOR
a - [BLANK |
={ - “lcarL EXIT-
"EXIT" |
L “|= "rETURN", EXECUTE RETURN
s OTHERWISE: . B
o - CALL OVERLAY (LNAME L1 L2 0 |
2| Iz |PRIMARY. LEVEL OVERLAY NO..
3|12 I{ -SECONDARY LEVEL OVERLAY NO.

115 -
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11

- -| LABELED. COMMON-

NAME:

IFIDES»'

'-’fLoAD'LEVEL:;

PRIMARY (1 0)

| DESCRIPTION:

Defines all files used Wlthln the program.“'

e~

1NO.

 VARIABLE

DIM..~

r————

?NG NOM

DESCRIPTION

W

110

. GFFILE

' RHOSC2
 (INSFILE)|
' (CMSFILE)

(COFFILE)
- MIF1
11| cMF1

12 |

14 | 'GFF1

 MIFILE
| cMFILE

- DPFILE

SGFFILE

“IN .
- OUT
- RHOSCT1™

 (MISFILE)|
. (RESFILE)

DPF1

SGFF.1 -

T
1 .
|
I

-

HOH MM M HMHHA

el B

‘7f“c MATRIX

"-_INITIAI FILE POSITION OF MIFILE*;@i

.MODAL INPUT FILE NAME

'DELTA PRESSURE FILE NAME -

:’SECTIONAL_FORCE;FILE NAMEAT
NAMES.

'STANDARD OUTPUT FILE NAME

o SCRATCH FILE NO. :
:*| MODAL. INFORMATION SCRATCH FILE.
:NAME.

© | INPUT ‘SCRATCH FILE NAME _f}f,.,_
‘| C-MATRIX SCRATCH FILE NAME .- |7~
COEFFICIENT FILE NAME EERREN

._INITIAL:FILE POSITION»OF‘SGFFIL

FILE'NAME i

GENERALIZED FORCE FILE NAME -
NOTE 1-5 ARE USER ASSIGNED

STANDARD INPUT FILE NAME

1 NAME
ARESULT SCRATCH FILE NAME

SCRATCH FILE NO. - 2. NAME

INITIAL FILE POSITION OF CMFILEi:f

INITIAL FILE POSITION OF DPFILE'gT

E

INITIAL FILE POSITION OF GFFILE|
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| LABELED COMMON 'NAME:

FILEs'JvJ'

_Loan LEVEL:' 'PRIMARY (1 0)

DESCRIPTION'-”

Fleld length control/utlllzatlon 1nforrrat10n.

NO.|.

VARIABLE |

T

. DESCRIPTIOerajf'v'

12
13

14

.1'A

B8

- R R .

- CURFL

 MAXFL

'i;IﬁITL'
JOBFL
INPFL
. MIPFL
‘”BESPFL}” ’
RWCFL
cMch.f;j
SOLNéL 
© RESFL

LITA
W

LCCR

" pIM. . ENG, NOM.

1|

]INITIAL PROGRAM FIELD LENGTH

"JOB CARD FIELD LENGTH (I E.,?

MINIMUM FL.RECUIRED FOR INPREP |/
'MINIMUM FL REQUIRED FOR ‘RESPREF .

| MINIMUM:FLwREQUIREDYFOR;CMCALC

'MINIMUM FL REQUIRED FOR SOLN. | .

'INFORMATICN

CURRENTFPROGRAM;FIELD-LENGTHV:

MAXIMUM PROGRAM FIELD LENGTH
USED TO CURRENT TIME '

MAXIMUM ALLOWABLE FIELDvLENGTH‘“

MINIMUM FL REQUIRED FOR MIPREP |

MINIMUM'Fn-REQUIREDfFQﬁ_RDWRTc e

| MINIMOM FL REQUIRED FOR.RESULTY .

LENGTH OFZiNTERPOLAmiON;
INFORMATICN ARRAYS

LENGTH OF VELOCITY PROFILE

LENGTH OF CONTROL ROTATiON-'
COEFFICIENTS INFORMATION.

17




‘ LABELED COMMON NAME: . °. KRNTERM ~ LOAD LEVEL: SECONDARY (1,5) | '

: DESCRIPTION"_ Used by kernel functlon routlnes.,rf~$ 3:7"

| NO.|. VARIABLE T} - .DIM.. i ENG NOM.-.- ’,ADESCRIPTION

-

FK‘s‘l (B . | .fkfn. ARBITRARY POINT'FOR “SPLITTING: |
o B B ,. . | INTEGRAL IN ROSEL'S KERNEL |
[ FEsep I R| | (FRFF FORMULATION (FK= 2n) :

/Tfk7‘+ (Ey ) i

| ‘RFKsKYsS | | |
| oBx . hk. - |UPPER INTEGRATION LIMIT -

 BRSQD - ikhk)zi‘

 RHRSKYS “ VThk)‘f(kyd)V

2P

g } | f[TelkY°T/¢l+rz]dt

'._oo-

- HOYO -

“APROXR |

- R S R T, I SR Vo

W W .w W W W W

 APROXT }
SRR S 1 ’ | INTEGRAL ‘APPROXIMATION IN.
. O e I T I A FORMULATION..
, 4"*h*” S ’
'1" kh ix
: f
kE

111} s

~1- 1A+A2/2 dk
[)‘ +Tky )T] 37 <

12 | s2R

P

13 | s2r S _ o
1u.}?saR - }f f[elx/{X +(ky )2}3’2]dx_

15 | s31

w ow oW ™ ow W

INTEGRALS IN ROSEL'S -
FORMULATION
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LABELED COMMON NAME:

"KRNVAR"

" LOAD" LEVEL:-

SECONDARY (1, 5)

| DESCRIPTION: -

- |no.| varraBLE

kernel functlon.

¢'Used by C-matrlx chcrdwxse quadrature routxnes,}and

DIM.‘

‘ FNG.

'DESCRIPTION

-—d

-

12
13

14

S VW ®W N UM E W N

-
-—d

© 1pwc
_1pDWC
© IDWP
w0
' fOéQD
KYO

‘ KYOSQD
Bybsén.ﬂ'
KEKioSQn 

X0

KXO

' CMACH

-

'jI-

s

Wwoow M

W oW oW wow W W wm

NOM..

Y

yo
klyol |
(kyd)??
(Byo)2
(Bkyo)zl

x0 ‘

: kxo

1n(2-2M)/2

DOWNWASH CHORD No.'

Y VALUE OF DOWNWASH POINT
- POILT/DOWNWASH CHORD
:DOWNWASH POINT NO.“H.

lDOWNWASH POINT

CONSTANT 'FOR. KERNEL CALCU-

|zaTION
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| LABELET CQMMON

NAME:

'-LCSTERM.”i

' LOAD LEVEL: SECONDARY r, 5/7)f{$n55

| pEscrzpTION:

 VARIABLE|

Mlscellaneous terms assoc1ated w1th full chord

-control. pressure expressions.: .-

DIM-

Bl
| ENG.~

NCM.’

DESCRIPTION

11

12

113

14

116

17

15 |

| cis

CST -

cs2 -
‘CL1

- CL2

| c1s

GS1 -
GS2

GL1

GL2

GAT

CON1
CON2

CON3

" CCON1

CCON2

" AW ow oW W AW

ers

Cs2’

'SAME AS Cg1

_SAME AS CLZ
SOLUTTON.

COEFFICIENT/SIDE EDGE FOR
'INVERSE SQUARE ROOT TERMS

COEFFICIENTS/SIEE EDGE FOR

- SQUARE ROOT TERM ASSOCIATION
_WITH FIRST SOLUTION-“

SOLUTION

' COEFFICIENTS/SIDE EDGE FOR
'FIRST SOLUTION —

:COEFFICIENTS/SIDE EDGE FOR
ARC 'TANGENT TERM-

.INVERSE SQUARE ROOT “TERM .'~‘*

FIRST SOLUTION SQUARE ROOT

TERM

SECOND SOLUTION SQUARE ROOT

“TERM

| FIRST SOLUTION LOG TERM

SECOND SOLUTION LCG TERM

ARC TANGENT TERM

LMISCELLANEOUS CONSTANT TERMS

_EXCEPT_FQR_SECONDf’”‘"

EXCEPT FOR SECONDﬂfler




s}

19

 ff20_-
":zj_f
22
23|

24

125 |

26

27}

128

29
30

31

32
‘ 1331,

‘ccoN3 - |
GExPp

BSEYS

' BEMSY2

XIXS

- RXIXIL

AYS. -

- ASTANLL -
-~ AXS. -

‘RL
RAE
12
‘Q1 
E2.

E3 .

IR s I o}

w

W o w o ow oW W om

v o m W W W

.1; ;g;x-

=

1kM2(§-A )/62:

(n y )

'ssxcn(nfys).

-

ARRAYTOF.Ys'FCR ALL SIDE'EbGEsﬁ;j

[ARRAY OF tanA  FOR ALL SIDE.
EDGES _

ARRAY OF E (y ) FOR ALL SIDE

EDGES
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LABELED COMMON.

NAME:

" OPTIONS

NO. |

| DESCRIPTION: -

Miscellaneous options.

'LOAD LEVEL: PRIMARY (1,0) =~ | -

VARTIABLE

- T

ENG.

NOM.©

DESCRIPTION . -

4

- VELPFL

DGUST

 GPGUST- |
GPREF
 IIAIN

RESULT |

SOLUTION .

-

- DIM.

‘VELOCITY EROFILE OPTION .
'".T.= PROFILES EXIST '

VDESCRETE GUST OPTION

'GRADUAL PENETRATION GUST&’
OPTION '

’GRADUAL PENETRATION GUST;f

REFERENCE. POINT

I'INDICATOR FOR DIRECT INPUT OF
IIA PER MODAL INPUT ZONE -

INDICATOR FOR SCME RESULTS B
REQUIRED,; I. E EITHER UNSTEADY |

'PRESSURE, SECTIONAL FORCES- “ |
OR GENERALIZED FORCES '

‘INDICATOR FOR SOLUTION -

REQUIRED, I.E. EITHER RESULT'
OR C-MATRIX, COWNWASH MATRIX,
ON PRESSURE COEFFICIENT MAWRIX .
OUTFUT REQUESTED. K

122
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LABELED COMMON.NAME&

"PLNGEO

LOAD LEVEL:. PRIMARY,(1,0)’“

| pEscrIpTION: |

‘Defmes planform geometry.

. VARIABLE

No.

T

DESCRIPTION .

R I R, B R I

°o v

R}
14
|15
16
‘11

18

19
20
21

12 |

 NLE.

i ]}‘;L?E | :
 YLE
 DXLEDY -
NTE
“XTE.
-yTEv 5

. DXTEDY
'iNocs

 XHLI

YBLI .

 XHLO

YALO

CXHLDY

CSID

CSTYPE

' CSRS

CSAO

_CSRI

- XHLBT

I

H M ®m w W %™ W H W oW owm M

H

10

oW ooA"

:va -

S 10

DIM. Jé_ENG{ NOM.

10

'NUMBER OF LEADING EDGE DEFN
POINTS C

| (STRAIGHT LINE SEGMENTS) -

"POINT VALUE IN BAR NOTATION

MAINVSURFACE C4MATRIX‘I D;; n¢

LEADING EDGE DEFN. st.:?‘”

'SLOPE OF LEADING EDGE SEGMENTS | -

NUMBER OF TRAILING ECGE DEFN. RTS..

TRAILING EDGE DEFN. PTS.
(STRAIGET LINE SEGMENTS)

' SLOPE CF TRAILING EDGE SEGMENT‘3:“v

NUMBER OF CONTROL SURFACES -
CONTROL SURFACE HINGE ;@f;; )
INBOARD DEFIN. POINT .

CONTROL SURFACE HINGE -
OUTBOARD DEFN. POINT
SLOPE OF CONTROL HINGE
CONTROL'SURFACE c—MATRiX'I.D;gi“
CONTROL SURFACE TYPE

CONTROL- SURFACE RELATED
SURFACE

CONTROL SURFACE AREA ORDER
CONTROL SURFACE INPUT INDICATOR

HINGE INBOARD SIDE ECGE DEFN.

123
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|22.

f23;

24

'XHLBO " |-

" XLEI

" XLEO . .

'HINGE OUTBOARD SIDE .EDGE - -

DEFN. FOINT VALUE IN BAR -
NOTATION ... . = ..

| LEADING EDGE VALUE AT THE & |
|coNTROL INEOARD SILE EDGE -

LEADING EDGE VALUE AT THE

CONTROL OUTBOARD SIDE EDGE




‘ LABELED COMMON NAME:  ~PRSPVAL - LOAD LEVEL: SECONDARY - (1,1- 3/5/.7:-i-:f'1.;

S DESCRIPTION' E "Used to spec1fy (&£, n). values to ETACVAL: and other -
e e - routines.. Descrlbes current chord, control. surface
A o B ‘and pressure type ’

no.| vartaeLe| 1| DIM. _ENG;‘NOM;;"DESCRiPTION' IR
-1 | ETA " R|. ‘ . n. . | SPANWISE LOCATION OR COORDINATE
" 2| AETA "R Il N |
3| ETAB - Rl R NON-DIMENSIONAL SPANWISE
L | | = | COORDINATE o
4| XTI “ R} - E CHORDWISE: (STREAMWISE) LOCATIObyi*A
: S . o ' 'OR COORDINATE. .
5 |  XIB 'R} e - NON-DIMENSIONAL CHORDWISE
: - ] T COORDINATE'
6. DXIBE | R} 3Esan
7| 1cs 1l | CONTROL SURFACE NUMBER i
] ' .| (=0 WHEN NO (CONTROL SURFACE xs=s
- : _ | CONCERNED) .
S 8| cpT . | L} R . - | CONTROL PRESSURE- INDICATOR
. N R | I _ - CPT=.T. IF CONTROL SURFACE.
.. ' - S = o PRESSURE. TERM IS BEING
L .l - . | CALCULATED. ' LT
9 XIL - R| £1(n) ... | PLANFORM LEADING EDGE VALUE L
S _ - - | AT n _ A .
10 | DXILE R} 9, (n)/3n ,
11| XM | R , gm(h)._ . PLANFORM MIDCEORD VALUE AT n_
112 | x1c R _ E_(n) | PLANFORM CONTROL NO. ICS HINGE|
- - | ¢ | VALUE AT n . (NOTE - THIS MAY -
: . o SR BE A LINEAR EXTENSION.)
13 | CXICE R 3E,(n)/an _
14 | XIT R 'gt(n) PLANFORM TRAILING EDGE
] T 'VALUE AT n .. .
15 | DXITE R 3, (n)/3n o
16 | B R ‘b(n) | PLANFORM SEMI-CHORD VALUE -
. - o -~ AT n o
17 | KIND T KERNEL IVDICATOR USED ONLY -

' : 1 DURING C-MATRIX CALC. v

18 CQTYPE I : B CHORLWISE CUACRATURE TYPE,

o ' : . USED DURING C-MATRIX CALCU-
IATION, ANC SECTIONAL AND
"TOTAL GENERALIZED FORCES.
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| LABELED COMMON NAME: -

 PRSTERM . -

LOAD LEVEL‘ SECONDARY (1 3/5)

“:[ﬁESCRIPTIQN;_:sted by PRSPREP, SGFPREP,;GFPREP, and nost
o .+ . c-matrix calculation routines. ..

- —— -‘

VARIABLE |

3| wncprERM | I{

- DpIM.

1 2 | FPETA “R{};;72_;,;

| Enc. NoM.

M)

I LR I |
o fNUMBER OF CHORDWISE PRVSSURE

g (E,m) or
3g (Evn) /an -

,‘DESCRIPTIOQA IERIETTVE I R

| sSPANWISE MATIN. SURFACE =
“- PRESSURE TERMS |

_ CHORDWISE PRESSURE TERMS

TERMS -
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‘ LABELED COMMON

NAME: < 'PRTCTL?' -

LOAD LEVEL PRIMARY (1 0)

o DESCRIPTION'

VARiAéLE
R ' DPPRT
SGFPRT
‘;GFPRTIJ 

2
3

| | cmerT
5 '}DWﬁPRTZQ
e

1 pcMPRT |

_Conttols® all pr1nted output in result and solutlon >

isectlons.

ENG.. ]

NOM.." "

“c MATRIX PRINT CONTROL

DESCRIETION* >

| DELTA PRESSURE PRINT CONTROL | -

'JSECT;*GEN;.FORCEVPRINT'comrgﬁffm"

|GEN. FORCE PRINT CONTROL

k DOWNWASH MATRIX PRINT CONTROLﬁ e

| PRESSURE" COEFF MATRIX PRINT f‘5>'
CONTROL : :

- n<k0 ali*cond.'(on input)’“
= 0 = no print

n>0 - print first n cond.ﬁijﬁ'
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LABELED COMMON NAME'

‘QUADWTS'“

LOAD. LEVEL: PRIMARY A, 0)

|14

- DESCRIPTION°”'

Used by GFSGPID GFCGRID in. prep..routlnes,‘and by e

CMCALC and chordw1se quadrature routlnes 1n C=- matrlx

-~ calculation..

ExG.

NOM.

m. ——

1 varIaBLE | T| DIM.

7*DESCR1PTIQN1-

REED

13,
15
16

17

20

R ST

.10 ;

12 |

18
19

" ALEGH -
':HLEGQ'
ALEGE
:ﬁLEGB;Vl
AISORS
| ursors

AISQR10-

_ HISQR10
.:ALOGQ- '
HLOGE;"‘.
ALoGS
'HLbGS

" ASQR5

HSQRSV
ASQR10

HSQR 10

" AYTHRS

HUYTHRS.

"A4THR10

HY4THR10

2
S

w o wo W W o™ W
&

o

10

10

wow oW oW W W W W ow W W W
(%2}

10

10

iy

PRE

_jA ~ ABSCISSAE
H - WEIGHIS

ROOT. - TYPE" QUADRATURE WEIGHTf"ng*

FUNCTION

LEG: - LEGENDRE

ISQR - INVERSE SQUARE ROOT

_'SQR - SQUARE ROOT

'LOG. - LOG

- QTHR‘4 FOURTH ROOT”

§QFFIXZ; QUADRATURE POINTS




‘ " |LABELED COMMON NAME: . SQUAD . . ' LOAD LEVEL: SECONDARY (1,5) |

. |DESCRIPTION: Used by CMCALC, SPNINT

VARIABLE |T| DIM. | ENG. NOM. '|DESCRIPTION -

A | sorypE  jxf .. | .- ' |SPANWISE QUADRATURE TYPE

[ sowr - |r}p | ,SPANWISE QUADRATURE WEIGHT

'“i-nL o in OF LQWER LIMIT’FOR;A spAN;gaz“:
e : WISE INTEGRATION REGION - o
n. OF’ UPPER LIMIT FOR A SPAN4*
WISE INTEGRATION REGION: . . -
nU nL , SPANWISE INTEGRATICN. REGION o
WIDTH ,
(nU+nL)/2 'VREGION MIDPOINT

{cgn[(nU-nL)/SJQi-’

“1 S VALUE OF LOG SINGULARIT!
= LOCATION DURING SPANWISE .
| INTEGRATION. IT IS 'EITHER
S T _ -} .. . |DOWNWASH. CHORE, OR A - ..
, ‘ o . : ‘ i : CONTROL SICE EDGE.

- ETALIL °

 ETAUIL U

1DELETA'

ALNDELY

m ow W W W

 ETAL
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?ﬂwLABELED%EGQM0N‘NAME?a

TIMES"

LOAD LEVEL PRIMARY (1 0)

‘NO:

. ——

DESCRIPTION:

VARIABLE

Accumulated Ccp tlmes and number of entrles for RS

S - various secondary . level overlays.
| L

1

10

s W

- ST

11

TMIP

_ TRESP

NTRWC

'NTCMC .

- TCMC .
_ NTSOLN'

TSOLN

. NTRES"

TRES -

I HJ

DIMI

.'ACCUMULATED-CP.TINE IN“MIPREP

hACCUMULATED CP TIME IN RDWRchfif”
:fi)“ASSOCIATED WITH MAIN. |
2) ASSOCIATED WITH MAIN

}3) ASSOCIATED WITH CONTROL
R 4) ASSOCIATED WITH coﬁTROL

|5 ToTAL 1) .

'ACCUMULATED cp TIME IN SOLN o

‘NO. ENTRIESfINTO RESULTS

_ACCUMULATED Cp- TIME IN INPR“P

'ACCUMULATED cp- TIME IN RESPREP';ff

NO.,ENTRIES INTO RDWRTC

- SURFACE, k = 0
SURFACE, k > 0.
SURFACE, k = 0

SURFACE, k > 0.
-4y

ACCUMULATED CP TIME IN cemcanc |
(SAME AS NTCMC) .

NO. ENTRIES INTO SOLN

ACCUMULATED CP TIME IN RESULTS| -

' ENG;,NOM; |DESCRIPTION




4.3 PROGRAM "AND 'SUB’ROUTINE'-DES(::R'IPTIC'N

IYAShort abstracts for the varlous proqrams and subroutlnes in RHOIV

are: included in this section. A full descrlptlon of each routlneffl

"-nmay be found in the program llstlng..

Routlnes are ordered alphabetlcally. theiruposifionaifreiatibﬁ'
is shcwn in flgure 7, page132. : IR B
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. BLOCK

©(00,00)
'ZRHOIV -

1 (01,00)

 /BASIC/

/CMLIB/
/COND/

~ /COUNT/ .
.. /DWPTS/ -
- /ENDIT/

/FILES/
/PLNGEO/ .

/PRTCTL/ .
- /OPTIONS/

RHOIV

" IIARDR . .
- /QUADWTS/.
.- BLKDATA
/CsSval/
/PRSPVAL/.
ETACVAL

AZONE
AINTL

. PLATEO

ZEROCOL

/PRSTERM/

SPFCTE
CMSTERM"

.-/CQUAD/.

/CSTERM/

' TETERM

E2

. DE2

132

/LCSTERM/
CSINIT
LETERM
LFCT
MATIO .

- 12720

PROGRAM —'SUBROUTINE STRUCTﬁRE SR

LENGTH

1

16.
222 -

22
186
151
166
544 -
65

43
174

118

102
1206

30 .
-101.

140

422

400
52

340

24
14

52

20 -
124

212
a7
176

~:BLéCK f'

- 01,01) -

INPREP

' 'ERRPRTJ’””

PLNINCK
CSINCK

VPINCK2
SCAMPY

comcu-
CUBIC2. .
'DERIV1

. DERIV2 = .
“NAMBLD

.~ DWINCK .
PRSINCK = '
 SGFINCK ... =
MIINCK .

(01;02y;f%
" MIPREP
CIIACAL -
PLATEI . °.:°
PLATET . -

PLATEA

" CRCOEFF

CPRDR

. VPCALC .
 CTHETA -~

(01,03)

RESPREP
CCRRDR
DWPREP

-VPRDR

VPCALC

* ‘PRSPREP
 SGFPREP
GFPREP *©
GFSGRID

GFCGRID

(01,06)

SOLN

.PCMDWN

SOLVE
PCMSPT

’ LENGTH--'

1
12336

320

S S 607
VPINCK

.;167
214

1250 .

2512
- 120
T1O7
.- 103

573

- 503
256

j273

434

©A55
- CQURS
‘CQ4R10
" CPFCTXI

L1205
. 672
2103
aus
ey 1

722
54
714
103
144
440
677
731
307
720

1
214
1417
531
323

Figure 7

1401

" GXYYCAL .
 CHDINT j_»

45

CQLEGS
- .CQISRS . .
© .CQISR10." = .=
“CQLOGU "+ i 1
CQLOGS - T
- CQSQRS5

1704 »

~ 213

- DLETERM

"BESK1
- BI1IML1

-SERIES2

BLOCK -

(01,ourjEW,At;-1A_
RDWRTC' T :

(01,05). 1
- /JCMVAL/ - L
_ /KRNVAR/ . i 16
/SQUAD/ . '
. CMCALC -

SGRID
ORDER

CGRID -~
CQLEGUY
COSR10.

DTETERM“T~

DLFCT o
/KRNTERM/\_u_ 17:
KRNFCT -

APROX
SERIESI

SERIES3 - - .
sICI

(01,07y. . . %
RESULTS - 411
FORMDP -~ 1250
RTHETA 102
FORMQS 772 g
FORMOQ: ']25 o




»_,-(1,')'. suaaou'rmr AINTL (x,y NPTS, _z NRCWZ NCOL1 NCOI.S, SA,_INDD, | -

DZ1 DZZ)

v‘slopes at unsteady aerodynamlcs control p01nts -?spec1f1ed in /'5
‘the local axis: system.‘g-z T :

. (2) : SUBROUTINE APROX" SRR

i'Routlne APRox performs the 1ntegrat1on of : ' s '
. TAU*EXP(I*KYO*TAU)/SQRT(l +TAU**2) .. In’ TAD" from —wto H.; The
.~ function. TAU/SQRT (1.+TAU*#%2) is" approxlmated by .a. seraes of

exponential, NASA  technical. report R=48, ‘page- 8,
TAU/SQRT (1. +TAU**2) .= 1, +c1*EXP(E1*TAU) + CZ*EXP(EZ*TAU) +

o C3*EXP (E3*TAU) *SIN (PI*TAU)

- (3). SUBROUTINE AZONE (Y, ,,NPTS';*:ND; zoms:)

Assign‘a modal 1nput zone, number to pclnts on . chord Y._,"

- {4)  FUNCTION BESK‘I (X)

“BESK1”-1K1(X), modlfled Bessel functlon of the second klnd of e
. order 1. K1(X) is calculated with two polynomial expansions, .- ° |

one for X.LT.2, and one.for X.GE.2.: Equations: taken from Handbook ..
of Mathematical Functions,; National Bureau of Standards, 1967. '

(5) FUNCTION. mem (X)

BITML1 (I1(X)‘- L1(X)) where I1:= Modlfled Bessel functlon:v

: of the. flrst klnd of order 1, L1 = Struve functlon.”

Series expan51on for I1—L1 is used for X.LE. 12. 8, an asymptotlc
expan31on is used for x GT. 12. 8

Equatlons taken from Handbook of Mathemat1cal Functlons, Natlonal

~ Bureau of Standards, 1967

‘Struve Functions and Related Functlons, 12 2.6 Asymptot1C»

"Expansion p. 498 12.2.1 Power Serles P- - 498.

378.

Bessel Functions- of Integer Order, 9.6. 10 Ascendlng Serles, P.

:cBessel Functions of Integer Order, 9.8 Polynomlal Approx1matlon;~’“’
p. -378, 9.6.11'Ascendingj8eries, p. 375 _ :

133,




134

(6) - BLKDATA

‘Defines all quadrature abscissaerand“weights;f A

(7) SUBROUTINE CCRRDR (CCR, NPMOS)

Read cublc coeff1c1ents of control rotatlon.'
(a)V*SUBROUTINE CGRID (NIR;HXIQ; IRTY?E)' ‘

Routlne CGRID deflnes the chordw1se 1ntegrat10n schemes used .

to integrate chordwise pressure terms times: cne of the kernel
expressxons on a speC1f1ed chord : : : v :

(9) - SUBROUTINE CHDINT

 Perform ‘the chordw1se 1ntegrat10n of chordw1se pressure terms
txmes kernel functlon.' : :

(10) OVERLAY (RHOIV, 1 5) PROGRAM CMCALC

Calculate a’ C-matrlx ‘associated thh maln surface or control

“surface pressure terms for a set. of downwash. p01nts at a o

partlcular k-value Mach number condition.

Sy SUBROUTINE CMSTERM~"
Calculate NCPTERM chordw1se pressure terms assoc1ated w1th the

assumed main surface pressure terms.

(12) 'SUBROUTINE CPFCTXI

~Calculate NCPTERM chordwise pressure~terms ‘

KIND = GXYY, calculate G(XI,Y), DG(XI,Y)/DETA
= non-sing or singular calculate G (XI,ETA)

CPT. = .F.-main surface terms, -T.-control surface terms

LECS = .FALSE.-calculate only T.E. control surface terms

-TRUE. -calculate both T.E. and L.E. control surface terms




(13) SUBROUTINE CQISRS

Perform A 5 pt. inverse square root quadrature on: chordw1se:r=7'

‘pressure term times. kernel function for XI over XILIL to XIUIL
where the square root 51ngu1ar1ty 1s at XILIL.

'Tf(1u) SUBROUTINE COISR10.

Perform a 10 pt. inverse- square root quadrature on chordw1se

- pressure term times kernel function for. XI over XILIL to. XIUIL’

where the square root- 51ngular1ty is at XILIL. -

L 15) SUBROUTINE CQLEGu -

Perform a 4 pt. Gauss—Legeudre quadrature on chordw1se pressure
term times kernel function for XI over XILIL: to XIUIL.

'(16) SUBROUTINE CQLEGB

'fPerform a 8 pt. Gauss—Legendre quadrature on chordwrse pressure

tern times kernel function for. X1 over XILIL to XIUIL.:.

(17) SUBROUTINE CQLOGQ

| Perform a ccmblnatlon 4 pt log and u pt Legendre quadrature

on chordwise pressure term times kernel functlon'for XI over

o XILIL to XIUIL where the log 51ngular1ty is at XILI

i
i .

- (18) SUBROUTINE CQLOGS -

Perform a ccmb1nat1on 8 pt..log and 8. pt. Legendre quadrature
on chordwise pressure term times kernel function for XI over
XILIL to XIUIL where the log singularity-is at XILIL. '

{(19) SUBROUTINE CCSQRS

Perform a 5 pt. square root guadrature on chordwise pressure
term times kernel function for XI over XILIL to XIUIL where the
square. root slope srngularlty is at XILIL. '

. NOTE:. Absc1ssae and welghts developed from Gauss-Nehler form,

~refer to Kopal, Numerical Analysis, pp. 381-2, using o
BCS program MEHQAH (Redman 1973) with.ALPHA=Q, BETA=.5..
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. (20) SUBROUTINE CQSQR10
B :fgﬁPerform a 10 pt square root quadrature on chordw1se pressure

" term times kernel function for XI over XILIL to XIUIL Where: the_;f:‘ T
vsquare root lepe 51ngular1ty is at XILIL.."' :

-NOTE": , Ahsc1ssae and welghts developed from Gauss Mehler form,-r
- refer to Kopal, Numerical Analy51s, pp. 381-2, using. o
BCS program MEHQAH (Redman 1973) w1th ALPHA—O " BETA=.5.

(21) SUBROUTINE CQQRS

) 'Perform a 5 pt fourth root quadrature on chordw1se pressure _
- term times kernel function for XI over. XILIL to. XIUIL where the
'“314 root slope 81ngular1ty is at XILIL S : S

h‘_NOTE: ‘Abscissae and weights: deve10ped from Gauss Nehler form,-
- refer to Kopal, ‘Numerical Analy31s, pp.-381-2, using: R
BCSrprogram MEHQAH - (Redman 1973) with ALPHA O, BETA— 25.

: . (22) ‘SUBROUTINE"CQumo
Perform a 10 pt. fourth root quadrature on chordwlse pressure ,ﬁp.

©  term times kernel function for XI over XILIL to XIUIL where the
_ 3/u root slope 31ngu1ar1ty is at XILIL. . o

NOTE;‘T. Abscxssae and welghts developed from Gauss Mehler form,
- refer to Kopal, Numerical Analysis, pp. 381 -2, using - PR
BCS program MEHQAH (Redman 1973) with AL_PHA=O', BETA=.25.

(23) SUBROUTINE CRCOEFF (NZONES,'NDMDS NPMDS, DELDZDX, CCR,
' 1 - IIA, IIAP) .

'Calculate (or read)the cubic coeff1c1ents of control surface
rotation for subsequent use in the preparatlon routlnes. The_
- coefficients are defined such that.

O + C1 *EBCS + C2*%EBCS**2 + CB*EBCS**B _
change in strearwise modal slope, .=

: ~ DELTA DZ/DX, at the hinge. . ST
EBCS = fraction (0.,1.) of control span -

' (0 inboard, 1.0 outboard)

THETA (ETA)

0ol

‘ (24) SUBROUTINE CTHETA (DELDZDX, NDMDS)
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:leen four. equally spaced 901nts on a control hlnge, and DELTA
 D2/DX.‘at these points, determine the coefficients of the. cublc
-wh1ch w1ll deflne DELTA DZ/DX,ATHETA, on the - hlnge.;uj

(25) SUBROU’IINE csmcx (CSAREA, PLNERR CSERR)

,~Read control surface 1nput -Check legallty. A551gn control type,,ﬁr'

S and determlne related. surfaces. o L ‘ R '
- (25) SUBROUTINE CSINIT

.LInltlallze varlables for a control surface and generate

: coeff1c1ents of. control pressure expre531on. Sl e

(27) SUBROUTINE ELETERM (DGXIETA)

_,Calculate the derlvatlve of the- pressure term G(XI ETA) w1th.sf
_respect to ETA for a -leading edge ccntrol surface.

-(28) SUBROU‘IINE CTETERM (DGR DGI)

Calculate the - derlvatlve of the pressure term for a tralllng'ff

edqe control, DG(XI ETA)/DETA (DGR DGI) - :

'(29) SUBROUTINE nwmcx (PLNERR, DWERR)

'Read (or use default deflnltlon for) downwash chords and 901nts,
convert from bar notation if required, and check legality.
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B ‘ ' ( 30) SUBROUTIN E EWPREP (N DWC, NPDWC ’ NDWP - NDWP2 v. NOCS NZONES NDMDS,
N I BEE , . NPMDs, YDWC,~ XDwWP, X,Y, ZONE, IPOS, NPZONE,
'. o Z 2T, DZDX DZDXT, W WRI, IIA IIAP - CCR)-.

;.Form the baslc downwash matrlx, [W] [DZ/DX + I*Z], and wrlte
‘. to RESFILE. - The real portion of W is modified by any user.
,supplled velocity profile, and a gust mode of the desired form
. is appended if requested. Any exlstlrg cukic- coeff1c1ents of
'iccntrol rotatlon are copled from memory to RESFILE. :

”f(31) SUBROUTINE ERRPRT (IERRNO"ERRFtG;~Il . 12)

Set  error flag and prlnt approprlate error message.:f'

(32) SUBROUTINE ETACVAL

Given a spanw1se statlon, ETA, determ1ne the 1ead1ng edge,<;'i
trailing edge, and hinge line (if applicatle) 1ntersects, and
calculate sem1 ~chord -and mid- chord values. . : :

S _f(33) SUBROUTINE FORMDP (NPRC, NPPRC, NPPT NPTRM, NOCS. NPMDS, -
. ' 1 - YPRC, XPPT, XBAR, PRESS, MSPTFM, GXIETA, :
' : 2. o ... - CMsPT, FETA. AMPPHAS) R _ S

Calculate unsteady delta pressure at an 1nd1cated set of p01nts )
"(output p01nts) for a. k—value/Mach ‘no. condltlon. S :

 DELP (X,Y;J) = SUM[ MSPTRM(X, Y; I)*CMSPT(I J), I=1, NPTRM 1+
o . | SUM[ FETA {Y,J)*GXIETA (X,Y;N), N= 1,N0CS ]

(34) SUBRCUTINE FORMQ (NDMDS, NPMDS, NPTRM, NOCS, MICHD, MPICHD, .
1. - Q, QMSPT, CMSPT, YICHD, GXIETA, XIPT, QTYPE,
2 o - FETA, WZ) : SR -

Calculate the generalized unsteady aerodynamlc coeff1c1ent matr1X-j_~
(generalized forces) for a k-value/Mach number condition.

Q(I,J) = . INTEGRAL [ Z (XI,ETA;I)*DELP (XI,ETA; J)*D[XI]*D[ETA] 1
. XI = XIL(FTA), XIT(ETA)
‘ETA = 0, S

(35) SUBROUTINE FORMQS (NSGFC, NDMDS, NPMDS, NPTRM, NOCS, MPSGFC,
T Y, QS, QOSMSPT, CMSPT, GXIETA, XIPT, QTYPE,_
2 | FETA, WZ)
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‘ Calculate the: sectlonal generallzed unsteady aerodynaxuc IR
R - coefficient matrices: (sectlonal forces) at: an 1nd1cated set of
.chords for a k value/Mach no. COndlthD. .

QS(Y:I,J) = INTEGRAL[ Z(XI Y: I)*(DELP(XI y J) *D[XI] ]
. Lo CXI = XIL(Y),. XIT(Y) D .
(36) SUBROUTINE GFCGRID (NIP‘I‘S, NPZONE, XIPT, CQW'I, QTYPE)

_ Determlne the quadrature p01nts and assoc1ated welghts to- be
"used in integrating delta. pressure times displacements.: along
a chord for sectlonal or total generallzed forces.dd- : _

- (3'7) SUBROUTINE GFSGRID (NICHD, YICHD, SQWT)
: Determlne the quadrature chords and associated welghts to be *

- used in the spanwise’ 1nt°gratlon ‘cf delta pressure tlreS‘*~'
dlsplacements fer total generallzed forces. :

(38) SUBROUTINE GFPREP (MICHD, MPCHD, NZONES NDMDS I\PMDS, NSPT,

A 1 , : ~ NCPT, NPTRM, YICHD, SQWT, NIPTSZ, XIPT,~ S
Y U 2 : RS - YIPT, CQWT, QTYPE, QMSPT Z, wz G FETA. IIA o
‘/ 3 IIAP CCR; MICGF, MIPGF) IR **

"Prepare 1nformat10n, 1ndependent -of ‘k-value and Mach no.., whlch s
will ke used for calculation. of generallzed unsteady” aerodynam1c_,~_~”*
coefficients (generallzed forces).' The information is written . =
to RESFILE. o ' ' - o

|

'

{39) SUBROUTINE GXYYCAL .

calculate G (X, Y‘Y) and GP(X,Y Y) for all p01nts on a downwash
chord and 1n1t1a112e the assoc1ated C-matrlx rows.,;

(4) SUBROUTINE IIACAL (NZONES, MIPTS, MEQNS, NDMDS, X, Y, Z,

' IIA) ' .
Generate the 1nterpolat10n 1nformatlon array for each modal 1nput
zone and save on MISFILE. : -

(41) SUBROUTINE IIARDR (IIAP, ITA, LIIA)

Read the interpclation information arrays.
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'Process all user 1nput.-

140

(u2) (OVERLAY (RHOIV, 1) PROGRAM INPREP

:  (“3) SUBROUTINE KRNFCT

'Calculate the de51red kernel functlon as spec1f1ed by KIND, e. g. _f

GXYY, NON SING SINGULAR

ouu)y SUBROUTINE LETERM (GXIETA)

"Calculate the pressure term G(XI ETA) for a- leadlng edge control
. surface. ,

(45) SUBROUTINE MATIO (LFN, MATRIX, MROWD, MROW, MCOL, LID, ID,

IRR)
Read/write a two record set con31st1ng of an ID record descrlblng
a matrix: or array, and the matrix reccrd : : :
(u6) SUBROUTINE MIINCK (NRowz, x, v, IPOS, zong,rz, IIA, NIPTS, R
L » “' PLNERR, MIERR) o e S BT

Read modal input (from INPUT or MIFILE), check 1ega11ty,_and

write by input zone to INSFILE. Alternatively, read 1nterpolat10n¢ ;f}§;'

information arrays by 1nput zone and write dlrectly to MISFILE.
The 1nformat10n is used in MIPREP and RESPREP.
| .

| T _
(47) OVERLAY (RHOIV, 1, 2) PROGRAM MIPREP
Allocate worklng area for the modal preparatlon routlnes whlch
will generate information on MISFILE to be used in. RESPREP.
(48) SUBROUTINE NAMBLD (NMFILE)

Convert NMFILE = NM to NMFILE = TAPENM

(49) SUBROUTINE PCMDWM (NDWP, NPTRM, NOCS, NPMDS, C, CS, AS,

W, WRI)

Print the C-matrices-assdciated>with regqular (main surface)
assumed rressure terms and any control surface pressure term.
Print the kinematic downwash matrix, -and the residual downwash -



‘ matrix (the klnematlc downwash matrlx w1th any control surface
- 31ngular1t1es removed) . : . , .

:~;(50) SUBROUTINE PLATEO (xo, Y0, NOPTS, zo, NRowz, NCOL1, NCOLS SA,
- 1 Sl - INDD, Dzl, DZ2) : . |

 Given the spllne coeff1c1ents for a set of functlons as’ determ;ned -
-in routine PLATEI, and the associated. 1nput points, calculate - ‘
-the values of the functions- (and optlonally the derlvatlves)

o at a set of output p01nts.

-(ST)vSUBROUTlNE PCMSPT'(NDWP,<NPMDS,-CMSPT)

'Prlnt the coeff1c1ents of the regular (naln surface) assumed
»pressure terms. A v » :

"(52) SUBROUTINE PLATEA (X, Y, INDS SK, N M, A, IRR)

Form the coeff1c1ent matrlx for system of: equatlon, SK smoothlng

"constant ({ratio of plate stlffness to 1nput pc1nt sprlng
..stlffness). : S .

1 X(1) y(1) B ~WheregA(I,J 1R#*z LN(R**Zi,I¥J

.

"aA(XI,J) LR - - - S =0, I=T INDS =0
* - - - : ) _ . ) .
* 1 X(N) Y(N) '=ESK(1), I J INDS 1
*

W

*******#*******************#*

‘ SK(I), I=J INDS=2

*

1 --- 1 0 0
X(1) === X(N) *0 0
Y - ¥m *0 0

R—(X(I) X(J)**Z IR
A (Y (I)-Y (J)) *¥*2. S
'N=No. pts., M=N+3= No. egs.

[« N Ne)

(53) SUBROUTINE PLATEI (XI, Y1, MIPTS, ZII1, NROWZ, MCOL1 MCOLN,
1 . McOLS, SA, INDS, SK) -

Perform a blvarlate 1nterpolat10n using as the 1nterpolat1ng
function the small deflection equation of an infinite pinned
plate. : . _

Reference: Robert L. Harder, Robert N. Desmarais; Interpolaticn
Using Surface Splines, J. Aircraft, Vol 9 No. 2, Feb. 1972
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iffNIND)O,'or from

(55) SUBROUTINE PLNINCK (PLNERR)

| o
" Read {or use default) pressure output chord and 901nt values,u
- check for 1ega11ty and _save. on INSFILE.

(su) SUBROUTINE PLATET (xu, YV, NIND, XBAR, YBAR, cosm, SINT, L
B RGU, RGV) L _ o o

(U V) tO‘"(x X)..

0% *1/RGU o:: o 2 2 COST SINT* *x -XBAR®

S B —*A_v . S S CxE ¢.: % i«»i -
RV x O"1/RGV* % % -SINT COST*. *Y- YEAR®. 'féf

‘Where COST = COS(THETA), SIVT = SIN(THETA), THETA is: that angke _
~such that PUV = SUM[.U(I)*V(I) JN.= 0, RGU,RGV = radii’ ot gyratlem i
: 1n {(U,V) » XBAR,!BAR = C.G. location in (X, Y)_- note UEAR,VEAR

= 0,0

'ARead the leadlng edge and tralllng edge deflnltlon, and check

for compatlblllty.

(56) sueRoUTINE'PRSINCK:(YPRC; xeer, PLNERR"PRSERRQH

(57) SUBROUTINE PRSPREP (NPRC, NPPRC, NPPT, NSPT, NCPT, NPTRM, N R .
. LI o . MOCS NPMDS, YPRC, XPRT, MSPTRM, FETA CCR) T

'Prepare informatlon, independent of k-value and Mach no., whlch
- will ke used during calculation of unsteady: delta pressures.
.- The information is wrltten to RESFILE. _ :

(58) OVERLAY (RHOIV, 1 u) PROGRAM RDWRTC

Perform all read/wrlte act1vxt1es associated w1th the CMFILE
library of C-matrices and its 1ndex.v

- (59) OVERLAY (RHOIV, 1 3)'PRoGRAM RESEREP

Allocate worklng area for the various preparatlon routines whlch
will in turn generate information which is placed on RESFILE

for subsequent use in solving for the coefficients of the assumed
main surface pressure terms, and in calculation unsteady- '
Fressures, sectional forces, or total generalzied force results.



} harmonrc motlons in subsonlc compre551ble flow.;

(60) OVERLAY (RHOIV,

fAllocate worklng ‘area: for the result routlnes whrch w11141n turn
: ﬂ'generate the requested results for prznted or - user flle outputf

B (61) : OVERLAY (RHOIV, 1 0) PROGRAM RHOLV

rotg A

E Calculate the unsteady aerodynamlc 1oad1ngs on a llfthg surface

with leading and/or trailing edge sealed gap: controls: un&ergorng

' (62) SUBROU'IINE RTHETA (PRESS, AMPPHAS, NPP'I, NMBS-;

"'Ccnvert pressure at a pornt from (X+IY) form to (R, THETA9~

o (63) SUBROUTINE scmpu (x ¥, N, NDA NDB DA DB, C, s,mg

leen a set. of N pornts whose ab51c1ssae form a strlctly monotone ['“'

1'sequence, and given a first .or second derivative at X(1)- and
~a first or second. der1vat1ve at’ X(N), to find the. smoothest -

possible curve. pa531nq rigorously through the given p01nts,
satisfying the specified boundary condltlons, ‘and’ possessing.

A'contlnuous first and second derivatives. The crlterlon of

smoothness is the minimization of the’ 1ntegral of -the: square"
of the second derivative, and the curve found is accordingly
a chain of CUblCS,'l e., a separate cubic.on. each 1nterval X(I),
X(I+1).-“ : : . : oo

(6!&) SUBROUTINE SERIES1

’ Routlne SERIES1 performs the 1ntegrat10n of

. EXP (I*LAMEDA)/(LAMBDA**Z + (K*YO)**Z)**1 5

'In LAMBDA from - infinity to - K*F, where K*F = 2#PI. A change

of variables is made, and a series expansron of the denominator -
is written. Using partial integration .a recursion formula is. - .
developed which converges to w1th1n requlred accuracy in-ten
iterations or less. '

(65) SUBROUTINE SERIES2

Routlne SERIES2Z. performs the. 1ntegrat1on of

3/2
(EXP(I*LAMBDA) -1:—I*LAMBDA + S*LAMEDA**Z)/(LAMBDA**2+(K*Y0)**2)
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‘?rIn LAMEDA from -K*F to K*H, when K*H > ~K*F where K*F 2*PI.:,

LA series. expanszon of the exponent ‘is’ wrltten. The first three"

 terms of the series cancel with the remaining three terms in e
- the numerator. . Performing partial. integration: tw1ce, a recur51on R
formula for the integral of the remaining terms is- developed '

" which converges to within the requlred accuracy w1th1m 50

-1terat10ns or- less (K*H<15). : : :

(66) SUBROUTINE SERIES3

:,Routlne SERIESB performs the 1ntegratlon of

EXP (I*LAMBDA)/(LAMBDA**2 + (K*YO)**Z**1 5

'e,In LAMBDA from - 1nf1n1ty to K*H when K*H S;-K*F, K*F 2*PI.,wxff“ 4
' 'SERIES3 is the. same as SERIESY ‘except: the sine and c051ne S
" 1ntegrals of the upper lntegratlon 11n1t cannot be precalculated‘

}(67) SUBROUTINE SGFINCK (YSGFC, PLNERR SGFERR)

Read - (or use default values for) sectlonal force output chordS' oS

:for legallty and save on INSFILE. "

'_(68) SUBROUTINE SGFPREP (NSGFC, MPCHD, NZONES, NDMDS NPMDS, NSPT,

"1 R . NCPT, NPTRM, YSGFC, NIPTSZ XIPT, YIPT,wr-: n._.;
2 - ,'> e CQWT QTYPE, QSMSPT Z, WZ, FETA CIIA, IIAP, 7 -
3 . »V.' o t CCR MIPSGF) C e

"Prepare 1nformat10n, 1ndependent of k-value and Mach no., which

" will be used for calculation of sectional generalized unsteady
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aerodynamlc coefficients. (sectlonal forces)..  The informaticn

. is written to RESFILE.

(69) SUBROUTINE~SGRID TNIR,-ETAQ, IRTYPE)

" Routine SGRID defines the spanw1se 1ntegrat10n scheme used to -

integrate the spanwise 1ntegrand of the downwash integral- equatlon.'
for all downwash polnts on a Spec1f1ed downwash chord. :

- (70) SUBROUTINE'SICI‘ZY

.COmputeshthe sine.and'cosine integral.

(71) OVERLAY (RHOIV,..1,6) PROGRAM SOLN



vlTAllocate worklng area- for the solutlon routlne and 1ntermedlate
‘~output routlnes.i_ﬁ_,,vlf,, o

~(72) SUBROUTINE SOLVE (anp NPTRM, NOCS, NPMDS{"MMDS;-

'801ve ‘the complex llnear system of equat10ns for the coefflclents
. of the assumed regular (maln surface) pressure terms and save-
-on COFFILE. ‘ C . ,

-(73) SUBROUTINE SPFCTE
~calculate” NSPT- sPanw1se pressure terms tfv..

ﬂ-KINDbﬁ GXYY, calculate F(ETAB) and FP(ETAB) DF(LTAB)/DETA

NON-SING, or SINGULAR, calculate F(ETAB)

'CPT,x=g,F,:e:malnrsurfacelterms,H#g.T.-—;control_surface'termsgrl3

(74) SUBRCUTINE SPNINT

‘ Evaluate the spanw1se 1ntegrand at ETA, and 1ncrement the C-l
. matrix terms by the welghted results.

. (75) SUEROUTINE TETERM (GR, GI)

" ‘Calculate the pressure term G(XI ETA) = CMPLX(GR,GI) . for a
trailing edge -control. . _ o : '

(76) SUBROUTINE VPINCK (VPERR)

Read velocity proflles, check for legallty, form a cublc spllne
for each proflle, and. save on: INSFILE. :

(77) SUBROUTINE ZEROCOL (M, NF, NL, z, NROWZ, INDD DZ1 ‘DZ2)

Inltlallze columns NF- NL to zero for M rows..

(78) OVERLAYV(RHOIV, 0, 0) PROGRAM ZRHOIV

Call overlay RHOIV (1, O)
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- APPE'N.DI XA - f"Numggxc?Ai;» _I‘i_ntG_RAT-I,qN, TECHNIQUES 'f

The ba31c work performed by the RHOIV program 1s numerlcal

of the pressure kernel expression of the downwash: integral

~equation (egn 2.3-1), or the 1ntegrat10n along a chord of unsteady
‘pressure times modal - deflection. for sectional generalized: forcesu
' {egn '2.8-4), or the surface- 1ntegrat10n of: unsteaay‘pressure
"times modal deflectlon for total generalized forces - {egn 2. 8-f

9) . The numerical integration: lS accompllshed US1ng Gau581an

'iquadrature of ‘the. general form,

; "'(-'&')f(t)dt*=’-')1:"1“°'("’if)5E L mae
. where f.(t) = the functlon to be lntegrated with the assoc1ated term,
o " w(t) = a known positive function of t, the weight functwn
. and - H; = the quadrature weights correspondlng to,a
s ~';ai = the quadrature absc1ssae..'»’ :

!

1-The abscissae are: roots of an nth degree polynom1a1 wh1ch is
- orthogonal with- respect to the weight function w(t) on {(a,B).. -

A discussion of the existence and determination of the set of
a. and correspondlng H; for which .eqgn A.1-1 will be exact, -
provided f(t) is of degree.< 2n-1, is glven in reference 3

" Chapter VII. The propertles of a; ~and Hy. 1nclude,

: ai' real and dlStlnCt j

Hi > O'b 1"1'..;,‘!;,’._..

n. B '
Z H'i = rw(t)dt-

a

The usual approaCh is to determine a; and H. for a known 1nterva1,

- e.g9. (0,1), and perform a linear transformatlon of varlables

from, for example, x on (a,k)- to t on (0,1).
The weight functions used within RHOIV are:

w(t) = 1 (for which the abscissae are roots of an nth .
.degree: Legendre polynorial on (a,B) ~--

’ e U

integration. In particular this includes the" surface 1ntegrat1on Sl



'Jﬁfeféfféa?td-as‘Légéndre%qﬁadrath:g;¢ S

/ts (referred to as square root quadrature3 g

w(t)
'w(t)‘= 1//t— (referred to as 1nverse square quadraturefif;»
©owlt) = ln(t-u) (refered to as log quadrature% ﬂay~ffi':27{3f§;

" For 1ntegratlon performed 1n evaluatlon of: the downwash lntegral S

~ equation, the integrand and its first derivative are-well behaved - - -
‘over the majority of the. surface, thus. Gauss-Legendre guadrature
is most prevalently used. .However;, the first chordwise pressure -

.;;term, cot (6/2) ,: for a- main surface. analysis has a sguare oot
singularity at: the planform leadlng edge, and the' remaining"’

" chordwise pressure terms. for both main surface and control surface-"°'“1”
.analyses have a*ssmare. root {or: similar" order) discontinuity:

in the first derlvatlve ‘at the" planforﬁ leadlng and-trailing
edges. Addltlonally the spanwise terms for both analyses. have’
a square root {or similar.order): dlscontlnulty in the first -

- derivative at the planform tips..: The kernel express;on contalns
- a. logarithmic ‘singularity at a downwash chord {y) in-. spanw15e='x'~3_s_,
lntegratlon,,and a logarithmic singularity exists in the chordwise

pressure form at a. phy31cal control surface hlnge “line. Thus

- Log quadrature:is used in . regions’ whlch include the. akove

singularities.. .Note that " because of the predetermlnatlon of
the welghts and -abscissae on an -interval .(0,1), the 1ntegrat10n

of a logarithmic- 51ngular1ty 1nvolves both Log and Legendre

quadratures..

For integration perfcrmed in‘calcuiatiOn of secticnal and total -

 generalized forces the kernel function 51ngular1t1es are not .
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involved, however the 51ngular1t1es associated with the pressure'
terms remain and are handled in the ‘same manner._* o : _

The form of the quadratureSuused 1s,-




‘ ) .G.at_iss-LeQenar__g;andrature: "

b~ EE T AR
ff(x)dx (b-a)ff(t)dt (b-a)yif(xg), T (A1)
a b S . B RSEEE
where n = 4 dr 8
| H; = then 901nt ‘Gauss- 1°gendre quadrature wexght51 1"

X = (b—a)t._¥‘a,a t.;= the n’ pc1nt Gauss- Legendre

: _ i _ :

» guadrature akscissae (note . :

- that H, and x; .are symmetric -
_about Abta)s2 . T a

YASgg are Root Quadrature

-'._-f/ZZE f(x)dx = (b- a)f/(b a) f(t (/b‘? )3f/“ f(t)dt (A_-143) - |
a o o

. ~:,_ S (/B-a4)3§Hsif(Xi)_v' =
R ,ﬁhere-u]=:5 or 10 o

- Bs, = the n: p01nt Square Root Quadrature welghts'

l .

X, = (b—a)t; +.a, f't.' the n point Square Root
ST ' -t 1 Quadrature absc1ssae
£(x) =

g(x)/ Vx -a, where g(x) has ‘the characterlstlc of
Yx-a _

- Inverse Square_ Root Quadrature

. | N
FF(x)//x=a dx (b~a)ff(t)//(—b"7‘a dt = /b_? ff(t)/f gt (A-1-0

/b-a’ZHis-f(x.)
-1

where n = 5 or 10
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Hls the n polnt Inverse Square Root Quadrature welghts

X, .-.(b-alti +a, t, = ‘the n poznt Inverse Square Root SR

i Quadrature absc1ssae :

‘f(#) #”g(x) /x—a,‘where g(x) has. a square root srngularlty R

~of the form 1/ /_-a

”dgdg 1é;us,geqendrel Quadrature fv' Z;f:v'

b
~ f1In|x-a| f(x)dx
a R

(b-a)flnl(b-a)tl'f(t)dt" o R (A 1~ 5)

(b-a)1n|b-a|ff(t)dt + (b a)flnltl f(t

(oo b-a‘_’f“iif.@a-). (b—a>§ﬂi.jf<x'j>;j o

where,nf=vu or=8_f“
'Hi ‘and xl are. as‘defined'inSC 1—2f

-HlJ ‘the n p01nt Log quadrature welghts a53001ated w1th :

Cw(ty=1n(1/t).

X, _=‘(bea)tj.'+ a, t;‘u' the n point Log quadrature

J 3 S abscissae

£f(x) g(x)/ 1n|x at, where g (x) ‘has a logarlthmlc."'
31ngu1ar1ty of the form 1n|x- a|




- APPENDIX B - 'MOD'AL',I.NTERPO'LAT_II)N o

- If lnput p01nts and modal dlsplacements are prov1ded hy the user"'>'

to RHOIV, the surface spline method of Harder and. Desrarais,

. Reference S5, is used to allow 1nterpolatlon for dlsplacements

. and streamwise slopes-at downwash p01nts, and displacements at
‘'quadrature’ points used for sectlonal and total generallzed force
'_1ntegrat10n. - . . L

'If control surfaces ex1st the 11ft1ng surface planform is d1v1ded7'r"

"into modal input zones, as illustrated in figure 8, page 155,each

- of which must have a suff1c1ent number of 1nput 901nts to deflne;“-=.ﬂ

the motlon within that reglon.

The user has two optlons when descrlblng llft1ng surfaces w1th

. controls:

() Prov1de a descrete set of 1nput p01nts w1th assoc1ated modal"

'dlSplacements for each. modal 1nput zone,"

(2)"Prov1de a total set - of p01nts w1th assoc1ated modal
‘dlsplacements which includes p01nts in all zones.

. In the flrst ‘case,’ the 1nput p01nts for an: 1nput zone need not

lie within the roundaries of that zone. In the. second case’ RHOIV
will a551gn an input zone to each roint based on''the toundaries
~shown in figure 8. 1In either case a minimum cf three (3) 1nput :
points must be  associated with each 1nput zone; the 1nterpolat10n
'procedure descrlbed below, ‘18 applled per lnput zone. -

“The ccntrol surface pressure modes are a functlon of control

rctation, 6(n), or the change in streamwise sloge- across a controlfugi;;

hinge. ' Unless the user specifically provides this 1rformat10n,
‘RHOIV will determine 8 by calculating the slope at the hinge.
using the interpolating functions for the two ‘mecdal 1nput zones-
on e1ther side of the hinge. .

With a reasonably even distriktution of p01nts in a zone, the
surface spline approach provides good results for dlsplacements,

and reasonable results for slcpes at points interior to the 1nput B

point set. At the extremeties of input point regions a fair -
amount of curvature may exist, introducing sometimes large "

' werrors" in the slopes. This is particularly significant 81nce

the leading edge and any control hinge tend to lie at the.
‘extremeties of input point sets and thus errors in boundary
condition at the leading edge, and control rotation: G may be
1ntroduced :
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: . For any partlcular planform conf1gurat10n, ‘the user should

“initially examine the kinematic downwash and. control” rotatlons
to assure the sufficiency of his irput point dlstrlbutlon.. If
“the user is.unable to cause reasonatle control. rotation values
‘to. be calculated by mov1nq input . roints or lncludlng rore’ lnput
. points. the- opt1on to input control rotatlon 1nfornatlcn should
be used. o v SR .

N IF REASONABLE SLOPES AT DOWNWASH POINTS AND CCNTROL ROTATION
" VALUES ARE NOT- CALCULATED TPE PROGRAM RESULTS WILL HAVE NO.

——————— o

SIGNIFICANCE

If the surface spllne approach 1s used the modes are approxlmated_

gby, (Reference 5),

B g . |
ozEm) = Iay R2 ln(R ) * aN+1 a\1+2€ + aN+3n |
S R:."(g xi).f + n yi.)
'f(xi.yi)'= Noinput5points'-a

under the constraints

Z(x,y)—Z(x,y).l-lN_g

l

: ;ﬂ_where-ZI(xi,'.) = 1nput values at (x Y5 ), and
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-i

b

N . N N

§ai = Qfl ?aixi'= 0,.>§aiyi =0

which expressed in matrix form for n input modes,

B!
ENHE | |
-1 Xy Yy T . : S L ) ﬂ
I‘j??;‘r“f"“ [{o}l...{a}n] = [{ZI(xi,yi)}1.;,{ZI(xi,yij}n]
xl;f’xN, 0
[Y1° - ¥n| J _Jo, i=3 | |
A-. = 2 2
i3 le°1n(R ), 1#3:_



s a 11near system of equatlons Wthh may be soiyed5forgtheffe“‘
tenterpolatlng function coeff1c1ents.«- S

'*feThen for any output p01nt, (E n),_

o R A
| L’Z(_Em)' 1""'-""2_(5-'”_)n J = tay) é .

25 a; = 3;-1n(R;?,7;;ftl,N

222, ni, .. éz"(‘a,‘n)'nfj':'_’ {a..]

i

i = 2 E-x1> f#‘-@f) +1] »

ax "' ox ij

where 2 (£,n) haS»the'propertiesﬁ

3%z (£,n) jazz(irn)> 32 Z(E n)'+ 0 as the dlstance to the 3
ax* ’_ Bxay ! ay - ',1nput p01nt >

Z(€, n) is analytlc everywhere except at (xl,yl)ll

BZ(E n) 92 (E,n) ex1st at (x ,y )
ax ' 9y .

: i

1.

" If N = 3 and the p01nts are non collnear, a 51mple plane is
deflned for Z(&,N).

Note that a simple bending mode (lst, 2nd, etc. ) is not adequately
defined by input points lying in two lines because of the tendency
of the interpolation function used to force ‘curvature to zero
in both coordlnates. :
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' The change 1n slope at a control hxnge for a cpanwxse statlon

..y is determined by calculating the slope at the hWinge using. fltSt

the interpolation information for the surface-to which the control‘,f
“-ig related and then using the 1nterpolat10n informaticn for: '
_control surface itself. . Rather than calculate the.slgope =
‘analytlcally,'whlch -in the case of a surface spline Lo
frepresentat1on, may lntroduce control rotatlons where rione ex1st
‘a numer1cal procedure 1s used._ . - - -

" At a. spanw1se station Y three equally spaced p01nts (1nclualng

the hinge) - are- selected over a sufficiently small Fregion,-

B, o

"-_e g. 28 = (x3~-%x,) = .005S, so that it can ke assumed that no o
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‘,curvature of the physxcal planform exists. If,the‘dlsplagemehtg_}i‘“
‘at the points. are determlned . a quadratic. in (x-x; ) ray be.
: ,.wrltten, . _ _ - o _ E o=

Zex) + A1+B(x-x1) o xl)z.do: :

BZ(x)/ax B + 2C(x-x1)z

Solv1ng the system of three equatlons and neglectzng C,.

az(x)/ax S [uzxxz)-— 3Z(x1) - 2(x3) /28

. i

_Note that if the slope 1s a constant over (x,, x3 ) 1n1t1a11y,

[(Z(x;) Z(x,))/d - (Z(Xz) Z(Xx))/6 ]/5

‘This procedure should‘reduce the»lntroductlon of extraneous
. contrcl rotatiohs_inpndntcontrol rotat1on modes..
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