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ABSTRACT

Subsonic Kernel function, transonic box, and supersonic box methods

for computing unsteady aerodynamics are applied to the problem of inter-

action of - general trapezoidal wing with a downstream rectangular control

surface lying in the wake of the wing. The unsteady aerodynamic forces

are related to a set of collocation stations through t series of matrix

transformation., interpolations, and differentiations. The resulting

m&trix is a set of aerodynamic influence coefficients (AICs) that are

directly applicable to flutter snalysis.

The transformation of the unsteady aerodynamics into AICs is pre-

sented as a separate discussion; followed by discussions for the develop-

ments of analytical techniques for each flirht regime. The analytical

developments and a discussion of the basic single-planar-surface are

presented, followed by the complete two-surface solutions for the ieneral

aerodynamic forces, Each of the three numerical methods is developed by

detailing the complete set of equations necessary to compute airloads on

the configurations considered. A computer program to determine the AIC

matrix for each flight regime is presented with a complete discussion of

usage and logical flow, Also included are program listingp flow charts

and sample input and output problemb.

ii t



PART V - SECTION A

TECHNICAL DISCUSSION OF THE TRANSONIC
BOX METHOD

When the flight speed approaches the acoustic speed (I.e., transonic

Iflow), th Mach number is near unity and Equation .l. can be rewritten

) .yy 'zz =M'(2 ik x kZO) (5.1)

which is valid according to Reference 6 if k>>I M-l. Using this version of

the linearized flow equation leads to a similarity rule in transonic flow.

Air loads for Mach numbers near unity may be computed by a transformation of

the geometry and flow field to the equivalent problem at M-1. The absence of

the )xx term because of P2 being of small order restricts the flow to one that
has no variation in local Mach number along the surface. This restriction

supplements the thin airfoil assumptions previously used in linearization. The

condition can be simply stated as

k>> fI1MLi

where ML is the local Mach number over the surface.

A pulsating doublet placed in the MI free stream with the axis parallel

to the z axis is a solution to Equation 5.1 and produces a velocity potential at

(x, y, z) given by

* 1 1 A)__ _ __
ik z - --- - r1+ (--- • (5.2)

2 -r ( x-t 2( X C

where the doublet is positioned at the point , The doublet in transonic

flow has no influence at points upstream of the line x=. Consequently, the

potentlal is zero in that region. The velocity potential due to a doublet is

discontinuous at the point (

That Equation 5.2 satisfies equation 5.1may be checked by substitution.

Furthermore, a solution to 5.1may be obtained by superposition. This solution

will be represented in the form

O(XyZ) a,/,?(9,r, I x,y,z, ,rj,o) dgd' (5.3)

,mid It may be, further shown that in the limit as z-0

0, xy z)"+- (xy,Z)z. - O(x, y)
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A sheet of these doublets covering the wing, wake, and tail

will then provide the required lifting antisymmetry and jump in potential

between upper and lower sides when the doublet strength function is determined

by the appropriate boundary conditions. The velocity potential required to

produce the necessary vertical velocity at a point (x,y) on the wing can be

determined by application of the tangential flow boundary condition

where

lirn I ik I ~1×' ' -) = - CD ='- ¢xp - ik X... I d 2 '

'V Yr -r ) ~ = vi
z -7, 0 D 277 2 (X ri)

The function 4, is in effect the limit as V,--O of iw when 0= 0. It is,

consequently, the doublet downwash influence function when 4-sx. The zero

pressure jump condition is wrt.tten here for the wake velocity potential in

terms of the wing trailing edge.quantities

W'~ake = "VTE exp F ik (x-%WTV~I (5.5)

and further matching of the tangential flow condition gives the velocity

potential required to produce downwash at a similar point on the tail as

W T(,i (M -r idt (5s6)
J T + Wake + .'

where the region of integration is over the entire doublet sheet forward of

the line g=x (see Reference.12).

Equations 5.4, 5.5. and 5.6 then constitute a system of equations whereby

the potential jump may bS ded.
Y

at Sonic Mach Number



To compute the velocity potential distribution for each Mcch number near

unity and reduced frequency greater than zero, following the approach developed
in Reference 1, we overlay the two surfaces and intervening wake with a system

of square boxes of relative length A adjusted so that box centers lie along the

x axle. and ela wing trailia.g edge and so that box edges lie along tbM y axis. A

typicnl box overlay on a trapezoidal wing,. wake, and downstream control surface

in sh.own In Figure 5.1.Only boxes that have their centers within the respective

regions are considered in this development.

If the potential function +(x,y) is approximated by a function which is

constant in each of the boxes and equal to the value at .cs center in the wake

region, the downwash condition on the wing and control surfaces is matched at

thescnter of each box.

The boxes will be designated by n and v in the chordwise direction and by

m and I in the spanwise direction. Thea for (n, m) on the wing

Sr E 0 A (n-v. m.. t) (5.7)

for (n,m) on wake, ,

T if.1exp ik (n-ny(58= TE .. .'

and for (nm) on T, (v,p) on W, T, and wake,

nm A (n-v.Iz-L)(9
VIL Ve i (.9

where n = x/A, m = y/A, v=4/A, and IL= /A are coordinates of the box centers

and v:Sn. The aerodyTimic influence coefficients (AIC's) are given by

A(n-v, lni-g) r 4(x-St y-n) dedi (5.60)
BOX
AREA

and are computed for each pair of relative box locations by integration of the

doublet influence function, +, over that portion of'the sending box centered

at (v,R) that influences the receiving point (n,m). Approximation formulas

and integration techniques for evaluation of the transonic AIC's are developed

in Reference 1P.

2 Solutions to Equation 5.Dat each box center can be obtained most efficiently

by the separation of the terms in the nth row from the remainder of the sum to

206
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obtain the smaller system of equations for the wing, W,

A (o, 1m-ji n -i W n,.r . A(n-v., , i VO ,, (5.11)

J where the AN's A(o, Im-ijI) reprosent the effect of every other box in the nth

row on th., mth box, and the double sunmation gives the contribution to the

downwash at the box center of all the boxes located in all the upstream tows.

Since the downwash is directly calculable from tangential flow considerations

('E,uation 5.4), and since the velocity potential to be computed at tlie box center

is contained in a sum, Equation 5.llhas to be applied to the entire nth row to

solve for the velocity potentials at all box centers in that row simultaneously.

The procedure would build up Lhe velocity potential distribution over the wing

one row at a time until the trailing edge row -as completed. The numerical

crmplexity is not increased, however, by a large ::umber of box rows over the

configuration because the influence coming from more than 15 rows away is

negligible. Therefore, theAlC's for n-v>15 are not needed.

With the wing trailing edge velocity pctential values now available, the

distribution is continued downstream in the wake region for all boxes by sioply

employing Equation 5.8 for each box. This method adequately determines the

velocity potential distribution between the wing trailing edge and tail leading

edge under the assumptions that no rolling up of wing tip vortices occurs. The

downwash in this region is not readily computed, but fortunately is not required

in subsequent computations.

To compute the velocity potential distribution on the tail, rewrite

Equation 5.9 in the smaller system of equations with the velocity potentials

in the nth row segregated from the upstream influence. For(n,m) on the tail, T,

A(o, I ,i- I) .n , IA " n A (n-Y, m-pj)4 o (5.12)

whet, L t termu sire defined as above. Here again the velocity potentials for

Lh. tnLJr, uth row on the tuil are computed at once, but with the double summa-

tion now .xt(-nldhIg at most 15 rows upstream. This upstream influence includes

cuntribuIlonE not only from the tail itself, but also from the wake and wing

r(eglons Included In the fifteen rows.

209



PART V - SECTION B

TRANSONIC AIC COHPUTER PROGRAM DESCRIPTION

A FORTRAN IV computer program is presented which calculates

transonic unsteady aerodynamic influence coefficients for a variety of

siagle or tandem lifting surfaces. The computer solution is based on a

doublet superposition approach, and a square box approximation is employed

to reduce the integral equations to sums of constant values times

doublet strengths at box centers times integrals dependent upon relative

position, Mach number, and reduced frequency.

The various tandem configurations which can be analyzed are shown

in Figure 5.2. Also it is possible to analyze a single surface (the

wing). The aerodynamic surtaces are assumed to have a plane of sy~mmetry

parallel to the free stream flow. The upstream surface must have an

unswept trailing edge and the rectangular trailing surface must have the

same spanwise dimension as the trailing edge of the wing.

The program allows up to 40 AIC control points. The AIC stations

must satisfy the following requirements:

(1) The chordwise rows must be parallel to the flow stream.

(2) The chordwise rows on a surface must have the same number of

control points.

(3) The control points in each spanwise row must have tho same

fractional chordwise location.

(4) The origin for the AIC station coordinates and the wing and

control surface coordinates must be at the leading edge root

of the wing.

Kxampien of acceptable AIC control point patterns for the tran- j
toic program are illustrated in Figure 5.3.

I
210
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The transontprogram is presently limiz-. to 45 boxes on the

jaerodynamic surfaces. This limitation does not irclude the diaphragm

boxes in the gap region. The restriction results from performing ali

Ioperations on the computer in core without utilizing peripheral tape

and disc units.

V The user specifies the number of boxes along the wing root and

the compuLer program determines the size of the boxes and overlay pattern

which will cover the planform. The box centers of the first chordwise

row will lie along the root of the surfaces. The last spanwise row of

boxes on the wing will have their centers on the trailing edge. If NBW

is selected by the user as the number of boxes along the wing root and

if the wing root dimension is 26r, then the box size will be A xA

where A - 2b I/(NBW -.5). Knowing the size of the boxes and the planform

geometry, the user can estimate if the 45 box restriction is satisfied.

An example of a typical box overlay is shown in Figure 5.4.

The transonic AIC computer program consists of a main program

(MAIN) and 20 subroutines and function subprogram. Execution begins

with MAIN calling subroutine DAIN which reads the input data. Control

then passes into a Mach number loop where a test is made to determine if

the Mach number satisfies the criterion IM -1.0j < 0.05. Subroutine

CODE is called to approximate the surface and gap regions with a sonic

box overlay. The output subroutine POUT is called and the input flight

cond!itions, geometry, and map of the sonic box overlay are printed. The

AIC station locations are also printed if the option is exercised. A

heck Is iadt I, MAi N to determine if the number of boxes on the wing

iind (onLrol Hitrice does not exceed 45.
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The subrouLine TRAMP lb called hy MAIN to generate the sub-

stantial derivative matrix Cj The EtWJ matrix relates the Mach boxes I
on the surfaces to the AIC stations and serves as a substantital

derivative operator. Subroutines called by TRAMP are CMAT, SMAT, TMAT, I
BMAT, RMAT, and MINV.

Control passes into the frequency loop and a test is made to

determine that a non-zero frequency or reduced frequency is being considered.

Subroutine POT2H is called to compute in-plane velocity potential influence

coefficients for the reduced frequency. These coefficients are dependent

only on the relative position of the boxes, the Mach number and reduced I
frequency.

The main program now passes into a loop which examines each box I
and for boxes on the surfaces, the subroutine PHIB is called to form the

product of velocity potentials computed for boxes within the zone of

influences times the appropriate velocity potential influence coefficient.

The influence of each box on the other boxes is constructed and

the resulting system of simultaneous complex equations is solved by the

subroutine MSIHEC to determire the velocity potential at box centers.

The velocity potentials are converted to pressure through a substantial

derivative operator constructed by subroutine SD2. Multiplying pressure

by the box area yields the iorce at each box center on the surfaces.

These forces are transferred to the AIC stations through static consider-

ations thereby forming the AIC matrix. This operation is performed by

subroutine FORCE. The output subroutine POUT is called to print the AIC

matrix.

I!

j'
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1.0 PROCESSING REQUIREMENTS

The input and output files used by the program are 05 and 06,

rempectiwely. All read and write statements are contained in MAIN,

3 POUT, and DARN. Peripheral tape and disc inputs are not used by the

program. Approximately 40,000 cells of core storage is required.

IA standard input form of six 12-column fields per card is used

by the program. Floating point numbers (6E12.5 format) may lie

anywhere within the appropriate field but fixed point numbers (6112

format) must be right adjusted. Detailed instructions for data input

are given and liscings of data cards for sample problems are provided.

I
I
I
I
I
I
I
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2.0 INPUT INSTRUCTIONS

Instructions for preparing input data for the transonic AIC

computer program are presented here. The field location and format

for each quantity is specified. Any s4!z of units may be used for I
geometric dimensions and acoustic velocity as long as they are consistent,

e.g., if inches is used for lengt'0, the, the acoLIstic ",elocity must j
have dimensions of inches per second, 2he required data and the sequence

in which the information is entered ia as follows:

1. Streamwise Coordinates (6E12.5 format)

Column 1-12 13-24 25-3w -S 49-6o 61-72

Name X(l) _ X(2) Xt3) xQ X (5)
Item (1) (2) (3) _ (4) (5) 1 3

() W

(1) X(2) Wing root leading edge coordinate I
(2) X(2) Wing tip leading edge coordinate
(3) X(3) Wing trailing edge coordinate

(4) X(4) Control surface leading edge coordinate

(5) X(5) Control surface trailing edge coordinate

A sir, 1le surface, the wing, may be analyzed by setting X(4) and X(5)

equal to X(3). The various configurations 3re generated as shown in

Table 5.1 . The origin for the planform and AIC station coordinates

must be at Ube leading edge root of the wing, therefore X(l) and Y(l),

described Lelow, must always be zero.

2. Spniiwis(Cordinates and Acoustic Velocity (6E12.5 format)........ ..... ........ .......

041111161 1-12 13-24 25-36 37-48 49-60 61-72

Na,, Y(I Y(2) Y(3) _SOUND

_ tI

(1) Y(l) Wing root spanwise coordinate

(2) Y(2) Wing leading edge spanwise coordinate j
(3) Y(3) Wing (and control surface) tip spanwise coordinate

(4) SOUND Speed ol sound at altitude for which analysis is performed

Io .
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TABLE 5.1 OPTIONAL CONFIGURATIONS

CHORDWISE SPANWISE
CONFIGURATION COORIINATE COORDINATE

X(1) - 0.0 Y(1) = 0.0

X(2) - 0.0 Y(2) = 0.0

RECTANGULAR X(3) > 0.0 Y(3) > 0.0

X(4) 4 X(3)

X(5) X(4)

X(1) - 0.0 Y(l) - 0.0

X(2) > 0.0 Y(2) - 0.0

X(3) = X)2) Y(3) > 0.0

DELIA X(4) i- X(3)

X(5) - X(4)

X(1) - 0.0 Y(1) = 0.0

X(2) > 0.0 Y(2) > 0.0

TRAPEZOIDAL X(3) = X(2) Y(3) > Y(2)

X(4) - X(3)

X(5) k X(4)

X(1) = 0.0 Y(l) = 0.0

X(2) > X(1) Y(2) > 0.0

TRAPEZOIDAL (CROPPED) X(3) > X(2) Y(23 > Y(2)

X(4) x(3)

X(5) - X(4)

X(1) = 0.0 Y(1) = 0.0

X(2) > 0.0 Y(2) = 0.0

DELTA (CROPPED) X(3) > X(2) Y(3) > Y(2)

X(4) x(3)

X(5) X(4)

2 18
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3. General Information (6112 format)

Column 1-12 13-24 25-36 37-48 49-60 61-72
Name NMACH KF NFREQ NBW LPUNCHItm (1) (2) j (3) (4) (5

(I) NMACH Number of Mach numbers. (Maximum 6)
(2) KI Option to input frequencies or reduced frequencies:

KF - 0 frequencies

KF - 1 reduced frequencies
(3) NFREQ Number of frequencies or reduced frequencies at each

Mach number (maximum 10)
(4) NBW Number of chordwise boxes on wing
(5) LPUNCH Option to punch AICs on cards:

LPUNCH - 0 no punched output

LPUNCH = 1 punch AICs for wing only
LPUNCH = 2 punch AICs for control surface only
LPUNCH - 3 punch individual AIC matrix for wing

and control surface
LPUNCH - 4 punch total AIC matrix for wing-control

surface combination

The AIC matrices are punched by rows with a IP6E12.5 format. Each
row of an AIC matrix begins on a new card.

P 1



4. Mach Numbers (6E12.5 format)

Column [1-1.2 13-24 24-36 37-48 1 4960T161.72i
Name FNACH(l) FMACH(2) FMACH93) FMACH(4) FMACH(5) FMACH(6)

Item (1) (2) (3) (4) (5) .(6) I

(1) FMAC}I (1) Mach number

(2) FMACH (2) Mach number

(NMACH) FMACH (NMACH) Mach number

Enter NMACH values of Mach number (see Part 3, Item 1). Mach number* I
must be in the range 0.95 to 1.05. I

5. Frequencies (or Reduced Frequencies) (6E12.5 format)

Column '1- 132 25-36 37-48 49-60 61-72

Name FRE,(1) FREQ(2) FREQ(3) FREQ(4) FREQ(5) FRE(6
Itcm (1) o i (2) . (3) .(4) (5) ,.6),,

I
Input NFREQ values of frequency or reduced frequency (see Part 3, Items

2 and 3). Reduced frequency is defines as k= where b is the

semi-chord of the wing root, U is the free stream velocity and W is

the oscillatory angular freqaency in radians/sec

(I) FREq (I) frequency (CPS) or k r

(2) I,! KQ (2) frequency (CPS) or k r

(NFII,) FRE (NIREQ) frequency (CPS) or k r

II NFIREQ 6, conLinue input of FREQ (7) to FREQ (NFREQ) on new card.

,20
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6. Number of AIC Stations (6112 format)

Column 1-12-- 13-24 25-36 37-48 49-60 61-72

Name NXWING NYWING NXCS NYC.

Item (1) (2) (3) (40)

(1) NXWING Number of chordwise AIC collocation stations on wing

(2) NYWING Number of spanwise AIC collocation stations on wing

(3) NXCS Number of chordwise AIC collocation stations on

control surface. Set equal to zero if analysis is

for wing only

(4) NYCS Number of spanwise AIC collocation stations on

control surface. Set equal to zero if analysis is

for wing only.

7. Spanwise Location of AIC Statiot.i on Wing (6E12.5 format)

Column 1-12 13-24 25-36 37-48 49-60 61-72

Name YAIC(I,W)IYAIC(2,W), YAIC(3,W) YAIC(4,W) YAIC(5,W) YAIC(6,W)
Item (1) 2) 1 (3) ... (4). _ ... (5.) __i_(.) _

(1) YAIC(l,W) Spanwise coordinate of first row of AIC collocation

stations on wing

(2) YAIC(2,W) Spanwise coordinate of second row of AIC collocation

stations on wing

(NYWING) YAIC(NYWING, W) Spanwise coordinate of last row of AIC

cotlocation stations on wing

AIC sLation rows are numbered from root to tip of surface. If

NYWING >6, continue input on new card(s).

221
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8. Spanwise Location of AIC Stations on Control Surface (6E12.5 format)

Column 1-12 13-24 25-36 37-48 49-60 61-72

Name YAIC(I,CS)YAIC(2,CS) YAIC(3,CS) YAIC(4,CS) YAIC(5,CS) YAIC(6,CS)

Item (1) (2) (3) (4) I (5) (6)

(I) YAIC(I,CS) Spanwic coordinate of first row of AIC collocation m
HtatLons on control surface

(2) YAIC(2,CS) Spahwise coordinate of second row of AIC collocation I
stations on control surlace

(NYCS) YAIC(NYCS,CS) Spanwise coordinate of last row of AC collocation |
stations on control surface

Omit this input if only the wing is analyzed. For NYCS 6, continue !

input on new card(s). AIC station rows are numbered from root to

tip of surface.

9. Chordwise Location of AIC Stations on Wing (6E12.5 format)

Column' 1-12 13-24 25-36 37-48 49-60 61-72

Name jXAI.C(W,1,1) XAIC(W,l,2)XAIC(W,1,3)_... . . ._

Item L (1) (2) 4(3) j4) (5) (6)

(1) XAIC(W,I,I) Streamwise coordinate of first AIC collocation

station in first row on wing

(2) XAI((W,I,2) Streamwlse coordinate of second AIC c,.ilocation

ntntilo in first row on wing

(NXWIN(;* NYWIN;) XAIC (W, NYWING, NXWING) Streamwise coordinate of last

AIC collocation station in

last row on wing



9. continued

Streamwise numbering sequence is from leading edge to trailing edge

(see Figure 5.3 ). Continue input of values for each row immediately

after the last value of the preceeding row; do not begin input of

each row on new card.

10. Chordwise Location of AIC Stations oo Control Surface (6E12.5 format)

Column 1-123--24 25-36 571-48 49-60 61 2

Name XAIC (CS, I ,1)XAIC (CS,1. 2)XAIC [C771.3j7'
Item (2 (3) C_________ 6)___

Procedure to input streamwise coordinate location of AIC stations

on control surface is the same as wing above. Omit this input ifF only wing is analyzed.

I



3.0 SAMPLE PROELEMS

The operation of the transonic AIC program is demonstrated with three

sample problems. A rapezoidal foing-rectangular control surface combination, l

t .ropped Lrapezoidai and a delta configuration are analyzed. Explanation •

of input parain(.ers and complete listings of input cards and computer U
ouLput are given for each sample problem.

Sample Problem 1.

Transonic AIC's are obtained for a trapezoidal wing and rectangular

control surface. The planform geometry and AIC stations are shown in !

Figure 5.5. the dimensional unit used for length is feet, therefore the

acoustic velocity is entered as feet/sec. Five boxes were specified for

NBW. The box overlay, which is included with the output, has 21 boxes on

the wing and 10 on the control surface, thereby satisfying the 45 box

limitation. There are 10 diaphragm boxes in the gap area. The analysis I
is performed for M - 1.0, k r = 0.10 and a - 1116.87 ft/sec (sea level).

Input parameters are summarized below and a listing of the input data j
cards and computer output follows.

X(l) - 0.0' X(2) - 1.0' X(3) - 2.0' X(4) - 3.0' X(5) = 4.0'

Y(l) - 0.0' Y(2) - 0.0' Y(3) - 2.0'

SOUND - 116.87 ft/sec acoustic velocity (sea level)

NMACH = I number df Mach numbers

KF = 1 input reduced frequency

NVR.Q - I number of reduced frequencies

N KW - 5 number of chordwist I)ox(.s on wing

1,IINCI -4 punch combined wing-control surface AIC matrix
on| cards

FMCHI (1I) 1 I.0 Mach number

SI,'lIl, (I) O. 10 reduced frequency

NXWI N 3 number of chordwise AIC stations on wing

NYWIN: ' number of spanwise AIC stations on wing

NX(:;: 2 number e- chordwise AIC stations on control surface

NY(I - I number of spanwise AIC stations on control surface

P~I.



YAIC(LW) - 0.2' YAIC(2,W) - 0.6' YAIC(3,W) -1.0'

YAIC(4,W) - 1.4' YAIC(5,W) - 1.8'

'I AIC(1,CS) =0.4' YAIC(2,CS) 1l.01 YAIC(3,iS) 1.6'

XAIC(1,1,W) -1.575' XAIC(1,2,W) -1.050' XAIC(4,3,W) - 1.675'

XAL(21,W =0.7251 -AC22W 1.250' AC23W)a155

XAIC(5,1.W) 0 .875' XAIC(5,2,W) a1.450' XAIC(3,3,W) -1.625'

XAIC(l,I.,CS) = 3.25' XAIC(1,2,CS) -3.75'

XAIC(2,ljCS) = 3.25' XAIC(2,2,CS) a 3.75'

XAIC(3,1,CS) - 3.25' XAIC(3,2,CS) - 3.75'
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Sample Problem 2.

A cropped trapezoidal wing is anelyzed for M a 1.0, k r n 0.10 and

'16.87 ft/sea (sea level). The trailing surface is removed from the

ana. 3is by setting X(5) a X(4) w X(3). The wing 8aometry and AIC

stations are shown in Figure 5.7. Six chordwise boxes were specified

for the wing. The resulting box overlay has 33 boxes. Input information

is summarized below and a listing of the data input cards and computer

output follows.

X(L) - 0.0' X(2) - 1.0' X(3) - 2.0' X(4) - 2.0' X(5) - 2.00

Y(l) - 0.0' Y(2) w 1.0' Y(3) - 2.0'

SOUND - 116.87 ft/sec acoustic velocity (tea level)

NMACH - 1 number of Nfach numbers

FK - 1 input reduced frequency

NFREQ - 1 number of reduced frequencies

NBW a 6 number of chordwise boxes on wing

LPUNCH - 1 punch wing AIC matrix on cards

FMACH (1) = 1.0 reduced frequency

IWING - 4 number of chordwise AIC stations on wing

INYWNG 4 number of spanwise AIC stations on wing

NXCS - 0 number of chordwise AIC stations on control surface

NYCS = 0 number of spanwise AIC stations on control surface

YAIC(1,W) - 0.2' YAIC(2,W) - 0.7' YAIC(3, W) - 1.3'

YAIC(4,W) - 1.8'

XAIC(1,1,W) - 0.100' XAIC(1,2,W) - 0.700' XAIC(l,3,W) * 1.300'

XAIC(1,4,W) - 1.900'r XAIC(2,1,W) - 0.100' XAIC(2,2,W) - 0.700' XAIC(2,3,W) - 1.300'

XAIC(2,4W) " 1.900'

XAIC(3,I,W) - 0.380' XAIC(3,2.W) - 0.900' XAIC(3,3,W) - 1.405'

XAIC(3,4,W) - 1.915'

XA]",(4,I,W) - 0.860' XAIC(4,2,W) - 1.220' XAIC(4,3,W) - 1.580'

JXAI(:(4,4,W) - 1.940'

I
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I

Sample Problem 3.

Transonic AI(;': are computed for a 45 delta wing at M 1.01,

I - '. 5 cps and a -1116.87 ft/sec (sea level). Figure ,.g shows the

wing geometry and AIC statioais. The trailirg surface is removed from

the analysis by setting X(5) - X(4) a X(3). There are 8 chordwise boxes

on the wing and a total of 36 boxes in the overlay. Input parameters are

summarized below and a listing of the data input cards and computer

output follows.

X(1) = 0.0' X(2) - 2.0' X(3) - 2.0' X(4) = 2.0' X(5) - 2.0'

Y(l) - 0.0. Y(2) - 0.0' Y(3) - 2.0'

SOUND = 1116.87 acoustic velocity (sea level)

NACH = 1 number of Mach numbers

KF = 0 input frequency

NFRE9 = 1 number of frequencies

NBW - 8 number of chordwise boxes on wing

LPUNCH = 1 punch AIC matrix for wing on cards

FMACH (L) = 1.01 Mach number

FREq (1) - 5.5 frequency (cps)

NXWING = 4 number of chordwise AIC stations on wing

NYWING - 4 number of spanwise AIC stations on wing

NXCS = 0 number of chordwise AIC stations on control surfac

iYCS =0 number of spanwise AIC stations on control surface

YAIC(I,W) = 0.2' YAIC(2,W) - 0.6' YAIC(3,W) - 1.0

YAItC(4,W) - 1.4'

XAIC(I,I,W) - 0.560' XAIC(1,2,W) a 0.920' XAIC(l,3,W) - 1.280'

XAIC(I,r.W) - 1.640'

XAI(:(2,l,W) - 0.880' XAIC(2,2,W) - 1.160' XAIC(2,3,W) - 1.440'
XAI(,(2,4,W) - 1.720'

XAIC(3,i,w) - 1.200' XAIC(3,2,W) - 1.400' XAIC(3,3,W) - 1.600'
XAI (3,4,W) - 1.800'

XAIC(4,1,W) - 1.520' XAIC(4,2,W) - 1.640' XAIC(4,3,W) - 1.760'
XAI((4,4,W) - 1.880'
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LISTING OF TRANSONIC AIC
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COMPUTER PROGRAMI
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CHA IN MAIN
COMPLEX ZW,F.VPIc,DS.PHIW.Ci(,CZEROPHI DPHITFDPHI,

SPHI.ASQ.Exr.AIC
DIMENSION ASO(40, 0,(54)S4A4)R41,5*(54)04, )
IT(4%.45) .TFMP(45,4i ).'M(45,45 1.TI(45,45),TQ(45,45i)

COMMON/Cl /eKeX(tIf).X(5),YFC.I).AR(3),X1,x2.clX3,X4,y1 DY?'bETADNt1s
COMMON/C?/AS.NMACH.FMACH(6)DNFREO,FREO(lO)DNMO0DENSURF,LPUNCH
COMI4ON/C3/VPIC(8fl,1%),DS(2l2'5).PHIW(50),CK(4(l).DXE(6).TPIDKf
CAMI4ON/C4/MOR(ll)fl).NSL(lfltflDVOIFRXLNS.NTM,NBWNRT1
COMMON/CS/X. V. DX. ElM. EK, EKe. KR NP. NP.N I,.NROX KODE. NODF
COMMON/CS/CZFRO,PgI,PI4ITE.DPHI .SPHI.RHOoNXCS.NYCSNYQX(40)
COMMON/CR/XAC(f~le'),'YAIC( fl').NXRX4E),NXRXCS,NvWINO.NYWING
COMMON/C9/W(4i ,45) .AIC(45. 45)
FPO1)IVALENCE (C,.S.R), (ASOoWl4B)dtDSorDTM), (AICTEMP)

I CAI I A IN
IF (NMODF .I.F. 45I) 00 TO I
WRITF (6,8)

ArORM4AT (14l*'X.6p4H NUNRER OF AIC STATIONS EXCEFUS MAY ALLOWARLF (4
15)/')X,16H CASI: TERMINATED)I
g0 TO 1

5 CONTINUE
DO lot MACHeI.NNACH
FM = MACH(MAC4)

IF(9S(N-1~)GT~I~f~)00 TO 1U00
CALL CODE

CALL POUT(1 I
CALL P001(2)
NTRS~o
00 1 11NBs

7 NTRS=NTRS*NXRX( I )NXBXCS
IF (NTRS .E. 4'j) 00 TO I/
IJRIIF (6,14)

14 FORMAT(tHI#pX..8H NUK9.FR OF MACH4 BOXFS EXCEEDS MAX AtLOEAiULL (45) j
1"&X.14sN CASE TFRMINATEft)
Do TO 1

17 CONTINUE TP(I=PI/(S*FI
RFM =OX
CAI[ TRAMP ('.,NTRS.NTCSSoR.CRTTR.TI,TN)
0O 1,5i I:1.NTRS
D)O 1,l5io J:1,NTCS

5'f TF MI' I I J) rIR ( I - J)
CAl I TRAMP (1 .NTRSoNTCSS.RCoR.T.TR.l ITH)
1)0 1.61 Ir1,NYRs
DO 1,6o JmloNTCS

1161, TR(I#,J)xTEMP'(I.J)j
n)Oo lli IFR xl,NFRI:O
IF 1(V .FOo 1) FRLQiP01R)uFREOIF R)oFMACH(MA;N').AS/(1Pl.X1.n.-&)
FKrI RI-O( lrR)*TPu
II (O .Fo.U.Ie) 00 TO Quo I
FKA KOF

NMrloF tN IrS
CAB I POT'/H

FXF:CrpIX(C(SARrn.-SIN(ARW))

00 ,fit NP=1 .NRlX
F'mNmof4(Np) 252



KONf XBOX(NH)
NS =1
0)0 10 W1?.I 1 -0 i~1 1,.11 .120)-KOUF

1.1 NdS =2

SPHI C ZERO
IF(NP.GT.jI) CALL IPMIR
IF (NS .EQ. 9) 0O TO 11
I R=I;
no :01 IL:1DMP

'11 IR=IR.NXRX(II.)

no TO 9fj

00 ?? IL=IDNRS
>7 IR=IR.NXBX(IL)

00 ?3 IL=1*,NP
Z3 IR=IR.NYOXCS

I R I R-NROX*NP
?A~ SR=IR(IR#NODF)

SJ:1 I( IIRNPF).TPI.FREO( IFR)/CPM*AS)
CK(t4P)=CI4PLX(SR#SI)
9S(Nf4):cK(NP)
DS(N8. DS(NR) - SPI41

y Y+DY
?p NeB NR.1

HS = NR-MB
DO -in IoxiMR
D0 -inl JO:1,MR
1,10 = IABS(I0-JO).

15 ASO(IOIJQ) z VPIC(IJO1l)
IFCJO.FO.1) no TO 30

ASO(10JO.J):AS~fOEJJ)+VPIC( jJQ.1)
-in CONTINUE

LSO:NSJMC40,14.i,AS0.DS(NB))
JF(ISf(..Q.1) GO TO 319
00 TO 901)J

39 CO0",7 1NUE
y= 0.0
IUNP.NF.I) n0 TO SP:
DO 4v) MP..IMR

41, DSIMP) z DS(MP)o2.0/A.*141'3927
(.'CON II NIfl
I(KOPF.NF.4) 00 TO 80l

nSIN") = PH! W(MP).(DS(NY)'PNIW(MP) )@?.O/A.1416)9Z7

nf ON? INUF
1 0 loll MPS1,MR
1FIKODPF.FO.A) PHIW(FIP)=OS(NB)*FXF
IF(NP.FQ.Nf1(IX-1) PHW(gqp)zflS(NH)
PH17F zDS(NA)
IF INP.FQ.NRfiW) PRITF aPHITE'(PHITF-PHIW(MP) )*DXFU')
PHI = sINe)
00 TO(15,i1*L'.2.? 1/DOE

00 1i? IL:.I,MP
1,1V ICVIC#NXAX(II.) 5



I C I C NP-NXRW (i
Go TO t?6

W? ICZ1.
DO i~l IL=t.NHS

0 IC:1C4.NX8X(IL)
00 024 IL:1.FIP

1/04 ICric+NXBXCS
IC: 1C-WROX+NP

176 AICfIC.NoDE)=qS(W14)/FN
1/7 CONTINUE

t4f z NR 1

1?100 130 MP2-I
9S(NB)xPHIw(IIP)
PHIW(M'P) = FYF.PHI(HP)
CK(hP)*C ZERO

140 NO NB.?
?410 x :X.DXI
%onf CONTINUE

CALt Sn? (SR,CDR.T,TR.TM)
00 /Ot I=I#NTRS5
00 /nI J=1DNTRS
S I =o - 1I
IF (I .Q. J) SI:TPIOFRECIFR)/(FM*AS)
SR11N( I.J)

7001 Wfl.J)=CNPLX(SR.Sl)
Do /ff.' I11NTPS
DO 10v~ JmlNTCSJ
F( I J)z(fO#lD"1I
DO0 /A? K:1.NTRS

lio9 F(I ,J):rF(IDJ.lW( I,K)aIAICCKsJ)
CALL FORCE (R)
n0 /On4 i-l.NTCS
nO i~ J:1.NTCS

90 !014 Kz1.NTRS

7aA AIC(I,J)=AIC(t .J)-Z*F(K-J)
r~Ah1 POUTM3
IF (IPUNCH nT. 0) CALL PoIJT(4)

Q11) rnONHI NtJF
Ifli'1 C041 INUF

() 1
F ND

2514



rFOHCI FO1ECF
SURROtTINE IORCE (R)
iCOMPLEX CZFRO,P141.PFHTF,DPHI.SPHI

COMPLEX VPI(:.DS,PHIWPCK
niI4FNS?flN R(4b,.4h5)

COMPON/Cp/AS.NNACH.FMACH(,)NRE,FFO(if)NODE.NSURF*LPUNCH
COMMON/173/VPVCC8ilIO') DS(21121) ,PI4IW~ih)CK(41)" DXE(ts ItTPI &KF

COMMON/CSi/X,Y,fX.lYMF,IDKB.KRNP.MPPN,NOXDKO1k.MQ~i'
COMMON/C6/CZFRO, PHI, PHITF * 1PM I.SPHIi RHO, NXCS. NYCSD NYnX(':,

NSIIH:=NXRX(1 )
N'RMO(N9OX)

00 '.0 J1I. MO
,in NM1AXU:NMRXW*NXRX(1)

KRnw=dNXWI NGoNYW ING.NXCS*NYCS

130 1011 1=1 py0
1,10 KCOl =KCOt +NXRX( I) .NXRXClS

no 154i J*L1,Kr~Of

no fli' I-t.#MR
NCKrfl
FRR=1.0f
rRT=1.0
FOF =1 .0
YR=0Y*FIOAT( 1)-DY
I I:NYWINO-1

IF (0.5*(YAIr(1lI,l).YAIC(I11,l*))-YE(I) Gl1. YR-*5*UY) GO TO 63Su
0; 11fr CON II NJF

I I:NYWING
no ro A?f)

60i CON71NJF
IF (YR-fl."*IIY .T. h.*(YAC([11,)YAIC(l~l1.I))-YP:() -AND.

IF (NCK .EO. 1.) 00 TO hA'/"
FRRt-('i.*(YAII(11111)).YATC( il'i .) )-YE(1 )-YR~fl.5.DYi/D)Y
FRT:1 .1-rRR

A'IN10W=NXWIN8*(III-I)

6,, NcnI :Nroi *NXIIX( lIII)
N(:0l =NtC0I -NXIIX( I)
KK-NX!!X(fI)

nof /fliI .)--I N'dWINO)
IF O AC .~. -F().F- (rLOAT(NXBX( I)-NXHX(1),4 )-.).*UX)

ino In / if)
Ii (xAIr(NXWINO,III.1)-XE(1) t.11 (ILOAT(NXHX(1)-NXIHY(I)+K)-.5)*

IflX) 00 IC' 7?n
It (XAIC(.JplII~t)-XI-(1) .0T. (FLOAT(NXRX(l)-NXRX(I)4K)-.hJ*UX)

i ni 3 I /ii
7 r CON II NlJI
11A, NRRNR0W*J

N4rF-N:0. .K
R (NRF, NCF )=F RH
If (I .FQ. 1) R(NNF,NCF)=R(NRFNrVH*0.l

"515



If (K .FQ. KK) R(NRF.NCF ):R(NR- .NCr)*hI.')
IF (I EQ. MR) FOF (YF(.$)-Y1t')-(*LDAT(MP)-1.,)e*PflDY
It 1i 1 F. MR) R(NRF -NCF)aR(NI.- wcr).roWOE
'nO TO 740l

7,10 IRVNROW#NXWINn
NCF=NCOL4KI

IF (RI 44J 1 (R,~rs(R-N~*

IF (I FO. HK RCNV.NCF)uRNR,C)0.f

IF (I FC:. M4R) FOP (YE(3)-YE~)-FLA' (MP)-t .)DYl/DY
IF (I .FQ. MR) R(NRF.NECU)=R(NRFNCF).FE-

I: 7~0 o 10 740

RONRr:NROW.NW;oi
MCF=NCOI*KT

R(NPF 1,NCF)nRt/R3)*FR

IF (KI FO. KK) R(NRF,NCF)sR(NRF,NC(F).fl.'i

IF I KT F.. MR) R(NRF-lNCF)R(NRFNCF)Fi

no00 JT= M411N

IF (IXAIC(TINIHI -K(1)-FL0AAE. (Fd1 )-NXX()K)-NwXI.' KT)-DX

RIF XAIC(JT#.111.1 *)-KAI(JT -GY Dill *1 Dl)NB(?+K)ol)*X

RI R=NRNOW. MXWdNO..J
MC~r F=N0i.KT

R UN.F0. ) R(FNF2..(RFNF
IF (VI .F. K) R(NR-1 NCF)=I.R(NlF-1*.C

0 10~ R40I

7 >fl 4CONR *?NIJF
Mill -CNVNII 256K



K=NXRXCS
NCK

FRTt1 .tl

YR:IIY*FLOAT( 1)-DY
I I=NYcS-1
DO 4111 III=) .11I

IF (f.I5(YAI(.(Ii.)YAICCIII41.2))-YE(J) OGT. YR-.5*DY) 00 TO 430
41ll CONIINUF

I II.=NYCS
(ao 70 4?v)

40' rON I INIlF
IF (YR(I.aOIY .LT. ,j'(ACII'4A~II1t)-fl AND.

IF (NCK skQ. oi) 00 To 42A
FR:I'. '.( YA riuII5 ? YAIC( iiU ))-YE(1 )-YR#fl.50Y )/f)Y

FRTJ .fi-FRR
4,111 N0OWzNYWINOoNYWING4N" .IH1

mcDI :NMHX,( I-I ).NXfiXL..
D0 41I, K:I*NXHIXCS
Do 'Qlip Jz1.NXCS
Ir (XAIC(1II.2)-XF(j) OFE. (FL0AT(NHOX-NXHXCS#K)-o9)*IX)

100 T0 910
IF (XAJC(NXCSIII.')-XE(1) *LE. (FLOAT(NROX-NXAXCS+Kl)-")*X)

IR0 TO 9?fl
IF (XAIC(JIiI42)-XE(I) .01. (FLOAT(N8OX-NXr3XCS4K)-.,)*bX)

1.110 TO 9311
911P CONTINUF
910 NRF=NROW4I

NCF=NC DL#K
R(NRFNCF)=FRH
IF (I PG-. 1) R(NRFDNCr)=R(NRFNF)efl.r
IF (K .FO. 1) R(NRF.NCF):R(NRF.NCF)e((FLlAT(NIU0X-NX8KCS.1))P0X

1-XF(4).XF(l)flDX
IF (K .FQ. KK) R(NRFN(CF):RCNRrNcr).(XI-(5~)-X()-(fIoT(NOXi))9

I DX)i DX
IF (I FQ. MR) fOr-:(YF(3)-YE(I)-(1LOAT(R)-.,i)*DY)/flY
IF (I .FO.010) R(NRrNCF)=R(NRF.Nr.F)0FOE
qf0 TO qj411

9;0 NRF N RfOW +N X C

IF (1 .10. 1) R(NRFN(;F):R(NRF.NCl)fl.5
IF (K .[-O. 11 R(N9RFNCF)xR(NRF.NCF)O((FLOAT(N~flX-NXHVCS.I))*DX-

IF (K V-0. KK) R(NRf,NrF):R(NRF,NCF).(XiP,(.)-XF(I)-(FiUAT(NBOX-1))#
1 x) / nix
If (I .1-. MIR) FOF = (Y(.i)-YE(l)-(FOAT(MI)-I.5)wflYl/DY
If (I .F..4) R(NRF,NGF):Il(NRF.NCf')6FDF

F l' * u:r) (I * f-RI /H.1 . RH

If (1 .10. 1 R(NHF-1.NC)=U,'5#R(NRF-1.NCfHIf(IU )R N FC )i~pR N V N F1; ( G 1R N FNI)R N f N F) (F.A (H X U kW;+ )b



IF( .FO. 1) R(NRr-1,NCr,%R(NPF-1-NcF)*( FL0AT(N1:OX-NXHXLSK)*VX
I-XF () fXF (1 1 ) /ODX
IF (K .FO. KX R(NRFadCFhR(NRFNCF)o( XF('))-XF(1)- (rLOAT(N~iOX-1)*

1 n x 1/r x
IF (K .FO. KK) R(NFRF-i.NC'uR(NRF-1,NCF).(XFH',)-XE(li-

1FLOAT(NHOX-i ).fX)'DX
IF (I .EQ. MR) FOE:a (YE(iS)-YE(l)-(FLOAT(MR)-1.'5]*DY)/D)Y
IF (I .EO. MRI) R(NRi.NCF):R(NRrNCFW~oE
IF (I .EO. MA) R(NRF-L,NCF)=R(NRF-1,NCF)*FOE

940 C~ONTINUE I

IF (NCK .EO. I -AND. K .EQ. KK) 00 TO 9601
00 T095J

9,6l 0 DO %Sl K1t=,KK
90 30il JT=1DNX'4S
IF (XAIC(I.III.I,',)-XE(1) .GF. (FLOAT(N8OX-NXHiXCS.K1'-.,)eDX)

1.00 TO 11P
IF (XAJC(NXCS.JIT.1,7')-XE(1) .1-E. (FLOAT(NROX-NXPXCS#KT-.S)tY)

IF (XAIC(JT,1II1.1']-XF(1) .OT. IFLOAT(NP4X-NXIXCS.1(T-.,.JX)

3410 CONTINUE
3101 NRF=NROW#NXCS~l

NCF=NCOL *KT
R(NRF.NCF)=FRTOFOP
IF (KT .EQ. KK) R(NRF,NCF:=R(NRF,NCF)o(XFEQ2)-XF(I)- rLOAT(NBOX-1)*

IF (KT .FQ. 1) R(NRF,.NCF):R(NRF.NCF)*( FLOAT(NBOX-NXaXCS4i)fDX
I -XF(4 )tXE ()),YOX
00 101401

.,-'fl NRF=NROW*'*XCS
NCF=NCOL 'KT
R(NPF,NCV )-F RT*FOE
IF (KT .EQ* KK) R(NRFNCF):R(NPtFNCF)*(XF(r),-XE(2)- rLOATCNIbOX-1)o

IF tKT EQ* 1) R(NRFNF)=R(NRF,NCF)*( FLOAT(NBOX-NXPXC.S+I)*DX
I-XFt4)#XE(1 ))'flX
00 TO 3401

RirXAIC(JT. 1111. -')-XAIC(JT-1 D111.1,?)I

'Rr-.NRnW.NX:S* .1
NCF=NCOL14KT
R(RWF.NCF):(t.I'P/P,3,.FRT.FOE
R(NPF-I ,NCF)-(RJ/RA1).VRT.VOE
IF (I .FQ. 1) P(NIRF,NCF)=1l.',R(NRF.NCF)
IF (I .FO. 1) R(NRF-1.NCF):U.''sR(NRF-DNCF)
IF (KT FQ. 1) R(NRIqj.CF)R(NRfNCF)* (FLUAB(N8OX-NXosXCSt.UeDX-
XF(4)+XF(1))/PX
IF (KT .FU. t) R(NRF-I.NcF)xR(NRr-1,Ncr).(rLOAr(NBOX-NXHXCS,1)*UX-

1XI(4)*Xl-(I))'IIX
IF (KI -EQJ. KK) R(RC)RNFN.)(F~i-X~)fOTNO-)

(f Kr Fo. KKI h(Npr-1NCF)*(NR-1,NcF).(XF(%7)-XF( )- LOAT(NFIuX-

4 f9CONIIl I

RFTIJRN
FNI)



T COF COD

COMPLEX (:ZFRo.PHI.PXlrF,DPNI.SPH!
COMPLEX VPlCIIS,P4[WCK
COMMON/C1/KROX~lfl'i),XF(5).YF(4).AR(3).X,Xv2X3,X4Y,YkDtETANOS
CONMON/C?,AS.NMAcH.FMACN(6)DNFRFo,FREC.'1n),NMODE.NsUe0FILPUNCH
COMMON/C' 'VpIC($OD,ls,),flS(?fls).P4IW(!q.),CK(4().DXE(b1,TPf,KF
COMMON/C4 jR(100o),NBL(10II).FQ. IFR.XL.NS.NTM.NBWDNRT
co~mON/ci/X, V. X. DY, M. EK, EKRPFKRD NP, MP#NB ,NROX, KODE MODF
iCOMMON/C6/CZFROPHf,PfIITE,DPHI.SPHT*RHONXCSNYCS,NY'.X(4')
COMMON/CA/XATC(tfl,1il,?,.IC(1i,?).NXBXC40),NxBXCS,,NwWIwflNYWING
RETA z FM
xi= XF(.,) - XF(l)

X?=XEFO) - XF(?)
X3 XF(4) - XF-(1)

X4 XFO5) - XF(4)
Xl) XF(r)) - XF(l)
Yl YF(?) - YF(I)

Y - YF (.1 ) - YF(1 )
if Y .TX~ R X .I.'*R X .TX)O .- *T00 00 TO Siti
IJF (YI IT -Y?.fOR- l .1LT 0.O) 00 TO Sti
TWI =n;n
JF(Y?.NF.YI) TWL =(Xl - X2) / Y? - Yl)
ARWi (Y'e(XP'.X1) - Yi (X2-Xl))
AR(;,) P X*9 i
AR(A) AR(II 1 AR(?)

10t DX =Xl/(FLOAT(NRW) -1.5.)
IF (106V.0* lIX .GT. USi) 00 TO 211

IS NOW =NOW-t

SDY DX/Rb!A
YN1 Y1/llY
YNP Y?/DY
YNI. Y.- (X'1-X-) I X
XNT zYfN' X',/OX

XNTI =Xl,/I;X
r4H0N=XNTE .411 * "U U IiIi

NBS rYV'/DY 1.0
NHT =X4/0X n1.5
DXF(l) =1.11

flXF (?i ) 1.1,

DXF44) =AINT(XNLI # 1.1 ) X NII
flxrO XNTF - FLOAI(MBOX)
DXF(6) 0.11

NH I

410 NAIXl( I I ) x I

no) 401 NP = .N4OX
XN FIOAT(NP) -

Y W Y N:,
IF (TW, PjT- "i.0) Y~A I lY oN +X/ TL R 7 )
M44 IFJX(YWI,1

A dlt 14P(NP) rMIs
* ~~If (MR.r 11.4f) i;fl TO g

11 (NP FQ(. NHW) KOPF =,3

It (N5URF eFO.') 0O TO p25



(X -AlT. Xf) Kol)F
IF IMP -EQ. NHW) K(OJPF2
IF (X nfT. X3 ) KODE s41 F (X .GT. vxfl) KODest2
IF IMP EQ. N8OX) gODF xS

W9Q 60I.f.T.ffI. O 1 I
W41 f NP) *NHl
: 1 " MP ffp
IF ..... ,U 1 .U)R. KODE hoQ. J) 00 TO 710130 TO 71

C"ION I INej
IF (MP *Nl* 1) 00 To 13
If KOTW -EU " -.OR, KODF E dO 4 .0R. -5'e Ge TO /2

IP MXRXCSTNXBECS, 1

Y DY V.FL OA ~hP ) 0.*DY
Kanx (,N ) KODF
IFteeOE .EQ. I ORKODP .EQ. 4) NY8X(NP):NP

VQ ' -f*0X*0Y*OORi40/FPN.Ho
OET11N

260



r(P1l7 POU T
SURN01INF PP O
COMPLEX WsAIC,
COMPLEX VP1CtI)SPHIWtCK
COMPLEX CZEFRO,PPI.PtiITFPDPHIPSPHI
DIMFNSION SWe1)6),SbiRF(2#J)*COD( 7).C(50)
COMMON/C1/KBOX(1OhJ),#'(),YE(3)AR(3)XeX2.X3eX4,Y1,Y2.8ETANBS
COMMON/C2/AS.NMACHFNMtCH(6)DNFREODVREO(1fl),NNODEDNSURF.LPUNCH
COMMON/C3/VPIC(8O,15),DS(2fl25?.PHIW(50).CK(4O ),DXE(6',TPI.KF
CON,ON/C4/MOF(19,NL(1O),FO.IFRXL.N,NTMNWNBT
'OOMMON/C5/XYDX. DY, MEN.~K.EKR. EKRDNP.NP.No NBOOK.KODE.MODE
'OMMON/C6/C ZiP , PHI, PHITE, PM!.SPHIl.RHO. NXCS. NYCS. NYPX( 40 )
COMMON/CA/XAt., if,1fl)YAIC(1fl?.)NXBX(40),NXBXCS.NEIIINQ.NYWINB
COMMON/C9/W(45,.45 ).AIC(45,45)
DATA (SW(1.I).T:1.A)/26HMAP OF SONI1C 80% OVERLAY

I 26HON WINO. V'AIL IhND WAKE
226H (S) - WINGO

3 2AM (S) - TAILF
4 26M (. WAKF

2AM
~DATA (SIJR(1,I)ot:1,3)/8MWISG *AHTAIL 11HWIING * TAIL I
DATA COD/1HS.1H'%.IHS,1HS.l$IHN,1.*1H/
00 10 (10l,211,,l410p IND

10j WRIIE(6,11) FMASURHO.XE(1 ).XF(4).XI,X4.Y1.Y2.Y2.Y2,X?.X4#
lAR(1 )iAR(2)s.NBWvNHT,NRS#NOS

11 FORMATQl////' 3?Xt42HHUOHES AIRCRAFT CO* TRANSONIC AIG PROGRAM
I ///3/Xv304F11rHT CONDITIONS AND GFDtqETRY/l1fl//ISXO isHMACH "UMUER
2 =,V8.5#4Xpj6HSPFED Or SOUND zF1O.3#4H L/T,4Xp411RN0:.r5.2 I/iHn,
854X,4HWEG, lRX.
3 4HTAIL///?2X.1e6HL.E. STATION (L)#?FP2*i//?2Xp6HROO? CHORD 40,.
4 ?F'/2.3// 22X,16141.E. SPAN (L)*?F?2.,4//192X,J6HT.E. SPAN ft),
5 2F?2.3// 22X.16HTIP CHORD (L),?r?2.J/i?2Xo16HTOTAL AREA (L*L)s
6 2r??.3// ??X,16HCHORDWISE eOXFS #119,12?//
7 P?X,16HSPANWISE BOXES *119*127)
IRI7F(6,12 )NR0X. DX.DY

1? FORMATtjHO/,11X.?3HTOTAL CHORDWISE BOXES moll, SX#1140OX CHORD 2

I lPiEl?*5,2H L, SX#IOHROX SPAN uIPiEl?.5*?H L/)
WRITF (6,109)

109 FORM4AT (1Hlo//// 3.t*1l~eHe0MS AIRCRAFT CO. TRANSONIr AIC PROGRAM
1(CONT-l)fi)

00 17 NP = I.NROX
MR rMOR(NP)
9O 13 MP = 1-MR
K = KROX(NO)
C(HP) xCOOMK

13~ MR NO1 # 1
lF(NP*9T.6) G( o TOIli

14 ~FO~t A( I X. 1A6, 50I
n0 10 1/

If' r0RMAY(4OX, nAI)
17 C (IN I N11

oo To 1u100
"fO MYSTNYWINO

F NXS:NXWIN)
DO 'DPIl N%.sl,;P

WRITF (6PROl) (SURF(IoNS)PI21p )
P r ORHAr(1HI.,i"X#50HHtUOgFS AIRCRAFi CO. TR4ANSONIC AIC PROGRAM (CONT-

'310 ?l/ 8X,41I4AIC COLLOCATION STATION COORDINATES MN THE 2A6/iHU



?e1QXD 4HYAfl,. 1IKDI,'l4XAIC VALUFS--)
no ?qp IY:1DNYS
YC=YAIC( IYNS)

11i? WRITE (6,203) YC.(XAIC(IX,IY.NS),IXZ1,NXS) .

WYs:NYCS

te (NYS .EQ. i .OR. NXS .EQ. 0) 00 To 20
P 00 CONTINUE

"'15 RETURN .
203 FORMAT (lH0,1?Xo5E17*6/(1H #?9X#4E1?.6)1
'i0 VEt ZEH.AS

RVx I *.0/EKRI
RR:XI /?'n
WRITE (6,220) FRFQ(IFR)DBREKRtRVDEM,VEL.RHO~O

220 FORmAT(lN1,slx D50HHUGH6S AIRCRAFT CO, TRANSONIC AIC PROGRAM (CONT
1-D)////9XvP8M OSCILL ATORY FREQUENCY (CPS)D4XD1PE12.5./1H0D9Xh15HRE
?FERFNCF CHORn.4XD1PE12.5e/lH0,.JHREDUCEP FREQUENCY (REF. CHORD)
3,4X,1PFIP.5,'IHO,9X.:'9NRE0UCED VELOCITY (REF, CHORD).4X,1PE1?*So

4/1HIID9X,?JHFRFF sTRECH MACH NUMRR4XDIPEI?.',/IHo,9y,PIHFREE STRE
5AM VFLfCITY,4X.IPE12.5,/1HflD9X, /HDFNSITY,4X,OPF.2'/1 H0,9X,.JHWDYNA
6141C PRESSURF (1/?.RHO.VEL..2),4x,1PE22.5,////)
WRITE (6,271)

VI1 rORMAT(///3X*4ARODYNAHIC INFLUFNCE COEFFICIENTS//'.X#2HRLI41*

NROWSxNVWINGONXWING*NYCS*NXCS

WRITE (6#223)NPOW
WRITE 46,2?4) %AIC(NROWNCOL),NCOL:1,NRUWS)

223 FORMAT (/ SHROW z 17)
224 FORMAT 0IP10JF7.4)
72P CONTINUE REVIRN
40 NWsNXWING*NYWING

NCvNkC S.N YCS
NT=N N .NC

00 10 (8l#8V.,3pR4),LPUNCH
8i1 CON71NUF

00 Antl JIINW
PUNCH Ph, (At C(11 J),Jxl#NW)

3o I CONTINUF
tig rnRMAr (1pwI 1'.')

RE TURN
H? CONTINUF

no A102 IzNWJ#NT

3419 CONTINUE
RE TURN

ti3 CONTINUF
00 .1013 lal.NW
PUNCH RI~p (AIr.(IpJ)DJsIDNW)

103 CONTINUE
00 3104 IZNW1.NT
PUNCH 61)D (AIC(I.J),JzNWINT)

f04 CONTINUF

IETORN ~

262 '



C,) CON 7I1NUEI qffl 0RETURN
I END

265,



rnAIN PAIN
SUIPPOtITINF IJAIN
nOMPLF.X VPlC-DIS,PHWWfCX
C~OMPLFEY CLERn,PHI.PHJTF,DPMISP41

COMMON/C3/VPIC(8l,1'),DS(; 02'i).PH1W(50),CK(4he).UXEc6't,TPr,,KF
COMMON/C4/NOR(1on).NRnLoI,1)FQIrR.X,NSNTMNBWeBT
COMO4/CS/XY,nXDY,1FM.EK,EKRpKR,NP.MP,48,NOX,KOL*.MOOF
COI49ON/C' /CZFRO.PHI, PH ITE, OPHI, SPH 1.RHO' NXCS. NYCS, NYIX (4 (I)
CONMON/CR/XAIC(i1EI.(1,),YAIC(In,9),NX8X(4II),NXRXCS.NYWINGWYUiING
READ (I)#1 I ) (XiF( I),* 1:1 IS)
READ (5,11) (YF(I),I1l,J)#AS
REAII (SoM~ NMACH,KFNFREO.NRWIPUNC4

REAI'),.11) (FRFQ(I),I~tNFREO)
tdSgItr:,
IF(X1F(4).LT.XP(5)) 00 TO 10
N4SU~RFZ

KE(li):SXF(.I)

ifl READi (5,12) NXW1NG.NYWI:4G.NXICS.NYCS
READ (5,1 1) (YAIC( I~1)* 121 NYWJNn)
IF (NK(CS -NE. (1) READ) (5#11)(YAle.(t.2).I~1,NYGS,
READ (5#11) ((YAIC(I.J.1). 1:1 NXWING),J..1.NYWING)
IF (NXWCS -NE. fi') READI(5,lI)((XAlrf(I,J,?).I:lNxcS)DJ:1,NYCS)
NMODE=NXW INC#NYWI NO.NXCS.NYCS

I i ORMA(6F 1?. 9
ip rORMAT(611?)

RE V uRN

INI
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ICSIS CSTS
I RLO K DATA

COMPLEX CLERn.PHJ-PHITF*bPIJSPHI
T COIPLFX VPIC.fS,PHIWCK

r-OtMON/C3/VP ,(30,s), DSG'flr),PI W(50 ),CK((4'I),XE() TP IsKF
COMMON/C6/CZFRO, PHI, PH ITE.OPHISPNI# RHO'NXCS. NYCS, vQX( 40~)
DATA CZERO/(fl.ft,0*f.1'/.. TPI/6.,eA318'ii/
END
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CPOTI'H PoT?H
quRROUTINE POTPH
COMPLEX CZEROPPHI.PHITF,DPHIeSPRI
COMPLEX VPIC.B)SPHIWPCK
COMPLE~X CEXI
CqMflh/C/KOX(1HaQf)XF(I),.YF()AR(3),Xl,X?.X3.X4,Y',Y2.I4E1ANbS
COMMOtg/c?/AS.PMACH.FMACI()NREO*rRFO(In).NMoDE,NSUPf .LPUNCH

COMMON/C4 /MUR C I") *NRL(1 ), VQ.IFR. XLDNS. NTM. N. NAT
CON ON/C%/X.Y,flX,IY,YFMFK.FKRo.FKR.N,NP.PN.NPOX.KOI)k.OF
COMMON/CA h/CZFRO, PH 1.PHITE. OPHI.SPHI RHO, NXCS. NYCSNYnX( 40 )
C01wmON/C8/XAIC(Ln,1i1.,),YAICc1",?P).NX8X(4u ),NXRXCS,NYWINONYWING
NI:7.MOR( NOOX)
N=M9INI)CNROX, 1,)

MI=M-I
OK4=?.fl.DKA

OH: I',= K ;)1 ?.,I
ON:=I .&.D

DM0:, .u.DK1

R4=O . 4IzIdI

R~A'H, '94-UN

00)4 9.*11.04

CH:

A I i/C

C-i,:Mo 1OS(Al
C.,-CM. SIM(AI )
CAl I CS IN( Al * * C'.)

04 =14 -n4
CI P~r2&%

ri ."l



? ON71NUE

3 DM=FiM MflD
DO (1, .I,

1)O 4 I11 M
K:M- I

4 VpI1,K+.1j)=VPTC(K.1.J).VPIC(K.J)

C)g-g *pI(*pIc( j

1)0 1? J:),M

* II

n30 10 J1DN
A) :P14/CN
A? I)M / fCN

no 10 9

A 43= SIN(A1)/A'

R?=(Ri- COS(A) ))/A2-D31/CN*ed
9 R.Sv COSCA2)/fCN

84= SJN(Ae)/fCN
Ci:I'1 *.4 HP.84

Pli!'.C-2.II.C

VI( I: I. J ):VP ICCI. J )CMPLX( VRF, VIM,
Pi CIO1 ON)
P?-zP .N*I)K4l

C /c:

el n-.

nKl~C

A
313 COJI2&(



no 14 J:1.-N
r-EX=D.S*CMPLX(SIN(Al). frOS(A1))

i~VPf(rd.J):c X*VPIC(j,ji

RE TOIRN

FN)
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I I( rpHIp PUH19TN
1' I~COMPLEX CZERO.IPPHTFDP41SP4'

IrOmPLIF VPI(:,fS#PHIWCK

ICOMMON/c?/AS.NMNAF~MA(CN(6)NFRE~O&RO(1t,,NODE#NSupr .LPUI4CH
CIMtON/C3/VPIC(8f,5),IS(2),PHIW(5f)CK(4f)ODXE(6),TPtDKF
trOMtON/C4/MOR( on),N9L(1nI,),FQJrR.XLDNS.NTM,NeW#NRI
CO0M0N/C'/XY,DX.DY*F,E.K.FI(R.FKRNPMP*rNB,NROX.KODE.MODF
(COMMON /CfdCZFROPHI. PHITE, OPHI. SPlIt.RHO. MECS. NYCS, NYQX( 4")
rONMON/CR/XAIC(I0ti,O),YAIC(1I,,,).NX9X(41)),NXBXCS,NwWjhIN*YWN
NOtMINfI(NPalro.
no ;.Dl J:P,NO
NlhsNP- 1+1
.IR:M09 CNO)
NJmNBL CNO ) .
00 ..O J1DJP
K2141ARS(MP-.1)
nPHIzVPICCK, I)
IF (J.FQ.1) 40 TO lb
K=MP+J-I
4P141:0P941VPIC(K. I)

If0 SPH,:SPHI+OPHI.NSCNJ)

RF: T I' RN
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S11PROhTIN Sn.' (s.R.CPA. T, YR.TM)
COMPLEX CZER0.PHI.PHIT~pDPHI.SPHI

CoMPLEX VPIC:.OS.P14IW.CK

TR(fI*,,4)),Tl4(4ri,45)

COHM4ON/C?/AS.MWAC$.VHAC(6).MFRL-Q.FRF(~i1).NMOEENSWQF.LPUNCH
COMMON/C3/VPIC(8fl.th),DS(?f2)PHIW(U1),CK(41b).VXF(tt.TPI,KFI

CO#4MON/C'i/X.Y.DX. I)YEM,EK,FKRDFKR,NP,MPDNe,NR0X,KODE MOlIF
comI4oN/cA/CZFRn,p141.PHITF.OPHI.SPH!,RHONXCS.NYCSNYlX(41)I
COM$4ON/CMXAIC((11li.),YAIC(h"l,),NXHX(4),NX4XCS.NYWINl,NYW1Nu

C *eTHIS SUJRROIJINF CEINRATES T14F RFAL PART Of THE SUlRSTANTIAL
r *'IfWIVATIVL MATRIX FOR THF VELOVITY POTFNTIAL

"mHmoll( NROX )I

DO0i 1=1 "kM?
10 NM=NM6MNXRX(l 1fNXRX11S

DO 5,0 J1 1.NM
00 ellD J:JDNM

DO lol i:INR
IF (NXRX(1) EQ. 0. 00 TO 19i')
AIKS=NXRX( I)
CALL BMAT (NXS.NRS8.NCSBH8)
CAll THAT (NXS.J1i.IMSIZEa.-T.P)

no 1fl1 MC=*1,NcSI3
TR(M4R.MC)=flA

1111i TR(MR.MC):TH(MR,MLI)4T(MR.MRC)eR(MRC.MC)
CAl I CHAT (NXS. I.* ,NRSC,NCSC.t'.C)

no Inv mcc1.Ncs"
TI MR MG )=lj *uI
no il? MRCxl.NCSC

140 KROW=IKROW*NXRX(II)
KRDIJ:KROW-NXRX( I)
DO 1011 LR:1,NXS
I ROW=KIIOW+LR

I (.(If zKROW1W C

11111 CON II Noll
If (#'lX8XCS .If. V) 00 TO 3104
1141 :0, o i .1MR 1
CAIl RMAT (NXIXCS.NRSRDNCSRR)
CAl I 114AT (NX$4XCS# .), I MSIZEp.4,TpR)
no , oil MRz1 MS17F 1
nO ,-n1 Mc:1,Ni;qlI

71TIIMR#MC):TIUMR.MI;), T(MRDMRU ).P(MRCMc) I
CAll CHAT (NW"XCS.I,?,9,NRSC#NrSr,%*C)
40 ,'fi MRzIONRSC

T (MR, MC ) ol, i



no ;f'NI:~rs
rt~ rMpmr~ :T (MR -MeC NMRMR )TR MRU. Mr

"3KHOII:KRI)W4NXRXf U)
RfWKRW([-I).NXAXCS

DO 04 LR:1.NXAxrS
N~flW=KROW, LN
KCOL =KROW
nO /08 LC=1,NXRXCS
kr(0j :KC0LL(;

211A TP(NROWDNCOL)zT(LR#LC)
781a0 CONTINUE
i'il n ,ON TI N~IF

RE TIRN
F Nn

271



C TRAMP
SUJRPOUTINE TRAMP (NIr,MRoWS,KCOLS,SR#C,R.TTR. [,IDM
COMPLEX CZEHO.PHI,PH!TF,DPHI.SPHI I
COMPLEX VPICOS.PHIW.CK 1-

TI(4'i,4-,) 1TM(45,45)

CoMICM./C?/AS.NMACHNFACI4(6),NrREOPrRFo(1n)NMooENSUQLPUI^H
COMM0N/C.4/VPCsn1'.il),lS(?fl2%).PgHjW(%O),CK(41 ).OXE(6) , TPIKfI
C0MMON/C4/MOR(1qnt).NRL(IOI),FO-IFR,X,NS.NT,4AWNp1
COONC/X,n.I)Y,FM.FKEKq.FKR.NPMPPNMNHNOXKODL.MODF
COMMON/CA/C7FR,P4,PMITF,I)PHI.SPIIRHO.NXCS.NYCSNYnX(4I))
COMMON/CN/XAICtn1I.';),YACI,')NXIX(4, ),NYAXCS.NVWINONtWINU
MNMMlP( NSOX)
KCOI SzNXWINro*NYWINO.'NXCS.NYCS
KROWS=M10 (NXWI NG.NKCS)

C Z FRO IM MATRIX F'uR SPANWISE INTERPOLATION
nto 1'f0 iziKROWS
00 ?Ot J=IhKcnLS

C *.SPAeNWISE INTFRPOLATION (twING)
Ir (NYWING .FO. 0) 00 TO 1099
00 10i10 I=1#N1.WIN0
CAIl HAT (NYWINGNRSH.NCSRDR)
CAt1 I MAT (NYWIINO.7,l,1DMSIZFD' DTDR)
010 10,11 MRZI.MS17E
0O 111111 MC21.NCSR
TR( MR.MC )=nl* f

1 (mil TR(MR,MC):TR(MR.MC) .T(MRPMRC).R(MRC.MC)
CAll SMAT (MRNYWINO,1.NRSC,#NCSC.S)
00 10 CA MRx1. NRSr.
n11 10fo2 MCzl.NCSR

n100? Nu RC=I.NCSC
10ioP T(MRD PC)ST(MRMC) 'S(N4R.MRC)eTR(MRC.MC)

KROW:( I-I )o4R
no 1080 LRslpMR
LRflNZKR0NLR
KCnfI (-1)*NYWINO
no 11f$( tC:1.NYWINO

I QW)' I!ON) I I 11
C oov SPANWISE IRANSFORMATION (CONTROL SURFACE)

if (NYCS *FtJ. 11) 00 TO P99
00 ;1 1i1 A Ix 1 0Nxcs
CAll "MIAT (NYVSsNRSHvNCS.Pt)
CAll FHAJ (NVGS.P,Pp',IsZF,1,T,R)

DII 11111 14C zI ,Nr.SR
TRMR. MC ) f.

110 N*le RC:-I.MSIZFl
'(m011 T R (M R MC) ZTR IMR ,Mf;) 4 T (MRN, RC).k ( NRC 4C)

CAII 'SMAT (MR.NYCSP;I.NRSC.NCSC.S)
on /0112 MR21,NOSC
no fle~' MC=1,NCSR
T (Mk, MC iel,
00 ;,0112 140C-.I, NCSC

;p"020 _ ALM)-TMo4)S(RtR)TR1R-C



KRflhpzMN#NXWINU4,( f-I)*MP

no 811LRxI.MR
I. HOW:KRO0W+L R
KCDt:NXWING.NYWING#(I-1 )*NYCS
no0 111141) LC:1,-NYCS
LCn1I KCOL#LC

P" 4P TM(IROW,LCOL)=T(LR,LCI

;)9Y9 CONTINUF
C..REAPRANGE ROWS AND COLUMNS FOR CHORDWISE TRANSFORMAT ION

CAII RMAT (MR.14XWN.M,NXCS.MSIZE.R)
no~ DO 1'3'(l MR-- I sIZE

no /n)I MRC:I.XROWS
Pqlr, rI(PRMrj-TI(MR.MC).R(Mp.MRC).TM(MRC.MC)

r *** 7E.RP IM MATRIX FORN rHOROWISE INTFRPOLATION
MCOI S=Mk(NYWING4NXCS)

MRnWSfl

10 IROWS:MROWS4NXRX(1I)4NXRXCS
no (.0 I:IDMROWS
00 f.n .IxlMCOLS

6.0 TM4(IJ)c11.O
C *.CHOROWISF INTFRPOLATION (WINO)

IF (NXWING .F(J. 0) GO TO 35999

CAll. RHAT (NXWINGPNRSO.NCSRDR)
CALL THAT (NXWIN(G.1 ,1, !DMSIZFP 1 TDR)

no 1001 MCMI.NCSR

DO i flhil MRC:1,MSIZF
i"'il TP(I'R.MC):TR(MR. M';).T(MR,MRC).FI(NRCDMC)

rAll rC4AT (NXWNOI.INIr.1I,NRSC,NrSC,1.C)
40 .AIic) MR1l.NRSr,
DO~ .11,19 MCZl.NCSR

no .%v. M4Cri.NCS(;
Sql)P T(M9P,tC):) (MR.MC)4C(MR.MRC)eTR(MRC.MC)

K ROw-fl
no1)0 I 11=101

401 K~lw~xR0jw#NXRX(11)
KROW=KRIOW-NXRX( I)

I. HOW K ROW.IR

910 08o0 I.Csl.NXWINO
I COI1 =Krl #t.C

'll,'" TM( R0W.ICoIl )T(I R.C)
110l111 CowlI "Ill-
3 9 10? CONIINIIF

r a.CHODWJSk INTFRPOLATION (CONTROL SIJRFACL)
If (NXCS F(J. I') 40 TO 494)9
n0 4Ihfin ICt.MN

* CAIl I MAT (NXfSoNRSfi,NCSADR)
rANI THAT (NXrS.1 ,P,1I,MSJZEeJ .T.R)

n0 'Iflhll MCsl.NCS"
TRI MR. MC 3 zfl



110 40911 MRC='.NSIIE
4001 TRO4RMC):TR(MRNC )4T(MR,tIRC)*R(IIRCHC)

CALL CMAT (NXCSPIPNIF,P,NRSC,NCSClaC)
00 400? MRzl.NRSC
no '100' KC=I.NCfSR
TC(RNC )=0. 0it 00 4011? MRC=1IPCSC

4011)? T poMC,:T(MRIC).C(W4R,MRC)*TR(MRC9'C)
KROWcLROW+( I-I )*P4)(9)(
00n'(010 Lzi.NXBX('S
t40wcKR0WiLR
KrCOI MR*NXWING. (1-1 )aNXCS
Or) 41140 LC=JNK(CS

40NII( r#(NR0W,NoI )=T(LRDL!7)
40'sn CON7INJF

no 'iil MR~j .MROWS
010 6 nbi MC-m1.KrOLS
TRIMP. HC):fl *

"30 &,411i MRCv1,MCOLS

CALL RHAT (NXWTNG.NYWINO NXCS,NYgCS.MSIZE,R)
DO k,05'0 1.2 DMROWS
00 ')PI) Izl,~1MSIZF
TJ(j.J)I1.f
DO h06l'fl Kz1,MSJ.ZF

(O10 3. l:1,MROWS
DO liP ) Jz I MS I Z

RF TuJRN



CC4IAT SR~UIEC

SUROTNECT( NA ICPX5 IVN IF * ,NRS, NCS NE. C)
COMPLE~X CZERn,PHI.PHITF,DPHI,SP,I
COMPLEX VPJCDS.PHIW.Cg
DIMFNSION C(4s.4S)
COMMON/Ct/BXI~p.FSPFi.R.)X#?X#4Y,?UTB
CnMMON/C?/AS.NMACHDFNACH(h)NFREOFRF0(11).NMODEDNSUF.LPUNCH

COMMON/CS/,. X. DY,EM4.FKDKRDFKRINPMPNe.NBOXDKODE. M(tIF
COMMON/CA/CZ'FRO.PHI,PHITFDDPHI.SPHIDRHONXCS.NYCSNYnX(41)

r: *as rrop (,4oRnwisi INTIFRPOLATION
r to NPT!, NumRIR OF f'I4ORnwISE MACH 4iOXES

r s NAIIPx= NIDMRFR OF CHOROWISE AIC CONTROL POINTS
r~ II! SPAN NI1MRFR
C . NIF CflNTRfiL FOR DIFFRFNTIATION (IsN0 OFRIVATIF AND) ?a00/X)
r~ .. S -SIIRFACI (ImWING AND ?=:TAIL)

IF iNAICPX .OT. 3) GO TO S
MRS:NXRx( IY,
IF (NS .FQ. 1) NRSaNXBXCS
tCS=NAICPX
00 1 I'11.NRS
noI J:1.NCS

00 TO 1101
NRS=NXRX(IYV
IF (NS .FQ. 9') NRS:NXHXCS
NCS=3.(NAICPX->)
n0 4 I=I.NRS
n0 4 J:1.NCS

101s IF (NCS .OT. ") 00 TO %0 0
IF (NCS eFQ. 6) 00 10 4001
(40 TO (PI?1i~~'j.J3Q,)DNCS

C *** TWO CHORD)WISF AIC CONTROL POINTS
7(10 no ;-lgj Iz1,NRS

* tP:?)XROX(I.I,NSDNE)
IF (NIF F0O. ;0) C(I1,11)zO*0
IF (MiF -EQ. ~)CIP~.

Pi10 CONTIN1gjr
* RFTIIRN

r *tou T14tIF CIIORnWISF AIC CONTROL. POINTS

rI,A.)t XII~xIIXI, S.NF I..,

it (Nhr -to. 1)C W 14011tei;
it NmiF -Pa. r.(I,3)a?.eg.X"OX(I,IV,NS.NI:)

RI TURN/
r' oev roilht CHoRt)NIq AIEC CONTROL. POINTS

41111 noU oil() I2I#NRS
NX 'NA ICPX-1I ~0 lif JZZJ,NX
Ifi O.'@(XINTI.I.IY.NS.NE).XINT(J.I.IVDNS.NF)) .61T. XnOX(I.IYNS,NL

-- CIA rON trI NU[
NXZNAICPX
On 10 4001



4117 NX~j
4 01; KC:1

IF (NX .OTs ' KCz4
C( I,KC):.0
CU ,KC+1 )=XIHX( I.*IYNS.NE)

IF (NIF -EQ. $ C(I,KC)=l.E
IF (NF .EQ. 9) C(I.KC.1):IA4
IF (WIF .EO. I) b(KC.2)9.I)XOX(I,IYNS,NF)

4ifl CONTINUE

C *to -9T. FOUR Air~ CONTROL POINTS
15gf DO( 1,111 ImDNRSt NX2NAICPX-1

DO0 fl" J321 #NX
IV (0.%.(*XINT(JPIY.NS.NE).XINI(J61.IYNS.NF)) .T* XQOXfI#I1YNS.Nkf~~~ 6,1))1) TO 50~/

6CON I 1411F
NX=NAICPX
00 T0O ,118I; '17 NX=.I

'iriR IF (NX L1.e 'l) 00 TO byin
IF (NX .GTs NAJCPX-?,) A0 TO t4
KCr(NX-?)e3+1

C( I KC*l )zXfOX( I YNS.NE)

IF (NIF .EO. ;0) C((lKC41):x1e11
IF (NF .EO. P) C(I,KC4?):X1JOX(I.IY#NS,NE)

I ~~IF (NWF EQ* ;0) C.(I,5)zXAKt IYNSN
G0 To 5101

5.1c(I.NCS)=aOI.yN#E

C ( I . . )C ~( 0i ) * o

IF (NIF -EQ. ~)CINS?'.

00 TO 5N

rFINCSI)RXI.YNE

FNI)

276



CTMAT THAT
SURROUJTINE THAT (NPTS,NflNS*jY.IqSIZk.NE#T#R)
QIMI-NSION T( 's.49).R(4';#41)
COMION/U:R/XAIC(n1 IID1).yAIC(1i,).NXX(40),NXBXCS.NVWINGDNYMIMN

C A. ENI.RATFS (Tl**(-g) MATRIX
S*.NPTS N1JM8IR OF AlL' POINTS ALONA STRIP IN NU) DIRECTION

C MS.'417F ORDER OF T MATRIX
C N' S = SliRFACF fl=WING AND PuCONTRUL SURFACE)
C N. ND INTERPOLATION DIRFCTION (1:CHORDNISE AND 2sSPA4WISE)

IF (NPTS *1T. 4) PSIZEzNPTS
IF (NPTS .01. 3) NSIZE=3*NPIS-4

00 1 J:1.MSI7E

I T(J. V )%0,.I
IF (NPTS *f0Y. 4) 00 To 60fl11

40 10 (P0lh10,911,11. 1010f,40~110o NPTS
C *of NPTS:); (TWO POINTS ALONG STRIP)

IF (Nil Ea. 1) T(i.?)uXINT(1.IYs,4S.NF)
IF (NO .FQo 1) Tp ,?):XINT(?.IY#NS.NF)
IF (ND .FO. ') T(l#?)zYAIC(1.NS)
IF (No .Ego 7) T(oe.?)vYAIC(2.NS)
G0 t0 6000

C .. NPTSi (THREE POINTS ALONG STRIP)

.510T(P.1)=t.0

T(. )zl.U
IF (ND 70o. 1) 00 TO 0~10

r~..NPTSzI CHOROWISE DIRECTION
T(1 .P)=XINT(lp*IYNSNE)

T(P.29)zXINT(l. IYNS*NE)

T*.2 ) XIliT( 3. Y. MS.NE )

C *** NPTSi SPANWISF DIRECTION

3fh1T(1).P)=YAIC('.NS)

T(" A )=I (?,:, 1#0.
T('.?)=YAIC( iNS)

4qaa PTS?4 (FOUR POINTS ALONG STRIP)

4040 T0.1)mI * I

T(5*4)i-1.U

If (ND F1. ') (00 TO 4010
Ca.NPYS,4 CHOROWISF DIOECTION

Tf1.? lrXINT(i *IY.NS#NF)

T(AP)=XoNT,XlN(?IYNS 4IT:iISN)
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; 4*3)=-P* ~T (, 2

T(4,6)=-T(4. ')
T('@5)'XIT(i. IY.NSNE)

T(r6):XIT(,)* 
IYtS,

00 10 600f)
r~ "~ PTS-24 SPANWISE QIRECTION

4Qjft y~i '?2y*Icc1 .NS

1(1 * 3)L:T(4,'l)..

T C 4 , )IY I?* C 4, %S

00 to 60nu
C .. NPTS -OT. 4

5n~enI(NdO .EO. 1) 00 TO V,~on*.NPTS .0?. 4 (CHOROMISF DIRECTION)

T(SZ*~-~XWTNTSI 
'

2 ~I~ NSIY.NFN

fNIZF , NSIF-? N C PT I U N
V(NSIZF-1,01S,,p..

1 )UXINT(NPTS.I.IY,NS.NE)

00 NMIh N
NR-,. IN
qcT..N,

T(N9NC4)xrT(Np IV US UP

.. 78



00 TO 6000ll

C. NPTs .GT. 4 (SPANWISE DIRFCTION)

T(1 P?)=YAIC(l .NS)

T(P,2 )ztofl
T(7.2 )=YAIC(l,M45)

T(MSIZFENSIZF-)L.ig
T1NSIZE.NSIZF-I ):YAIC(NPTSPNS)
T(MSIZE,NSJV):T(NSJZEN4SIZE-1)**2
T(NSIZF-1 ,NSIZF-?):) .1
T(P9SJZE-1 .SIZF-1 aYAIC(NPTS-1I NS)

NT=NPTS-4
nlo bIla N:1 *T
NRZP).i.N
NC:.i*N. 1

T(NR.NC)xl.ii
T(NR.NE'.1)zYAIC(NPoNS)

5,510 T(NP.Nr.+?)=I(NR.NC.1 )e.2
NT=NPTS-3
no '1I~h.i N:1DNT

T(MP, NC )x1.t.

T(NP.INC1)z1 C,

-TNR. NC.1 ):l. '.( YA IC(N WoS).YA IC( N'? NS) )
T NR. NC.? ) 1( NR. NC*t ) o
T(NR#NCt-4)=-T(NR.NC,1 )
T(NP.NC*5)=-T(NR,NC#P)
T(NR*I.NC*?):?.fl.T(NR#NCi)

W,4f T(NP4hNC*'S)=-T(NP41.NC+?)
C **# INVFRT T MATRIX

'QACONTINUE
C.A1l MJNV (MSIIE.T.R)
RETUIRN
FNT)
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C S URROUINF SNXolS

r SINt AND COSINF INTFORAL SUBROUTINF

C ADSARE THE ITOASOVER T FROM 1 TO INFINITY riF

co AOS(XT/ LFSAN A SRIS EPNSIN SE
c

XXII
IF (XO 1##

r FOR ARS(X) GREATE THAN I APPEROE XMAIONS UHSEDG R~UE

I *X?.7u.J764'12).XP,+NO6II221)786X)

COZCOS (X)
SI:SIN (X)
U:xO.CO-p*SI

RETORN
FNP
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CHSIMEC MSIMEC

FIINCTION MSINE('M,W,L,AB)
T ICOMPLEX ABA

no -inl I 1,N

DO 10 .)J 1,14
10 C:AMAEJ (ICA1S(REAL(A(IJ))),ABS(AiM4AO(A(IJ))))

IF(f.FO.0.fl) 00 To )Rin
nIl J I'm

DO to j II
)nl RU1,J) RIJ

IF(N.FEO.1) GO0 TO e115

no0 ,il J = JNM

K zl
no 411 1 J,N
O:APS(RFAL(A(I IJ) ) AI4S(AINAG(A( I J)))
IF(L.GPF.D) GO TO 40

-10 CONTINUJE
IVIK.EQO.l01.C.LT.I.F-7) 00 TO 141111
fUv.eO.J) On) TO /0)

00 ',0 JJ J.N

A(JIJJ) zA(K.Jj)

flA(K.JJ)zG
00 60 JJ I1.1
fl:R(J.JJ)
g(JJJ) =B(K,JJ)

60R(K,Jj)z0

.JP J
no 140 J.) x z

Ai no Jo IJJ 1.1 JIJJ
*~ ~ D 100lI R( JJ 2 (JJO

no ','Ol I = 1.N
1ff(l.EO.J) GO TO 011u
n"A I,J)
no tI I I .1 - p. N

110 A(IJJ)mmA(I..IJ)-fl.A(J.Jj)
Do10 1 a1,

I'R(1.JJ):Rp(I.,IJ).0*R(J,JJ)
'I". fON IINW

7uI 110:A(N.N)
IF (A14S(REAI(Of4AS(AINAO(G)).LT.1.F-?) GO TO 10400

no I1i NM 11

fit0 ??o1 'J

M I f I"1 ,..JF(I..-A 9NHNJ)
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CMAT
SUBROUTINE RMAT (NXNINRDNYWING.NXCSDNYCS.WSI7E.R)
DOIPOISION Rf4h.4%)
4S1 ZE=NXWING*NYWINBNXCS.NYCS
n0 led IsI.O4SI7E
00 IOU u jithsIZEI

10 0 R(IJ)zf,.O
IF (0)(WING .FO. A) 00 TO ?SO
K=1 KK--I

IF (K GUT* 11) KK=KK#L
If fK .1'3T. 11) KzKK

If (NX(S FEQ. f1) GO TO 350I
I IvNXCS*NYWING
K:NXWING*NYWINO,1
KK=NXWING.NYW IWO i

1Krl1. XWI NO.NYWI NO

IF (K r.T. t4.17E) KKzKK,1
IF fK .T. Mq1~7F) KxKK

300 CO0N II NOW
if CONTINUt

RE TIPN
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COMON/l/ROXIO(O)XF(3 YF(3)AR( Xl XIPXi XX4,Y,.Y?, BETA wUS

fCOMMON/CA/XA IC( In, ID,).A I C( t",V) -NBX(.4 )DXAXS a lw I hO&NVW IN.6
IF (NE .OT. 1) 030 TO 400
IF (NS .EQ. 1) 00 TO ;'0
WKNT=XAIC(NX. I NS)
RETURN

SIF (FLOAT(NY).flY-OY OFP. YF(2)) 00 TO 3011l
XINT:XAIC(NX, 1NS)
RETURN

lon IF (YAIC~tol) .LF. YE(?))

IF (YAIC(1.1) .AT- YF(P))

ISn~(YI Y* *)YACI1)/XI( XWNG-AIC(NX
IF (YAJCU.Hl .F. YEFl>)
IXN=n-LA(Y-YY(-)Yf)/LP * XAIC(P uk)

RF- T iR N
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CXROX
FUNC710N XAOX(NX.NY,MS.NE)

CONNON/C1,/fXrCtnfl.fl)X,)YFI(1',)AR(), NX.I,N 9v* . Y'.FAWIN

IF (NS FO. 9) 00 1O 040lE
XBOXunX.(rLOAruNXXI.(l))-FLOAT(NXRX(NY))).vX*FLOAT(N~i-11.5*PX

RFTURN

RETORN
.11 XROX*flK.(FL0AT(NX)-tI.,)

RMNP

Im
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(Y8OX
FUNCTION ygoX(teV)
COMMON/cSR/XY.nX)EEEAK
Y90kvDy*tVLoArcMy)-. I)
RETURN
FWDp
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SWIIOIiTINE 14MAI ft4PTSPIROWSPICOLS,R)

C~ *** 4 =A(IROWSPICOLS) MATRIX
r~ too NPTS 2NIJNRIP Of AIC STATION~t ALONl STRIP (CHORUOWISk OR SPANWISk)

ICOB S=NPTS
IF (NPTS .61. 4) 00 TO 2011I
I ROWSuNPTS

00 C D J a:1 *I OL

IF (I .EQ* J) A(I.J)21.O
'ift CONTINUF

RETURN

?1)0l IRflWS2A4(NPjS-4)*i
00 .ifl lSlIROWS

3 fl o 0C . J iI I Co S

SCIR0WSPlCOLS)eltl
R( IRflWS-1 s ICOLS-1 )21 .11
IF (NPTS .FQ. 4) 00 TO 4011
Xt"PTS-4
(10 *:' 1I I
fRT' 1.i 
NC'. II

4efln RET"PN
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SUPPOUTINE S'IAT (NIY.NAICPYOWS.NRS.NCS.S)j DIMF-NSION S(4-,.4%)

COMMON/Cf/XATChtno,I).YAIC(1*.9?).wXeX(4(,),NX.XCS,NVWN.#NYWIwU
-* C off NIY a MNlIJNR Or SPANWISF MACH POXES

C *.. NAICPY =NUNRER OF SPANWISF AIC CONTROL POINTSr. Na S SIJRFACF (isMING AND ;!-TAIL)
C 1 N.. MS N NMBER Or ROWS IN S-M4ATRIX
C Na Cq NIJMNEI OF COLIIMNS IN S-MATRIX

IF (NAICPY .(T. 31) GO TO mI
M'qS=NIY
NCS=NAICPY

go To ion
A NRS=NIY

NCS=.'.#("AICPy-p)
no t I1.NRS
n0 o JxI.NCS

101 IF (NCS .GT. )) 40 TO SOO
Ir (NCS *EO. e%) 00 TO 400
n0 To (?ooIII~.$-.Iroj)vNcs

C *a* TWA AIC POINTS
A. no0 /64j I%'NIY

S(T.P)tyflOX(I)
PsO CONTINUF

RE TORN
C *.. THRtF AIC POINTS

360l CONTINUE
RFTh'RN

C ... FvOP AIC POINIS
4 110 no 1i9a I1.NIY

5IF . ):YHOK I.#) j(ACWN)+AC3N))IR

S( I IC..:' )ZS( I . 1C4 I I.

Rf UIRN
C #No .(;T. FOU1R Air. POINTS

NIrNA ICPY-?'
1) 0 1 0u .NI
IU~i.'s(YAIU(J.NS)4YAI((J,1.NS)) .07. YHOXM) GO TO tp~5"cONT INIuj

2.~ ~ I I1n fi:0y4 .

IF (j .1 T" -1) ft"w1
1$14)i~
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911-11~ If (A(.I)-fPS) IIAQn.y,~
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417 aIJ-AI, .Iw
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9109 A(f.J)XA(IoJ)fly
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PART VI - SECTION A

TECHNICAL DISCUSSION OF THE
SUPERSONIC BOX METHDD

T'he linearized flow equation is in the form of a hyperbolic

differential equation when the flight speed exceeds the speed of sound.

The supersonic version

2 -~[i~-
2 ] (6.1)1"Oxx " yy 4?z Et _2 [2kx-

where 2 = .2 has solutions only within characteristic regions,

called Mach cones. Linearized supersonic flow theory has led to closed-

form solutions for many types of lifting se'faces in steady flow (Reference

11), such as the rectangular wing, delta wing, and trapezoidal wing. These

solutions are derived easily because the influence of a small perturbation

is confined to its downstream or aft Mach cone. Conversely, the only

disturbances that can influence a particular point are confined to its

upstream or fore Mach cone.

The most elementary disturbance that can be placed in the flow and

that is a solution to Equation(O.1) is the pulsating source. The source,

placed at ( ,' , i) emanates spherical disturbances and has a velocity

potential induced at x, y, z, given by

(- ( ', y , Z-} )" - ' -j exp [ i (X cz ) [O, RJ

A( 77, 4 zG (x (x -M y-, - (6.2)

WhCW ______

K _, )2 + (Z- r)2 - k M and A (r, , )

57'4 I



I
Vrepresents the strength of the source. This type of disturbance has no

influence outside the downstream Mach cone and is discontinuous at the

point ( 1, r). To provide the necessary antisymmetry of disturbances

with the symmetric source solution, we could place a pair of sources on

either side of the z = 0 plane and require the lower source strength to

be equal in magnitude and opposite in sense if we could isolate the

lower from the upper half space. Since disturbances are confined to

Mach cones, this isolation is possible if the entire region of disturbances

in the z = 0 plane is covered with two source sheets placed onboth sides

with the distance between them infinitesimally small.

Applying this source-superposition technique to the wing and down-

stream,: control surface problem requires constructing for the configuration

a Mach envelope that contains all possible disturbances. The entire

z = 0 plane within that boundary is covered with source sheets immediately

above and below the plane. A typical configuration with foremost and

aftmost Mach cone intercepts with the z = 0 plane is shown in Figure 6.1.

y . - Olrl/O -

FIcURE 6.1 - SUPERSONIC BOX OVERLAY FOR A TYPICAL CONFIGURATION AT

IDW SUPERSONIC MACH NUMBER
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The strength distribution over the bottom sheets is to be equal

at adjacent points but opposite ii. sense,

A ( , , o+ ) -A ( ,1, o') (6.3)

and determined by boundary conditions so that loading acts only on regions

superposed over 11-fting surfaces. This strength distribution has been

shown (Reference 12) to be equal everywhere to the local downwash. When

this conditon is used, A ( t, , o + ) = w (o , , o+), the velocity

potential at (x, y, o ) can be written as

S= f w ( 9,r1) G (x -g , y -r ) dg dri (6.4)

where the range of integration extends over the region of the source sheet

contained in the upstream Mach cone from the point. Substitution of the

tangential flow condition for the downwash would yield a solvable integral

equation if the source sheet covered only a lifting surface. Such is nO.

the case when the Mach number normal to any swept edge is subsonic.

The downwash distribution between any subsonic edge and the Mach

envelope (diaphragm) can be determined (Reference 13) by simply satisfying

the condition that the pressure is continuous between any two adjacent

field points that are not on opposite sides of a lifting surface. If no

disturbances lie upstream along the line, y - constant, z = constant,

then the velocity potential will also be continuous and the linenrized

presoure-velocity potential relation yields the condition thaL

4(x,y,o) -. (x, y, o) 0

which leads to

(x,y,o) - (x, y, o) o (6.5)
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I
when the antisymmetric condition that the upper potential equals minus

the lower potential is applied. The downwash in the diaphragm region

can then be evaluated by the integral equation

o =j w ( ,r1) G (x-, y -) dg di (6.6)

which has been solved for special cases (Reference 13).

The downwash distribution in the wake region can also be determined

by satisfaction of the continuous pressure condition. In this case the

potential has a non-zero constant value at (x, y). Substitution of the

wake condition, 0 0TE exp -ikx -xTr) (6.7)

into Equation (6.4) provides the relationship

WT exp -ik X-X WT =f (9, )G (x-g, y-1 ) dg ani (6.8)

which requires knowledge of the upstream downwash distribution within the

fore Maph cone to solve for the local wake downwash.

Computation of the downwash (source strength) distribution over

the entir.e disturbance region and subsequent velocity potential distribution

over the lifting surfaces for any supersonic Mach number and any non-

negative reduced frequency for configurations of interest can be accomplished

Lf the method developed in Reference 14 and extended in Reference 3 is

lollowed. We cover the \region of disturbances with a grid of rectangular

boxes of longt:h A and width A/p adjusted so that box edges lie along the

y-axis and box centers lie along the x-axis and wing trailing edge. The

box width Is determined so that the box diagonals are parallel with Mach

I [mtes, hence the name Mach box. The configuration used in this develop-

ment Is shown In Figure 3 with Mach boxes covering the wing, wake, tail,

and diaphragm regions. Boxes are in each of these regions according to

the locaILon of their respective centers.
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Consider the downwash or source strength distribution to be

approximated by a set of point values determined by satisfying the

appropriate boundary conditions at box centers. When each central

value is considered constant over its associated box, the velocity

potential at any box center can be computed from

I

V P

where n = x/A , m = Py/A , v= g/A , i= Pr9/A are box center coordinates.

The influence coefficients (IC) are given by

4(n - v , Im - ) IIIG (n - v, m - ±) dg d-q (6.10)

AREA

where the unit source potential, G, is integrated over that portion of the

box area at ( v, t) that is within the fore Mach cone from the box center

at (n, m). Methods of evaluation of the IC for each pair of relative

box locations at a particular Mach number and reduced frequency are

presented in Reference 3.

Equation (6.9) is applied to the boxes one at a time beginning at

the center box in the first row, then proceeding outward. After completing

the first row, the same procedure is followed in the second row, etc. In

following t:his procedure, it is found that there exists only one unknown

in each box, since all of the upstream quantities except those in the box

being computed will be available. This advantage is obtained because of

the use of Mach boxes wherein the forward integration cone from the box

center will not include any areas from the same row. Then in evaluating

Equation (6 .9)it follows that only 0n,m and Wn,m  are unknown, and one

may then write

S-w (o, o) - .n * m -(6
VP' 1, O . - , (6.11.)

v'.,n > m
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1
where tD(o, o) as is indicated in Equation(6.1Q) represents the

integral of G over the forward quarter of the Mach box. This relation-

ship has all the upstream influence represented on the right side and

the total minus the local velocity potential on the left side.

Any box on either surface has its down, ash given by the tangential

flow condition and its velocity potential given by Equation (0.1.).

n,m can then be determined from this equation.

Boxes entirely in the diaphragm region have zero velocity potential

and the source strength is then determined by

Sw (n -v, m-" ) (6.12)n,m T, (o, o) ,
v>n 11>m

which is Equation(6..) with n',m = 0. Any box that is intersected by a

subsonic edge has its source strength modifed by a linear interpolation

between the downwash at the box center computed as if it were first a

surface box and then a diaphragm box (Reference 15). This interpolation

is based on the proportion of the box area lying in the two regions. The

downwash at the center of a wake box is computed by substituting Equation

(67)into Equation(6.u1)to obtain

w m ( ) {TE exp [-ik(n-nWTEj Z wv, (n'v, m (.6.3)
V,>n jj>m

wher'e thu velocity potential at the wing trailing edge ties in the same

box column(m constant) with the wake box of interest.
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Utilizing the above equations for either downwash or velocity

potential, we can build up the point value distribution of velocity

potential for both surfaces deforming harmonically at the same frequency.

The values at the wing trailing edge are at box centers, and the values

at the tail leading and trailing edge may be computed by the method

described in the previous section.

I
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PART VI - SECTION B

SUPERSONIC AIC COMPUTER PROGRAM DESCRIPTION

A FORTRAN IV computer program is presented which computes supersonic

unsteady aerodynamic influence coefficients for a variety of single or tandem

lifting surfaces. The solution is based on the source superposition method

and a Mach box approximation is employed .to Leduce the integral equations to

sums of constant values of source strengths at box centers times integrals

which are functions of relative position,' Mach number and reduced frequency.

The various tandem configuzaions which can be analyzed are shown in

Figure 6.2. Alse it is possible to analyze a bingle surface (the wing). The

aerodynamic surfaces are assumed to have a plane of symmetry parallel to the free

stream flow. The upstream surface must have an unswept trailing edge and the

rectangular trailing surface must have the same spanwise dimension as the

trailing edge of the wing.

The program allows up to 40 AIC control points. The AIC stations must

satisfy the following requirements:

(1) The chordwise rows must be parallel to the flow stream

(2) The chordwise rows on a surface must have the same number of control points

(3) The control points in each spanwisd row must have the same fractional

chordwise location

(4) The origin for the AIC station coordinates and the wing and control

surface coordinates must be at the leading edge root of the wing.

Examples of acceptable AIC control point patterns for the supersonic program

are illustrated in Figure 6.3.

The supersonic AIC program is presently limited to 45 boxes on the

aerodyntunic surfaces. This limitation does not include the diaphragm boxes in

the gap and outboard region. The restriction results from performing all
operations on the computer in core without utilizing peripheral tape and disc

units.

The user specifies the number of boxes along the wing root and the computer

* progrtni deLermines the size of the boxes. and overlay pattern which will cover
the plamnform. The box centers of the first chordwise row will lie along the root

ofl the inurfaces. The last spanwise row of boxes on the wing will have their

teitera oi the traLling edge. If NBW is selected by the user as the number of

chordwint, boxets on the wing root and if the wing root dimension is 2br, then
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the box size will be Ac x A where A = 2br/(NBW-.5) and A A/,-I.

A i.s the chordwise vidth and s is the spanwise box width. Knowing the size

of tho, boxes and th,: planform geometry, the user can estimate if the 45 box I
restrictit _ iF s:cisfied. An example of a typical overlay is shown in Figure

6.h.

I
I
I

i

I
I
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'he supersonic AIC computer program consists of a main program (DRIVE)

and 20 subroutines and function subprogram-. Execution begins with DRIVE

calling DAIN which reads the input data. Control then passes to a Mach number

loop where a check is made to insure M-I.1. Subroutine CODE is called to

approximate the surface and diaphragm regions with a Mach box overlay. The

subroutine POUT is called and the input flight conditions, geometry and map of

the Mach box overlay are printed. The AIC station locations are also printe1

if-the option is exercised. Following POUT, a check is made to deteratine if the

-number of boxes on the wing and control surface does not exceed 45.

fhe subroutine TRAMP is called by DRIVE to generate the substantial

derivative matrix LWj. The LW] matrix relates the Mach boxes on the surface

to the AIC control points and serves as a substantial derivative operator.

Subroutines called by TIAMP are CMAT, SMAT, TMAT, BMAT, RMAT and MINV.

A frequency loop is entered and velocity potential influence coefficients

are calculated by subroutine CAFI. The coefficients are dependent on relative

position Of the Mach boxes, Mach number and reduced frequency.

The velocity potential is computed next. The source strength of the

surface boxes is determined by satisfying the tangential flow boundary condition

and source strength of the diaphragm boxes is computed throigh satisfaction of the

boundary condition requiring the velocity potential at the box centersbe zero ..

Diaphragm boxes in the wake of the leading surface have their source strength

computed through satisfaction of the condition that the velocity potential be

equal to the value computed by the wake condition. Boxes intersected by a

leading or side edge have their source strengths adjusted by a linear inter-

polation formula based on the 'portion of the !ox area actually on the surface.

This adjustment is performed by function subp..ogram ARLE. The velocity

potential at the box cent-rs on the surfacers is computed by subroutine PHIB by

summing the box contribu, ans.

The veloclty potentials are converted to pressure theough a substantial

derivative operator generated by SD2. Multiplying pressure by the box ao-a

yields thu force at each box center on the surfaces. These forces are transferred

to the AIC stations through static considerations, thereby forming the AIC matrix.

ThI, operation Iu performed by subroutine FORCE. The output subroutine POUT

Ii catled to print the AIC matrix.

3586
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T
1.0 PROCESSING REX UIREMENTS

The input and output files used by the program are 05 and 06, respectively.

All read and write statements are contained in the main program (DRIVE) and

subroutines DAIN and POUT. Peripheral tape and disc units are not used by the

progran. ApproximateLy 40,000 cells of core storage is required.

A standard input form of six 12-column fields per card is used by the

program. Floating point numbers (6L12.5 format) may be anywhere within the

appropriate field, but fixed point numbers (6112 format) must be right adjusted.

Detailed instructions for data input are given and listings of data cards for

sample problems are provided.
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2.0 INPUT INSTRUCTIONS

Instructions for preparing input data for the supersonic AIC computer

program are presented here, The field location and format for each quantity

is specified. Any set of units may be used for geometric dimensions and acoustic

velocity as long as they are consistent, e.g., if inches is used for length, then

the acoustic velocity must have dimensions of inches per second. The required

data and the sequence in which the information is entered is as follows:

I. Streamwise Coordinates (6E12.5 format)

Column 1-12 13-24 25-36 37-48 49-60 61-72
Nae X(1) X(2_ X (35 X(4) X(5)
Item (1 23 4 5

(1) X(1) Wing root leading edge coordinate
(2) X(2) Wing tip leading edge coordinate
(3) X(3) Wing trailing edge coordinate
(4) X(4) Control surface leading edge coordinate
(5) X(5) Control surface trailing edge coordinate

A single surface, the wing, may be analyzed by setting X(4) and X(5)
equal to X(3). The various configurations are generated as shown in
Table 6.1. The origin for the planform and AIC station coordinates
must be at the leading edge root of the wing, therefore X(l) and Y(1)
described below, must always be zero.

2. Spanwise Coordinates and Acoustic Velocity (6E12.5 format)

Column 1-12 13-24 25-36 37-48 49-60 61-72
Name -Y(1) _Y(2) Y(3) SOUND_

Item (1) (2) (35 (4)

(1) Y(l) Wing root spanwise coordinate
(2) Y(2) Wing leading edge spanwise coordinate
(3) Y(3) Wing (and control surface) tip spanwise coordinate
(4) SOUND Speed of sound at altitude for which analysis is performed
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TABLE 6.1 - OFI0ionAL OOmIGuRATIO0S

CHIMDWISE SPANWISE
CONFIGURATION COORDINATE COORDINATE

x(i) - 0.0 y(.) = 0.0
x(2) - 0.0 Y(2) = 0.0

RECTANGULAR X(3) > 0.0 (3) > 0.0

;( ) X(3)

X(5) x(4)

x(±) 0.0 Y() . 0.
x(2) > 0.0 Y(2)- 0.0

DELTA x(3) - x(2) Y(3) > 0.0

x(4) x(3)
x(5) X(4)

x() - 0.0 Y() = 0.0

x(2) > 0.0 y(2) > 0.0
TRAPEZOIDAL X(3) - X(2) Y(3) > Y(2)

x(4) Z x(3)

x(5) 1- x(4)

xO.) - 0.0 Y() - o.o
x(2) > X(l) y(2) > 0.0

TRAPEZOIDAL (CROPPED) x(3) > X(2) Y(3) > Y(2)

x(4) ? x(3)

X(5 ) > x(4)

x(i) 0.0 Y(i) 0.0
x(2) > 0.0 Y(2) - 0.0

DELTA (CROPPED) X(3) > X(a) Y(3) > Y(2)
x(Q,) ' x(3)

x(5) x(4)
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3. General Information (611p format)

C cz.ur. {e.-12 1.3-24 25.36 3-1.4A . 49-60

SItem (1) (2) (3) ...(1) (5),,

(i) iM4ACH Numberof Mach numbers (maximum 5)

(2) KF Option to input frequencies or reduced frequencies:

KF = 0 frequencies
KF = 1 reduced frequency

(3) NFREQ Number of frrquencies or reduced frequencies at

each Mach nwoer (maximum 10)
(14) INBW Number of chordwise boxes on wing

(5) IJUNCH Option to punch AICs on cards:

LPUNCH w 0 no punch output
LPUNCH =1 punch AICs for wing only

LPUNCH - 2 punch AICs for control surface only

LPUNCH - 3 punch individual AIC matrix for

wing and control surface

LPtUNCH = 4 punch total AIC matrix for wing-

control surface combination

The AIC matrices are punched by rows with a IP6F.12.5 format. Each row

of an AIC matrix begins on a new card.

4. Mach Numbers ($E12.5 format)

Column 1-12 13-24 25-36 37-48 49-60 61-72

Name FMACH(i) FMACH(2) FMACH(3) FM CH(4) WcH(5) FMACH(6)

Item (1) (2) (3) (4) (5) (6)
(.I) FMACJ (1) Mach number
(1) FMACIH (2) Mach number

. .
(MAC) 7'FCH (NMAcH) Mach number

Enter NWACI value of Mach number (see Part 3, Item 1). Mach numbers must

be gre~ter than i.I.
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5. Frequencies (or Reduced Frequencies (6E12.5 format)

Column 1-12 13-24 25-36 37-48 49-60 61-72

Name FRQ() FRm(2) FEM(3) FRQ(4) j FRa(5) FR(6)

Item (1) (2) (3) (4) (5) (6)

Input NFREQ values of frequency or reduced frequency (see Part 3, Items
2 and 3). Reduced frequency is defined as k = r where b is

r U r
the semi-chord of the wing root, U is the free stream velocity and

is the oscillatory angular frequency in radians/sec.

(1) FREQ (1) frequency (cps) or k r

(2) FREQ (2) frequency (cps) or k
r

(NFREQ) FREQ (NFREQ) frequentcy (cps) or kr

If NFRQ> 6, continue input of FREQ (7) to FRM (NFREQ) on new card.

6. Number CC AIC Stations (6112 format)

Column L i-12 13-24 25-36 37-48 49-6o 61-72

Name (WING NVING EMXCS 4 NYCS

Item (1) (2) (3) (4) ,

(1) NXWING Number of chordwise AIC collocation stations

on wing

(2) NYWING Aumber of spanwise AIC collocation stations

on wing

(3) NXCS Number of chordwise AIC collocation stations

on control surface. Set equal to zero if
analysis is for wing only

(4) NYCS Number of spanwise AIC collocation stations

on control surface. Set equal to zero if

an4ysis is for wing only,

i
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7. Spanwise Location of AIC Stations on Wing (6E12.5 format)

Column 1-12 13-24 25-36 37-48 49-60 61-72
Name YAIC(I,W) YAIC(2,W) YAIC(3,W) YAIC(4,W) YAIC(5,W) YAIC(6,w

Item (i) (2) (3) (4) (5) (6)

(1) YAIC (1,W) Spanwise coordinate of first row of AIC

collocation stations on wing

(2) YAIC (2,W) Spanwise coordinate of second row of AIC

collocation stations on wing

(NYWING) YAIC (NYWING, W) Spanwise coordinate of last row of AIC

collocation stations on wing

AIC station rows are numbered from root to tip of surface-. If

NYWING >6, continue input on new card(s). j
8. Spanwise Location of AIC Stitions on Control Surface (6E12.5 format)

Column 1 3-24 25-36 37-48 49-60 62-721
Name YAIC(1,CS) YAIC(2,CS) YAIXC(3CS) YAic(1+,c.8) YAIC(5,CS) YACi(6,cs )
Item (1) __() (3) (4) (5) (6) I
(1) YAIC (I,CS) Spanwise coordinate for first row of AIC

collocation stations on control surface

(2) YAIC (2,CS) Spanwise coordinate of second raw of AIC

collocation stations on control surface I

(NYCS) YAIC (NYCS, CS) Spanwise coordinate of last row of AIC

collocation stations on control surface

Omit this input if only the wing is analyzed. For NYCS > 6, continue

input on new card(s). AIC station rows are numbered from root to tip

of surface.

39
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K9. Chordwise Location of AIC Stations on Wing (6E12.5 format)

Column 1-12 13-24 25-36 " 37-48 49-60 61-72

Name XAIC(W,1,I*XAIC(Wp,2) X C(W!,3)

Item (1) (2) (3) (4) (5) (6)

(i) XAIC (Wj,li) Streamwise coordinate of first AIC collo(ation

station in first row on wing

(2) XAIC (W,l,2) Streamwise coordinate of second AIC collocation

itation in first row on wing

(IVWING) XAIC(W, NYWING, WIIG)Streamdse coordinate of last AIC collocation

station in last row on %Ing

Streamwise numbering sequence is from leading edge to trailing edge (see

Figure b.3 ). Continue input of values for each row imediately after

the last value of the preceeding row; do not begin input of each row on

new card.

10. Chordwise Location of AIC Stations on Control Surface (6E12.5 format)
ColumnL 1 25- 37- 48 49-60 61-72

N, me- XAC(CSi,l,1)XAC(C,lv2) XAIC(CSl,3) .... ..
Item (1) (2) (3) (4) (5) (6)

Procedure to input streamwise coordinate location of AIC stations on

control nurface Is the some as wing above. Omit this input if only

wing ii analyzed.
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3.0 SAMPLE PROBLEMS

Three sample problems are presented to demonstrate the use of the

supersonic AIC computer program. Configurations analyzed include a

trapezoidal wing-rectangular control surface combination, a cropped trape-

zoidal wing and a delta wing. Description of input parameters and complete

listing of input data cards and computer output are given with each sample

problem.

Sample P-'oblein 1.

Supersonic AICs are computed for a trapezoidal wing and rectangular

control surface. The M1 nform geometry and AIC stations are shown in

Figure 6.5. The dimensional unit used for length is feet, therefore the

acoustic velocity is entered as ft/sec. The analysis is for M = 1.5,

kr 0 0.10 and a =1116.87 ft/sec (sea level). Four chordwise boxes are

used for the wing. The resulting box overlay has 15 boxes on the wing and

8 on the control surface, thereby satisfying the 45 box limitation. Also,

there are 13 diaphragm boxes in the gap and outboard region. Input para-

meters are summarized below and a listing of the input data cards and

computer output follows,

X(l) = 0.0' x(2) 1.0, x(3) = 2.0' x(4) - 3.0' x(5) ,= ).o,

Y(l) = 0.0' Y(2) = 1.0 Y(3) 2.0'

SOUND = 1116.87 ft/sec Acoustic velocity (sea level)

XjACH = 1 Number of Mach numbers

KP = L Input reduced frequency

NFRQ - l Number of reduced frequencies

NBW = 4 Numberof chordwise boxes on wing

LPUNCH 4 Punch combined wing-control surface AIC

matrix on cards

FMACH ( -) 1.5 Mach number

J,'RkQ, (3.) . .10 Reduced frequency

NXWING - If Number of chordwise AIC stations on wing

NYWING - 4 Number of spanwise AIC stations on wing

NXCS 2 2 Number of chordwise AIC stations on

control surface

NYC,) - 3 Number of spanwise AIC stations on
control surface
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YAIC(1,W) 0.'YAIC(29W) .0.' 1.3f
YAic(14,w) = 1.81

YAIC(1,cs) =.3' YAIC(2tCS) =1.0' YAIC(3,CS) =1.7'

XAIC(1,11W) 0.10' XAIC(l1,2,w) 0.70' XAIC(19-,,:%,' l.
)CAic(1,4,w) 1.90'

XAIC(2,1,w) =0.10' XAIC(2,21W) - 9.701 XAIC(2v3tW) -1.30'
XAIC(2,4,w) 1.90'

XAIC(3,1,W) =0.38' XAIC(3,2,W) -0.90' MAC(3,3M -1.05

XAIC(3,if,w) - 1,915'
xAic(4,1,w) = o.86, xAic(4,2,W) = 1.22' xAic(4.3,,W) -1.58'
xAic(4,+w) =1.4

XAIC(i,CS) -3.25' XAIC(1,2,CS) =3.75'
XAIC(2,1,CS) = 3.25' XAIC(2,2,tCS) - 3.75'
XAIC(3,1,CS) = 3.25' xAIc(3,2,C3) K3.75'
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YAIC(lW) =0.2' YAIC(2,W) -0.7' vx"j) 1.3'

YAic(4,w) = 1.8'

YAIC(lCS) =.3' YAIC(2,CS) = 1.0' YAIC(3,CS) = 1.7'

XAIC(1,1,w) 0 .10, XAIC(l1,2,W) 0.70' XAIC(,-,I":" - .= 0

xAic(1,l4,w) i .90'

XAIC(2,1,W) =0.10' XAIC(2,2,W) - 0.70' XAIC(293,W) -1.30'
XAIC(2,41,w) -1.90'

XAIC(3,1,W) = 0.38' XAIC(3v2qW) -0.90' XAIC(3,3,W) -145
XAIC(3,4,w) =1.915'
xAic(4,1,w) =0.86' xAic(4,2,W) = 1.22' xAic(I1,3,W) -1.58'
xAic(1,l,w) = 1.94,'

XAIC(1,1,Cs) -3.25' XAIC(l1,2pCS) = 3.75'
XAIC(211,CS) =3.25' XAIC(2,29CS) - 3.75'
XAIC(3)1,CS) = 3.25' XAIC(32,C3) U3.75'
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Ii
arnple Problh-m 2.

A cropped trapezoidal wing is a&alysed at M - 2.0, k 0.10 and

a - 1116.67 ft/sec (sea level). The tr- ling surface is removed from the
analysis by setting X(5) - X(4) a X(3). The wing geometry and AIO stations
are shown in Figure 6.7. Five chordwis boxes were specified. The
resulting overlay has 32 boxes On the wing and 2 diaphrag boxes. Input
information is summarized below anda listing of the input data cards and
computer output follows.

x(1) . o.o, x(2) - 1.0' x(3) - 2.0 x(4) - 2.0' X(3) 2.0'
YM = o.o, Y( ) - i.o, (3) m 2.0'

SOUND = 1116.85 t/eec A(oustic velocity (sea level)
WaxC = I Aumber of Yach numbers
KF = 1 Input reduced frequency

- 1 umber of reduced frequencies
W a 5 Nmber of ehordwise boxes on wing

LPUACH 0 Do not punch AIC matrix on cords
FMACH (1) - 2.0 Mach nwmber
FREQ (1) - 0.10 Reduced frequency
NXWING 3 Number of chordise AIC stations on wing

MWING 5 Number of spanise AIC stat-ions on wing
NXCS 0 Number of chordvise Alp otations on

control surface
IYC., Number of spenwise AIC stations on

control surface

YAI((I,W) o ,.;), YAIC(2,W) , 0.60' YAIC(3,W) 1.00'
YAJ(:(),,W) ]Io' YAIC(,,w). 1.80,

XAJ( I, IW) : XAIC(1,,,W) - 1.050' XAC(.1,3,W) 1.525#

XAMC(I,I,W) ().&'75' XAIC(3,2,W) -1.250' XAIC(3,3,W) - 1.65'
Xc(4i.,w) - .o5, XAIC(..,W) - 1.350' XAIC(4,3,W) - 1.675*'
XA]C(,,.W) a .17;1 XAIC(5,2,w), .45o, xAIc(53,w) a 1.725'
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Sample Problem 3.

A 450 delta wing is analyzed at M a 2.0, 5.5 cps and a = 1116.87

ft/sec (sea level). The trailing eu,-face is removed from the analysis by

setting X(5) = x(4) - X(3). The wing geometry and AIC station locations

are shown in Figure 6.9. Six boxes were specified along winj root. The

Mach box overlay has 34 boxes. Input parameters are summarited below andf a listing, of the Input data cards and computer output follows.

X() a o.O' X(P) - 2.0' X(3) - 2.0' X(4) - 2.0' X(5) = 2.0'

YI - 0.0' y(2) 0.0' y(3) - 2.0'

I SOUND = 1116.87 ft/sec Acoustic velocity (sea level)

NMACH = 1 Number of Mach numbers

KF = 0 Input frequency

=FRM = 1 Number of frequencies

NBW = 6 Number of chordwise boxes on wing

LPUNCH - 1 Punch AIC matrix for wing on cards

FMACH (1) = 2.0 Mach number

I FR (1) = 5.5 Frequency (cps)

NXWING a 3 Number of chordwise AIC stations on wing

I -N - 4 Number of spanwise AIC stations on wing

NXCS U 0 Number of chordwise AIC stations on

i control surface

NYCS a 0 Number of spanwise AIC stations on

control surface

YAIC(1,W) - 0.2' YAIC(2,W) - o.6' YAIC(3,W) - 1.0'

I YAIC(Q,W)- 1.4'

XAC(I,I.W) 0.Oj60' XAIC(1,2,w) - 1.100' XAIC(1,3.W) - 1.64o'

I XAlC(?;1,W) 0. WOXAjC(2,2,W) - 1.300' XAIC(2,3,W) - 1.720'XAxAC((,IW) O..800O
AIC(3,1.W) - 1.2001 XAIC(3,2,W) - 1.50O0' XAIC(3,3,W) -1.800'

XAic(4,1.w) 1.o520' XAIC(4,2.W) . 1.700' XAIc(4,3.W) - 1.880'
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PAMT VI -SECTION B4.O0

LISTING OF SUPERSONIC AIC

COMPUTElR PROGRAM
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rnR I VF fRIVE
C;OMPLFY CIERO.VPI4,-SS,PHIW.SPHI.PHI.PHI1FflPHtuLXFDW.i .AIC.Z

TUMP(bO F44%.(4D4)) DS4, (6*415 t R(44'7-4 T(,).'

TI (4h,4"i.,TR(45,45)
C014MON/Cl /KN4OX( 10,10).XF(S) .Y( ")Xl * X.iX4.V Y YZ*HA,NsS

COMMON/;4 / MOR (11) NE4L (r,0 KC (*)IKL (?8),0SL(0 DXE(I I) P I ,U

COt4?4N/C6/XI..NSK.JD IrP,TWLRHO
COM,4N/c7/XAIC(IP,1I,)2),YAIC(1I."p).NXBX(411),NYBX(

4 0 ) .NXH4XCS
COMMON/CP/NXWING. NYWINO.NXCS. NYCS
COMMON/C9/A Jt(45. 4%), AR0)
EQIVALENCE (C.S.'R),(VPICWR). (SS.F.TM).(AICTENP)

1 CAIl I0A IN
IF (NMOIV .LF. 45) GO TO 5~
WRITE (APO)

A FORM'AT (0Hi AX.-flH NUP4RER OF AIC S7ATIONS FXCEEDS MAY ALLOWARLF (i

l5)/'X,16H CASF TFRMINATED)
no TO 1

5 CON71NUF
DO ilbifi MACH~i.NMACH
FM:F MACH(MACH)
IF (EM ALT. '.I) GO TO jOPlf)
CAtI CODE
TOR=TWI-/RETA
CALL POUT(l)
CALI POIJT(?)
FdTRS~io
nO / I=),NRS

7 4TRS:NTRS+NXRX( I) NXNXrS
IF (NJRS AEF. 41)) 0O TO 13
WRITE (6,i4)

14 FOpMAT(1N1,I)X,48H NUMBFR OF MACH HOXES EXCFEDS MAX AILOWAULE (A5)

1/')X,I6H CASE TFRNINATEO)
Go in 1

1.3 C ON II NIF

TPlIFTPI /U
RFM-DX*(FM/HF IA)*#.'
CAll TRAMP (9 .NJRS.NTCS,S,R,CDRTDTR.TIDTM)
no I',,) j'mi.NTRS
DO 1,9)i 1 .NTI;S

CAll !RAMP ( .NTRS.NTC:S,S,R,CDRDT.TR.TI.TN)
no .tsii I-l.#NTRS

nO 1-611 JtP.NT(:S

NMOlilm NICS

V It (1(1 -Pg. ') FRI0(IVR)3FRL-O(IFR).FMACH(MACH4)oAS/(1PIeXIOlI.5)
Flk-l Rl 0( It R)ulP1l
FKRPfK*RFM
FKP-FKOX1 /7.11
rAll CAFI
A.f~f.1KIJX
FXI - MPl X(C()S(AR().-SIN(ARO))
nOl 1,1111 MOU-21' NMOIIF

NI~l 422



no Oal NP=1DNHOX
KD2VBOX(NB)
NS=
(4O 10o ( /(Ie. I.A it fl 70 0 /fl)

60) NSZ:2
/0 MR=MOR9(NP)

no OllI~ MPM1DMH
KonF =KROX ( NN)
SPH J CZERO
IF (NP AOT. 1) CkLL PHIB
SPI SPHI.DY
PHI? CZFRO
00 TO ( 411, 411.4 (, 411-4fl, ?D,.50) KOf)E

VAf SPNI=SPHI-PN1W(MP)
PHI=PHIW(MP)
PH! a(MP):PHIW(HP)*FXF
nO TO 60

iln IF EXI) ALT. A) 00 TO 4fl
51I1 SS(NR)=-SPHIIVPICIDY

no TO 911
411 If' ENS *FQ. ') 00 TO 415

no ?1 I1=1MP
/I IR:IP*NXAX(II )

IRJrI*NP-NXIIXV I
no 10 2

4 r IRij
n0 /P7 I.=1DNRS

,12 IR.RNXRX(Il)
0O ?3 ILt1,MP

/1 RrIR*NXRXCS
RIR~1R-NROX*NP

;)h SR=FM*AS*TR(IR-MODE)
Sh=IPI.FREO(IFP)*TI(IR,NODF)
SS( NR ) CMPLX( SR. SI)
IF (KO AT3. 6) SSCNS):SS(NB)-ARLFCT')R).(SS(NRI).SPNI/VPIC/DY)
IF (KODF -OF. 6) (00 TO 90l
PHI=SPH I.SS( NH )VPI(. li
IF (KOOF FQ. -1) PHJW(NP)zPHI*FXf
IF (NP .FQ. NROX-1) PlHIW(MP)=PHI1
IF (NP .FI. M4HfX) PHI1FxPHl4(PHl-:PNlW(MP))ODXE(>)

010 10 ( ~IP14 I # I ht17I 1?I 1 /.I'/1 KODE

l(-lClNP-NX9X(1 )
noin 10 i"h
I '1 It

no 0, i IMP
1,14 lC-IC#NXNXCS

IC21C-NHOX#NP

1 VI' ICON II NIif

K 11 or C1

1 1111 Y : Y D Fl 4 2 3
7 .- '- it X=X D



CAHl SWO (S,RDCDR#T,TR.TI4)

0O /01 J:1.NTRS
DO0 iOl Jz).NTRS

IF ( I *FQ. J) SIxTPI*rREQ(IFR)/(Fl4*AS)
SRc7M( I J)

nO 109 I11NTRS
YM Ol X&' .i1NT(S

nO /11.', K=I.NTRS
7o1? F( I.J)=F( I J)-W( I K).AIC(K.J)

ZCON:(4.flDXDYFNAS)/((TPIFRE(IFR))**(YE(4)-Ykfi))*
1 (00()-XF(1) )).a?)
CALL FORCE (R)

DO /11M$ 1NTCS
1)0 /08 J:1.NTRS
A It I ,J)=(Qfl. " 0.

?=CMPLX(C(Ipg)*ZCON#l.fl)

CALI POIIT(.1
IF (IPUNCH -AlT. 11) CALL POUT(4)

9on1 CONTINUE
1Dic1 CONTINUF

00 TO I
F ND
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CnAIN flAIt4
SIJPROUTINE DAIN
COMPLEX CZERO,VPIf;.SS,PHJW.SPHJ ,PHI,PHI1E,DPHI
COMMION/ C/KOX(i It)X(5,E(,1X2-X3,X4-Yl Y2,bFT A, NJS
COMMON, C?/AS .NMACHP.FNACH (6 *0FREO. rRFQ( Ut) * t09E, NSUQF LPUNCH, Kf
COMMON/ C3/VP IC(?ft'r),SS(7IS), PH I 0)-SPNI CZFRO, PHIPHI IF* PH I

COMMON/ CS/X. YDX, 0Y,EM.EK#FKR#FKR#NP, NP, 4,NROX*KODI. MOE, NW* NUT
COMM4OtIC6,XI .NS,K,J,IFRpTWLRHO

COMMON/CM/NXWING.NYWINP9 P4XCS.NycS.

RPA0) 11 ) ( YF (I) * J1 *'4)#*AS

Rf A I (.)?) NMA(rH.KFNF REGOW, i pUjN"

"sljkr =;
ir(xF(4).LT.XF('5fl 60 To 10
NS1JPF =1

ini RFA1i (r)1:0) NXWIN9.NYW1NGsNXCS.tNYCS
REArt 0',1 I,) (yAjr(I~j.1'Im1.hYWINl)
IF (NXCS *Nf-. fi) READ f0.11) (YAIC(I.?),t:1,NVCS)

IF (NXCS .NF. fl) RFAO (5,11) ((XAIC,(I,J.7),I:I.NXCS).J:,.NYCS)
RHflrI .f
tMOhFzNXWIN(;.NYWJNO, NXCS*NYCS

ii FORMAT(6FI2.11)
i9i FORMAT(611?)

Rf T1RN
F NO)
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GCOOF Coiri
SIURkOIJTINF r:ODF
COMPLE~X CZFNO.VPIC.SS.PNIW.SPHJ P1 PHI TE.DPlII
C~OMPLEX AIC
COMMON/C)/KHOX(1iflII).XFt2.Y).X1XX.X4Y sy

2DtrA.Nus

COMON/C?/ AS .NHACH. rMACI4(6), NFPEI).FPFQ( i ) ,NMODL. NSIJQI,IPUNCH. KI

COMMON/ C3/VPI((? n.-r) )SS(?11:P5) PHI i~) A)SPH I (,ZERO# PHi P~h IIlFDPHI

tOMMON/CS/X, Y,IX. DYDFM.EK.ER,FRd4P .PN8,i4OX,KODE: ti0IF,Nt8W.NIT

CO,4?4N/C6/XLNS,K,J. IFRDTWLRH0

CO#410N/C8/NXUING. NYWINO,NXCS. NYCI
COMMON/C9/AJC(A).46) .AR()
RETA = SQRT((FPI * FM)-1.fl)
X I XF(3) - XF( I) '

X XF(3) - XF(9)
X3 F(4 ) - XFCII

X4 XF(h ) - X F 14)

Y 2) FF(1 Y )

IFXTX.RX T..0 O 10 'U
IF(Yl.GT.Y?.OR.Vl.LT.fi.0) 00 TO si

y".= fl . 0

If , ?.NE -Y1) TWI. =(XI - X?'P/ (Y" -YI

AN( I ) - (YP*(XP+X1) - 0 * (k-Xl ))

111 IX X1I/(FLOjAT(N4AW) -01.61)

IF ~%is ItX .01. X5) Go TO if,~

n0 10 1it
"'l Y DX/RE?±

fI~ N, y / ny

Xl NI) Y JNNPX-iIf*1I) NI

YN .1- X.*4 DX

Nkl E D

W YN/(X .

IXF(Y.TX))G O " 2



NB MNIt(.iAXI(YW.XNYN1).XNT-XN)41I GO TO 98
?4 MB = MN1(AMAXI(XNL4XN.XN*YNI)hXNr-XN).1
?ai NOR(NP) z "

IF (NP F0. NHW) KOOF 24
IF (NSIIRF *EO.l ) GO TO P9
IF (X CGT. Xl) KOIJE X6

-I. IF (NP.FD.NRbd)KODF=
IF (X .GT. X! ) KODE v4
IF (X .GT. X'#PX) KODEv2
IF (NP .FO. NtlOK) KODE zl

SIF(NR+MH.GT.91'iI) 00 TO Ito
NHI (NP) NN
Do 0f NP 1.MR
YN : P-i
N 4 No 4 1

IF tYN AOT. YW) KODt- =7
IF (KMDI- Ff. I .OR. KODE -EQ. .4) 00 TO 71)
GO TO 71

in NXRX(MP)ZNKF4X(NP)o1
/I ErONTINIJF

IF (MP .NE. 1) GO TO 13
IF (KODF FEo. 9~ OR. KODE AQO* 4 .OR. KOOE Jo. 5) Gn To /P
nO 10 7Ai

/P NXYCSTNXRXCS'l
/I CONlINIJE

Y:I)YOFLOA1 (MP)-l."DY
IF (KODE FJU. I OR. KODE -EQ. J) NYRX(NP):NP

.in KBOY (NNl KOIJE
411 X = X+DX

RE TIRN
n ICAll EXIT

RETUIRN
FND)

427



GPOUT POUT
SUBROUTINE POllT( 114)
COMPLEX CZEHO,VPICDSSPHIWSPIIPHIDPHITDDPI'
COMPLEX W#AJC
DIM4ENSION SWel)6),SIRF(2,S).CODt7).C5SO)
COMMON/C1/K4OX( 10100) XF(5). YE(3) .Xl. X2. X3 4, VYZ. 8FTA NIBS
COMMON/C2/AS. NMACH.FMACI4(6).NFREO.FREO(10 ) NMODE.NSURF.LPUNCH.KF
COMMON/C3/VPIC(20' 5),SS(2oP5),PHIW(5)SPHICZEROr'H,PHITEIjPHI
COMMON/C4/MOR('60),NAL(50)*KC(5fl),KL(?8),BSL(?0),DXE(7),TPI.U
CO"MN/CS/XY,DX,DY.EM.EKEKREKRNP,MP.NB,NBOX.KODE.MODENbWN8T
COMMOt4/C6/XL.NS,K,J. IFRDTWLPRHO
COMMON/C7/XAIC(lO.10eJ,YAIC(1O,').NXRX(40 ).NYBX(40) .NXUXCS
IOMHON'CR/NXUINO, NYWINONXCSNYCS
COWMON/C9/AI11(45. 45),ARC3)
DATA CSW(1,I),I:1.f,)/26NMAP Or MIACH BOX OVFRLAY ON,
I 26HWINGP TAIL. AND DIAPHRAGM ,
2 2AM (S) - WINGO

13261 (S)* - TAIL
4 2614 (o) - WAKF j
5 2614(. - DIAPHRAGM/
DATA (SIRF(i1I,.3)/8HWIN9 .RHTAIL .IIMNING *TAILI
DATA CDlSH,1SISlS1,1.
90 TO (1,9.Sl41.IND

in WRITF(6.lt)EM4.AS.RNOXF(1),XF(4),X.XX4.YIY2DY?.Y29 X7.,X4,AR(1),
1 AR(P),NRW.NRT.t4RS,NRS

11 FOR1,AT(IHI///// 3;'X#43HHUGHES AIRCRAFT CO. SUPERSONIC~ AIC PROGRAM
I ///31X,304r110'T CONDITIONS AND OFOMETRY/IHOI/15X, 1414MACt4 NUMBHER
2 =vr8.r,,4Xs16HSPEED OF SOUND =FIO.3A4t L/T,4X,4HRHO=.F6.2 1/11101
X54X,4HWING, lAXP
3 4HTAIL///)?Xj16HL.F. STATION (L)#?F?2.S//?2X#16H4ROOT CHORD (L),
4 2F?2.3// ??X,16HL.E. SPAN (L)#PF?2.J//72X#I6HT.k. SPAN (L),
5 2F??.3// 22X,16HTIP C4ORD (L)p7F22.J//?2X*16HTO1hL AREA (L.L),
6 ?F?P.3// 22X,061CHORDWISE BOXFS .119,127//??X,
716NSPANWISE ROXES .119*122)
WRI TE(6D1P2)NROX. DX.DY

* 12 FORtIAT(1HI/.1X,I3HOTAL CHORIIWISE BOXES =:.IA. !)Xo111J90X CHORD a,
I IPIFIP.r>,?H 1 . $5X*16HAOX SPAN z,1P1F12.5,'?H L/)
'4RITF(6,.91)

91 FDRMAT(IHI///// ?HX.51THHUGHES AIRCRAFT CO. SUPFRSONIr AIV, PkOGRAM
t(CONT-0)I/)
NR
DO 17 NP =.I NROX

MRz OH(NP)
IF ("".01.")0) 00 TO "fin
no 1.i NP =.I MR
K rKOOX(NO)

:(p CODCK)
13 No = N" + 1

1f(NP.87.6) on TO 1t)
IRITF(A.14)(SW(I.NP),Il),(C(MP)MP1,140)

14 FORMAr(10tX.,AA-5flA1)
Oil 10 17

iWRIJF(6,16) (CCP9P)*MPx1,MI)j
1A FOJRMA T(40X'IflA1
17 CON II NF

no to l01n1

N111 ivoPMAr(9X,v/I4WHFN NuBR 1XCFFDS 'h'e THE MAP PRINTING IS DIsCONTINUED
11/114fl.4N CALCULATIONS PROCEFD IN NORMAL MANNER)

110 10 1110) 42
?01 NYSzNYWJNG 2



NXSrNXWI HGUn D O NS=1.9
U WRITE (6.201) (SIR(I*NS)#I2fAP)

0U1 FORMAT( INI, v~x.51 HHUGHFS AIRCRAFT CO- SUPEPSONIC AIC PRuGRAM (CONT
1-)/////?BX#4.HAIC COLLOCATION STATION COORDI5ATFS nN THE 2A6/1Hd

2,19X, 4HYAIC. 1JED1.3MXAIC VALUFS--)
1)0 ?02 IYX1,NYS
YCrYAIC(IYPNS)

NYSZNYCS
N KS=N CS

T IF (NYS .EO. -i OR- NXS .EO.- 0) 00 TO 24b~
COfl~NTINUE

"'5 RETtIRN
:0. FORMAT (1O1X5176( ,9X*4017.6))

3nl VFI=EM.AS

RY:] .OIEKR
RR=X1 /P.O
WRITE (6.2211) FRFQ(IFR),BR,EKR.RV.EMVELR4O,O

??Q FORMAT(tHl.S1X.51HHUGHES AIRCRAFT CO. SUPERSONIC AIC PROGRAM (CONT
1-D)////9X,?0i4 OSCILLATORY FREOUENCY (CPS)*4X.1PE12.,,/1NOD9X~lSHRE
PFERI*NCF CHORn,4E,lPEi?.i5./lHG.9X.JRHREDUCED FREQUENCY (REV. CHORD)
.,4XIPF1?.5, /1HO,9X,?9HPEODUCED VELOCITY (RF. CHORD).4X~1PE1P.%.
4/lHI).9X,2.SHfRFF STRFA14 1ACH NWRM AX v PE12 45/INC,91, ?UNFREE SIRE
SAM VFLOCITY,4X. 1PEI?.lj,/1tHOX. ?IDFNSITY,4XOPFti.2./iHl,9X,J3ND0YNA
641C PRFSSURE (1 0.RHO.VFL..2),4X,1PE12.')////)

WRITE (6*221)
22'1 rORHAT(///35,X,34HAERO!)YNAMIC INFLUENCE COEFFICIENTS* I/SX.2MRLAiO0X#

17HIM. IfX,#?HRfI ,OX, PRIM, IOX,2HRL, I 1X,2141M,lX,2NRLlUy*PHIM.1D(,214R
21. I I1K.HlM,/)
OROWS=NYWI NG*NXWING.NYCSONKCS
90 ?72 NROW=I:,NROWS
WRITE (602PJ)NROW
WRITE (6#224) (AC(NROW#NCOLbNCOLxl,NROWS)

723 FORMAT (/ 5HROW I?1)
274 FORMAT (IPIbF17.4)
9?2 CONTINUF

RETURN
4h NW:NXWING*NYWING

NC=NXKCS *NY CS
* NT=NW#NC

NWI :NW. I
no0In (NI$? . flAt84 ) LPIINC4

HI CONT I N11
no .01 IsI.NW
PUNCH A')# (AIC(I#J)#Jxl*NW)

3 is I CONT I NOF
it S FORMAT (1P6Il1J .5)

RE TURN
NP2 CONT I N1F

DO A02 IxNWI,NT
PUNCH 80), (AU:;(I#J)PJNWINT)

3 OP CONT I NuE
RE TuRN

"CONTII NIJF

00 311 4 IzNW1.NT 429



PUNCH AS, (AIC(t.J),J=NWI,NT)
114 CONIINOF

RE TuRN
M4 CONT I NI

PLUNCH M,. (AIC(l,J)DJ21DNT)
105 CONTINUE
lfiRETURN

END)
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CFORCE FORCE
SUIBROUI~NE FORCE (R)
111$FNSION R(45,45)
COSMON/Cl/K 40U1000o).XE(5)eYE(3),XleX2,X3,X4i YlY2,8FTA,N9S

COMMON/C7/XAC(1O10,10,2)YAIC(O.2),dXOX(40).,HYBX(40).NXBXCS
* COMMON/C8/NXW INGD NYW [NONXCSD NYCS

Ij$RXW=O
* nnl So 1=1,Mvl

6>n 4MPXW=NM9XWI4XAX(1)

KUOW=NXW ING.NYW INfi4NXCS*NYCS

noloo 10 I1,mR
I hl 1(r,IKrI(JLNXIIA(I )#NX8XCS

O"M 150 I :I,IirfW

4n 66o 1:1,mR
NCK"0
FHR:2 .0

F(JF =1.0
YR~flY*FL0AT( I)-DY
1 ItIYWING-1
110 610 111=1, I1
IF (0.5*(YAIrUIlI.1).YAICCJII*11,))-Y-(1) .GT. YR-.'.*DY) GO TO 630

611 CON71NUF
III :NYWING
'iTO 620

640 CONIINIIF
IF (YR-0.5*iJY .1.1. 0.5.(YAJC(III.1)*YAIC(11II*1l))-YE() .AND,

I YR+0.15*IiY .(;T. 0.50(YAIC(II1,l)4YAICCIIJ*ID1))-YE(1)) NCKxl
*IF (NCI( .1.0. 11) 00 TO 620

FPT=1.0-FR8

4~CO LM
-- DO 65 11 1111 =I * I

KK:NXHX( I )
0)0 7501 K1.IKK
110 1011 *=I#teXWIN0~
I V (XAIC(1*1II,1)-XI-() .ofe (FL0AT(NXBX(t)-NXIBX(I)*K)-.5).DX)

1001 10 710
IV (XAIC(NXWING IiI,1)-XE(1) ALE. (FLU.A1(NX8X(1)-NXHX( I).K)-*5)*

I OX ) no 10 7?fl
I; (XAIC(J, I1I,1)-XF(1) GOT- (FLOAT(NXBX(1)-NXBX(J)4K)-.5)*O)X)

11)10 in 7.30
/lip1 r0NtII NI*f
11 NRF=NROW41

4( =NC;O; 4K

if (K .1 U. X) H(HI,NCI*)20(NHV,NCF )io.!
1(1.I1J. MR) FnF =(YE(1 )-Y&(l)-(FLUjAr(mR)-l.s).Dy)/Dt

If {I1 .1-0. MA) H(N141NCIP)zR(NRF,NCF)*IOE
(;0 15) /411

7? 1 N1 rP F N R 0W N X wI . 431tCF=NCflL*K-



R(NRF NCF 0 RH
IF (I .13. 1) R(NRF,NCF)=H(NRFPNCF)*0.5
IF (K .EO. KK. R(NRF,NCf'):R(NRFDNCF).U')
IF (I AO. MR) FOE:= (YH(3)-YE(i)-(fLOA1(MR)-1.5)*Dfl/DY
IF (I .EO. MiR) R(NRf*NCV)=R(NRFNCF)*fOE
Of) TO 740

73R3:XAIC(J.IjI1,1)-XAI(J)-(r1.IiI.1)NRXI+K-05)

NRr:NROW. J
NCF=NCOL+K

R(NRF-1,NCF )=(R1./R3)*FR4
IF (I E&U. 1) R(NRFNCF)=0.5*R(NRFPNCt)
IF (I AO. 1) R(NRF-1,NCF):0.q5*R(NRF-I,NCF)
tF (K FQ9. KK) R(NRf#NCF)=R(NRF#NCF)*0s5
IF (K JO. ItI) R(NRV-1,NCF)zR(NRF-1,NCF)*0*5
IF (I .E. MiR) FOE:(YF(3)-YE(i.)-(FLOAI(MR)-1.5).DY)/DY
IF (I .EQ* MR,' R(NRF*NCF)=R(NRF,NCF).fOE
IF (I EQ* MR) R(NRF-1,NCF)xR(NRF-1,NCF).FOE

740 CONTINUE
IF (NCK -EQ. 1I .AND. K .EQ* KK) GO TO 760
an TO 750

760 n0 850 KT=1,KK
On0 800 JT:1,NXWING
IF (XAIC(1II I.1,1)-XE(1) .GE. (FLOAT(NXRX(l)-NXOX( I ).KI)-,5).DX)

1G0 10 810
IF (XAIC(NXiIN4jI I11l1 )-XE(l) *LE* (fIOAI(NXHX(1 )-NXHX I ).KT)-.5)

1*PX) GO TO fV?0
IF (XAIC(J1 iIlll)-XF(1) .01. (FLOA1(NXEBX(l)-NX8X( I),I')-.5).i)X)

1IG) TO 830
800 CONTINUE
810 NRF:NROW+NXWING1.

SCF=N CO L* K
R(NRF,NCF )=FRr4FOE
IF (KT .FU. KK) RCNRF,NCF)uH(NRFDNCF)*0.5
qO 10 840

820 4RF=NROW+2*NXWING
NCF=NCOL+KT
1(NRFDNCF ):FRT.FOE
IF (KI EOle KK) R(NRF,NCF)zkCNRFNCF)*0.5
n0 10 840

830 Rl:XAIC(JT, Ili I1 1)-XF(1 )-(FLOAr(NXHX(1 )-NXNX( I).KT)-O.5)*DX

NRFrNROW*NXW I 'JO*J I
'-CF:nCi *KT

4ANRFNCF )=(I .f-RI/HJ)*f Rf*FOk
R(NtF1 9#NCFh=(R1/H3)*FRl#FOE
It ( I A10. I ) R(NRFPNCF)xo.**(NRF,vCf)
fV ( 1 .1 U. I1) R(NHF-lDNCF)z0e5#R(NRF-1 #NCf
If (KT .EiJ. KK ) R(Nt'F.NCF)uU.',eR(NRF,IYCF)
If (KT .1-J, KK) R(NHF-1,NCF)xD.5*R(NRf-1 CV)

840l CINIINIJF
85 0 CHN)II NtiIk

600 CON I I NIJE

DO 400 I=1,M4
KPK:FJXIIXCS

fI WT1 .0

FOF x 1.0 432



YR:IJY*rLOAT( 1)-DY
I I =NYCS-1
0)0 410 111=1.11
IF (0.5.(YAIC(1(I1,2).YAIC(111.1.2))-Yf(1) *GT. YR-*5.DY) 00 To 430

410 CON71NUE
I I I :NYCS
(10 10 420

4.311r O~N 71NIiE
IF (YiR-O.5*IiY .LT. 0.5.(YAtC(1II.2).YAIC(11I+1.2))-YE(l) .AND-

I YR.0etpIJY *1ST, 0,5eCYAICU111,2)*YAIC(1II*1D2))-YE-(1)) NC~x1

1F(C EQ )0 TO 420
FRTs1. 0-rRg

420 I4ROW=NXWING*NYWINC,4NXCSO(II1.1)
'COLNMBXW+(I1I)*NXIXdS
W)f 950 KZ1,NXfIXGS
i)n gEoo Jz1,IxCS

* TV (XAIC(l,IIID?)-Xf(1J .GE, (rLOATCNSOX-NXBXCS#K)-5)IJX)
10l,1) To 910

IF (XAIC(NXCS.111D2)-XF(1) .LE. (FLOA7(NBOX-NXSXCS.K)-.to).DX)
100 TO 920
IF (XAIC(JDIII,2)-XE(l) 9OT. (VLOAT(NbOX-NX9XCS#k)-.5)*IX)

100 To 930f
900 COnNTINuEk
910 'dRr:=ftOW.1

R(NRF,NCF )si.RH
IF (I f:o 1) R(NRF,NCF):R(hRF*#NCF)#0S5
IF (K EQ. 1) R(NRF,NCF)zf(NRFNCF).((FLOAT(N8OX-NXUXCS'1)).OK

I-XF(4).XE(1 fl/Il
IF (K *EQ* IFK) R(NRFDNCF)Z-R(NRFV,NCr).(XE(',).XE(l)-(FLOAT(NsoX-1))*

IF (I .EO. MR) FOE=(YjE(3)-YE(l)-(FL0A1(I4S)*5).DY)/OY
IF (I .E. MR) R(NRF,NCF)zR(NRF,NCF)*1OE
nn TO 940

920 NRF=NROW+NXCq
NCF:NCOL+K
R(NRFNCF)=I RH
IF (I .EO. 1) R(NRr,NCF)xR(NRFPNCF)*O*S
IF (K EO. 1) R(N~R,NCF)uR(NRFeNcF).(tFLOAT(NeOX-NXeXCS.1))*DX-

IXF(4).XF(1 ))/PX
If (K J10. rK) R(NRNC)RN~RFNCFv(ExH)-Xul-(LOAINOUX-1))#

ll)X)/ITX
IF (1 .1-0. M11) Foi-z(Y(J)-YE(l)-(FLOAI(MS)-l.5).DY)/OY
If (I E.010 R(NWF,NCF)mR(hPFjNCF)F6E
Ili) In 940

930 #I:XAlC(,III 1?)-XF(1)-(FLOAT(N0OX-NXVXCS+K)-.5).OX

NRF =NRflW*.i

L N~f:NC)= .- IR)Fl f

R(NHF-I,NCr):-(H1/H3)*FRVLI it (I .1U. 1) N.NHF-1,NCF)s0e.5#R(NRF-1,NCF)
II I.1-0. 1) F?(NHF#N(;F)xlo5.N(NRFshC1 )

* I (V.10. 1) R(NIFNCF)zR(NRF#NCF)*( FLOAT(NB0X-NXbIXCS.K)*UX
I-Xf- (4)#X(l( ))/MIX
IF (v .1-0. 1) R(NHF-1,NCF)9R(NRF-1,NCf)#( FLOAT(NOX-NXkiXCS+K.*DX

J-Xim-(4 ) XF( I))/OX

/ I) KI) 433



IF (K *EQ- rK) R(NRF-1,NCF):R(NRF.1.NCF).(XE'r).,XE(l)-
IFLOAT(N8OX-l ).hK)/0X
IF (I oEQ. MR) FOEs(YE(J)-YE(l)-(FLOA(M).1.5)eDY)/0Y
IF (I *EQ. MR) R(N~rVdCF)ZR(NHtFNCF)$fOE
IF (I .Eo MR) R(NRF-1.NCF)slR(NRF-1,.NCF)*FOE

940 CONTINUE
IF (;it:K oi:Q. I .AND. K *EQ* 1(K) 003 10 960
q5~ 10950

960 ilO 350 1(T:1,KKI
Of) 300 JTZ1.NXCS
IF (XAIC(l#iII41.?)-XM() oGE. (FLOAT(NNOA-NXNXCS+K1)-.b)*DX)

inn) 10 310 I
11 (XAIC(NX(S.IIl#P,)-XF(1) .LF. (fLIAI(NBOX-NXBXCS+KT)m.5)LIX)

140 t0 320
IF (XAIC(JT,III+1,?)-XF(l) .01. (FL0Al(NS0OXaNXBXCS+KT)-.5)0DX)

1(20 10 330
300l CONlINJE
314 N4rF=NROW+NXCS+l

9CF=NCOL*KT
IR(NlFDNCF.0 RT*FOI:
IF KT .Ei.~ 1(K) R(NPNCF)ap(NRV,NCF).(XE(5).XE(1)- FLOAT(NlS0X-1)*

lOX )/DX
IF (1(T *E1~ 1) R(Rf,,NCF):R(NRF*NCF)*. FL0A1(NB0X.NXBXCS.1)#DX

1KEF(4)+XE( ) )/I1X
n0 T0340

320 4RF=NRD#W2*NXrOS
~4CF:NcOL*KT
R(NIF#%CF)'0RT*F0F
IF (1(7 .EU, (K) R(t4PVDNCF)sR(IR,NCF)*(XE(5)-XF(l)- FLOATCNIWX-l)o

IF (KT *1O. 1) H(NRt#NCF):RCNRVDNCF)#( FLuAT(N90XNXXCS1)I)X
I-XF (4 )+XE(1) I/PX
q0 10 340

330l R1:)AIC(J1D I 1.12)-XE(1)-(FLOAT(NROX-NXSXCS#KT).DX-5IJX)

N41FN,4W*NX(:S4J I
NC1'F=NC OL K
4NRFNCF)=(1 .0-Rl/143)*FRT#FOE
R(NRF-1 ,NCV )=(R1/R3 )*FRT*VOk
IF (I .EQ. 1) R(NRFNCF)x~o.5*(NRFol4CF)
IF (I JO.~ 1) R(NHF-1.,NCF)'0*5*R(NRF-INCF)
IF (KT oEJ. 1) R(NRiNCr)XR(NJIVDNCF)# (FLUAI(NBOX-NXRXCS4I).DX-

1 XF(4).XF( I) M/IX
F (91 fr(J. 1) R(NRF-1,NCF)UR(NRF-.,N(.F).(FLOAT(NN0X-NXIIX;S*lI.1X-

I (4).XW-(I)IMIX
f (KY oflJ. 1(1( R(NINV.NCF)af(NRFNCF)(XE(5)-XE(l)-fLUA1(NBUX-1).

I(Kr [1U. KlK) R(NfF1DN()x(NR1DMICF*(XE(ti)XE(l)-ILJATCNH0X.

I40 CON II NISI

F NIURN
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~IOROjTINk Sf02 (S,RC,RDT.TR*TM)
rIMINSION S(45,45),R(45,45).C(45,45),b(45.45),T(45,4'))s

1 I1(45,4bo) ,TM(45# 45)
fCMMON/Cl/KHnX(1OQ0),XE(5).YE(3).X1,X2.X3.X4.YlY2.eETA.NBS
(OtMON/C4/M)R(').NPLCg)KC(b),KL(28),SL(0),DXF(7),TPI.U
(COMMON/C/X, Y, DX I)Y,MFKEKG .EKRNP,',PP,NNOX#KODE, MODE* NdiKT

IOlMMnN/C8/NX'4INUhNYWINflNXCS.NYCS
r T. HI% SUJR01111P GE~NERATES TH4E PEAL PART Of1THk SUBSTANTIAL
r' :.. RIVATIVI- IrATRIX FOR THE VELOCITY POTENTIAL

4i0 10 1 =IDM14
10 '4MzNMNXHX( I).NXNXCS

no0 20 I:1,Nmh
Of0 20 Jz1,Nm

no0 100 I:1$.R
IF (010M() .FO. 1) 01) TI) 100

CAllJ. IRMAT (hXSNRSR,NCSfi,R)
CA11 TmAT (NXSD,11,4SIZE#?oT#R)
0O 101 tiR=1,ISIZE
O)n 101 MC:1,N4CSI9
TR( HP, MC )0 .1
no 101 MRCx1.msIZE

101i tr(mR,MC):1P(MRPjC).T(MRHRC)*soqRCM4C)
(.AlI. CMAT (IXS.,2o1,NRSC#NCSC,2,C)
,)1 102 mR:INJS(.
'in 102 mC:11,4CSH
T(t4P,HC )0*f
1(0 102 MRC:1 .NCSI%,

10l2 T(MI',MC )z I(t4RMC )". NR.MRC)*TR(MiRCPIL)

n0 140 11=1,1
140 KPAW=KROW+NX4WXI

KR0W..KROW-NXAX( I)
110 IRO LR=1,NXS
L HO W=KROW 4tH
no( 100 LC=2DNXS
I ent =KR(IWi C

i tin TM(I RIIW#t I 1) =T(I NoI C)
1*0N( CttI I 1411
I F (NXHXCS 1 1, ?) G~O To) .00

'AI I FilAl (Nx~i4CS#NHSN,NCSRs8)

fin ?nF' MR) :0 * 0

?I111 IR(mRD MC;):Tie(mRMR.),TU4RMRC).S(MRCHC)1
CAll CMAI (NXIiXS,I#,22NRSC.NCSc.,C11

KlnO 435-



203 KR0W:KROW.NXRX(l,J)
KROW:KPOW,( 1-1)*NX8xCS
00 ?OR LR=1.I4xRXCS
NR0W=KR0WLH
KCOL :KROW
110 208 ICzl.NXRXCS
'ICOL :KCOL tiC

208 tM(NROWNCOL):T(LR,iC;)
2uO CONTINUJE
Sli0 CONTJINUE

4F TURN
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C~APSUJRHOOINE IRAMP (NIFrDMROWSKCOLSDSDR.C.BD 1.TR, TITM)

IimINS ION S( l4,45) R454)C(45 4)#6(45,45) T(45,45), I R(0#45)D
I 1I(45,4',),T14(45#45)

COMMON/C1/Kknx(1O(O),XF(5),YE(3).XlX2,X3DX4Dy,Yp2bFAN S
rOMHtON/C4/MIIfw5U , NIL(5 )KC(!i) KL(28 )BSL(20 )DXE(7)o IP IOU
COMMON/C5/X,YslXeUYeMEKEKSeEKRNP1ppNDNOXKODEOJENOWNjT
(;MO/7Xf;1,02#ACIP)NH(0#YX4)NUC
COMMON/C8/NXWING, NYWINO,NXCSNYCS

KCOI S:NXWIN(,.NYWING.*NXCS*NYCS
KflWS=0

19 KQOWS=NXBX(I)4NXRXCS+KROWS
ZERPi TM MAWkIX FOR SPANWISE INTER IOLAIION
110 ?0 1=l,Kf OWS
on0 Po j=1,KU1LjS

211 TM(I*.I)=O.O
C *** SPANWISE INIFRPIJLATION (WING)

IF (NYWING .nI. 0) GO TO 1999
1)0 1000 I=1,NxWING
CAIl. imA1 'YWINGNRSH,NCSB.B)
CAll IMAT (NYwIN,1 2,1,IhMS1ZE,1*T.R)
'In 1001 MR:1,tMSIZF
111) 1001 MC:1.NrSR
TR( MR1 MC) =0 *

On0 1001 HC=l.MSIlE
1001l r R (MRMC ) =TlI( MR MC ) +T(MR, MRC*R ( MHC #ML)

CA1. SMAT (MR,NYWJNC~l#NRSC#NCSC,S)
00 1002 MR:1,N'RSC
n0 100? MU=;1.NCSRi
T (MH, MC) :0 * I
no) 1002 MRC=1,NCSC

1110? T(MWDMC):T(MR,MC),S(MRMRC)TR(MRC,IC)
KROW:( I-i)*MR
00 1080 Lll:1.MR
LRnW=KROW+LP
'(Cnt:( 1-1 )*NYW[NGi
0)0 1080 LC=1,NYWING
[COI =KCOL.L(:

I Ohn TMHl ROWPLCOI )=T(i.Rol C)
1 t)n0 CONI INI4JI

I' *to iPANWISI IRANS'UOHMAIII)N (CONTROL SURrACt)
I (NYVS .11). 0I) (0 ToJ 2999
110 ?0001 1=1 . NXVS
C'Al I HMAI ('YrSNH#l1NCS8.a)
I:All IMAI (NYISP.?DIeMSIZFDI,TpR)
1;0) ?001 MH:1 ,MSIZF
1)( 0 211111 MG: = * .NCSIH
fR( MR1 mC)=nfl
fill VOlI MRC=1 #MSI/F

CAll SMAT 0MRINYCS,2)NRSC#NCSC,-S)

on0 ?0112 M(=1 .tcs"

L 1)0 ?Olintiu1,mll43



I RoW=KR(IW4I If?
KCOI =NXWIN~jsNYWINIv'( 1-1 )*NYCS
00) ?D$0 LC:].,NYCS
CI :n KCOL#L:

?fl80 TM(iROW,LCOI)=T(LUir)
P000 CONTINUE
2999 CONTINUE

C**REARRANGE ROWS AND COLUMNS FOR CHORMWSE IRANSFORMAlION
CALI RMAT (M4R,NXWING-MR,NXCS*MSIZER)
DO 2050 MR:1,t4SIZE
00 2050 MC:1,KCOLS
1I( flR, MC )=0.fl
(30 2050 MRCzl,KROWS

205n TI CMR,M4C)=Ti OIR.MC).R(MR,MRC).TM(MRC*tC)
r *&* ZERO, TM MATIeI'x FOR CHORIJWISE INTFR~'cLATION

MCOI S=MR#(NXWINGNXCS)
lH0ws:0

In PRfllSMROWS+NXY(I)*NXRXCS
130 60 I1,MHOWq
00 6o j:1,lm(:lS

c *** CHOROwISE INTFI-RPOLATION (WING)
IF (NXWINO* .F0. 0) IVO TO 3999
1) 0 3000 1:1,41
CAll RMAT (f4XWINO,NlSH,NCSB,B)
CAIl. TMAT (NXWING.1,1, IDMSIZE*1DTDR)
00 3001 MR=1.MSIZE
D0 .5001 MC=I,NCSR
TR( MR. MC )=P.0
DO 3001 MRC=l.MSIIlE

3001 rR(MR,MC)zTRi(mRMC).T(MRMRC)4B(MRCM()
GAI.1 CMAT (INXWrNG, I,NIF,1,NRSC*NCSC*1,C)
flO 3002 MR:1,NRSC
no 35002 MC=I.NCSR

00 3002 MRC=1,NCSC
;SIoIP T(mU?,MC):1 (MR,MC)tC(MRMRC)*TN(MRC,'C)

KRAW=O
no 40 11=1,1

40 KR0W=KROW4NXRX(Il)
KROW=KROW-NXRX( I)
.IJZNXHX(I)
nn SO80 LR=1 I J'
I ROW1I(RoWL I?
KCOI :(1-1 ).NxwIN0
no .50110 LC=1,NXWING
I.coI :KCOL +.l*

I) s p rm ( ROW# I (:01 'T (L R I C)
PH1IPf CON I I N111-

"1Q99 (ON II Nlt
V*** ti'lleDW I Sl* I N I PPOLA I ION (CONTHOL SURFACE~

I I (NXCSF *Fl. (1) 100 TO) 4999
'III 410 no =iiI , Mil
C~AII 11MAI (NXl:S,NSlI,NrSR,R)
C'All THAT (NX(:S,1.?,I,MSIZE#1*T,R)
!) ( 4fl111 NH: ,PISIIr

1)H I 401, M ( =I , 0 * 1

il0 4001 MRC=1,MSIZE
4 11111 TR(MR, MC):TFU(MR,MC).T(MRMRC)*R( MNC,l(:) 43



CAII CMAT (t4XSPI*NJF,2DNRSC#NCSC#I#C)
00e 4002 MR=2.NPSCK ? H0 400? MCZI.NCSe

no 4002 MRC=1.NCSC

n)1 4080 LRzlNXBXCS
4RflWzKROW.L
KCOL=MB*NXWJN(v;.(1b1)*NXCS
1)0 4080 LC:1.NXCS

10 S50i1 MH:1,MROWS
')0 5001 MC:1,ICOLS

R. RMC ) 0. 0
410 5001 MFCC:1.MCOLS

:.All RMAT fJWNONYWINGDNXCS.NYCSPSIZEDNR)
1)0 5050 I1.mHOws
no 5050 J:1.,4sIzE

1)0 5050 Kz1,MSIZE
505 0 r I ( 1,)=Ti(I,J).TH( #K)OR(KoJ)

4)0 5052 I:1,MPOWS
no0 5052 J:1,MSJZE

*5052 rR(h~J)=TI(i,j,
RETUJRN
ENDI
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.rPSLS f8SLS
5hRROUT INE HSI S(ARG, N

I 9SL(I) =U-11
AO=ARG**2

IF(ASO.LT.C0.f1) GO TO 50
4 = MINI(17.A,(ARO + 10.0))
r =2*N + 4
tSL(t442) x(4.0*F*(F-1.0)/ASQ-(F-1.0)/F)*O.Jf 30

.1 0
00 10 1j J,N
4 N - I +1
r 206 + 1

10 PF PF + 2.fl.(F-?.fl)*RSL(M*1)
PF PF HSI, (I

IF(AnS(PF),a;r.1.0) F z AIS(PF).1.E-Jv

n0 30 1= 1,N
IF((.GE.AHS(RSL(I))) Go TO 20
RSL(1) = OSL.I)/PF

20 TO 30
20RSIMI = 0,0l

3A CONTINUE

IiS1 (1 ) =1.11 -2.0*tHSL(2)

N =2
RE TURN
Fmnf
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CCONSCOINS
('('ON DATA

COMLEtX CLEKODVPICDSSPHIWDSPH!,PHIDPH IEDPH1
COMMON/Cl/KIIOX(1000), XE(5IDYE(3), X1DX2DA3DX4,YlGY2DIBETA.N8S
c.0MM0N/c2/ AS, fJMACHdJMACHC(6)#NF RE Q,REQ( 10OhNMODENSURF, LPUNCI4.KF
(COMMON'C3/VPTC(2025)oSS(2025),PNIW(50),SPNICZEROPNI,PNITE.DPHI
COMMON/C4/M(JR(5O),NBL(5O),KC(iO),KL(2bI)DISI.(2O)eDXE(7), TPJDU
'f)MMON/C5/X, Y, DX, OY,EMEK:EK9,EKR*NPPPPNNDNsoX*KUDE.MobE, NOW, NOT
(,OMMOW/C6/XI ,NS,K,.J,IFRTWLRlO
CO(MMON/C7/XAII:(IfIl1I2),YAIC(1O.?)ddX&,X(4Q),NYSX(40),NXHXCS
VoMMON/C8/NXWINO. NYWINGNXCS.NYCS

11.91 211,232,?%44777,301 ,3?6tJ52,3i9.4hi7e4J6,466e497e'529.562,596,
?631,667,704,74?,71l,821,862,9o4.947,9911IIJ36,1082.11?9#1177,1226/,
.TPJ/6.28318'3/,CZERO/(O.,D.O*)/

1 19,?O,21*1/
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CCAFI CAF
SIJAROIJINE CAFT
COMPLEX CZEpfl.vPICSS.PHIW.5PHI.PHIPIITEDPHI
111MNSUNW P(5i).,10)

C(IMMON/CJ/VP#tC(2f?5).SS(2025),PHIW(50).SPIICZER0.P~PI fDPHI
COMMON/C4/N(JR(5)Q.NIL(01),KC(bSO),KL(28),BlSL(20),DXF(7).IPIU
C0I4MON/C!P/X. Y.DE. DY.EMDFKUEIIIEKRNPJIPNJNBOXKOD..MOJeNWNST

Cf()MMON/C6/XI .N'IiKDJDIFRTWLRHO

I W/0.11ft46344023931434.0.28444444*S.2J931434.0.11ti46344/
Pt a rPI/2.u
I(E911*6T,111.l) UO TO 10

430 TO 30
10 VPIC a CZIERet

1)0 20 1 a 1I's
ARC 2 FKBOPC/?.II

lzi 1.0

- IAF 1.b1
on 1 K 1.2
AF: AF # F/Fi*e2

17 14 1.0
f*ARS(AF~otF.1oE-5) 00 TO 20

SO 400 WP22NX
1(1 a KC(I4P)
KZ aKC(NP+1) - 1
1040 K 2 KJ.K7

40 VPJC(K) =CIFIO
411 NP-I
n0 80 J 1.5
X FLOAT(NU) - 0.5 + PMI
ARC = KN*X
PHI z W(I).CMPIX(-C(,S(AIR0),SIN(ARO)).?.0/PI
CALL RSl.S(Aiy1/FMoN)

-9zKC(NP)
9010 MP= )&Nil

POX =IIOAI(#lP) - h.t)/X
1, rSORI(Iou - FOX'.2)
AF z ;0eATAI(IOX/(1oU *CM)

VIN RI* Ae

rI 1.11

VPI VIN'VN*

VPIG(K M VfPIC'(K) *OPHI
VPICK.1I ~VIIC(I) - DPJ4I 442



IF(MP.FIU.1) VPIC(K) VPJC(K) * fPHI
70K=K + 1

80 VPIC(K) VPIC(K'O +PI.[-SL.PI!1/2.o
RFTIuRN
END
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L C PIIP PHI dI SUPROUTINE F'HIR
cONPl EX CZEH0l.VPIC,SS,pHJw.SPHJ,pHf,PP4JTE,DPHI
COMMON/Ci/VPI(C(2O2t'),SS(2025),PHIW(50 ),SPHl ,CZEROPHIPHI TEDDPNI
COMMON/C4/MOR(r)0),NHL(5O),KC(50)IKL(2$4),8BSL(?II)sDXF(7).1P!,U
COMMON/C5/Xy.DX,DY,EM,EKEKBEKRPP,'P.NHNROXKODk,q~u,,NeWN8T
rol4mH0N/C6/xI .NS.K.J.IFR.TWLDRHO
n0 20 I:?,NP
N:NP- 1.1

Nj::NHI (NIJ)+J1
0 10 20 .j:J J"
K~lC( I )IAI3~(MP-J)

I IF (J.0T.i-MP.1.0H.J.VQ.1) 60 TO 10
K=ICC( I )+MP.)-?

10A Sp"I:SPH!.DPwl*SS(NJ)
20 NJ=NJ~l

RFTLIRN
END
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rARLF ARLI:
FlINCTION ARIF(TOB)

f'OMmON/C1/KbnXf 1 10),JF S YE(3),X sX2, X3, X4p Y1Y2 OFT A oNBS
CO114MON/O~/Xl IIMF*KK#PP#fiNU#OENIEN$O
rCONMON/C6/XI f.dK,.J,IFRs TWLPRHO

IF (TOR o.UA. 11.0 SONt TOR *ST. oOF~lo) 00 10 20

XI4 = YT.TUR
YR = A0NAX1(1I,0, AM INI (I.0.lsYT-1.0/TOS))
Y= AMIN1(1.IIAMAX1(Qo.OYT))

X .=AMAX1(fO. I.AM IPI( 1.0. ER-TOS) )
IVP = AMIN1(l.fi,AIAX1(O.ODXR))

491=AMAXI(0'. 5 ( YT.( XRXL ).YB.( R-Xi) ), 0.0)
Ir(wP.EO.1) ARIF z 2.00ARLE
;?E TuPI41 1lf ARI.E =AII10,MX(9*YY)D*-)

II RETURN
20l API I = 0.0

R~ETURN
END
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CM SUBROuTINE CMAT (NAICPXDIY#NlfDNSDNRiSNCSDNL-,C)

OTMENSION C(45~,45)
COMMON/C1/Ki40xC10U0)DXF(5),YE(3),X1,X2,X3DX4,YlaY2,8FA,NNS
COMMON/C5/X, YDXhllYAFMDEK,EK9,EKR,NPIrP,N8.NBOXeK0DE.NOIJENbW.NUT
COMMON/C7/XAII:C1C,IlI,2)DYAIC(10,2).tXbXC4o)DNYBX(40),NXbXCS
COHION/C8/NXWINONYWINODNXCSDNYCS

c~..FOR CI4ORDWISF INTI-RPOLA'IION
C~ N. PTS a NUMBIR OF CHI)ROWISE MAC14 RU)XES
r~ N. AICPX =NUMRI-R OF CHORDWISE AIC CONTROL POINIS
C' ** j SPAN NIIMHFR

# .e~IF CONIRlotI FoR nIFFFRENTIAl ION C1:NU (FRIVATIVF AND 2zD)/IDX)
r oo# siS SIIIVACI C1:WINU AND PuIAIL)

If (NAICPX nAT. 3) G~O To 3
4RS=NXRX(IY)
IF (NS .IU. P) NRS=NXBXCS
NCS:NAICPXj

1)0 1 J:1,NCS
I rC(1,J):0.D

00 TO 100
3 NRS:NXRXCIY)

IF (NS EoF0 2) NRS=PJXIXCS
NCS=3*(CNA ICIPX-2 )
n0 4 IzlaNRS
90) 4 J1DoNCS

4CC I, J) 0.0
10f) Ir (NCS *GT* 6 ) 00 TO 500

IF WNS sFQ. 6) GO) TO 400

r90 10 (2010.0hI..10h).NCS
r *** rWO CHiORDIM~ AIC CONTROL POINTS

200 00 2111 Iz1.NR"'

qCI,?)=XHOX( IDIYNSDNF)
IF (NIF *EQ. P) C(lt)=0.0
IF (NIF -EQ. ') CCI D2)v.0

210 CONliNUE
RF TUIRN

C *** THRFE CHORDWISF AIC CONTROL. POINTS
300 00 310 Ix1.NRS

CCI,?)=XFR0X( Ip YNS,NI-)*

IF (NIF .5'0. :0) CC hi )in0
IF' (NIF *.0. P) C(1,2)xl*0
IF (NIF of0. ;l) C(I,3)z.o~oXRlOX(I#IY$INS,NE)] 510 COIIit
'IfFTURN

r o* VVOIIR CHIoRIIWIf AIC CONTROL. POINTS
4130 ifl 4111 1 21lNR;

NXnNA ICPX-1
looi 406 .ImloNX
IF (0.9)*(Xihir(,,IYNSDNE)*XINTCjdD(IYNSeNE)) .GT. XROK([IyoNSONE
) ) ;0 Il 40/

406 COIN IINIJI
NJX2NA I CI'X
96 10 4011 I

44,7 *4 r.
40M K ifo'tI

I F (NX G01s 7) KC=4I
CCI,Kc)zto0 446A



CCI. KC+1)~xRlx CID Y. NS NE )

IF (NIF -EQ- 2) C(I.C)zO0
IF (NIF -EQ- P) C(IKC*1)31.O0

I1Fl1 (NIF .10. P) CCI,KC*+2)x2 0 0*XBOX(IDIyDNSDNE)
40CONJINUF

RFTIiRN
n. fT. FOUR Air CONTROL POINTS

t~ ) 06 11N
IF (0.50(Xlt'T(JIYNSN)XiNUJ*1DIYNSNE)) .BT, XgOX(I#IY.MS#WE

* 1))(in TO b01
506 CONIINUE

NXNAICPX
(~O 10 508

s507 'IXF(Nx ALT. 3) 00 TO 550

IF (NIF .G. 2)GP2 00J, TO Sill

50C(I,KC):1.O
C I c~):XoXC I I, NS,E )

IF (NIl' *EQ. 2) C(I,KC1).0
*IF (NIF .EO. 2) C(I,KC2)aX.0Y,$#

IF (NIF .Eu. 2) C(IKC)axOE.IYNE
qf0 TO 510

580 CCINS):1.fl
CC , N)Xq)X( I, INS, N)

IF (NIF .EO. ?) C(I,NC)=0*0
IF (Nil' -EQ. 7) C(INC)1.I
IF (NiF E. P.) C(I.NC)XBOX(IIYNSNE)

510 O 510
58 QFIINS2z~

CIoNS1)xo(I1,NoE

C(,CSz .1S-)0

IF (IF 9Q. 9 C(INCS- "zG7



CRMAT
SIIRHOIT INI- UOAT (NXWING.,NYWINGDNXCSNYCS.MSIZF.N)
eIIPMNSION R(46,4§j)
M'IS F=NXWINI;*NYWJNONxCS*NyCS
(10 100 I14 A ;IZE
"n 100 J'1.MSIF

If (NX141P4 .FQ. 0) 60 TO 250
KaI

I t:NYWING*NXWJNG
nlo 200 1:1.1,
R ( I PK ) =1.o0
I(:KNXWING

IF (K .GT. 11) KK=I(,k 35
IF (K .(GT. 11) K:-KK

K2NXW INGeNYW i na*
KK=NXW INGONYWI NO.1
90 300 121,11
IK=I+NXWING*NYWING

I K=K+NXCS
IF (IC .GT* t4sll)lil K
IF (K OGTO MSI7E K=KK

300 (;ONTINIJE
35CON114UE

RET1URN
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J CINT tN( XINT(XNN#E

COMMON/C/Ki4flX1o0o).F(5)YE3),xlX,'X3,X4Yl.Y2eNETAsN8S
CrOMMON/C4/MO)R(50),NHL't50),KC(bO0).KL(2fl.9S1C20),DXF(7).1PI.UI O(MMON/C5/X,Y, IXg, lFM EK, EKA, EKR* NPj PPDNo# NgoXOKODE ,MODJE#NIJWPNUT
COMMON/c7/XAIC(lOD1O,2),YAIC(102)NXIX(40)DNYBX(40).NX4XCS
CO)MMON/C8/NXWI NG,NYWINODNXCSNYCS
IF (NE Al1. 1) 00 TO 400
IF (NS .EQ. 1) (GO TO 2100
XINI.XAIC(NXD1DNS)

RTURN
7 (J IF (FIrAT(NY)*PY-0Y GOE. YC (2)) Go 10 300

XINT:XAIC(NX, I.NS)
RF FT U RN

10 0 IF (YAIC(ID1 ) .LE. YF(2))

If CYA IC (I , ) A r YE C.))
I fi.OF( YA IC(NYW I NOI)-YA IC(I ll))/(XA IL(NX,NYW INo, I)-XA I((NXp,I))
IF (YAI(:(1 ) ALF. YF(2))

1 EINI=(nflIIAI(NY)-rY-YE(2).YE(1))/SLu;PE + XAIC(NX.,1,,)
IF (YAI(:(1.I) *UT. YE(?))

I X~INI 2 ( Y*CLUjAT(Ny )-IIY-YAIC(1.#I)+YE(1))/SLOPE- X* CNX
RU T URN

PI- TURN
FND
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ruNTerION XBIJX(NXDNYDNSNE)
f*OMMON/Cl/ flX(I1000 5) Y(S) .)Xl, X2 X3, X4, Y2d~iA.NBS
IOPM(N/C/XYX.IYENDEK,EKIFKRDNPDIIPN0,NBOXKODf .MOD,NWNhT
COMMON/Cl/XA ICIO 1, 12),VA IC( 10.2).NXIIX( 4 ) , NYAE(40) DNKISXCS
If (HE .016 1) 00 TO J0e
IF (NS .EJ. P) 00 TO 200
XEO0xsnX.(FLhIAT(NXsX(l))-FLOAT(NXeXcNY))),nX*.roAT(NX)-..o.5.X

POO0 XflnX2X('))Xw(FLoA1 NX).0.b)
4TURN

300 X9OX=0Xm(fL0AT(NX-0*5)
R~ETURN
END
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roxFUNCTION YROX(NV)
COMMnN/CS/X- Y, OXI)YFM,EK,,EK9DEKRNP P#N9, "BOX #KODE ODJE *NwNOTI YAnXzDYe(FL0AT(NY)-l .0)
RFYTuRN

45



SURROIJTINE IHAT (NPTS*IROIJS#ICOLS.B)
niMFNSION 0(45,45)

C R* z R (IROWS,I(:OLS) MATRIX
C *.NPTS NUJMBER Or AIC STATLONS ALONG STRIP (CHORDWIS: OR SPANWISE)

ICOI SmNPTS
IF (NPTS .GT. 3) 00 TO 200
I ROWSzNFPTS
f40 50 11.IOWS
00 5,0 JzlIcflgS

IF (I *EQJ. J) R(iJ):1.0O

200 CWjIlNU

20IPO0S=6+(NPIS-4)#J
no a00 Iml.IRl)WS
00 S5oo J:1,IC)LS

fln (1#J)2060

R(JROWSPjCOLS)=1.U
R(JROWS-lpIC0LS-1)=l.0
IF (NPTS .eF4. 4) 00 TO 400

110 350 x,

359 4iRCz.

400 RETURN
-I END

4521



C !,MA 7
qSjRPnhT INI SI4AT (NJYPNAICPYNS#tIRS,ICSeS)
1 1MINSION S:465,45),
COMMON/C7/XAIC(10,10,2),YAIC(1O,P),hXbX(40)PNYB(4)NX5KCSI COMI4ON/CB/NX WINO, NYW N ONXCS. NYCS t

C *.NA'ICPY =NUMRFR OF SPANWISE AIC CONTROL POINTS
r . NS SORFACE (1:WING AND 2mTAIL)1 C .. 'IRS NUJMBER OF ROWS IN S-MATRIX

4i**ACS NUJMBER OF COLUMNS IN S-MATRIX
I' COMMON

~ If (NAICPY ntr. 3)O6 TO 8

'fCs=NA IcpY
M)~ 6 z ,N !

006 (,J:U.Q!

40 10 1110

NCS=3*(NAICIY-?)
9)0 9 I:1#NR5
110 9 J=1,NCS.

100 IF (NCS .GT. 6) GO) 10 500
IF (NCS *EQ. 6) Go 10 400
G0 in (2000,?fO0IJ),NCS

r *** run AIC POINTlS
200) Ito 260 I1.I1iIY

S( J,2)1.H I'
26o cONIINIIF

3 RETURN
3C *** I'HPI-F AIC P(IIrSTS

3011 110 3601) I1,Nt~Y

S( 1,2)zYROX( I)

IC=4
It (YROX( 11,5(AC2N)+AC3NM I2

440 CO I 140I

V6* .10. fOIIR All' PIONIS

~ I Nj :IUA IrPY-?

IHIIl.'.(YAICI(.NS).YAIC(J.1,NS)) .01. YSOX(I) 0O TO 525

i C,=A.NA ICIPY-FI

I C (. .1 . ) ) 0, #

It(. ,I TC,? ) I j-j ..

')?n COIJI NIII-



I? F 7i0 RN
FNn

I

454
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CATSURN01~ITINE IMAI (tP1S*ND.,NS, IY*tSIZEIEIT,R)

,1iMI-NSION 1 (4',,45bHR(45i,45)1Cf)MMON/C7/XAIEI(10,1092).YAICC10,2),NXINX(4U),NY9X(4#oNHC
COMMON/C8/NXWINGNYbiINGNXCSNYCS

C .. 'FNERATkS (7)**(-l) MATRIXIC *.IPTS NUMBER nF AI(C POINTS ALONG STRIP IN NO DIRECTION
r . 4SIZF ORDkR OF T MATRIX

r 4S. =4 SURFACt (I=WING AND 2:CONTROL SUNFACF)
r *. " =r INTFRlPIIIAIION IIHFCTION (1:CHORi;WfSL AND 22SPANWISE)
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