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FOREWORD 

This report covers a portion of the research conducted by 
the Los Angeies division of North American Rockwell Corporation, 
Los Anpeles, California, for the Aerospace Dynamics Branch, 
Vehicle Dynamics Division, Air Force Flight Dynamics Laboratory, 
Wright-Patterson Air Force Base, Ohio, under Contract No. 
AF33(615)-2896. 

The work was performed to advance the state-of-the-art of 
flutter prediction for flight vehicles as part of the Air Force 
Systems Command exploratory development program.  The research was 
conducted under Project No. 1370 "Dynamic Problems In Flight 
Vehicles", Task No. 137003 "Prediction and Prevention of Aero- 
thermoelastic Problems".  Messrs. James J. Olsen and Samuel J. 
Pollock of the Aerospace Dynamics Branch were Project Engineers. 

Mr. H. Hoge was the Program Manager for North American 
Rockwell.  Mr. L. V. Andrew and Mr. T. E. Stenton were Principal 
Investigators.  The basic approach was outlined by Dr. M. T. Landahl 
of the Massachusetts Institute of Technology.  The calculus of 
variations approach was suggested by Mr. James Olsen. 

The contractor's designation of this report is NA-66-694. 
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publication as an AFFDL Technical Report. 

This technical report has been reviewed and is approved 
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Asst.   for   Research  &  Technology 
Vehicle  Dynamics  Division 
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ABdTOACT 

Two methods have been outlined in detail, and one of them 
uas been mechanlted, for calculating acoustic ray paths emanating 
from any point In a non-unlfora transonic flow field surrounding 
a wing.  It gives the ray path, and the time, for the minimum time 
of travel from the acoustic source point to the field point. The 
resulting velocity potential Is also computed. 

It was necessary to establish an accurate representation of 
the flow characteristics In the field surrounding the vlng. Some 
ray lines travel over the planform and Into the surrounding flow 
field. It was established that once off the planform they do not 
return. 

Available methods predict phase lags based on the assumption 
that acoustic rays travel in straight lines. The results of this 
study shov this to be a very poor approximation at transonic speeds. 
Therefore, it is recomBended that the method presented in this 
report be fully developed for the purpose of calculating generalised 
forces on wings in harmonic motion at transonic speeds. A computer 
program that would predict these phase lags with reasonable 
accuracy, and the corresponding flutter characteristics and unsteady 
aerodynamic loads on a wing responding to externally applied forces, 
such as gusts, would fill an important gap in the available 
technology, 
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SYMBOLS 

c chord 

C speed of sound 

g time of travel of an acoustic signal 

M Mach number 

r Slope In the y-direction, dx/dy 

6R Increment in radius vector 

s Distance along a ray path, span 

t Time 

U Free-stream velocity 

V Velocity 

x, y, z Location of a field point 

xÄ»yÄ>z Location of a source or doublet point o o o 

X, Y x/Bs, y/s 

X*,  Y* Linear transformation of coordinates X, Y 

i, J, K Unit vectors along x', y', z' axes 

^p Radius vector 

V Vector gradient operator, tjj    *tfZ    *' 

0 /lUF,    /r2 ■»■ l-lf 
6 o ♦ n,    an Increment 

0 Velocity potential 

A Ray Angle 

T Thickness ratio 

Subscripts 

a Advancing 

i Local, lover 
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STfMBOLS (Continued) 

r Receding 

u Upper 

x> y Partial derivatives with respect to x, y 

r Sonic line 

m Infinity 

SvqperscriptB 

Derivative with respect to time 

Derivative with respect to the independent variable 
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INTRODUCTION 

When an airfoil travels through the air at spjeda near the speed 
of sound, the local speed of flow varies from subsonic near the for- 
ward edges to supersonic near the trailing edget.  These wide variations 
of speed from that of the free-stream characterize the non-uniform 
transonic flow. This non-uniformity of the flow field must be accounted 
for in accurate calculations of unsteady pressures and forces; partic- 
ularly their phase lags. 

In order to determine an unsteady transonic flow field one requires 
solutions for singularities Immersed in a non-uniform steady flow, 
(Reference l). Source solutions for a mean flow that varied in the 
x-direction only were given in the high-frequency limit by Landahl 
(Reference 2). Rodemlch (Reference 3) presented a "box" solution, 
based on pulsating doublets, which assumes a uniform mean flow at Mach 
number 1.0.  No exact solutions for the case of a mean flow with 
arbitrary spatial variations have been found, thus far, but Landahl 
proposed the basic fonn of a solution which removes most of the limita- 
tions and restrictions of these approximate solutions. The method 
focuses attention on the time of transmission of an acoustic signal 
from a pulsating sending source to a distant receiving point.  The 
signal travels through a nearly sonic flow field where the Mach number 
varies in a prescribed manner. 

This report contains a difference equation approach, and 
differential equation approach to confuting the paths and the trans- 
mission times for acoustic signals. The Independent variable in the 
latter approach is a spatial rather than a time variable. A pro- 
cedure that could be used to calculate the velocity potentials and 
generalized forces on an oscillating surface is described. 



POTHITIAL OF A UNIT SOURCE 

The basic expreeslons proposed by Landahl for the velocity potential 
at the point (x,y,z) due to a pulsating source at (x ,y z ) are: 

0 - -^ exp titt)rt-g(x,y,z,xo,yo,zo)]l (l) 

(a)    for a source in a locally subsonic flow region 
-1 

R -VU-xJ2 + [l-^(x,y,z)][(y-y„)
2 ♦ (z-z^)2] 

where 

o' 

M ■ Local Mach Number 

^0*y >* ■ Location of source point 

g(x,y,z,x ,y ,z ) ■ Time required for a disturbance to travel from 

(b) for a source in a locally supersonic flow region 

0 - — {exp[l<ü(t-gj] + expEMt-g^)]"! (2) 
UnR a r 

where 

g        "6      (x,y,z,x ,y ,z ) ■ Time required for the advancing,  reced- a,r        a'r o   o   o        1      wve to travel from (x   y    z ) t0 
/     \ o c o 
(x,y,z) 

It is likely that good accuracy may be obtained with use of the value 
of ga for uniform flow (in the supersonic case, and also for the advancing 
wave portion in the subsonic case).  However, our purpose is to produce a 
general solution for g which applies to both the advancing and the receding 
portions of the wave and compare values with those for uniform flow. 

Since the primary Interest is in wing flows, we consider that both the 
source and receiver points lie in the x, y-plane, so that z ■ z0 > 0. 
Furthermore, we consider that signals do not return to the plane once they 
leave. The problem is thus simplified to one in two spatial dimensions. 
Its solution should be applicable to a wide variety of nearly planar lift- 
ing surfaces. 

Consider a signal emanating from a source at the point (x0,y0) on a 
wing. A second point past which the signal travels is located an incre- 
mental distance (dx, dy) away. There are two components of velocity of 
the signal, a radial component, C, where C is the local speed of sound and 
an x-component, U, where U is the local speed of flow over the wing. A is 
the eugle the radial component makes with the negative extension of the 
x-ax.'s. Tht path of this wavefront point will be referred to as a "ray". 
The shape of any ray depends on the iritial choice of A; for a given A, dx 
and dy are componento of the first element of this particular ray emanating 
from (XO^Q). The situation depicted is general in that it applies not only 
at the source, but at any point on the ray path. Thus, the 



velocity at any point on the path is a function of three spatial para- 
meters which vary with position, U, C, and A. From the sketch, it Is 
clear that 

dx = [U(x, y) - :(x, y) COB A] dt (3) 

dy « C(x, y) dt sin A 

Equations were developed for two methods of tracing the ray path to 
establish the magnitude and the phase relationship at field points to a 
unit source.  These methods are:  (l) a difference equation method, and 
(2) a non-linear differential equation method. 

Difference Equation Method 

In this method, time is the independent variable. Equations (3) are 
two of the three equations needed to establish the variation of x, y, and 
A with time. The third equation is obtained by considering the accelera- 
tion of the ray In the non-uniform flow field (see Figure l). 

ZTV^ 

Figure 1.    Velocity Congwnents of a Sonic Ray Line 
In A Moving Alrstream 

In tenif of conqponents in the directions of the rotating unit vectors "f1 

and f 

00 
and /R,   ~ (CT s/*** iCU)*' + (C~l>eo*'€)T 

It is necessary to express the angular velocity A In terms of space vari- 
ables. To do this, cor«»•''Vr that at time t a second ray point Is located 
at  <*» • /R,*t*-* >  where BR is small, and it's direction of travel is 
0ft * 01, * S*    . Let the superscripts (o) and (l) denote times t and 
t, (- t + At). nien at time t, 0 

x   o 1 



and    *?>**?> + *<•> At 

Subtracting the first equation fron the second 

*/*<'>* tm***t*"*** (5) 

where     S* * *t -*, 

Recalling that the cross product of two vectors Is a vector normal to the 
plane defined oy the two vectors, and has a aagnltude equal to the product 
of the two xt gnltudes tines the sine of the angle between then, then 

r*'****"** *'(~f*f0,r*<'>s,*A*) (6) 

which has the correct sense. When AA Is snail, and when Equation (5) Is 
substituted Into the left side of Equation (6), we get 

i*"*M **"*** * $'(.r*">f*<'>Au) 

This nay be rewritten as 

an«4 in the Unit as At - 0 

A i-u'-TtC-Vers^i) (7) 

where the operator 4«V is 

and operates only on C and U. 

Equation (7) has a revealing physical interpretation. From Figure k  we 
see that the gradient of the speed of sound C, on forward portions of the 
wing, is a vector pointing forward and slightly outward from the center- 
line; whereas, from Figure 3 we see that the gradient of the local flow 
speed U is nearly in the opposite direction. Although it is not apparent 
from the figures because they are plotted to different scales, the magnitude 
of the gradient of U is about five times that of the gradient of C. From 

the energy equation CT + A"- IT » constant, VU - -5.0 7C. The local Mach 

number is increasing in the downstream direction. Figure 2 ehows that, 
under these conditions there are only two stable ray angles; those for 
which the gradient of C - U cos A is zero. As the ray propagates through 
the flow field it will always tend towards one of these two orientations. 



Fltiure 2. Stability of Ray Angles When The Gradient of 
Local Flow Speed Exceeds the Gradient of 
Local Speed of Sound. 

We now write Equations (3) and (7) in difference form 

C cos 

and 

Ax -   /u 

^ -   [C sin AJA? 

-  [sin 

A] Ag 

AA CCS 

(8-a) 

(8-b) 

(e-c) 

+ c<,*~yL(i$"*<>*-*if)]** 
where ^? represents an increaent in disturbance travel time «, defined 
previoutly. To determine cp(x, y, 0, x<)f  yo> 0) it is necessary to know 
a steady state distribution of C(x> y)* ü(x, y), and their derivatives 
at any point in the flow field over the wing and in the surrounding flow 
field in the plane of the wing. A means for establishing these is given 
in Section 5* Assume they are known. Then the procedure used is as 
follows: 

1. Select «ay source point, on or off the wing, (x 'o>- 



2.  Select a series of Initial ray angles, A., 1 - 1, 2, — 

3.  Select an initial increaent in disturbance trarel time, Ag . 
o 

k.     TOT each of the ray angles store x'1^, y'1', sin A^1', cos A^1', 

andAg^1^,  1 - 1, 2, . 

a. At x^1', y^1' compute and store x^1' - x^1' •»• lor1'/*   and 
y(i) + y(l) + tydife, holding A constant. 

b. It.r.t. on H
W - .(1) ♦ ^(t)/2, y2

(i) - 7(1) * V1'/». 

and M(Xg ', y2  ) until they conrerge or exceed ten trials. 

In the latter ease replace ä^1'  by Ag^v'S and repeat the 
iteration. If they conrerge in three trials or less, replace 

c. Replace x ' by x^    , y  by yg  , and return to a. 

The solutions presented abore are believed to be good epproxiaations 
to the exact solutions for the following reasons: 

1. For the case of a unifom flow they reduce to the proper linearised 
expressions. 

2. The phase of the disturbance will be exact> although the amplitude 
■ay be slightly in error. 

3. In an inner region in the 1—diate neighborhood of the source 
location (x , y , i ) they approach the correct solution. 

0   0   0 

k.     For a one-diaansional mean flow with M. approaching unity they re- 

duce to Landahl's earlier solution (Reference 2). 

3.  In the Halt of steady flow (s - 0), the solutions gire results 
equivalent to the local linearisation Method of Spreiter and Alksne 
(Reference k).    This has been deaonstrated by Ruhbert (Reference 5). 

6.  Inaasnch as the proposed approxlaatlon only affects the receding 
part of the eolution, the proper Halting eolution for high fre- 
quencies (Reference l), should always be obtained since then reeed- 
ing-ware effects are largely cancelled out due to the rapid phase 
rariations. 

This method gives reasonable results, i.e., reasonable based on a 
coiq>arlson with results obtained fro« the differential Equation method. 
However, the ray paths did not conclusively show the existence of the 
focal point that the second ^thod revealed. 



Non-Linear Differential Equation Method 

From Equations (3) we may write the slope of the ray path 

and solving this equation for cos A,  we get 

cos A 
Aftr /rT^'- ~x' fr%+i-M* 

/+ r 

(9) 

(10) 

where 

The transmission time from source to receiving point is given by 

where the Integration is taken along the path and 

de dy (12) 

The velocity along the path is obtained from the vector sum of the two 
velocity coiqponents 

V-C     /M+I-SMCOSA (13) 

have: 
Substituting equations (12),  (13), and (10) into equation (ll) we 

which reduces to 

? 
Z + r') d* 

C /Af trt + z Air /r**/ -'/V5 + rx+*-Mx 

The radicand in the denominator is a perfect square. 'Hius, 

(1^) 

%" 
u+nli* 

C [Mr ? /rl+/-AftK] 

which reduces to 

(15) 



At this point we relate the local aoouatlc veioolty, C ■ n(xf y), 
to the local Mach number by Imposing the condition of conservation of 
energy. For non-vlccous flow, the total t.«n)pratun» la conB»*rved.  It 
1B easily verified, that under this condition 

c^ '   s-*"! (l6) 

where I4 - 1.4, for a diatomic ^as, has been used.  Substituting Equation 
(l6) into Equation (15), we get 

^s &&Wj        0^0        ^     (17) 

where the upper clrn applies to receding waves and the lower sign to ad- 
vancing waves. Equation (17) contains all the elements for the solution. 
However, the integrand is a function of x, y, and dx/dy. This equation 
may be written in symbolic form 

* * f '*(*. ?. if) '* 
which suggests the use of Euler's equation to find the minimum time g,  for 
the disturbance to travel to a field point  (xi>yi) 

d*    dr        dV W) 
In order to siaplify the notation,  we set 

Fx **-'   

where 6 - 6(x, y) -    /5* M 

0 - e(x, y,  r) - /r2 + 1 - ^ 

and r has been previously defined.    We will need 

^-m-Mn**4^ ** 

HA,tf)L—c^'     J 

8 



Then, making use of the relationships 

a? *      * 

sol ring for dr/dy,  and combining terms,  we pet 

ät~tH**~0\i   **'*      *      **-'    J }        (19) 

Equation (19) Is a second order, second decree differential equation 
of the form 

It Is second degree because 0 represents a radical. However, It can 
be solved numerically by any of the standard repetitive processes. We 
employed &  fourth order Runge-Kutta procedure. 

There are certain difficulties that arise In the numerical valua- 
tion of Equation (19). These are first listed and Interpreted a then 
equations used to surmount them are presented. 

(1) Along some ray paths dx/dy becomes Infinite even when the Mach 
number is not equal to one. 

(2) Equation (19) is singular at Mach number = 1.0. 

(3) In the supersonic region, signals sometimes become trapped on the 
local Mach line. This happens wtun cos A ■ l/M. Signals tend to 
gravitate to this condition. Such trapped signals cannot then cross 
the sonic line. Ibey approach the sonic line as a limit, and are 
cancelled out there. 

To overcome the difficulty listed in Item (l), it is necessary to use 
x instead of y as the independent variable. This is done by applying the 
equation 

rf^    ^L- <dt (2o) 



It it comrenlent here to Introduce ene new notation.    Re-write 
equation (19) In the form 

45 i   ^ *  J   9 (21) 

where the new notation, together with eone other notation which will be 
need later, la defined a« follows 

/ 

*-** (22) 

Subatltuting Equation (20) Into Equation (21), we get 

»"•^rff^w-^vy/v't^f ^'>^       (=3-.) 

The limiting fora of Equation (20) at M - 1 la: 

In the axqieraonlc region, when the signal la trapped on the local Mach 
line, and 

equation (20) reduoea to 

«' - * (%■ i-M.) 

10 



A complete set of equations, together with their areas of applica- 
bility, will now be outlined. 

Conplete Set of Equations where Y is the Independent Variable 

*-*' ^{^(*t+'')*'$+*''(*'**)*':t(7''t**)%~]"'9 

<*$ B At1-/ 

(24) 

(25) 

if!   * £ (* '* P) ^ 

t"\        = *{^?r + "*) (28) 

it~\ [29) 

A coaqplete set of equations were also developed using x as the indepen- 
dent variable. However, for the sake of brevity, and since they are 
obtained by a sijqple change of variable, they will not be listed here. 
Equations (26) and (27) apply where an advancing ray path crosses the 
sonic line, and equations (28), (29) apply where a ray path, in the super- 
sonic region, becomes trapped on the local Mach line.  It remains to 
describe the regions of applicability of the upper and lower signs of 
equations (2U) and (2S). In what follows, "right branch" will be speci- 
fied where (o^-^ /T)  and left branch will be specified if (-rr^^t * o ). 
Here ^t  is the local value along the ray path. The end points are not 
specified because for these points we use x  as the Independent variable. 

The iqjper sign is used for 

(1) Subsonic, left branch 

(2) Svqpersonlc, receding, right branch 

(3) Supersonic, advancing, left branch 

11 



Hie lover sign Is used for 

(1) Subsonic, right branch 

(2) Supersonic,  receding, left branch 

(3) Siqpersonlc, advancing, right branch 

12 



THE NON-UND'OKM FLOW FIELr- 

In  the application of each of the methods contained la this 
report, it is necessary to know certain of the properties of the 
transonic flow field on, and in the neiw.hborhood of, the wlncr. 
Fl^ures 3 and k  show tne dlstributiops of local flow speeds and 
sonic bpeeds over a 65° delta, wln^ model in a wind tunnel in whlfh 
x,he Mach number was 1.0k  (taken from Reference 6).  Speeds were 
computed from steady state presBure date at 27 points on the win,/. 
The figures are intended only to show the general characteristics 
of the flow, such as:  (l) The local sonic line shifts aft with 
distance from the centerline but crosses the leading edi/e inboard 
of the tip, (2) Mach number variations in both the streamwlse and 
spanvlse directions must be considered and cannot be considered to 
be linear, and (3) Separated flow is indicated over the aft and 
inboard portion of the win«.  To consider the last of these charac- 
teristics is beyond the scope of this study. However, the first 
two are amenable to analysis using available theories and 
techniques. 

13 
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Mach aufflber dletrlbutionB over areas off the wing were coaputed 
from an approximate theoretical solution of the flow field that matched 
pressure dlstrlbutlone on the wing.    In order to avoid a discontinuity 
at the Juncture of the two regions, a small transition  region was 
deflneu over which the two functions were Joined by a numerical smooth- 
ing technique. 

Let: 

M,    ■      M. (X(y)»    Mach number 

^   t;     <^ (x,y)   "    Perturbation wtentlal 

T   5    T/C(x,y) -    'thickness ratio 

For a steady-state,  non-lifting flow 

and 

Where     ffal) !■ * function describing the variation of the surface 
fron the aeon. 

At M 
Using parametric differentiation with resnect to • ,  (Reference s), 

r O 
(32) 

Fquatlon (30) becomes: 

After having obtainsd the solution of equation (32),  th<* local Mach number 
distribution is obtained by relating local Mach number to the coefficient 
of pressure,  (Cp).    Starting with the following basic relations: 

Let U   =    VJsZJ&L 

then "^   =   ^. || :r "  ^ ^3) 

A-1" +4 (*-')/*=   <?*,f^A77^ (3U) 

where    q  ■ X&» at infinity 

q  - l^, ^'^■K') elsewhere 

a  ■  sneed of sound 

16 



W* have:        al.  +±(*-l)v£ ' *! +i.Cr-Ov£Cf**-)*' 

uslnf equation (W) 

nie coefficient of pressure,  r*^, is of on!er (.1^.  and M is 0^1.) 
Therefon».   to sufficient acmracv, 

and frrm these relationsr 

Notln« again the order of ^t» and Op, to sufficient acruracv. 

or ] (^ 

^miatlon f?S)  Is the exoresslon that vfas used to relate local Mach 
number to C_ on refflors off the vrlnc. 

A  nolutlon of ecruatlon (^o),  usinpr the results of equation (is) was 
worked out for a sneclal configuration.    The sneclal vrlntr confltniratlon Is 

i 

Typical Section 

Fie.   5. A Thin Win« In Rectilineal Pil«ht 

The solutloa is: 

-2it[l*-iJ"fM9^r''-iis.r/'JHO-A) 

where fffa) Is a sten function , 
17 
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^S-lr^lr^^N1'']^^   (37) 

f CCS*/- f   ~   '. ,       S   =     */te~<,A- 

^^r   (/.a)^/L,    ^.^^C/^)^^ 

After determining » distribution of C-,, and its derivatives from equations 
(^6),  (T7), and (^8). the Mach number distribution, with its derivatives,  le 
computed froin eauatlon (?S). 

18 



DESCRIPTION OF THE COMPITTEP PROGRAM 

The equations for the r«y p«tkß are colved in the following manner: 
Let the i.idependent  variable be y and 

V2     -      ^ 

v3 * 

Then J y£ yf-* t(V>*,l) 
1&   *    V, 

%■ - Mv.tvhy) 
These three simultaneous differential equations are solved in a step-by- 
step manner by use of a standard  "SHARE" subroutine vhich is based on the 
Runge Kutta method.    When dx/dy becomes greater thnn one,  a variable 
change tnkes place  in the procram,  and x becomes the  independent variable, 

A signaJ   (in the supersonic region)  is considered  "trapped" on the 
local Mach line when 

jt'K (Af* .,)!££/ 

When, for this trapped signal, (M-l) < fc2, the Integration stops and a new 
ray line is started. This logical flow is shown in the chart on page 21. 

The values of _^# used in the program are determined by the parameter 
(NLA). If (NLA) is an odd integer, It will be rounded down in the program 
to an even Integer. Values of-^vary fron zero to /T and from zero to -T 
In em arithmetic progression. 

Computation of a ray path (other than for a "trapped signal") ceases 
under the following conditions: 

/VAfA* *LA/CA/r 

where NCNT is the number of points on the ray path already computed. This 
logical flow is shown in the chart on page 22. 

Subroutine DERIV computes the appropriate derivatives. 

Subroutine CNTRL accomplishes variable changes, stores local values 
in appropriate locations for later printing, and performs exit teats. 

Subroutine FMACH conqputes the local Mach number and the partial 
derivatives of the Mac' number. 

19 



Subroutine SOSK computes coordinates on the planfom where M - 1. 

Sanple data sheets with numbers which have been used In a computer 
run are In Appendix II. The output sheets are Included. The output 
format Is self-explar lory, with the exceptions of certain test words 
that are printed ou  t the beginning of the plots for each ray-path. 
Definitions for th.   words can be found In the comnent statements at 
the beginning of the listing in Appendix I. The values listed for these 
test words apply to the last point plotted for the ray-path. 
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MAIN PROGRAM 

READ DATA 
I 

CALL SONK 

COMPUTE Apt 

I      I 
SET UP GRID LIMITS 
YL. YR. XU. XL 

I 
CALL UMITI 

Next 
Scjurce 

SET UP GRID 
CALL GRAPH 
PLOT PLANPORM 

1 
CALL GRAPH 
PLOT SONIC LINE 

'   I 

Next-^« 

CALL fMACH 
I 

SET IVAR 
(INITIAL VALUE) 

I 
COMPUTE IBR 
(Initial Value) 
*  I 

I COMPUTE ISORS I 

SET INITIAL VALUES 
OF VARIABI£S 
x, y, dx/dy, time 

I CALL RKB3 

CALL POT 

PRINT AND PLOT 
VALUES FOR 1 PATH 

I 
NEXT -*-« OR 
NEXT SOURCE 

Subroutine SONK Ccmputes Sonic Line 

Subroutine LIMITI Sets Plotting Grid 
Limits 

Subroutine GRAPH Produces Cathode 
Ray Tube Plots 

Subroutine FMACH Camputes Mach No. 

Detennlnes Whether X or Y is 
Independent 

Determines Left or Right Branch 

Determines Type of Source 

Runge Kutta Integrating Subroutine 

Subroutine POT Computes Velocity 
Potential Along Path due to Source at 
(Xo, Yo) 
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suHROunite RKS3 

STORAGE 
ALLOCATION 

I CALL PKINTI 

FETURN 

SUBROUTINE RKINT 

STORAGE 
I ALLOCATION 

m 
INITIAL VALUES 
OF v; 

CAIL DERIV COMPUTE 
INITIAL VALUES OF 
DERIVATIVES 

1 CALL CNTRlTl 

COMPUTE VARIABIES 
AND DERIVATIVES AT 
TWO HAU STEPS 
I 

Subroutine DERIV Computes 
Derivatives 

Subroutine CNTRL Executes Variable 
Changes, Stores Current Values, 
Executes Exit Tests 

This Loop Calls DERIV 8 Times 

COMPUTE VARIABLES 
AT END OF INTERVAL 
I 

TEST FOR FIXED OR 
VARIABLE INTERVAL 

1        _ 
IF INTERVAL IS VARIABLE 
COMPUTE ERROR.     IF TOO 
LARGE,  DECREASE INTERVAL, 
REPEAT STEP. IF TOO SMALL, 
INCREASE HfTERVAL AND 
ACCEPT.        

H ££LL CNTRL (NTFOf) HTRY is Re-set in CNTRL 

IF: 

OTRY^l, Compute Next Step 
NTRY=2, Exit to Main Program 
NTR3f=3, Repeat Step 
NTRY-U, Restart Integration 
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DISCUSSION OP RESULTS 

Thla report contains two methods for calculating the velocity potential 
along sonic ray lines emanating from any point In a non-unlfom flow field, 
I.e., one that varies from locally subsonic to supersonic speeds. Both 
methods apply to pulses emitted by sources or doublets.  It has been demon- 
strated that both methods yield nearly Identical ray paths and times of 
transmission. Those presented vere obtained using the second method. 

Figures 6 through 13 show ray paths of acoustic signals emanating from 
various points in a non-uniform transonic flow field.  Ite reader may vant 
to try his hand at tracing one of the ray paths in a region of interest 
such as near a leading edge. If so, It should be helpful to recall the 
discussion starting with Equation (7), through the difference equations 
of the path. Equation (8), and to the end of that section. An analysis 
of the differential equation of the path, Equation (2^) should also be 
helpful.  These show, for instance, that where the Mach number is constant 
the curvature of the ray path is zero; for a given Mach number and slope 
of ray path the curvature is proportional to rate of change of Mach number 
along the path.  Figures 6, 7, 9, and 10 conclusively show that when the 
variation in Mach number is parabolic in the chordwise and spanwlse direc- 
tions focal pointsexist, both in subsonic and supersonic portions of the 
flow. None of the present theories accounts for the corresponding multiple 
crossings of the acoustic wave front. Figures 9 and 12 show acoustic 
signals traveling from regions of supersonic flow to regions of subsonic 
flow. This can occur, of course, only when the sonic line is swept down- 
stream. Figures 9 and 12 also show rays that have been trapped on the Mach 
wave, travel outward to the sonic line where the spanwlse slope of the ray 
path becomes zero, and are cancelled there. A study of the ray paths that 
cross the leading edge shows that in practical applications it is correct 
to assume they do not return. 

■Riese results permit the formulation of a numerical procedure. A box 
method is outlined in Appendix III.  It establishes velocity potentials at 
all box centers on an aerodynamic surface aaJ the corresponding generalized 
forces. 
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C0ICLU8I01IE AND RBCOMOEHIATIOIIS 

Two methods bare been outlined in detail, and one of the» has been 
completely mechanised for calculating tbe velocity potentials along 
acoustic ray paths emanating from any point in a non-uniform transonic 
flov field over a lifting surface. The one mechanised gives the ray 
path and velocity potential for the minimum time of travel from the 
source point to the field point. 

To calculate pressures over the planform and generalised forces, it 
will be necessary to develop a procedure for calculating the velocity 
potential at an arbitrary point due to a sheet of sources, covering the 
wing surface, and the flow field in the plane of the wing out to a dis- 
tance of several wing spans in the y-direction, or due to a sheet of 
doublets covering the wing surface. The latter is reconmended for economy 
reasons. 

The co^uter program in this report may be used to refine the doublet 
box method of Rodemicb (3) in such a way as to include the (possibly very 
important) influence of wing thickness distribution on transonic airloads. 
A doublet box method similar to the one Rodemlch developed (Reference 3) 
is recommended. The procedure is heuristlcally described in Appendix 111. 
For each of a selected set of points in a sending box, the distribution of 
velocity potentials along ray lines throughout the tone of influence can 
be determined. An Interpolation scheme will yield from these the velocity 
potentials at box centers and a u'jaarlcal integration procedure will yield 
a velocity potential influence coefficient for each of the box centers. 
It will be necessary to solve a set of simultaneous equations to establish 
the strengths of doublets required to satisfy the tangential flow condition 
in the subsonic flow region. Tbe order of the set will be equal to the 
number of box carters in the subsonic region on the wing. In the super- 
sonic region the doublet strengths can be established sequentially. The 
use of doublets to solve unsteady supersonic flow problems has been out- 
lined by Ashley in Reference 7« 

It is recommended that this method be fully developed for the pur- 
pose of calculating generalised forces on wings in harmonic motion at 
transonic speeds. A coeqputer program that would predict, with reasonable 
accuracy, the flutter characteristics and unsteady aerodynamic loads on a 
wing responding to externally applied forces, such as gusts, would fill an 
important gap in available technology. 
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APPKTOIX   1.     Program Li stinkt 

isrrc MAIN       soo SNICOOOJ 

roflTRAN  FROCRAM   TO   COMPUTE    (AND   PLOT)   JHC  PATHS Or   ACOUSTIC   $I&   - SNICOÜlO 
NALS   (AND   TRANSMISSION   TlMCS)   ON   AN   AIKrOIL   IN   A   SONIC  fLOW TIEL0,5NIC0015 
ACCOUNTING   TOR   VARIATION   IN   LOCAL   MACH NUMBER. SNIC0020 
CM   =   COCmcIENTS OF   MACH  EQUATION.    (SEE  SUBROUTINE  TMACH  ) SNIC0025 
PLX   AND  PLY  ARE  CONSTANTS  DESCRI8IN&   THE PLANFORM OEOMETRY. SNIC0030 
THE PFOORAM  ALLOWS FOR  EITHER  X  OR   Y  TO BE   THE   INDEPENDENT  VARIA- SNIC0035 
8LE,   DEPENDING ON   THE  CURRENT  VALUE OF X-PRIHE,   WHICH  SETS   IVAR. $NIC0040 

IF   IVAR  s   1, 
YY  =   CURRENT  VALUE OF  X 
DYY=  CURRENT  VALUE OF OX 
XX(1)=  CURRENT  VALUE OF   Y-PRIME 
XX(2)   s  CURRENT  VALUE OF   V 
XX(5)   s  CURRENT VALUE OF   TIME 
XX(4)   r  CURRENT  VALUE OF  R-OAR 
Dxxms   Y-OOUBLE PRIME 
0XX(2)3  CURR.   VALUE OF  Y-PRIME 
OXX(3)=  CURR.   VALUE OF OT/DX 
DXX(4)=  CURRENT  VALUE OF  OR/OX 

IVAR   IS ORIGINALLY   SET   IN  MAIN 
PASS  THROUGH SUCROUTINE  CNTRL. 

IF   IVAR  «  2, SNIC0045 
YY  =  CURRENT  VALUE OF  T 5NIC00J0 
0YY= CURRENT VALUE OF DY SNIC0055 
XX(1)=  CURRENT  VALUE OF  X-fRlME  SNIC0060 
XX (2)   i CURRENT  VALUE OF X 
XX(3)   s CURRENT VALUE OF  TIME 
XX (4)   = CURRENT  VALUE 0^  R-BAR 
DXXd): X-OOUOLE PRIME 
DXX(2)s CURR.   VALUE OF X-FRIME 
DXX(3)= CURR.   VALUE OF DT/DY 
DXX(4)s CURRENT  VALUE OF DR/DY 

PROGRAM,   AND   THEN  RESET ON EACH 

WORK   =  WORKING   AREA FOR  SUDROUTINE  RKS3   . 
IFVD   =  FALSE AND   IDW=   TRUE FOR   VARIADLE   INTERVAL. 
IFVO   =   TRUE FOR FIXED   INTERVAL. 

SX   =   VECTOR CONTAINING   COMPUTED     X- VALUES. 
SXP   =   VECTOR  CONTAINING   COMMUTED  X-PRIME VALUES. 
SY  CONTAINS  COMPUTED   Y  VALUES 
SYP  CONTAINS COf^UTED  R-BAR  VALUES 
TIM  CONTAINS  TRANSMISSION   TIMES. 
FM   =   CURRENT MACH NUMBER 
ISORS   =   -1  DEFINES  A  SUPERSONIC   SOURCE,   RECEDING PATH. 
ISROS   =   0 CEFWrS  A  SUPERSONIC   WURCE,   ADVANCING PATH. 
ISORS   =   1  DEFINES  A SU05ONIC SOURCE. 
IOR  =   1  FOR  RIGHT BRANCH,   2 FOR  LEFT 
NCNT   IS  THE  COUNTER FOR   THE  VECTORS  SX,SY,SXP,SYP, TIM. 

SNIC0065 
SNicooro 
SNICOOTS 
SNIC0050 
SNICOOSS 
SNIC0090 
SNIC009S 
SNICO10O 
SNIC010S 
SNicono 
SNICOliS 
SNIC0120 
SNIC012S 
SNIC0130 
SNIC0135 
SNIC0140 
SNIC0145 
SNIC01S0 
SNIC0155 
SNIC0160 
SNIC016S 
SNIC0170 
SNICOjrS 
SNIC0190 
SNIC01S5 

WHEN NCNTSNIC0190 
= NMAXi INTCGfiATION STOPS, AND THE FLOW PASSES TO NEXT PATH SNIC0195 
1 TRAP =1 INDICATES SIGNAL IS TRAPPED ON THE LOCAL MACH CONE. SNIC0200 
02 IS INITIAL VALUE OF INCREMENT. SNICWOS 
CINF = REMOTE SPEED OF SOUND IN ROOT CHORDS PER SECOND. SNIC0210 
FMINF» REMOTE MACH NUMBER SNIC021S 
PwTE - THE POTE MATRIX CONTAINS THE VELOCITY POTENTIALS ALONG A SNIC0220 

RAY PATH, NORMALI2E0 ON BO . SNIC022S 
FREO =ASSUMED FREdUENCIES IN RADIANS PER SECOND. SNIC0230 

SNIC023S 
EXTERNAL OERIV, CNTRL SNICO240 

COMMON SNIC024S 
«/WORK/ WORK(SO) SNIC0250 

3^ 



♦ /xrz/ sxnoi) ,SXP noi) .srnoi) ,5YP(IOI) ,AL(4I) .TiMdoi) 
♦ /XDX/   XX (4) ,DXX (4).YY.DYY.DZ 
♦/CM/   CM(6) 
♦/TABLE/   ATADL(4),RTABL(4) 
♦ /PL/     PLX(8) ,PLr(8) 
♦/JCNT/   IVAR.NCNT,ISORS,IDR,ITRAP.NMAX 
♦/SOURCE/   XO(20),YO(20) 
♦/EPS/  El.EZ.FM.rMAX 
♦/NNN/  NSS.NLCS.NLLS 
♦/ECM/  CCM 
♦/C4/  CM2(r) 

1000 FCRMAT(2Uie ) 
1010 rORMAT(6E12.») 
1020 rORMAT(6I12 ) 

3 READ ,1020) 
READ ,1000) 
READ ,1010) 
READ ,1010) 
READ ,1010) 

NSORCE.NLA.NPL.NMAX.NF 
FVD.IBRP 

(XO(I) .YOd) , r = l,NSORCE) 
(CM(I)|Ixl,t  ) 

D2,El,E2,yMAX 
READ (5,1010) (ATABLd) ,1 = 1,4) , (RTABLd) ,Isl,4 
READ   (3,1010)    (PLX(I),PLY(I) ,I = 1,NPL   ) 
READ   (5,1010)   ClNF,FMlNr,TAU,TSAA 

TAÜ=MAX.    (T/C),   TSAA  =   TANGENT OF   SEM I-APEX 
DIMENSION FREQ(IO),  POTE(101,2,10 ) 
READ   (5,1010)    (FREQ(I),I=1,NF   ) 

ANGLE 

DIMENSION     XSO(40),rSO(40) 
ECM  =  CINF#SQRT(5.0*FMINF##2) 
ECM=1.0/ECM 
CALL   SONK(40,NXY,YMAX,ySO,XSO,IER  ) 

2000 FORMAT(49H0  ERROR   IN  SUBROUTINE   SONIC.   CHECK   MACH  CONSTANTS   ) 
CO  TO   (1,2),    IER 

2 WRITE   (6,2000) 
1   CONTINUE 

NVAR   =4 
C NVAR   IS  THE NUMBER OF VARIABLES 

CM2(1)   =0,5 
CM2(2)   =0.7 
CM2(3)   =ATAN(1./TSAA) 
CM2(4)   =TAÜ 
CM2(S)   =l.ia«TSAA 
CM2(6)   =.04 
CM2(r)=FMINf 

C     DEVELOP LAMOAS 
NL=2#(NLA/2) 

C    THERE WILL ACTUALLY BE NL VALUES. IF NLA IS EVEN,NL=NLA. BUT NL= 
C    NLA - 1  IF NLA IS ODD. 

NLIsNL-l 

SNICU235 
SNIC0260 
SNIC0265 
SNIC0270 
SNIC0275 
SNiC02flO 
SNIC0283 
SNIC0290 
SNIC0295 
SNIC0300 
SNIC0305 
SNIC0310 
SNIC0313 
SNIC0320 
SNIC03ZS 
SNIC0330 
SNIC0333 
SNIC0340 
SNIC0345 
SNIC03äO 
SNIC0355 
SNIC0360 
SNIC0365 
SN»C0370 
SNICOSrS 
SNIC0380 
SNIC0385 
SNIC0390 
SNIC0395 
SNIC0400 
SNIC0405 
SNIC0410 
SNIC0415 
SNIC0420 
SNIC0425 
SNIC0430 
SNIC0435 
SNIC0440 
SNIC0445 
SNICL/430 
SNIC04SS 
SNIC0460 
SNIC046S 
SNIC0470 
SNIC04r2 
S ,;C047S 
ÖNIC0480 
SNIC048S 
SNIC0490 
SNIC049S 
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10 

11 
12 

14 
10 
20 

22 

30 

3i 
32 
34 
3« 

NL2   :NL/2 SNIC0500 
XN=   NL2«(NL2M) SNIC0505 
DC-   6.20310/XN SNIC0510 
AL(1)=0. SNIC0513 
00  10  J=3.NL1>2 SNIC0520 
XJ   =   tJ-l)/2 SNIC0325 
Jl   «   J-J SNIC0530 
AL(.M:AL(J-Z) ♦XJ«0G SNIC0535 
AL(J1)=-AL(J) SNIC0540 
AL(NL)3  3.14159 SNIC1545 
SET  UP  GRID   LIMITS SNICC530 
XU=0. SNIC03S5 
XLsi. SNIC0360 
YLs-YNAX SNIC036S 
YR  s   YNAX SNIC0370 
CALL   LIMITI(TL.YR.XL.XUl SNIC0575 
DO  600 NS^l.NSORCE SNIC05S0 
NSS  « NS SNICO303 
CALL  0RAPH{1,42,-NPL,PLY,PLX,2H  Y.ZH X,15H   ACOUSTIC PATHS  ) SNIC0590 
XOF=XO(NS) SNIC0593 
YOTsyotNS) SNIC0600 
CALL  &RAPH(0l42,-NXYlYSOfXSO  ) SNIC0603 
NLLS  :  NL SNIC0610 
DO 300 NLCslfNL SNIC0613 
NLCS  = NLC SNIC0620 
ITRAP  s  0 SNIC0623 
CALL  PMACH   (XOr,YOr,FMfFMX,FMY  ) SNIC0630 
TEST1   =FM   -   COS(AL(NLC;) SNIC0633 
TCST2  s   SIN(AL(NLC)> SNIC0640 
IF (NLC   .NC.   NL   )   CO   TO   11 SNIC0643 
IF   (YOF   .Or.   0.   )   GO  TO  11 SNIC06J0 
TC5T2 =   -TEST2 SNIC0633 
IF   (NLC-1)    14,12,14 SNIC0660 
IVAR=1 SNIC0663 
OO  TO 30 SNIC0670 
IF(NLC-NL)    10,12,19 SNIC06-3 
IF(rCSTl)   22,20,22 SNIC0680 
IVANxf SNIC0683 
CO  TO 30 SNIC0690 
TEST  =   TE$T1/TCST2 SNIC0693 
ART  «  ASSITEST) SNIC0700 
IF(ARr-l.O)   20,12,12 SNIC0703 
CONTINUE SNIC0710 
SET   IBR SNIC0713 
FL=AL(NLC) SNIC0720 
IF(NLC-l)   32,31,32 SNIC0723 
IF(rOF)   41,41,42 SNIC0730 
IF(NLC-NL)   39,34,39 SNIC0733 
IF(YOF)   42,41,41 SNIC0740 
IF(FL)   42,42,41 SNIC074S 



41 IBR=1 
CO   TO   50 

5NICOr90 
5NIC0r99 

42 1BR = 2 jNicoreo 
50 CONTINUE $Nicore9 

C SET   I50r<S 
CSL =cos(ru 
RM:1.0/rM 
IF(FM-I.O)   60,51,51 

SNicorro 
SNicorr9 
SNicoreo 
SNicorjs 

5i ir<{FM-1.0)-E2)   52,52,59 SNICOMO 
52 CO   TO   (53,94),IVAR SNicor»! 
53 YPR   =TEST2/rESTl SNICO09O 

TST=   1.0-rPR**2*lFH**2   - 1.0) yucow 
55 IF(T5T-E1)   500,500,5« SNICO01O 
54 XPR   =   TESTl/TES« 

TST=   XPR**2-(FMM2-1.0) 
CO   TO  99 

SNICOflS 
SNICO02O 
SNIC0CJ9 

59 ir(CSL-RH)   6«,60,64 SNICO09O 
60 ISORS=l 

OO   TO 70 
S'<ICO039 
5NICO*40 

64 ISORS=   -1 
CO   TO  70 

SSICO049 
l'i\C0?50 

60 ISOR9  3   0 SWICOJ59 

C 5NIC05CO 

ro NCNT=1 
CO   TO   (60,90),IVAR 

S'llCO^S 
SMicojro 

c IF   1VAR=1,X   IS  THC   INDEPENOCNT VARIABLE. t:i\C0$7i 

c sutcoaw 

60 yr = xor 
IF(TESTl)   01,01,02 

«1 Dyy=-Dz 
CO  TO 03 S'<ico;j!) 

t»2 oyy = DZ tNICÜ^59 

83 XX(1)   =   rE$T2/TE5Tl 
xx(2)=yor 
XX(3)   -   0, 
XX(4)    s   0. 
CO   TO   100 

i'ilCOJtO 
S'4IC0J19 
Witcoizo 
S.WIC3JJ9 
%'4lCO)50 

C IF   IVAR^2,y   IS  THE   INDEPENDENT VARIABLE. wicojii 

90 yy = yor 
CO   TO   (91,92),IBft 

SNIC0340 
SNIC094S 

91 oyy = ox 
CO  TO 93 

SNIC0J90 
SNIC0999 

92 oyy » -ox SNtC0960 

93 XX (1)   =   TE5T1/TE9T2 
xx (2)s xor 
XX(3)   3  0. 
XX(4)    3   0. 

SNIC0969 
SNIC09rO 
SNIC09r9 
SNICO90O 

100 CALL   RKS3   (0ER1V,CNTRL,XX ^XX.ATASL^TAOL,^««, .yy.oyy^vAR.irvo, IBSNICO909 

IKP.Nm.IEM     » SNIC0990 

loro roRMAT(lHl,30X,43H   IVAR NCNT I5OR$     ien ITRA^       NLC$   3     ) SNIC0999 

37 



10ao ro^TdHO.m. eir , f^°°° 
WRITE    (6,1070) I...!«" 
WRITE  re.ioao)  IVAR.NCNT.ISORS,IBR.ITRAP.NLCS SNICIOIO 

SNICl Uli 
1060  roRMAT(22H  ERROR   IN   RKS3,    IERR   =   14     ) SNIC102D 

ir(IERR)    103,140,103 ell   SIS™ 
103  WRITE(6,1060)    IEM ^N   C   030 

&0   TO   500 SNIC1035 
1050 r0RMAT(lH-,42X,4HX0   =  El6.fl/  43X,4HYO  =  E16.9/ 43X,10HMACH NO.   = ESNIC1040 

116.»//   29X,31H  ACOUSTIC  RAY  PATH FOR   LAMBDA   =   £16.8///17X,1HX,17X,SNIC1045 
nHY,14X,rHX-PRIME,nx,7HR-BAR      , 12X, 4HT»ME//   ) SNICI030 

1040 roRMATdH rx,5El».t) iUirlnfn 
140 WRIT£(6,1050)   XO(NS> , YO(f.S) ,rM,FL ..,*™. 

WRITE(6,1040)    (SX(l),SY(I),SXP(I),SYPn),TlM(I),I = l,NCNT   ) SNIC1065 
SNIC1070 

CALL   GRAPH   (0,NLC,-NCNT,$r,SX   ) ÜÜI^S!« 
CALL  POT   CNF^Ea.POTC  ) »NICIOJO 

CnOO F0RHAT(1H1,25X,54H   VELOCITY  POTENTIALS  ALONG   A RAY PATH FOR   A   SOURSNIC1090 
ICE   AT     ) SNIC1095 

1110 F0RMAT(1H-,42X,4HX0   =   E16.9/43X,   4HYO  =  E16.8/ 43X,   8HLAMDDA   =  E16SNICl.uO 
1.0   //39X,30HALTERNATIN&   REAL   AND   IMAGINARY     ) ^  5        „ 

1120 FORMAT   (lH-,6X,rHOME&A  =E16.«//  I cu  rü!, 
1090 FOKMATdH 6X,6£16.6) SNIC1120 

C            ^   nnn v-,   ur SNICU25 DO  300 N=I,NF SNtriisn 
IF(N   .NE.   J   )   CO  TO  200 ^  r,   „ 
WRITE   (6,1100) «M  r     In 
WRITE   (6,1110)   XO(NS),YO(NS),FL CM  r,     , 

200 WRITE   (6,1120)   FREa(N) cwr! Un 
WRITE(6,1090)((  POTEd,K,N).K=l,2   ),I = 1,NCNT   ) J^  f   !" 

300  CONTINUE 'N   C     60 
500 CONTINUE IHUUII 
600  CONTINUE ^j^ 

5ß 



iierrc DERI   SOD 
SUBROUTINE DERIV 
COMMON 

♦ /XDX/ xx(4) ,oxx(<),yy,DyY,DZ 
♦ /CM/ CM (6) 
♦/ICNf/ IVAR.NCNV,JSORS,IBR,ITRAP,NNAX 
♦ /EPS/ Cl,£2,Fn,YHA)i 
♦/NNN/ NSS.NLCS.NLLS 
♦/ECH/ ECN 

C 
00 70(10,90) , IVAR 

C X   IS   THE   INDCPENDENT   VARIABLE 
10 CALL   TMACH    (tY.XX(2),FN,FMX.FNY   ) 

Rsxxm 
oxxtt)** 
B   sFH*FH   -1.0 
TS1   =   1.0-R*R« 
A   rFM^FM   ♦   5.0 
SA   s   SäRT(A) 
IF(B)    103,103,101 

101   BETA  s   SQRTfB) 
IFdTRAP .EQ. H 00 TO 104 
IFdSORS .EQ. 1) CO TO 103 
IF(TSI    .OT.   El)   CO   TO   103 
1 TRAP   s   1 
CO  TO     104 

103 IFfTSl   .&E. 0. ) CO TO 215 
1TRAP s 2 
T5I = 0. 

215 RAD = SORT (TSI) 
DXX(4) = TAD 
RAB: 1.0/(A*B) 
TM1:FH*(FH**2   ♦ 11.0)/B 
TM2: 2.0oFM^(FM^+2*fl.0)^R^^2 
TM3=((RADA*3)/D)^(r.0*FM^^2*5.0) 
TM4:(FM/A)*R^(6.0^R^^2 *t.O) 
OC   TO 105 

104 ROB  s   1.0/(8**2) 
0XX(4)   =   0. 

105 IFdSORS)    11,15,10 
11 CO   TO   (12,13),IBR 
12 IFdTRAP)    91,9l,r 
13 IFdTRAP)   92,92,1 
15 GO   TO(16,17),IBR 
16 IFdTRAP)    92,92,r 
17 IFdTRAP)    91,91,0 
1«  CO   TO   (92,91),IBR 
91 IF(R)   4,3,3 
92 IF(R)   3,3,4 

C V IS THE INDEPENDENT VARIABLE 

39 

SNIC 1180 

SNIC 1185 
SNIC 190 
SNIC 1195 

SNIC 1200 
SNIC 205 
SNK.J 210 
SNIC) 215 
SNICJ 220 
SNICJ 225 
SNICJ 230 
SNIC] 235 
SNIC] 240 
SNIC] 245 
SNIC] ?50 
SNIC] 2*5 
SNIC] 260 
SNIC] 265 
SNIC1 270 
SNIC 275 
SNIC 200 
SNIC 205 
SNIC 1290 

SNIC 1295 
SNIC 300 
SNIC 1305 
SNIC 1310 

SNIC 1315 
SNIC] 320 
SNIC] 325 
SNIC] 330 
SNIC 335 
SNIC] 340 
SNIC1 345 
SNIC] 350 
SNICJ 355 
SNIC] 360 
SNIC] 365 
SNIC 370 
SNICJ 375 
SNICJ 300 
SNIC 303 
SNIC 390 
SNIC 1395 
SNIC 1400 
SNIC 1405 
SNIC 1410 

SNIC 1415 
SNIC 1420 
SNIC 1423 



50 CALL   FMACH    (XX(2) ,YY,r^ (,FM) 
R    -   XX(1) 
0XX<2)    =   R 
B   =   FM^FM-l.O 
TSI   =   R«-B 

A=   5,0»FM*FM 
SA   =   $QRT(A) 
IF(B   .LT.   0.   ) CO TO 10« 
BETA   =   SQRT(B) 
irdTRAP   .CO.    1) to TO 109 
tFdaoRS .ea. i) CO TO 100 

(TSI   .GT.   El) CO TO 10t 

106 

I TRAP   s   l 
CO TO 109 

100   IF(TSI   .GC.   0.)   GO TO  107 
T$I=0. 
I TRAP ■ 2 

107   RAO   -   SORT(TSI) 
0XX(4)   s  RAO 
RAB   -   1.0/(A*B) 
TM1 = (FM/B)♦(FM**2*11.0)♦R**3 
TM2=   2.0*FM*(rM*#2»«.0)#R 
TM3=(RA0M3/B)*(7.0«fM#«»5.O) 
TM4   =(FM/A)*(K**2*6.0) 
GO  TO   110 

109 DXX(4)   s   0. 
110 IF (ISORS)   92.60,60 

92  GO  TO   (94,96),IBR 
94   IFdTRAP   )   1,1,5 
96   IFdTRAF   )   2,2,6 
60 GO  TO   (62,64),IBR 
62   IFdTRAP   )   2,2,5 
64   IFdTRAP   )   1,1,6 
60  GO  TO   (2,1),IBR 

C FORMULAS  FOR   THE   SECOND   OERIVS FOLLOW 
C 

1 IF(AB$(B)   .LE.   l.E-03)   GO  TO 220 
DXX(1):RA0#(-TM1   ♦   TM2   -   TM3)*FMy   ♦   TM4   *fH% 
DXX(3)=(SA#ECM/B)#(FM*XX(1)»RAO) 
GO  TO  100 

2 IF(ABS(B)    .GT.   l.E-03   )   GO  TO 209 
220  DXX(1):(.9/A)*(2.*R**3»R»9./R)*FMY   ♦   (FM/A)•(R**2»6.)4fMX 

0XX(3)=(1.22479*ECM)*(R»(1./R)) 
GO   TO  100 

209   DXX(l):   RA0#(-TMJ♦TM2»TM3)»FMT♦TM4   •  FMX 
OXX (3):(SA«ECH/P;«(FH*XX(1)-RAO) 
GO   TO  100 

3 IF(NLC5 .T«. NLLS) GO TO 4 
0XX(l>:RAB#(TMl-TM2»TMS)*FMy -TM4# FMX 

uo 

SNIC1 430 
SNIC1 439 
SNIC) 440 
SNIC1 449 
SNICl 490 
SNIC1 499 
SNIC] 460 
SNICl 469 
SNICl 470 
SNICJ 479 
SNIC) 400 
SNICl 409 
SNICl 490 
SNICl 499 
SNICl 900 
SNIC! 1909 
SNICl 1910 
SNICl 919 
SNIC 920 
SNICl 1929 
SNICl 1930 
SNICl 539 
SNICl 1540 
SNIC 1545 
SNIC 1550 
SNIC 1555 
SNIC 1560 
SNIC 1565 
SNIC 1970 
SNIC 1575 
SNIC 1500 
SNIC 1905 
SNIC 1590 
SNIC 1595 
SNIC 1600 
SNIC liJ5 
SNIC 1610 
SNIC 1615 
SNIC 1620 
SNIC 1625 
SNIC 1630 
SNIC 1699 
SNIC 1640 
SNIC 1649 
SNIC 1690 
SNIC 1695 
SNIC 1660 
SNICl 1669 
SNIC 1670 
SNIC I67S 



DXX(3)-(SA*€CH/B)*(FH   ♦ RAO) SN/C1680 

GO TO 100 SNICJ6a5 
4 ir(AB5(B) .OT. l.E-03 ) CO TO 205 SNIC1690 

204 DXX (!):-(.5/A)4>(9.#K<>*4*R*>»2»2.)*rMr - (P/A)*(6.*R**Z*1.)*FMX SNIC1695 
OXX (3):tl.22475*€CM)*ll.*R*R) SNIC1700 

CO TO 100 SNIC1705 
205 DXX(1)= RAD«'(TMl-TM2-TM3)#rMy-TM4# FMX SNICiriO 

0XX(3)=(5A#ECM/B)#(FM - RAO) SNIC1715 
CO TO 100 SNIC1720 

5 DXX(n:rM*((FMr/BETA) *FHX) SNIC1/25 
0XX(3)=(SA*ECM/B)« FM ♦ XX(1) SNIC1730 
&0 TO 100 SNICir35 

6 DXX{l)=FM«({-FMy/BeTA) ♦FMX ) SNIC1740 
DXX(3)= (SA«ECM/Ü)*FM*XX(J) SNIC1745 
OO  TO 100 SNIC1750 

7 DXX(1)= -(FM*R0B)4'(FMy»BeTA#FMX ) SNICJ735 
0XX(3)= (SA#ECM/0)*FM SNIC1760 
CO TO 100 SNIC1763 

» 0XX{l)=FM*RBB«(-FMy*ßeTA4fMX) SNIC1770 
DXX(3)= (SA*CCH/B)*FH SNIC1775 

100 IF(Dyy .LT. 0. )  00 TO 31 SNIC17flO 
0XX(3) = ABS(DXX(3)) SNIC17fl5 
CO TO 32 SNIC1790 

31 DXX(3) = - 1.0*(ABS(0XX(3))) SNIC1795 
CXX{4) = -J.0*(ABS(DXX(4))) SNICI800 

32 RETURN SNIC1805 
CNO SNICiaiO 

hi 



JI6FTC   CONT SDD 
SUBROUTINE   CNTRKNTRY) 
COMMON 

♦ /XYZ/   SX(lOl) .SXP (101) .ST (101) .SYPdOl) ,AL(41) ,TIM(J01) 
*/*CX/   XX (4) ,DXX (4) ,YY.DYY.OZ 
•/CM/   CM(6) 
♦ /ICNT/   IVAR.NCNT,ISORS, IBR,ITRAP.NMAX 
»/EPS/  El,C2     M.YMAX 
♦/NNN/   NSS,NLC5,NLLS 

IF(NCNT   .NC.   I   )   &0   TO  6 
NCO  «   1 

•Efl.    1)   CO   TO  6 

)    .LE.    .25)   OO  TO 6 

IF (NR 
NR = 1 
IF(ABS(DXX(1)*DYY 

4 t)YY   s   .5*0YY 
iF(ABS(DXX(l)*0YV   )    .LC.   .25)   CO  TO 7 
CO  TO  4 

r  NTRY  =   4 
RETURN 

6   IF(ABS{XX(1)) .LT.   1.0 )   &0 TO 20 
1 NTRY  =4 

OO  TO   (2,3),1VAR 
2 IVAR-2 

CO  TO  5 
3 iVARsl 

SWITCH   VARIADLES.SET  NEW   INITIAL   CONDITIONS 
5 SAV  =Yr 

DYY   =   DYY^XXd) 
10   YY   =   XX(2) 

XX(l)=1.0/XXm 
XX(2)=SAV 
RETURN 

20 CO  TO   (23,35),IVA« 
STORE   CURRENT   VALUES  WHERE  X   IS   INDEPENDENT   VARIABLE. 

25   SX(NCNT)    =   VY 
CHANGE    IDR  WHEN   Y-PRlM  PASSES   THROUCH   ZERO 
IF(ADS(XX(1))    .CT.    1.0 E-02)   CO  TO  13 
IF((DXX(1)*DYY*XX(1))    .CE.   0.0)   CO  TO  15 
IF(NCO   .Efl.   2)   CO  TO  15 

11 

12 

15 

NCO  =   2 
XX(1)=-XX(1) 
NTRY   =   4 
CO   TO   (11,12), ,    IBR 
IBR   -2 
CO  TO   19 
IBR   ■   1 
CO   TO   19 
IF(NCO   .NE.   2 )   CO   TO   19 
IF(A6S(XX (D) .LT.    1.0 E 
NCO  «   1 

01)   CO TO  19 

SNIC1815 
SNIC1820 
SNICie25 
SNIC103O 
SNIC18J5 
SNIC104O 
SNIC1045 
SNIC1«50 
SNIC1855 
SNIC106O 
SNIC1065 
SNIC10ro 
SNIC1073 
SNIC100O 
SNIC1805 
SNIC109O 
SNIC1095 
SNIC1900 
SNIC1903 
SNIC1910 
SNIC1915 
SNIC1920 
SNIC1925 
SNIC1930 
SNrci933 
SNIC1940 
SNIC1945 
SN1C1950 
SNICJ955 
5NIC1960 
SNIC196S 
SNIC19rO 
SNIC19r5 
SNIC190O 
SNIC1905 
SNIC1990 
SNIC1995 
SNIC2000 
SNIC2003 
SNIC2010 
SNIC2015 
SNIC2020 
SNIC2025 
SNIC2030 
SNIC203S 
SNIC2P40 
SNIC2045 
SNIC20S0 
SNIC205S 
SNIC2060 

U2 



19 rr (xx m   .'JE.  o.o ) &o TO 2r 

26 5XP (NCNT):   UNDEF 

CO   TO  2« 
ZT SXP(NCNT):   1.0/XX(1) 

28 SY(NCNT)   =   XX(2) 
SYP(NCNT)   =XX(4) 

TIM(NCNT)    =   XX(3) 

CO   TO   50 
35 SX(NCNT):XX(2) 

TIM(NCNT)   =   XX (3) 
SXP(NCNT)=XX(1) 
sy(NCNT)=ry 

STPfNCNT)   =   XX (4) 
90 CONTINUC 

NOW   TEST TOR  EXIT  CONOITIONS 
irdTWAP   .NC.   2)   00  TO  31 

ITRAP   =   0 

NCNT   =  NCNT   -   1 
CO   TO  iOO 

51 IF(ITRAP)   60,60,32 

52 TEST   =rM-1.0 
IF(TEST)   100,100,33 

53 IF   (TEST-E2  )    100,100,6J 

60 IF   (SX(NCNT))    100,70,TO 

ro IF   (SX (NCNT)-1.0)   80,100,100 
flO AY   =ADS(SV(NCNT)) 

IF(AY-YMAX)    105,100,100 

105 IF(NCNT-NMAX)    110,100,100 

100 NTRY   =   2 

NR   =   0 
RETURN 

110 NCNT   =   NCNT   ♦   1 
RETURN 

ENO 

SNIC2063 
SNIC2070 
SNIC2D73 
SNIC2O00 
SNIC20fl5 
SNIC2090 
SNIC2095 
SNIC2100 
SNIC2103 
SNIC2110 
SNIC2113 
SNIC2120 
SNIC2123 
SNIC2130 
SNIC2133 
SNIC2140 
SNIC2143 
SNrC2l30 
SNIC2155 
SNIC2160 
SNrC2163 
SNIC2170 
SNIC2173 
SNIC210O 
SNIC2ia3 
SNIC2190 
SNIC2193 
SNIC2200 
SNIC2203 
SNIC2210 
SNIC??13 
SNIC2220 
SNIC2223 
SNrC2230 

^3 



sierrc MACH 
C     MASTER SUDR,, M, MX, MY 

SUBROUrFNE FMACHCFX.FT.FMS.rMXS.FMrS) 
COMMON 

*/C4/ CMZ(r) 
CaUIVALENCE (A,CMZ(1)) , (B,CM2 (2)) , (AL,CM2(3)), 

♦ CM2(5)), (R1,CM2<6)) , (FMINF,CM2 (7)) 
AY=AB5(Fr) 
Ayr = AB3(AK*FX) 
IF(Ar .LE. Arr) co TO 200 
SK = 1./ (SQRTd.MKOAK)) 
r =(Ar-Arr)#$ii 

100 CALL FMAC1 (FX,Arr,FMS,FMX$,FMrS) 
CALL FHAC2 (FX,AY,A,B,AL,TAU,D1FM,D1MX,D1MY ) 
CALL FHAC2 <FX,Ary,A#B,AL,TAÜ,D2FMlD2MX,D2Mr) 

C 
FMS = FMS -0.6*FMINF*(D1FM-D2FM) 
FMX5= FMXS*FHrS#AK-0.6*FMINF*(DlMX-D2MX-AK*D2Mr) 
FMTS = -0.6*FMINF*DlMr*(Ar/rr) 
IF (T .OE. Rl) CO TO 900 

120 CALL FMAC1 (FX,Fr,SM,SMXiSMY ) 
AR6 ~1.3ror9*T/RJ 
St = SIN(AI?C) 
SMO *   SI*SI 
FMS=(FMS-SM)«5M0 ♦ SM 
FMXS=(FMX5-SMX)#5MO ♦ $MX 
FMrs=(FMr5-SMr)#SMo »snr 
00 TO 300 

200 CALL FMAC1(FX,Fr,FMS»FMXS,FMr$) 
300 CONTINUE 

RETURN 
END 

(TAU,CM2(<)),(AK, 

SNIC223J 
SNIC2245 
SNIC224 0 
SNIC2230 
SNIC2255 
SNIC2260 
SNrC2265 
SNIC22r5 
SNIC2280 
SNIC2285 
SNIC2290 
SNIC2295 
SNIC2300 
SNIC2309 
SNIC2310 
SNIC2315 
SNIC2320 
SNIC2325 
SNIC2330 
SNIC2335 
SNIC2340 
SNIC2345 
SNIC2350 
SNIC2335 
SNIC2360 
SNIC2365 
SNIC23rO 
SNJC2375 
SNIC2380 
SNIC2385 
SNrC2390 
SNIC2335 

kk 



iiorrc MAC2        SOD 

SUDROUTINC   rMACZtX.y.A.e.AL.TAU.DELCP^DCXCP.COrCPt 

SUGROUTINC   COMPUTCS   DELTA  CP 

-a)**2)*(CS**2))) 

CS:   COS (AD 
CS1 = 1./(SaRT(l.*( (1 
CS2=1./(S0RT(J,»((1 
TA   =   S1N(AL)/CS 
TAl=ri.-A)*rA 
TA2=(1.-B)*TA 
€PS=TAU/(2.*3.i4li927*A$Ci) 
EPS is  EPS«CS/CS1 
EPS?  =  €PS*A*C$/((t.-B)*CS2) 
£0$ *  1.0 ~ &$ 
EDS1   a  EPSl   ♦   1.0 
CD52 - CPS2  ♦  1.0 
S  =   ABS(X/JA) 
dl=(X-A)/TAl 
S2=(X-e)/TA« 
aisABS(r-s) 
02sABS(y«S) 
a3=ABS(r-si) 
04=ABS(r«Sl) 
05 =ABS(y-52) 
06 =ABS(r*S2) 
FAC =2.*Ci/TA 
FACl=2.*CSl/rAl 
FAC2=2.*C52/TA2 
DEL =-FAC«r0l«*EPS*02#*EPS-2.#5**EPS) 
DDX = -rAC*(-l. / (01*«EDS) ♦!. / (a2**c.L/S) -2. / (S#*EDS)) 
DOr =-FAC*(l./(Qi**EDS) *l./(Q2**CDS)) 
IF   (31) 10,10,5 

10 DELCPs DEL 
DDXCP= OOX 
DDrCP= 00Y 
CO TO 50 

3 DELl = -FACl«'(l./(a3**£:PSl) ♦! ./(04**EPS1)-2, 
00XlrFACl*(-l./(a3<r*EDSl) ♦l./(04«*£DSl) -2. 
DOrl= FACl<r(l./(03#*E0Sn ♦l./(04««E031)) 
IF (32) 20,20,30 

20  DELCP= DEL» 0CL1 
DDXCP= OOX» 00X1 
Doycp= ooy» ooyi 
CO TO 50 

30 DEL2=-rAC2#(l./(fl54^EPS2)♦!./(06#*EPS2)-2. 
0DX2:rAC2«(-l ./(034i#E052) ♦! ./(a6#*E032) -2. 
D0Y2    rAC2#(l./(05#*E032) »1./(a6**E0S2)) 
DELCP s DEL* DELI ♦ DEL» 
OOXCPs OOX* 00X1 ♦ 00X2 

EPS 
EPS 

/TA 

/(S1**EPS1)) 
/(S1#*C0S1)) EPSl 

EPSl 

/(S2**EP32)) 
/(31**ED32)) EPS2 

EPS2 

SNIC2400 
SN1C24Ü5 
SNIC2410 
SNIC2415 
SNIC2420 
SNIC2425 
SNIC2430 
SNIC2435 
SNIC2440 
SNIC2445 
SNrC2450 
SNIC2455 
SNIC246J 
SNIC246S 
SNIC2470 
SNIC2475 
SNIC2460 
SNIC2483 
SNIC2490 
SNIC2495 
SNIC2500 
SNIC2505 
SNIC2310 
SNIC2515 
SNIC25i:0 
SNIC2325 
SNIC2530 
SNrC2535 
SNIC2540 
3NIC2545 
S^IC2550 
SNIC2555 
5NIC2560 
SNIC2565 
SNrC25rO 
SNIC23r5 
SNIC25dO 
SNIC25fl5 

/TA15NIC2390 
SNJC2335 
SNIC2600 
SNIC2605 
SNrC2610 
SNIC2615 
SNIC2620 
SNIC262S 

/TA2SNIC2630 
SNIC2633 
SNIC2640 
SNIC2645 

1*5 



50  *€T0RH SNIC2660 
£NO 

U6 



JIBFTC MAC1    SDD 
SUBROUTINE FMAC1 (FX.FY,TMS,TMXS,FMYS) 

SUBROUTINC COMPUTES MACH NO, MX, MY 
FX = X 
FMS = MACH NO. 

FMYS: PARTIAL M W/RESP TO Y 
EQ. FOR MACH IS M^CM (2) »EXP (-CM (1) *Y**2/X) * (CM (3) «X KM (4) «X««* 

CM(5)*Y**2*CM(6)*Y«*4 ) 
COMMON 

♦/CM/ CM(6) 

FV = Y 
FMXS: PARTIAL M W/RFSP TO X 

EQUIVALENCE 
1 (   C   ,CM(1)) , (  FMO,CM(2)) , 

2 (A3   ,CM(5)) ,        (   A4   ,CM(f)) 

IF(FX   .Efl.   0.)   GO   TO  3 
AR&J   =(-C«FY*<>2)/FX 
AR&l   s   -   ABSURCl) 

IF   (A0S(ARG1)    .CE.   50.)   GO   TO  5 
AR&2   =   Al*FX*A2*rx**2   *A3*fr**2   fU*FY**4 

AR&3   -  M* 2.   * AZtFX 
AR&4   =   2.*A3*FY   ♦4.*A4»rY**3 
EX   =  EXP(AR&1) 

CO   TO  10 
5  FMS   =  FMO 

FMXS   s   0. 
FMYS   =   0. 
RETURN 

10 FMS   =  FMO   *CX*   ARC2 
FMXS=   EX#((-AR&1/FX)«  AR&2   ♦ARCS) 

PAÜL=   -2.*C*FY/FX 
FMYS=   EX«(  PAUL*ARC2   ♦   ARC4) 

RETURN 
END 

(AI ,CM(3)),   ( A2 ,CM(4)) 

SNIC2665 
SNIC26rO 
SNIC26r5 
SNIC260O 
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SNlC2ri5 
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SNIC2r33 
SNIC2r40 
SNIC2743 
SNIC2r50 
SNIC2r53 
SNIC2r60 
SNIC2r63 
SNiczrro 
SNiC2rr3 
SNIC27aO 
SNIC27fl3 
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SNIC2795 
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lIBfTC   SONI SDD 
5UD ROUTINE   SC'NK (NM, NCR , YM ,F Y ,FX , IER ) 

N.4 

NCR 
TM   = 

rx = 
FY = 

ICR 

ItR 
CM = 

♦ CM( 

THC 
M:    1 

MAX   NO OF   X.Y   ALLOWED.   MUST  EQUAL   DIMENSION   Of   X,Y,    IN   MAIN 

=   NO OF   X,Y   ACTUALLY   COMPUTED 

MAX.   ALLOWABLE   VALUC   OF   Y 

X-VALUES 

Y-VALUCS 
s   1   IS  NORMAL   RETURN 
s   2   INDICATES   AN  ERROR 
MACH  CONSTANTS   IN   THE   EQUATION     M = EXP (-CM (1) ♦ Y*«/X) ♦ (CM (3) *X 

4)*X«X*CM(S)«Y«Y>CH(6)*YM4)    ♦CM(2) . 
SUBROUTINE   COMPUTES   A   SET OF   X   AND   Y   VALUES ON   THE  WING  WHERE 

COMMON 
♦ /CM/  CM (6) 

DIMENSION FX(I),FY(I) 

ICR   =1 
C = CN(1) 
FMO=CM(2) 
Al   sCM(3l 
A2  sCN(4) 
A3   =CM(5) 
A4   -CM(6» 
FIRST  COMPUTE   X  WHCN   Y=0 
AR&   =   Al<-*2   -4.#A2#(FMO-l.) 
IFIARO   .OE.   O.O)   CO  TO  2 

1 ICR  =   2 
RCTURN 

2 FX(1)   :(.5/A2)*(-Al»SQRT(AR&)) 

FY(1)   =   0. 
IF(FX(1) .LT. 0.0» CO TO 1 
IF(FX(1) .LT. 1.0) 00 TO 4 
FX(J)=(.5/A2)*(-Al-SaRT{AR0)) 
IFCFxd) .LT. 0.0) CO TO 1 
IFtFxd) -&C. 1.0) &0 TO 1 

4 NCR = 2 
10 MCls NCR - 1 

FX(NCR)= FX(NCl)».0l 
X-  FX(NCR) 
R = C/X 
B = X#(A1«A2*X) 
TO = FY(NC1)#*2 
TM1 = AS-R*B 
TM2 = Z.*A4-**AS 
TM3 s R«A4 
TM4 s 2.#A4»R#(R#B-2.«AS) 
TM5 : R#(R«A3-4.#A4) 

SNIC2840 
5MIC2Ö4 5 
SNIC2850 
SNIC2855 
SNIC2860 
SNIC2865 
SNIC2870 
SNIC2875 
SNIC2880 
5NIC2885 
SNIC2890 
SNIC2893 
SNIC2900 
SNIC2905 
SNIC2910 
SNIC2919 
SNIC2920 
SNrC2925 
SNIC2930 
SNIC2935 
SNIC2940 
SNIC2945 
SNIC2950 
SNIC2955 
SNIC2960 
SNIC2a65 
5NIC2970 
SNIC2975 
SNIC2980 
SNIC2995 
5NIC2990 
S'!IC2995 
SNIC3000 
SNIC3005 
SNIC3010 
SNIC3019 
SNIC3020 
SNIC3025 
SNIC3030 
SNIC3033 
SNIC3040 
SNIO049 
SNIC3090 
SNICSOS) 
SNIL3060 
SNIC306S 
SNIC3070 
$NIC3075 
SNIC3080 
5NIC3089 
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1*6 i   H*R*Kt SNIC309O 
IMAX =J, SNIC3093 

12 ET =ExfM-R«TO) SNIC3100 
rT= L'T (BM3»TOM4*TO*TO) ♦PMO-l. SNIC3105 
TPT -ETT, (THl»TM2*TO-TM3#TO**2) SNIC31U 
.'"ff -fT*:TM4*TM5#TO»TM6#TO«*2) SNJC3115 
HO = -FT/FPT SNIC3120 
IF((FT<rpPi) .OE. O.O) CO TO 14 SNIC3125 
HO = ./5#HO SNIC3J30 

14 TO =TO*Hl> SNIC3135 
IHAX =IMAX *l SNIC3140 

1000 FORMAT (32H0 COMPUTATION FOR SONIC LINE WILL NOT CONVERGE, HO = E  SNIC3145 
116.«  ) SNIC3150 
IFdMAX .LT. 10 ) 00 TO 18 SNIC3155 
WRITE (6,1000) HO SNIC3160 
00 TO 1 SNIC3165 

10 IF(HO .OT. .0001) 00 TO 12 SNIC3irO 
Fy(NCR)s 50RT(TO) SNIC3ir5 
IF(NCR .OE. NM ) GO TO 20 5NIC3180 
IF(FT(NCR) .&E. TM) 00 TO 20 5NIC31fl3 
IF(FX(NCR) .OE. 1.0) CO TO 20 SNIC3190 
NCR = NCR ♦! SNIC3195 
CO TO 10 SNIC3200 

20 RETURN SNIC3205 
ENO SNIC3210 
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tierjc pore 
SUBROUTINE POT (NFR.ER.P) 
COMMON 

*/xrZ/   SX(lOl) ,SXP(101) ,ST(10l) ,SYP<101) ,AL(41) ,TlMn01) 
«/CM/ CM(6) 
♦ /ICNT/   IVAR.NCNT, ISORS, IBR, irRAP,NMAJf 
• /SOURCE/   )fO(20) ,yO(20) 
♦/EPS/  El.EZ.FM.YMA? 
*/NNN/   NSS.NLCS.NLLS 

C 
DIMENSION     FRllO) ,P(10l,2,iO) 
CONs-.25/5.14159 
XS  :XO(NSS) 
YS   :rO{N$S) 
DO  100 Nrl.NCNT 
XsSX(N) 
Y=SY(N) 
T =  TIM(N) 
RBAR   ■   SYP(N> 

10 00 90 Nr=l,NFÄ 
ir(RBAR)    12,14,16 

12 P(N,1,NF)=0. 
P(N,2,Nr)=0. 
CO TO SO 

14  r (N,l,Nn=UNOEr 
p(N,2,Nr)süNoer 
CO  TO 90 

1«   IF(RBAR   .LE.   l.E-9)   CO  TO 14 
TACT  =  CON/ROAR 
ARC ■ rft(Nn«r 
CO = COS(ARC) 
SI « SIN(ARC) 
P<N,l,Nr)s CO*FAC1 

SHTACT 
90 
100 

P(N,2,NF)s 
CONTINUT 
cc ;NUC 
RETURN 
END 

SNIC3219 
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BY  RKS3,   KUN.VC-KüTTA,   F  4,   V13,   SHARE D2«ATFfiKS3 
(CERIV.CNTRL.'eALT.DY.ATABl .RTAOL.OETLTAX.X ,XMALF 
.XZePO.Y.YHALr.YZERO.nrHALr.DYZERO.DELTAY.REALX 
,0X,N, IFVO, IPKP^rftY, IERR) 

JIBTTC   KKS3« fiUNCC-KUTTA,   TORTPAN   IV,    VCPSION   13,   SHARE   i:2#A7rRKS3 
SU3ROUTINE   RK53    (CCR .'V , CNTRL , Y, 0 Y , AT ACL , RTABL , WORK , X , DX ,N , IFVO 

1 , IBUP.NTRY,IERR) 
EXTERNAL CERlV.CNTRL 
INTEGER N,NTRY, IERR 
LOGICAL IFVD.IBRP 
REAL Y,OY,ATABL,RTABL,X,OX 
P.'-fNSION Y{N) ,CY(N) ,ATABL(N) ,RTABL(N) 
DIMENSION  WORK(l) 

C DIMENSION  WORK(9*N*a) 
CALL   RKINT   (DER IV, CNTRL , Y ^Y, ATABL , RTABL ,WORK (1) ,WORK (3) ,WORK (5) 

1 ,WORK (7) ,WORK(9) ,UORK (2«N*9) .WORK (4»N»9) .WORK(6*N*9) 

2 ,WORK(7*N*9)lWORK(8*N»9),X,0X,N, IFVO,IBKP.NTRY,IERR) 
RETURN 
END 

SIDPTC   RKINT«        CALLED 
SUBROUTINE   RKINT 

1 
t 

EXTERNAL DERIV.CNTRL 
INTEGER N,NTRY,IEKR 
LOOICAl IFVO.IBKF 
REAL REALY,OY,ATABL,RTABL,DEL TAX,DYHALF,OYZERO,DELTAY,REALX,DX 
COUELE PRECISION X,XHALF,XZERO,T,YMALF,YZERO 
DIMENSION REALY(N),DY(N),ATABL(N),RTAEL(N),Y(N),YHALF(N) ,Y2ERO(N) 

I ,DYHALF{N),DYZERO(N),0ELTAY(N) 
IERR -   0 

10 OELTAX ■ OX 
X = REALX 
DO 20   1 = 1,N 

20 Yd) = REAL Yd) 
CALL OERIV 
CO TO 200 

30 IF (OX .EQ. 0.) CO TO 230 
OELTAX = OX 
0X2 = OX/2. 
0X4 s OX/4. 
XZERO s X 
DO 40 fsltM 
YZEROd) s Yd) 

40 OYZEROd) « OTd) 
DO   110 ist,! 
XHALF 2 X 
X « X*0X4 
REALX : X 
00 SO l«l|M 
OELTAYd) ■ 0rd)«0X4 
YMALFd) s Yd) 
Yd) s Yd)*OELTAyd) 

JO REALYd) » Yd) 

SNIC3405 
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CALL   OeHIV SNrC3655 
OO  60   1=1,N SNIC3660 
DCLTAYd)   s   DCLTAy(f>*DY(I)#0X2 SNIC3665 
Yd)   =   YHALF{I)»DY(I)»DX4 SNIC36rO 

60  RCALY«»)   s   YCI) SNIC3675 
CALL  OCRIV ;NIC3680 
X   ■   XNALF*OXC SNIC368S 
RCALX  ■ X SNIC3690 
OO 70  1=1,N SNIC369S 
OELTAYd)   =  DCLTAY{n*DY{n#OXf SN'CSTOO 
Yd)   =   YMALF(n»OYd)#OX« \ $WIC3705 

70  REALYd)   s   YCI) SKIC3710 
CALL   OCRIV SNrC3715 
OO  90  1=1,N SNIC3720 
OELTAYd)   =   (OELTAY d) »OY CD#0X4)/5. SNIC3r25 
Yd)   =   YHALrcl)*DELTAyCn SNIC3730 

$0 REALYCI)   s  YCI) SNrC3735 
CALL  OERIV SNrC3740 
CO TO   (90,110),J SNrC374 5 

90 OO  100  1=1,N SNIC3750 
100 OYHALTCI)   = OYCI) SNIC3755 
110 CONTINUE SNIC3760 

IF   CirvO)   CO  TO 200 SNIC3765 
ERRMAX   =  0 SNIC3770 
OO  120  1=1,N SNIC3775 
ERR   '   ATACI.d) ♦ABS(RTACLCI)*REALYd)) SNIC3780 
IF   CCRR   .EQ.   0.)   CO  TO 220 SNIC3705 
$R  =   (DY2ER0CI)M.<=DYHALFCI) ♦CYd))/3.#0X2 SNIC3790 

120 ERRMAX  =  AMAX1(ERRMAX,ABS   CSR-(REALYd)-SNCL ( CZCROC1))))/ERR) SNIC3795 
IF   CERRMAX-1.)   130,170,1€0 SNIC3800 

CERRNAX-.75)   140,200,170 SNIC380S 
(ERRHAX-.079)   150,200,200 SNIC3810 
=  OX*1.S04S932 SNIC3815 
TO 200 SNIC3820 
■  OX/1.5048932 SNIC3025 
(.NOT.   1EKP)   CO  TO  100 SNrC3830 

ERRHAX  = ERRHAX/10. SSIC3935 
IF   (ERRHAX   .CT.   1.)   CO  TO  160 SNIC304O 
CO  TO  100 SNIC304S 

170 OX   =  OX/1.5040932 SNIC3850 
CO  TO 200 SNIC3855 

180 X   s  X2ER0 SNIC3860 
OO   190  1=1,N SNICS865 
YCI)   ■   Y2ER0CI) SNIC3870 

190 OYCI)   = 0Y2EROCI) SNIC387S 
CO  TO 90 SNIC3880 

200 NTRY  *  1 SNtC9889 
CALL  CNTRL   (NTRY) SNIC3890 
CO   TO   (90,210,180,10),NTRY SNIC3895 

210 RETURN $N(C3900 

130 IF 
140 IF 
150 OX 

CO 
160 ox 

IF 



220 IERR » 1                                                        SNIC3905 
RETURN SNIC3910 

230 IERR = -1                                                       SNIC3913 
RETURN SNIC3920 

CNO SNIC39Z5 
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APPENDIX II.     Sample Input and Output 
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APPHIDH III. Application to the Boundary Value Frcblen 

A procedure that amy be uaed to rmtch the tangential flov condition 
on a vlng eurface la. In principle, the aaae aa that employed by 
Rodamlch In the box aethod for ur ona sonic flow (Reference 3). "Hie 
velocity potential at a field pel  (x,y,t) du» to a doublet sheet In 
Its zone of Influence, Is 

?U,y,t) - |j r '" 0if,T\)4o{x-t,j.T\,t)&*T\ (39) 

where ^(p,^) Is the velocity potential dlfuontlnulty through the doublet 
sheet over the region 6 + W (the surface and Its wake), and 

I 

2T* 
0o(x-',y-Tl,.) - ^z  Y  a-ia«n (UO) 

n-1 

where    R - J (x-?)2 ♦ [l-^x^y,«)] [(y-T))2 ♦ «2] 

and where N represents the number ol!  times the wave front passes the 
field point. In uniform subsonic f..ow If equals one, In unlfom super- 
sonic flow It equals two, and In the limiting case of uniform sonic 
flow it equals one. As discussed previously, in uniform sonic flow the 
stationary portion of the perturbation wave front is not augmented by 
high frequency signals that follow It; instead, the pressure discon- 
tinuity Is dissipated by them. 

When the local flow In a non-uniform flow field Is sonic the wave 
front gradually becomes stationary and Is dissipated. Rays of this 
type are shown In Figures 9, 12, and 13. In certain regions of non- 
uniform flow a wave front may pass field points more than twice as shown 
in Figures 6,  7, 9, 10, and 12. These regions may be In the region of 
subsonic flow or In supersonic flow. Multiple crossings normally occur 
on receding portions of the wave front. Ray lines on advancing portions 
normally pass over the trailing edge before they cross. In these 
regions of multiple crossings of the wave front, care must be taken to 
establish an accurate value of If, and of each of the corresponding ga's, 
n - 1, 2, ... H. A easqputer program that may be uaed to do this Is 
contained herein. Figures U am' 13 «how that In some regions of both 
nubsonlc and supersonic flow even tne receding ray lines do not cross. 
All of Figur %B 6 through 13 *bow that once a ray crosses the transition 
region at the edge of the planform It does not return to the wing 
region. This characteristic Is Import«-it because when a doublet solu- 
tion Is employed a ray trace can be ignored once It reaches an edge 
that in not adjacent to the wake. 
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The  next step la the procedure 1B to define a grid of nquare boxes 
over the region 8 + V, and aseuse that £${',v)  is constant crer the 
area of etch box. For this to be a valid assuiqptloa as oanjr as 30 boxes 
along the root chord may be required. The upvash adjacent to the upper 
surface may be written 

W(x, y,Of) - LIB 
XrO* 

X 

or, 

*<*! 
»y^oO 

i'i 

a    rr 

B
1'J' 

♦(x1-f,y1-'n)dCd'n (Ul) 

I.e., the upvash at (x^y.) equals the sxmatlon (over all boxes B 

that influence it)^ of products of the constant velocity potential dis- 
continuities and their dovnwash influence coefficients. The latter are 
represented by the double Integral of the kernel ♦ over the areas of the 
boxes. The limits of integration and Zjl of Equation (39) are not 
functions of z, so froa Equation (ho)  ve get 

♦(VSy.-Ti) - Al« ||r T ^T* (^) 
1    J      2Vtr<0*  * ?*      R 

At this point it is theorized that for non-uniform flow around a nearly 
planar surface the variation in signal transalBeion time vith distance 
normal to the surface Ik approximately equal to the variation in uniform 
flov, i.e., 

^* • &. H(x-0 T R 
d»  ' ^  C(l^-l) 

or, performing the differentiation 

^   CK 

where the upper sign refers to the advancing portion of the wave front and 
the lower sign to the receding portion. C is the speed of sound. Making 
use of equation (U3) when taking the derivative in equation (tS). 

The g*s are those obtained by tracing ray paths through the non-uniform 

flow field. 
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One way in which Equation (kk)  may be evaluated and Integrated la ae 
follows: Say for nine values of (f,T|) on each sending box, the values 
of the kernel at the center of the receiving box U^/.) *"*• evaluated. 

Since the ray paths are not known in advance, each of these values must 
be Interpolated from valuer In Its neighborhood.  It Is then necessary 
to evaluate the Integral in Equation (Ul) given the valuec of the Inte- 
grand at nine points in the region of integration. 

The unknowns in Equation (41) are the Z$   's. When the center of 

a receiving box (x ,y ) lies in the subsonic flow region it lies in the 

zone of influence of every other point in the subsonic region and may lie 
in the zone cf Influence of a «mall portion of the supersonic region 
(Figure 9).  All velocity rotentlals in zones of mutual influence must 
be determined elnmltaneously. Once velocity potentials have been es- 
tablished that meet the tangential flow conditions on the surface and the 
zexo pressure difference condition on the wake they may be fitted with 
analytical expressions that have the proper edge behavior. Using these 
expressions, local oscillatory pressures and generalized forces may be 
obtained in the way outlined in Reference 3 . 
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