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FOREWORD 

Th« present study wss undertaken by the Convalr Division of General 
Dynaalcs, P. 0. Box 1128, San Diego, C llfornla under Air Force Contract 
F33615-69-C-1180 and Project No. 1366. The contract monitor was Captain Lowell 
Keel of the Air Force Flight Dynamics Laboratory (FDMf), Wright-Patterson Air 
Force Base, Ohio. 

The principal Investigator was Dr. H. Yoshlhara. Dr. R. Magnus carried 
out the development of the Invlscld procedure, while Mr. W. Gallaher carried 
out the computer programming for the vlscoua portion. 

This report covers work undertaken from 15 November 1968 to 12 December 
1969, and was submitted to the Air Force Flight Dynamics Laboratory on 
12 December 1969. The report Is in two volumes. Volume I contains the 
technical aspects and the results, while Volume II covers the details of the 
Invlscld and viscous computer programs. 

Chief, Flight Mechanics Division 
Air Force Flight Dynamics Laboratory 
Chief 
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ABSTRACT 

In this volume, Convair computer program Number P2586, for the problem setup 

and subsequent calculation of the compressible transonic flow about a blunted, 

lifting airfoil, is described. Input, output and operating instructions are 

given. Detailed flow charts and complete FORTRAN listings of the programs are 

also given. Also, the computer program for analysis of the separated flow 

bubble caused by interaction of a normal shock with a boundary layer is 
described. 
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SECTION I 

INTRODUCTION 

This volume documents the computer programs used to calculate the 

transonic flow about two-dimensional airfoils. Hie approach used is discussed 

in Volume I. Since the numerical approach used in the inviscid flow region 

may be of interest to the investigator operating the computer programs} a 

portion is repeated in this volume. Sections II and III discuss the inviscid 

flow problem, the numerical approach, and some results of exercising the 

inviscid flow computer program. Section IV and V describe the setup and 

inviscid flow field programs. 

The approaches used for the boundary layer on the transonic airfoil are 

discussed in Volume I. These approaches have existed for some time and there¬ 

fore were not repeated in this volume. Section VI presents the computer 

program used to calculate the boundary layer on a two-dimensional airfoil. 

These computer programs are operational on the CDC-6400 machine located 

at Convair Division of General Dynamics. Attempts were made to call library 

functions and subroutines that would be operational on other digital computers. 

A complete FORTRAN listing of program and SC-4020 generated flow charts are 

presented in the appendixes. 
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SECTION II 

DESCRIPTION OF THE INVISCID FLOW PROBLEMS 

The program is designed to calculate planar compressible, transonic 
flows about blunted, lifting airfoils at angle-of-attack. Starting from 

an arbitrary initial guess of the flow field a two-step finite-difference 

scheme is used to numerically integrate the exact unsteady Euler equations. 

The large time or asymptotic solution is taken to represent the steady flow 

solution. The flow field is represented by three principal dependent vari¬ 

ables at a number of nodes of cartesian coordinate mesh regions and an outer 

polar coordinate system. Free stream conditions are maintained at infinity 
by use of a transformation of the polar coordinate systan. 

1. BASIC EQUATIONS 

Using cartesian coordinates, the unsteady inviscid equations for com' 

pressible flow are (from Chapter 7 of Liepoann and Roshko, Reference 1): 

Continuity 

_ 3 (- ou) + ò (- pv) 
ôt ôx dy 

Momentum 

LÍ£ül = L. ( 
òt ôx ^ 

pu - p) 
+ ¡7 (- puv) 

(1) 

(2) 

d (ov) _ ò_ 

ôt òx 
(- puv) - P) 

Energy 

ÔE _ 0_ 

ôt òx [- u (E + p)] + “ [- V (L + p)] 

(3) 

W 

2 



where E = P [e + I (u2 + V2)] (5) 

In addition, to make a consistent system, an equation of state is necessary. 

p = (y - 1) pe (6) 

The equations, (l) - (6), are applicable to flows of perfect gases at 

any Mach number. We will simplify the system by assuming that shocks are 

weak and the flow is, therefore, isentropic. Hence, (4) - (6) will be 

replaced by: 

Ç-) = (M 
Po Po 

(7) 

where p and p are reference conditions. 
o o 

The free stream properties have been adopted for the reference quantities 

and a system of non-dimensional variables has been used. The fundamental 

units chosen were the free stream density, the free stream sound speed, and 

the airfoil chord. Free stream properties then have the following numerical 

values : 

Speed of sound 

Velocity 

Density 

Pressure 

Internal energy 

Total energy 

Total enthalpy 

a = 1.0 
CD 

U = M 
» 00 

p = 1.0 
00 

1 
p = - 
00 Y 

e = 

V (v - 1) 

P (e +^U2) 
00 0» 2 00 

H = —— + — M2 
o y - 1 2 oo 

1 

y (y - 1) 

2 

3 



Equations (1) - (3) are in conservation form and will be regarded as 
a coupled system which can be represented in vector forms 

Vi = F + G 
t X y (8) 

The functions W, F, and G are three component column vectors: 

W = 

pu 

pv 

P 

F = 

. 2 r pu + p i 

puv 

pu 

G = 

r puv 
2 

pv + p 

pv 

(9) 

2. BOUNDARY CONDITIONS 

For the boundary conditions far from the airfoil, the flow is required 

to approach a uniform flow with the conditions u = U cos a, v = U sin a, 

and p = p^. For convenience in calculating flows over a given airfoil at* 

several angles of attack the computer program maintains the x axis aligned 

aft along the airfoil chordline, lhe origin is at the airfoil nose and 

y positive is upward. For all positive times the component of the velocity 

vector normal to the profile surface is required to be zero, and the Kutta 

condition is fulfilled at the sharp trailing edge. Initially the profile 

is assumed to be sufficiently "leaky" that a uniform flow at the free stream 

condition persists everywhere. At zero time the leakiness is impulsively 

turned off by suddenly imposing the zero normal velocity and Kutta conditions. 

Eq. (8) is then used to determine the subsequent subsidence of the flow to 
the desired steady state. 

3* FINITE DIFFERENCE PROCEDURE AT FIE ID POINTS 

The system of partial differential equations given by (8) is replaced 
by a system of difference equations by first replacing the continuous x, y, t, 

space by a lattice of nodal points, and then substituting (for the partial 

derivatives) partial differences expressed in terms of the values o* the 

dependent variables at the lattice points. A rectangular lattice with the 

k 
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spacing Ax, Ay, and At in the respective oordinate directions is used. 

For the partial derivatives a modification of the explicit Lax-Wendroff 

second order differencing scheme has been chosen. Hie scheme may be 

illustrated in principle by applying it to the simple equation: 

du du 

dt = " dx 
(10) 

where or is a constant. Considering the basic lattice element shown in 

Fig. 1, the marching procedure for determining the value of u^ knowing the 

values u°, u^, and u°^ at the initial time plane will be described; here we 

have used the notation u (mAx, nAt) = u£. 

The differencing scheme is carried out in two steps. As the first 

step, construction points uj"'^ and u^ on an auxiliary time plane at t = ^ 

are defined by means of the equations: 

u 
4u° + u° 

o -1 

2 Ax 

(n) 

Here the quantities in the parentheses are the finite difference approximation 

du 
for £ • Eqs. 11 therefore represent linean Taylor expansions. The second 

and final step of the two step scheme gives the sought value u^ in terms of 

the known initial values by the Taylor expansion: 

1 
u 
o 

(1 - k) u° + k 
o 

u 
1/2 1/2 

- u 

+ orAt 
-1 

2Ax 
02) 

6 



l/2 1/2 
where the values of ^ and u ' are given by (11), and k is a constant 

such that Q<k<l. Note here that the linear Taylor coefficient is evaluated 

on the auxiliary time plane at At/2. In the term in the square brackets 

of (12) use is made of the equivalence of u° with the average of u° and u° . 

The bracketed term thus represents a weighteâ average of these two equivalents 

with the weighting constant k. The constant k is called the diffusive 

damping coefficient in the remainder of this volume. When the coefficient k 

is zero or is of order Ax, the above procedure leads to an approximation 

with a truncation error of the order of At? or Ax3, otherwise the errors 

will be of second order. 

The significance of the diffusive danriug constant k and the generation 

of an artificial viscosity by the use of the above second order difference 

scheme can both be shown by considering the resulting difference equation. 

Assuming that the various terms in this equation are continuous functions 

of their arguments, and expanding each of the terms in a Taylor series 

tenninating each series consistently after the linear terms (see Hirt Ref. 2). 

The result will be a differential equation ’’equivalent" to the difference 

equation, containing the original differential Equation (10) with however 

two additional terms both representing a diffusion effect. One of the 

diffusion terms contains a space derivative of second order with a "coef¬ 

ficient of viscosity" proportional to k, while the second term contains a 

third derivative with a "coefficient of viscosity" proportional to At. The 

latter viscosity arises from the use of the second order differencing scheme, 

and its similarity to the artificial viscosity of Von Neumann and Richtmyer 

led Lax to label it also as an artificial viscosity. The above diffusive 

terms also represent the truncation error which arises due to the use of 

the difference scheme. The "equivalent" differential equation as derived 

from the difference scheme is especially useful since it provides an insight 

into the numerical process. One may see, for example, from the "equivalent" 

differential equation that the undesirable truncation error terms are in 

fact responsible for the indispensable damping necessary for stability1. 

In a particular calculation, examination of the diffusive terms would also 

identify local flow regions where ncn-linear instabilities would be expected 

by noting where these terms vanished. 

It would therefore be unwise to reduce the truncation error any more than 

is required to obtain results of meaningful accuracy. 

7 



The above difference procedure differs from the Lax-Wendroff procedure 
in two aspects. The first is the introduction of the diffusive 

coefficient k(k = 0 in the Lax-Wendroff procedure), and the second is in 

the positioning of the points on the auxiliary time plane at ±Ax instead of 

the -Ax/2. The latter modification has the convenience of not having to 

introduce points at the half-mesh locations in the space plane2. The former 
modification for non-zero values of k has an essential advantage of enchancing 

the artificial viscosity beyond that arising by the use of the second order 

sc erne when such additional damping is required locally or temporarily to 

Maintain stability. This flexibility however, possibly is obtained at the 

expense of a decreased order of accuracy depending on the relative magnitude 

The previous paragraphs have illustrated the finite difference analogue 

for the case of the simplified Equation (10). If the same procedure is applied 

instead to the unsteady Euler equation given by Equation (l) all of the con- 

s derations arising for the simplified equation would apply, ihe additional 

partial derivatives in y and the coefficients for the space derivatives which 

are, in general, functions of u, v, and p must be incorporated. To retain the 
second order accuracy these latter coefficients must be evaluated consistently; 

that is, at appropriate points in the initial time plane when applying the 

first step, and in the auxiliary time plane (at t = At/2) when applying the 

secón step. The addition of the y-derivatives causes no essential diffi¬ 

culties. The difference scheme is shown in Fig. 2. 

In the first step, the values of the components of the vectors W^, 

l/2 1/2 1,0 
Wo>1, and would be calculated using equations: 

w/2 = 
1,0 1,0 

i JO 0 
- 4F + F 
-0»° -1»0 

2Ax 

Irl 
- G. 

1,-1 

2Ay 

This is of no particular advantage in a problem using cartesian coordinates 

but is an advantage when a problem using orthogonal curvilinear coordinates 

is being solved because the components of the metric tensor need only be 
known at the ordinary mesh points. 
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„l/2 o At 
W , =* W . + 
-l>o -l,o 2 

■3P°. ♦ 4P0 
—_°*o 

2Ax 

- P° G° - G° 1 
-+ mlil ~1«"1 • 

2Ay I 

w1/2 = w° +41 
o,l 0,1 2 

Fll'F°ii 3G° - 4G° +G° 
-liii +—-o^o o.-l 
2 Ax 2Ay 

u1/2 ,,° 41 w ■ w + =— 
0,-1 o,-l 2 

„o o 
i.-i' F-i.-i + 

2Ax 

o _0 
-30 + 4C - G 

Ojl’I 0_J_0 0,1 

2ûy (13) 

The components of and H^^are converted to and F1^ and the 

C “d Woi?i converted to «<1 using the algebraic relations 

implied in (9). 

In the second step,diffusive damping may be incorporated by choice of 
a non-zero value for parameter k: 

W = 1 

♦ At 

1/2. F1^ 0l/2.0l/2 
-Li2_'ll0 + o.l o.-l 

2Ax 2Ay (14) 

10 



Using the usual approach for linearized stability and accuracy analyses the 

equations (8) may be rewritten as: 

W = aW + BW 
t X y (15) 

where or, B matrices whose elements are: 

aw. and respectively. 

Then regarding the elements of a and B to be locally constant the equivalent 
of the centered two-step scheme (13, 14) is: 

[2 2 

(w + W + ... ) + (w + W + 
v XX 12 XXXX ' ^Wyy 12 Wyyyy ’ * * M 

+ At [»(W +..)+p(W +^-W +..)1 
^ X 6 XXX y 6 yyy J 

At F 2 . AX2 

[“ (Wxx+irWxxxx 
+ ..) + 

2 2 

(ofß + Bo) (w +fLW +7iLW + ...) 
\ 6 xxxy 6 xyyy / 

12 
W + ..) 
yyyy 

(16) 

ii 



Whereas, by comparison, a series expansion of the functions in the vicinity 

of the reference point would give: 

W - W = At 
0,0 o,0 

r 2 

p + e'Vj+ f - p + (“B * 9“) wxy * s2 wj 

r«3w 

L ^ 
+ (oap + apa + 00«) W + (»00 + 0»0 + 00»)w 

xxy xyy 

The underlined terms in the difference scheme (l6) faithfully reproduce terms 

in the series expansion (17). The remaining terms may be regarded as the 

discretization errors due to use of finite steps Ax, Ay, and At and intention¬ 

ally added damping terms but, as a stability analysis would demonstrate, at 

least some of these terns are necessary to prevent divergence in repeated 

applications of the scheme. 

As a stationary state is approached after repeated applications of the 

difference scheme, the right hand side of (16) must approach zero whereas 

the steady flow equations would require: 

aW + 0W = 0, 
X y 

» W + (aß + 0a) W + 02 w = 0, etc. 
XX Xy yy 

It is evident that the stationary descriptions of »W and 0W obtained by 

repeated applications of the difference scheme will not agree exactly with 

12 



the steady flow solution because of the presence of the non-zero discretiza¬ 

tion error and stabilization terms in (l6). 

It is to be expected that the errors in the desired terms are not 

random. The higher order derivatives tend to be continuous over extensive 

regions of the field and, therefore the nature (signs at least) of the 

discretization errors tend to be similar over broad regions of the field. 

Further, the general dissipative nature of the stabilization terms might 

be expected to result in deficiencies of the conservation variables at 

loci remote from the field boundary (at infinity) at which conditions are 

being absolutely maintained because of accumulation of the non-random 

errors in the individual cells along the paths from the boundary. 

Experience gained in working on the present transonic airfoil problem 

has shown that the stationary numerical solution of the difference equations 

does tend to contain errors in total enthalpy (or stagnation pressure) 

which seems to be directly dependent on distance (number of meshes) from 

the free stream boundary at infinity. Although a second order scheme 

is used which tends to limit the errors within a mesh, the accumulation 

of errors over the approximately 20 or more meshes between infinity and 

the airfoil is serious. On a typical problem it was found, for example, 

that the stagnation point pressure coefficient was low by about 1/3 of 

the expected value; too much to be tolerated in an engineering solution. 

Theoretically the error could be halved by doubling the number of 

mesh points between the airfoil and the free stream boundary but this is 

impractical because it would require roughly 4 times the data storage 
and 8 times the computing cost to solve the problem. Since each plane 

of the numerical solution process can be regarded as a refined guess as 

to the flow field, the present computer program contains a means for 

occasionally resetting the total enthalpy at all field points. Arbitrarily, 

it was chosen to make the adjustment by preserving Mach number and flow 

direction and adjusting the pressure (so that the stagnation point is 

treated properly). The stationary state for the numerical solution 

using the difference equations plus total enthalpy adjustment avoids 

some of the unpalatable manifestations of the accumulations of discretiza¬ 

tion errors. 

13 
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4. FINITE DIFFERENCE PROCEDURE AT BOUNDARIES 

Use of the procedure described in the previous section enables one 

to march in time for interior points where all of the points involved 

lie within the flow domain. For lattice points at or near the boundaries, 

where the regular configuration is no longer possible, a modified pro¬ 

cedure must be used. Moreover, at the boundaries a method to impose the 

boundary conditions must be chosen. The procedure could be significantly 

simplified if the lattice could be continued in a regular manner into 

the interior of the profile. However the analytical continuation of the 

flow into the profile interior, primarily in the nose region, might contain 

severe gradients in the flow variables and even be inflicted with singular¬ 

ities in the form of limiting lines (or regression lines), where the flow 

is supersonic. With such a severe flow in the interior of the profile 

it would be imprudent to extend the lattice into this region. 

Thus to calculate the points in the vicinity of and on the profile 

we superimpose on the underlying basic rectangular network of points a 

sequence of rotated nine point lattice elements, one of which is shown 

in Fig. 3* The superimposed lattice elements are identical to the under¬ 

lying basic elements but are rotated such that the bottom triplet of points 

forms a tangent to the airfoil surface at the middle point. Each rotated 

lattice element is used to advance the solution at the center point as 

well as the boundary point. For the latter point a suitable asymmetric 

difference scheme is used. Sufficient overlap of this rotated sequence 

of lattice elements with the underlying regular network is maintained 

to obtain the necessary continuity between the two systems of lattice 

points. 

The required initial values at the nine points of the rotated lattice 

element are obtained from the calculations at a prior time step by a 

suitable interpolation of the results from the basic as well as the 

rotated lattice elements. In the first step of the two step scheme, 

values of W^/2 are obtained above loci k=l, 2, 3>^>5>6 and 8 using 

simple diffusion stabilized difference operators of the type illustrated 

by (13). The W components are converted to F or G components as needed 
and the symmetric scheme given in (14) is used to advance the solution 
at Pt. 5. The second step for obtaining the value W1 at locus 2 (the 

wall point) which is used in the present computer program is: 
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W2 = l0'5 ^1,0 ’ + °'5 t1-0 - (ÿ + 0 =5 (ÿ K¡ W° 

0.25 k (W° ♦ W°) ♦ 0.5k (^) W° - 0.25 k (^) W° 

2 

l/2_ 1/2 1/2 , 1/2 1/2 
F1 F1 -l°g -°B 

2Ax 2ûy (18) 

The weights attached to the various W° in the equation were chosen to provide 

equal diffusive properties in the x and y directions when Ax j Ay. Here, in 

this locally rotated mesh, the clockwise tangent to the airfoil surface is 

regarded as the x direction and the outward surface normal is regarded as 

the y direction. Within the computer program the primary dependent variables 

for the local rotated meshes are written in terms of velocity components ftinng 

the clockwise tangent and outward normal. The resulting velocity normal to 

the airfoil is not necessarily zero. A plane unsteady wave is introduced at 

Pt. 2 tangent to the airfoil at Pt. 2 of an appropriate strength and velocity 

which reduces the normal velocity to zero. Specifically, if the values of 

the W components at the wall obtained after application of (18) are: 

M(u) ' FA UtA 

W(2A) = PA UnA 

W(3A) = PA to) 

the values obtained after insertion of the unsteady wave used to satisfy 
boundary conditions are: 

(20) 
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This plane unsteady wave is simply an artifice to introduce the influence 

of those points in the interior of the profile that fall in the domain of 

dependence of the boundary point in question. The velocity component tangent 

to the surface is kept invariant. The necessary wave strength, its velocity 

as well as the density behind the wave are obtained by the ’'jump conditions" 

for a moving wave. 

For the fulfillment of the conditions at infinity we first represent 

the far field by a polar coordinate system and map the region exterior to 

a circle of a given large radius (taken to be 1.4 chords in our example) 

into the interior of a circle by an inverse transformation such that infinity 

in the physical plane is mapped to the origin of the transformed domain. A 

lattice configuration conforming to a polar coordinate representation is then 

introduced, and the calculation in the far field region is carried out using 

the transformed difference equations imposing the free stream conditions at 

the origin. Sufficient overlap of this far field lattice configuration with 

the rectangular system is maintained to obtain a proper patching of the two 

flow domains. The conversion to an inverted polar coordinate system has been 

carried out only with respect to the spatial independent variables; the 

components of the dependent conservation variables have the same (cartesian) 

momentum components that are used in the cartesian mesh region. This was 

done in order to eliminate drift in free stream properties due to truncation 

errors of a finite difference scheme used in a curvilinear coordinate system. 

1.4 

£ 
tan 0=^ 

X (21) 

The Rh space was divided into 8 increments ranging from zero (representing 

an infinite radius) to unit (representing a circle of 1.4 chords radius). 

The 0 space was divided into 40 sectors each 9 degrees wide. The equations 

in the polar coordinate region are obtained by straightforward rewriting 

of the original equations (8). 

[òRh Ò0l f âRh 
F - + F — + G - 
Rh dx 0 òxj L Rh dy 

+ G 
0 (22) 
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In the rectangular lattice region a refinanent of the lattice is also 

introduced where large flow gradients are expected such as near the leading 

edge of the profile. A fine mesh is embedded in a coarser mesh such that 

the size of the coarser mesh is an integral multiple of the fine mesh. 

Suitable overlap of the two lattice systems is again provided for proper 

matching of the two systems. In the overlap region adequate enhanced damping 

is incorporated to maintain stability, and the diffusive damping coefficients 

for the coarse and fine mesh systems sire adjusted to try to maintain an 

approximate "viscosity match" between the two systems. In the example pre¬ 

sented there are 5 cartesian mesh systems ranging in size from 0.0025 chord 

squares at the nose up to 0.20 chord squares for outer portions of the flow- 

field. A considerable part of the computer program logic is concerned with 

exchange of information along the boundaries of the various mesh systems. 

5. ALLOWABLE TIME STEP 

An explicit difference scheme, such as has been described, generally 

is less complicated (as to amount of computer logic) than an implicit scheme 

and may require fewer cells to store working variables but has the dis¬ 

advantage that the "solution" will diverge unless the time step sizes are 

smaller than some strictly definable upper limit. 

For the scheme described the time step size criterion is: 

At á Ax Ay 

\ Ay + ug Ax + a [(Ax)2 + (Ay)2] (23) 

where a is the sound speed; 

(24) 

The criterion is roughly equivalent to the Courant-Freidrichs-Lewy criterion; 

referring to Figure 2, the backward Mach cone through point (x , y , 1^+ At) 

should intersect the t^ plane within the confines of the lozenge having apexes 

(x0 " Ax, yQ) and (xQ, yQ - Ay). Since, when the time step is to be 

determined the flow properties are unknown at (xo> yQ, At), the properties 

l8 



at (V yp, to^ are used in and a safety factor is applied so that At 
is less than the stability limit. The regions with a coarser space mesh 

are permitted to march with a larger time step. Information is exchanged 

between regions after each computational step even though the time steps are 

different. 

It should be noted that (23) is the time step size criterion for the 

scheme with negligible additional diffusive damping. A complete analysis 

has not been carried out for the case of strong diffusive damping but there 

are indications that a factor 4l - 2k should be included in the numerator 

of (23) and that k > 0.5 will result in instability. 

6. TIME TO REACH STEADY FLOW 

The general approach used in the computer program of altering an 

initial guess as to the flowfield in a manner based on the unsteady equations 

makes it desirable to have some estimate of the amount of time which might 

accumulate before the flow would be reasonably steady. The question is 

complicated by the use of meshes of different sizes in various parts of the 

field and by the procedure of using time steps which are near the allowable 

in each mesh. However, a useful estimate of the number of planes (that is 

passes through the field executed by the computer) needed for the first chance 

of a steady flow may be given. 

The crucial source of signals for adjusting the flow to the steady con¬ 

dition may be taken as the trailing edge where the Kutta condition is being 

applied. It may be argued that these signals must propagate forward to 

affect the location of the stagnation point and the general flowfield about 

the airfoil. The signals will travel forward across a mesh at a velocity 

roughly equal to us = (a - u) and since the time increments used are roughly 

At = kAx/(a +u) thenumber of time steps necessary for the signal to progress 

forward a distance Ax is about: 

- _ a + u 

n " us At ' k (a - u) (25) 

Then, taking the number of Ax increments between the leading and trailing 

edges to be m, we could expect that the number of planes to be calculated 

before the effect of the Kutta condition would be felt at the nose would be 



N s m fft + u) 
k (a - u) (26) 

For example, if there were m = 50 mesh increments along the airfoil surface 

and the flow was Mach 0.8 and a safety factor k = 0.6? was being used we 
would expect that: 

?0 (1-° + 0.8) 
0.67 (1.0 - 0.8) 675 

This sort of estimate should not be taken as anything more than a minimum 

number of passes through the field before the flow begins to have a resemblance 

to the steady state. Actually, local variations in velocity and sound speed 

and the need to adjust the flow several chords away from the airfoil may make 

it necessary to calculate several times the number of planes given by (26) 

before an acceptably steady (from an engineer's point of view) solution is 
obtained. 

» 
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SECTION in 

APPLICATION TO THE TRANSONIC PLOW OVER AN AIRFOIL 

The present procedure vu applied to the calculation of transonic flow 
over a NACA 64A-410 profile at an angle-of-attack of 4° and at a Mach number 
of 0.72. This section vlll describe the airfoil, mesh regions used to repre¬ 
sent the flctr field, and results of applying the present procedure. 

1. AIRFOIL DESCRIPTION 

Bie airfoil conputed is a NACA 64A-410 profile with coordinates given by 
Reference 3. The present setup computer program used this buic set of in¬ 
formation and fitted the points with a series of spline functions. 

2. SPATIAL FIELD DESCRIPTION 

The system of lattice points used to calculate the present example of 
transonic flow about a 64A-410 airfoil, is shown as Figure 4. Six different 
lattice regions were used, which were represented by approximately 3700 points 
with about 45 points on the upper surface of the airfoil. 

Details of the notation used in the mesh arrangement are given in 
Appendix A, however, general infonaaUon will be given in this paragraph. 
Each mesh region consists of rows and columns with the first letter of the 
variable name denoted by N and M respectively. Ifce second letter in column- 
row descriptor denotes the region, given by the fbllovlng: 

Region 

1 

2 

3 

4 

5 

6 

Identifier 

Y 

C 

F 

H 

M 

T 

Mesh Description 

Outer polar 

Coarse cartesian 

Fine cartesian 

Airfoil cartesian 

Outer nose 

Inner nose 
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For the three-letter descriptors, the third letter either indicates 

limits or names important columns or rows. For an example, looking at 

region 6 (inner nose mesh), the rows are bounded by N a NTA to NTT while 
the columns are bounded by M * MTA to MTT. Biese bounding columns/rows 

contain information obtained by interpolation on assignment from the next 

larger mesh region. In general, the solution in a mesh region is advanced 

at all points bounded by the columns/rows one mesh spacing in from the mesh 

boundary; or for region 6, N = NTB to NTS and M = MTB to KTTS. Using b to 

denote one of the four regions adjoining the airfoil, the mesh column 

passing through the airfoil nose is given by MbAN and that passing through 

the airfoil tail by MbAT. Bie mesh row which passes through the airfoil 
chord line is given by NbCL. 

Local rotated meshes are arranged around airfoil surface normals which 

pass through regular cartesian mesh points near the airfoil boundary. 

3. RESULTS OF CALCULATIONS 

The resulting pressure distribution is shown in Fig. 5 where a com¬ 

parison is made with the experimental results obtained by Stivers (Ref. 4). 

There is fairly good agreement on the lower side of the profile, but on the 

upper surface there is a pronounced discrepancy in the nose region, and 

in the vicinity of the shock. The discrepancies in the nose region and 

near the shock might both be attributed to viscous effects which are not 

taken into account in the calculations. Bie pressure pattern near the 

shock is due definitely to the appearance of a lambda shock as the result 

of boundary layer-shock wave interaction; in the leading edge region, the 

difference is probably due to an appearance of a short bubble separation 

which prevents the flow from attaining the full leading edge expansion. 

(It may be recalled that in Stiver's tests the transition was natural with 

a Reynolds number based on a six inch chord of approximately 10 ;. 

In Figs. 6a and 6b the resulting constant Mach number lines are plotted, 
with the latter figure illustrating the nature of the mesh fineness in order 

to properly resolve details in the nose region. The latter plot has been 

obtained by an automatic plotter where for simplicity straight lines have 

been used to connect the interpolated points obtained by linear inter¬ 

polation of the computed values. 

Approximately 83O time planes were required to attain a reasonably 
steady result for an accumulated expenditure of computer time of approxi¬ 

mately 3.5 hours on the CDC 6400 computer. 
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Figure 4. Arrangement o: 

Airfoil, (a) 



«/c 

Figure 4. Arrangement of mesh regions around NACA 64A-410 
Airfoil, (a) Outer regions. 
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Figure 4 (concluded). Arrangement of mesh regions around 
NACA 64A-410 Airfoil, (b) Inner regions around nose. 
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Figure 6 (concluded). Mach number contours of the flowfield about 

a NACA 64a-410 Airfoil at Mach 0.72, a = 4°. 

(b) Detail around nose. 
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1070 „w, îî0"3 Were oontl“u,!d fOT »PPr«li..t«ly one more hour to 

7 h larvi h í °n^ 3i8nlficant d'i"€ a slight aft movement J. f closln« the atParsonic zone. The results presented in Pigs. 5 
and 6 are those after IO70 planes. gS 5 

In this single example the progress of the calculations «as monitcs 

quite closely by inspection of printed data at 20-plane intervals The 

primary effort «as directed to«ards obtaining mean^ful «s^Wth no 

attempt made to obtain economical results. Although it is felt that even 

of the°M 'Tmt °f 00"®“ter tlj“ required is not excessive for the nature 

for sh„^ ” Seri0Ua conalderatiorl “»»“W »e given to methods 
cm b sí“ tf ! tllne' large expenditure of computing time 
can be directly attributed to the large number of lattice points reared 

to resolve the flo« adequately, especially in the nose region, and to the 
slowness of obtaining a steady flow. 
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SECTION IV 

SETUP PROGRAM 

The computer program for solving the physical problem was expected to 

e long, that is it would require a great number of FORTRAN statements, would 

require a great number of cells to store working variables, and would need 

to be used for several hundred passes through the field before the desired 

quasi-stationary solution was obtained. Consequently it was elected to break 

the program logic into two separate programs; the first (TEHAI) is used once 

to set up the problem and the second (HANE) is used repeatedly for the several 
hundred modifications of the description of the flow field. 

As a general rule, any extensive operations which need be done only once 

ZtVhe WOrk °n the problem would be carried out by the setup program 
(TEHAI) and results of these operations would be written on magnetic tape for 

TZ r?y íhe fl0W field Pr0gram (HANE)* Since several hours of calculation 
t g 1 be ^olved> iim is designed to write intermediate solution results on 
tape so that printed results may be studied at leisure before continuing the 
solution* ^ 

3“UP pro*r“ (™«> ^ “«a to doftae the problem and prepare 
tal information for the flow field program which then advances the solution, 

mis program was written in FORTRAN IV type language for the CDC 6400 computer 

using a SCOPE 3-1 version compiler. Ih, system subroutines used are the 

normal square root, log, log base 10, sine and cosine and exponential routines. 

1. DESCRIPTION OF PROGRAM 

The setup program consists of a main routine called TEHAI and the follow¬ 
ing subroutines; SHAPE, CAXIS, PONDER, BUNTE, DISTW, WAIF and CARÏW. Brief 

listinf fni\°f the r0UtineS are given in the lowing sections. A complete 
sting of the program and glossary of principal FORTRAN terms are given in the 

Appendices. 

1.1 MAIN ROUTINE TEHAI 

This routine assigns the step sizes and operation index limits 

region. It also calculates interpolation constants for interchange 
mation between the mesh point regions. 

for each 

of infor- 
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Airfoil information is read in as a table of airfoil surface points 

by subroutine SHAPE which then fits a number of spline functions to these 

points. The resulting splines are used as interpolation functions to de¬ 

termine the airfoil coordinates and surface slopes at desired locations 
along the airfoil. 

The setup routine TEHAI sets cartesian mesh operation limits depending 

upon airfoil location and index limit in each region. Next, airfoil surface 

normals are computed by dropping them from regular mesh points of the car¬ 

tesian mesh near the surface. These surface normals serve as central axes 

for 9 point local rotated meshes tangent to the airfoil surface. Then the 

interpolation weights between the surface normals and local cartesian mesh 

are computed. Indexes and flags for interpolation and exchange of information 

between the different mesh regions are also' assigned in this routine. The 

initial values of working variables (Wb and WSb) are then computed and assign¬ 

ed to each mesh point. This routine then writes out all the necessary in¬ 
firmation in binary form on a magnetic tape. 

Most of the selections of reference arrays for interpolations and 

calculations of interpolation weights are carried out by calling subroutines 
PONDER, DISTW, CARTW, and WAIF. 

1.2 SUBROUTINE SHAPE (NSHP, CLINE) 

Subroutine SHAPE reads in arbitrary airfoil information given by a table 

of surface points and spline fits these points in three regions. The first 

fit is along the upper surface from the leading edge to the trailing edge. 

The second fit is along the lower surface from the leading edge to the trail¬ 

ing edge. The third fit covers the blunted nose regions from the lower 

surface to the upper surface. The last two surface points of the third 

fit coincide with the first two surface points of the first fit. Surface 

points 1 and 2 of the third fit coincide with points 2 and and 1 of the 

second fit. After a spline fit of the airfoil points exists, this subroutine 

has the options to use the resulting spline fit to obtain airfoil data at 

arbitrary intersections between mesh coordinates end airfoil surface. 

The index NSHP is a flag to specify the path through subroutine SHAPE 
as follows: 

NSHP = 1 Read the airfoil surface points and fit this information 

with a spline function. Print out the resulting fitted 
data. 
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NSHP = 2 Use the spline fit to find airfoil information along a 

vertical cut, getting both upper and lower surface. 

NSHP » 3 Find airfoil information near leading edge using a 
horizontal cut. 

NSHP = 4 Find airfoil information along lower surface using 
a vertical cut. 

NSHP = 5 Same as 4 but along upper surface. 

The variable CLINE is the value of x or y along which airfoil surface 
information is desired. 

1.3 SUBROUTINE CAXIS (KR, MH, MS, MAN, NCL, LCU, LCL, IA, DA, SA, CA, LA, 
XY, SC, DS, LF) 

Ifcis subroutine determines the geometry of the airfoil local surface 

normal. Index KR defines the mesh point region, MH and MS define the range 

of index M in region KR over which the local surface nozmals are desired. 

MAN is a reference value of index M which indicates the relative location 

of the leading edge. NCL is a reference value of index N and indicates the 

location of the airfoil chordline. Arguments LCU and LCL are used for 

synchronization of the index numbers for surface normals (on the upper and 

lower surfaces respectively) with cartesian column indexes M. 

The index IA (l,M) indicates the last regular cartesian mesh intersection 

below the airfoil surface in column M while DA (l,M) is the distance of the 

intersection from the airfoil surface in fractions of Ay while SA and CA are 

the sine and cosine of the airfoil surface slope at the intersection of 

column M with the airfoil. Arguments IA(2,M), etc indicate corresponding 

quantities associated with the first regular cartesian mesh above the 

surface and LA indicates one of the dimensions of the IA, DA, SA, and CA 
arrays. 

The arguments above are used in connection with subroutine SHAPE in an 

iterative procedure to locate the intersection with the airfoil of a surface 

normal dropped from the regular cartesian mesh mode closest to the airfoil 

surface. The XY array contains the coordinates of the base of the surface 

normal, SC the sines and cosines of the clockwise tangent to the airfoil 

surface at that locus, DS is the distance from the airfoil surface to the 

generating cartesian mesh node in fractions of unit Ay while LF indicates one 

of the dimensions of the XY, SC and DS arrays. 
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i.k «riNK eamR (KSPI( HIXi m> m 
AWT, CWT, IWT, LBX, MTT) , vox, uni, üwix, 

Subroutine PONDER directs the calculation of interpolation weights to 

be applied In transferring from the distorted mesh to adjacent local rotated 
mesh also the .eights for Interpolating from the airfoil surface normals 

to those regular cartesian points adjacent to the airfoil surface and .eights 

loeaí T? H "* ^ the cartesian «rld t0 t»6 "PP«r three points of each 
cal rotated mesh. A distorted mesh consists of 9 points on three adjacent 

surface normals. Subroutine DISW Is called on for the calculation of the 

.eights for interpolating out of distorted meshes .hile CASTO is used for 

calculating weights for interpolating out of cartesian meshes. 

. . ^ !U^°Utlne ÍS entered With arguments on ran8e of surface normals to 
treated MLL to MUL, geometric infomation on the bases of the surface 

normals XYT, DST and SCT, and other arguments and returns interpolation weights. 

weishirrr fPL+identifies occasi°ns calling for special interpolation 
weights DWTX at extremes of the range of surface normals to be covered. Re¬ 

ferring to Fig. 7, while attention is directed to surface normal mm th* q 

weights (TOT) for interpointing from the distorted mesh centered otT’m to 

Points ' L h °f th6 í°Cat r0tated meSh Centered on nor,,,a:L I*-! and on to 
-t ï « ! r r lted 'neSh Centered on + 1 are calcula- 

• A‘ thf end f ‘ha range, however, there is no choice but to calcula- 
e 9 weights (WK) for interpolating onto points 1 and h of the local 

rotated mesh centered on normal MM by use of the information available (see 

8 5 siinilar;Ly» at the right end of the range and weights 
(DWTX) for interpolating onto points 3 and 6 of the local rotated mesh 
centered on MM would be calculated. Index KSPL has value 1 at the forward 

end of the range on the upper surface, 2 at the aft upper surface, 3 at 
aft lower surface, and 4 at forward lower surface. 

The 3 weights (AWT) for interpolating from the 3 points on a surface 

normal to the cartesian mesh point which occasioned the construction of the 

surface normal are calculated from a knowledge of the offset DST. 

The upper three points (7, 8, 9) of each local rotated mesh are obtained 
y interpolation from an underlying 3 by 3 regular cartesian mesh centered 

at a row and column designated in IWT. The 9 interpolation weights are given 
by CWT. Arguments XTZ and YTZ locate the lower left corner of the full 

cartesian array covering the region and are used as starting points in a 

counting procedure for locating the appropriate 3 by 3 groups to be used in 

34 



X INTERPOLATED FROM CARTESIAN MESH 

^ INTERPOLATED FROM DISTORTED MESH 

COMPOSED OF NORMALS MM -2, MM -1, MM 

^ INTERPOLATED FROM DISTORTED MESH 

COMPOSED OF NORMALS MM, MM +1, MM +2 

A INTERPOLATED FROM NORMAL MM ONTO 
CARTESIAN MESH 

O CALCULATED USING SYMMETRIC DIFFERENCE SCHEME 

I CALCULATED USING ASYMMETRIC DIFFERENCE 

SCHEME PLUS WALL BOUNDARY CONDITION 

Figure 7. Relation of local rotated mesh to Cartesian mesh 

and distorted mesh. 
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the CWT interpolations. The indexing information is packed into IWT as 

a single word (100*M+N) where M and N are the column and row of the central 

point of the 3 by 3 group to be used in the interpolation. Argument MTT 

is the index of the last right hand column of the underlying cartesian 

region, this information is used in biasing choice of IWT to prevent inter¬ 

polations CWT from using data from column MTT before that data is available. 

Argument LBX sets dimensions on a number of the arrays used in the sub¬ 
routine. 

Subroutine PONDER is also called by TEHAI to calculate interpolation 

weights for interpolating from a 9 point distorted mesh (bridging a boundary 
of a finer imbedded cartesian mesh) onto some of the finer regular cartesian 

mesh boundary points; the weights are EWFW, IWHM, or DWMT depending on which 

pair of contiguous regions are involved (see points F of Fig. 8). 

1.5 SUBROUTINE BUNTE (NE, NH, IFO, JFO, ID) 

bubroutine BUNTE sets codes for the types of interpolations to be carried 

out in assigning data from a coarser cartesian region to points on the right 

hand column of an imbedded finer cartesian mesh region. Argument NE is the 

lower limit of the N index of the coarser region while NH-1 is the upper 

index. JFO defines the type of cell at N index location IFO and are used 

by the routine to detect interception of the column by the airfoil. The 

index ID returns the coded interpolation instructions at field boundaries 
as follows: 

ID = 1 

ID = 2 

ID = 3 

ID = 4 

The mesh point is inert, no interpolation required. 

Cubic interpolation should be carried out using 

reference information from k points straddling the 
point in question. 

Parabolic interpolation should be used with 2 refer¬ 
ences points below and one reference point above the 

point in question. 

Parabolic interpolation should be carried out using 

two reference points above and one below the point 

in question. 
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LOCAL KOT ATEO 

MESHES TANGENT 

TO AIRFOIL 

□ USE DIFFERENCE SCHEME 

□ USE DIFFERENCE SCHEME 

■USE ASYMMETRIC DIFFERENCE SCHEME 

■ AND WALL BOUNDARY CONDITION 

J * 1-8 

nhaA 
NFE 

USE IWF (2, MM), CWF<J, 2, MM) 

USE IWH (2, MM), CWH(J, 2, MM) 

USE IWFX (UP, KUT), CWFX (UP, KUT) 

USE IWF (H. MM), CWF (H, MM) H - i, 3 

USE HJX 

USE PJX 

USE IAF (KUT. M), AWF (K, MM) K - 1-3 

USE I AH (KUT, M), AWH (K, MM) 

USE AWFH (K, UP) 

USE IWFII (KUT, UP), DWFH (J, KUT, UP), UNTF (KUT) 

USE DWF g, UP) 

it USE DWFX g, UP. KSPL) 
• 

I 

I 
'•y 
f 

(KUT) 

LOCAL ROTATED MESH 

CENTERED ON SURFACE 

NORMAL LBFL 

r 1 
—/V 

Figure 8. Special features of mesh interrelations where 

the airfoil penetrates a mesh size change. 
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1.6 SUBROUTINE DISTW (MD, XP, YP, TW, XYU, SCU, LDIW) 

Subroutine DISW calculates weights TM to be used on values of a 
function (f) at nine points in a distorted array in order to find interpola¬ 

ted values of F at a specific cartesian point (XP, YP). This subroutine is 

called first with MD = 1 which digests geometric information on the distorted 

an ay (XYU, SCU) consisting of 9 points on 3 adjacent surface normals. The 

function (10 will be assumed to have polynomial dependence on x, x2, y, y^, 
xy, X y, xy* and X y¿. Then setting MD = 2 will result in use of the basic 

fitted geometric information to calculate the weights (TW) to be applied to 

the values of f at the nine reference points in order to interpolate onto 

a particular point XP, YP. Argument LDIW sets one of the dimensions of the 
double subscripted variables XYU and SCU. 

1.7 SUBROUTINE WAIF (KR, KUT, M, XTZ, YTZ, XYM, SCM, CWMX, IWMX, LBX) 

Subroutine WAIF calculates interpolation weights for special auxiliary 

interpolations from the cartesian mesh to the upper 2 points of those surface 
normals which are part of a coarser mesh system but overlap and reside in 

a finer mesh region; see points marked A in Figure 8. The base point of 

the surface normal, being coincident with the base point of a surface normal 

of the finer mesh system is obtained by direct assignment (see points D in Fig. 8). 

Arguments used in this subroutine are quite similar to those used 

in subroutine PONDER. Argument KR is the region containing the surface 

normal, M the index number of the surface normal and XYM and SCM are geometric 

data on the locus and attitude of the surface normal. When KUT = 1 we are 

dealing with an airfoil upper surface situation and KUT = 2 signifies a 

lower surface situation; bias is introduced into selection of the 3 by 3 
cartesian array to be used in the interpolations in order to avoid use of 

cartesian mesh data which is not being properly handled because of too close 

proximity to the airfoil. The coordinates of the lower left corner of the 

cartesian mesh region are given by XTZ and YTZ, and LBX is one of the dimen¬ 
sions of the arrays used by the routine. The column and row names of central 

points of the selected 3 by 3 cartesian reference arrays are packed into 
IWMX and the 9 weighting functions are CWMX. 

1.8 SUBROUTINE CARTV (AP, BP, TW) 

Subroutine CARIW calculates weights to be used in the interpolation 

from a 3 by 3 cartesian mesh. The W are the weights based upon fractions 

AP and BP, the offsets from the central point of the nine point cartesian 

array. This subroutine assumes that the functions to be interpolated are 

fitted by a polynomial containing x, x , y, yZ, and xy terms only. 
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2. INPUT DATA 

Card No. Format 

1 8aio 

2 E10.3 

E10.3 

3 3EID.3 

- FOR J = 1,2; 

^ E10.3 

EIO.3 

- FOR J = 3, 

EIO.3 

EIO.3 

Cols. Name Definition 

I-80 TITLE Title card for particular airfoil 

1-10 CVRT Convergence tolerance on X or Y on 

iterative determinations within 
subroutine SHAH) 

11-20 EPS IN Convergence tolerance on fitting 

of spline functions in subroutine 
SHAPE 

I-30 NTE(j) Number of table entries in airfoil 
region J. 

REPEAT NTE (j) TIMES 

I- 10 X 

II- 20 y 

REPEAT NTE (j) TIMES 

I- 10 Y 

II- 20 X 

Airfoil X coordinate 

y coordinate at the corresponding 

Airfoil y coordinate 

corresponding x coordinate 

X. 

3* OUTPUT DATA 

The setup program writes a binary tape and presently it is 

at 800 DPI. This program is designed to printout a significant 

the information placed on the output tape so the prograamer and 
can check the results. 

requested 

amount of 

engineer 

4. OPERATING INSTRUCTIONS 

Operation of the setup program requires a significant amount of effort 

by the engineer in defining the problem. The engineer must select the 

39 



number and location of mesh points that will best satisfy requirements on 

accuracy in calculating the flow field about the particular airfoil under 

investigation. Much of this grid sizing must be physically planed in the 

computer program in specific statements and array dimensions. The cartesian 

mesh operational constants and limits must be placed in the program: i.e.» 

type of mesh cell and N index range for this type of cell. In general, the 

interpolation instructions and weights are calculated by the setup program. 

After the setup program has set the problem up by writing a magnetic tape 

acceptable to the flow field program, the engineer must look at the printed 

out information and check ■che field mesh setup and operational limits. 

It has seemed worthwhile in the preliminary work carried out here to 

make fairly detailed drawings of the airfoil and the mesh systems to be 

utilized in the problem. Hie information printed out by the setup program 

could then be checked for reasonableness by reference to the drawings. Some 

of the logic in the setup program may be quite specialized, that is, accurate 

only on the specific problems undertaken and could be inadequate on new 
problems having different features. 

In particular it has been found desirable to check a number of points 
as described below: 

a* Airfoil Spline Fit. Examination should be made for smoothness of 

the printed data on second and third derivatives of spline functions 

fitted to the airfoil input data. Tabulated airfoil coordinates 

are not always free of typographical errors and also keypunch errors 

in the input cards might lead to embarrassingly inaccurate or non¬ 

smooth descriptions of the airfoil surface and later to flow fields 
containing waves. 

b- Interpolated Airfoil Surface Points. The printed information on 

mesh column and row numbers for those cartesian mesh nodes immediate¬ 

ly exterior to the airfoil surface should be checked by comparison 
with the drawings. 

c. Operational Limits. The operational limits (say IPO and JPO; see 

Appendix A) for each column of each region should be checked to 

assure that the damping and cell type coding chosen is appropriate 

for the configuration of regular cartesian mesh points available 
at each location. 

Surface Normals. Hie listing of surface normals should be inspected 

to assure that they are in proper sequence; overlap properly and 
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coincide with surface normals of coarser or finer mesh regions at 

region boundaries; and that the orientation is proper for the 

tracing of clockwise tangents to the airfoil surface. 

e- Special Interpolation Codes at Rightmost Fine Mesh f!nlnmns. The 

codes (IDFH say) for interpolation from coarser mesh to points on 

the right hand boundary column of a finer imbedded mesh should be 
checked. 

Interpolation Addresses and Weights for Interchanges Between Local 

Rotated Meshes and Cartesian Mesh. All interpolation weights should 

be scanned to see that the sum of the weights is unity and that no 

single weight exceeds; unity by very much without a valid explanation. 

Addresses (M and N) for 3 by 3 cartesian mesh arrays to be used in 

interpolating onto local rotated mesh points should be inspected to 

assure that legitimate data will be available when the interpolation 

is carried out. Particular ewe should be taken to inspect those 

special interpolation operations which are carried out where the 

airfoil crosses an interface between coarser and finer imbedded 

cartesian mesh systems. 

The following detailed instructions apply to the CDC-6400 computer 

located at the Convair Division of General Dynamics. 

4.1 RUN REQUEST 

The run request information will in general contain the following in¬ 
formation. 

a. Name of programmer, charge number, etc. 

b. Type of system; Scope 3.1. 

c. Identifying name for output tape. 

d. Time estimate and core size request. This run normally takes less 

than one minute of CP time with l40000g cells for loading and 

131100g cells required for execution. 

4.2 CONTROL CARDS 

a. A REQUEST card is required for writing the binary tape output. 
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b. REWIND card for the requested tape. 

c. SET(O) card. 

d. INRJT (I£, 70000) calling for a maximum line limit. 0f 70,000o. 
o 

e. UNLOAD card for requested tape. 

f. EXIT and UNLOAD card for possible error caused termination of the run. 

The control cards are separated from the binary deck by a 7/8/9 card, which 

also appears before the data cards. The data cards are followed by a 6/7/8/9 
card. 
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SECTION V 

FLOW FIELD PROGRAM 

The flow field program (HANE) uses initial information from the setup 

program and advances the flow field solution in time-like steps. This 

program was written in FORTRAN IV type language for the CDC 6400 computer 

using a SCOPE 3*1 version compiler. The system subroutines used are the 

normal square root, log, log base 10, and exponentiell routines. 

In general, it has been attempted to carry out operations which need 

only be done once in a problem in the setup program (TEHAl) and (because 

of the method for calculating computing machine costs applied at the facility 

where the operating program was developed) to tend to weight computational 

speed more highly than storage conservation when writing program logic. 

1. DESCRIPTION OF PROGRAM 

This program consists of a main routine called HANE and the following 

subroutines; REPAIR, OUCH, PUTOUT, AIROUT, YTRE, OOKII, SUSUMU, WOP, WOAP, 

HERI, JIKAN, ENGS, SAKAI, KAKOI, WAKU, KAKARU, and TREND. Brief descriptions 

of the routines are given in the following sections. A complete listing of 

the program and glossary of principal FORTRAN terms are given in the Appendices. 

Detailed flow charts of all the subroutines are contained in Appendix E. 

1.1 MAIN ROUTINE HANE 

Routine HANE reads in the necessary card input then reads a binary tape 

which contains the mesh regions, operating limits, and the working variables. 

A number of useful constants,weighting factors and damping factors are com¬ 
puted. In the main loop this routine first advances the solution in the 

outer polar mesh region, then continues working on the cartesian mesh regions 

down to the smallest mesh size region: coarse cartesian, fine cartesian, 

airfoil cartesian, outer nose, and ending with the inner nose mesh. After 

advancing the solution one step, information between mesh regions are inter¬ 

changed. A test is then made to determine if any of the mesh points should 

be pushed toward the steady state value of free stream total enthalpy. A 

test is then made to see if printed output is desired. At the end of a run, 

an option exists to save useful information and the present solution, to be 

used in a continuation run after visual inspection of printed data from the 
present solution. 
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1.2 SUBROUTINE REPAIR 

Subroutine REPAIR has no routine purpose in the program. Rather it is 

specially written and used to correct any errors which might show up; say 

in the operational limits generated by the setup program, etc. Alternatively 

his routine might contain the logic necessary to convert an existing solution 

to serve as starting conditions for a new problem at different Mach number 

or angle-of-attack; this routine is caUed by an input flag (IFIZ). 

1.3 SUBROUTINE OUCH (JO) 

Subroutine OUCH is used to select the type of printout desired depending 

upon index JO. This subroutine calls other routines PUTOUT and AIROUT which 
in turn perform the printout. The type of printout available is: 

JO =* 1 Printout everything, conservation and physical variables 

for all regions and the airfoil surface. 

JO = 2 Printout physical variables for all regions and the 
airfoil surface. 

JO = 3 Printout physical variables for all regions except for 

the outer field" and the "coarse mesh" . All airfoil 
values are printed. 

J0 3 ^ Print only airfoil surface physical 

1.4 SUBROUTINE PUTOUT (j, W, MAX, NAX) 

Subroutine PUTCUT is used to printout the flow field conservation 

variables f or J ■ 1 and the flow field physical variables for J » 2. The 

argument W represents the array of conservation variables, while MAX and NAX 

are two of the 3 array dimensions for W in the particular region being worked 

The conservation variables are: W1 « pu, W2 = pv and W3 = p. Physical 

variables which are printed include pressure (p/pj, density, u and v velocity 

components, Mach number, and total enthalpy. The values for the entire 

rectangular cartesian mesh region are printed regardless of whether or not 

the point might be inert because of being Imbedded within the airfoil. 
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1.5 SUBROUTINE AIRCUT (Ml, M2, W, MAX, XY) 

Subroutine AIROUT is used to printout physical flow variables at 

locations where surface normals intersect the airfoil surface. 

Arguments Ml and M2 represent the limits on the range of surface 

normal index numbers to be printed. Argument XY is a double subscripted 

variable containing the airfoil coordinates with MAX as one of the dimensions. 

MAX is also a dimension for the array of conservation variables (w). This 

subroutine prints out the surface coordinates, pressure, density, velocity 

components tangential and normal to the surface, Mach number, and the total 
enthalpy. 

1.6 SUBROUTINE YTRE 

Subroutine YTRE is used to advance the solution in the inverted polar 

coordinate region which represents the outermost portions of the flow field. 

The solution is advanced throughout the field using a 3 column wide 

moving array which converts 3 columns of WY to F and G, then advances the 

solution at points along a single (the central) column and places the ad¬ 

vanced solution in a temporary storage array WAD. The F, G and WAD data 

in the 3 column array are then column shifted and a new set of WY from the 

next higher (M) column number is read in and converted to F and G. Another 

set of advanced values WAD are calculated and placed in the moving array and 

the older advanced values (WAD) which had been temporarily held are placed 

into the main WY array after the 3 column moving array has been shifted 

(to higher M). In this fashion, it is not necessary to reserve storage for 

two complete sets of WY, that is the reference values and the advanced values. 

The allowable time step to be used at each mesh point is calculated in 

a relatively rough manner and is thought to be highly underestimated, 
especially on the rows representing rings of large radius. 

The equations to be solved (22) are different from those used in 

cartesian regions and hence difference approximations to derivatives of F and 

G with respect to both Rh and 0 must be obtained. It should be noted that, 

while a two-step multilevel difference scheme is employed, the long-term 

stability and accuracy of the scheme would be degraded if the metrics 

¿Rh ^ 
ôx ’ àx * òy and ¿y were not re8arded as constants over the 9-point 

"footprint'' while the advanced solution is being calculated at the central 
of the 9 points. 
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Values of the conservation variables at the row representing the circle 

ol infinite radius are left invariant in order to enforce free stream boundary- 

conditions. The routine, also, does not advance the solution at points on 

the row (N = l) representing the smallest radius ring since data for this 

row is obtained later by interpolation from the underlying coarse cartesian 

mesh region. 

1.7 SUBROUTINE OOKII 

Subroutine OOKII is used to advance the solution in the coarse cartesian 

mesh for limits of MCB ¿Ms MCS and NCB s N s NCS. Each mesh point is 

advanced in time according to the locally allowable limit. 

The program is organized to advance the solution using a moving 3 column 

array which is shifted through the field from lower to higher values of M 

as has been described previously in the discussion of subroutine YTRE. A 

ieature not in YTRE but incorporated in OOKII and also in subroutine SUSUMU 

(in a more complicated form) is the vse of operational limits,in this case, 

ICO and JCO. In advancing the solution at the various rows (N) in a particular 

column (M) it is unnecessary to treat some of the points since they will 

be given closer attention when calculations are carried out in the imbedded 

finer mesh. Within subroutine OOKII loop limits on N are set for blocks of 

points in each column M by ICO. All points within each block are treated 

in a similar manner given in code by JCO; coded 5 if the solution is to be 

advanced and 0 if the points are to be regarded as inert. 

In writing this routine it was judged (in view of the number of operations 

involved in switching) not economical to Meek out inert regions when converting 

W to F and G or in shifting columns within the moving array. This assumption 

should be reexamined if the program is rewritten for another machine or for 

production use. 

It will be seen subsequently that subroutine SUSUMU performs essentially 

the same function as OOKII; it advances the solution within a cartesian mesh 

region subject to operational instructions like ICO and JCO. Subroutine 

SUSUMU, however, is written to handle a more complicated variety of cells 

(not all points are handled with absolutely symmetric difference schemes) 

because of the airfoil cutting through the mesh, and to incorporate enhanced 

damping near region boundaries. It was considered worthwhile to write OOKII 

as a separate subroutine to deal with the simpler coarse cartesian mesh region. 

1.8 SUBROUTINE SUSUMU (KR, MRA, MRT, NRA, NRT, W, IRO, JRO, ITSMD) 

Subroutine SUSUMU is used to advance the solution in those rectangular 

cartesian regions which are directly intersected by the airfoil. Argument 
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KR defines the region number, while MRA, MRT, NRA, NRT define the operating 

limits for the M and N index respectively. In addition MRT and NRT are 

dimensions for the array of conservation variables W and arguments IRO and 

JRO. JR0(KK,M) indicates the type of cell and damping that exists between 

the N column limits of IR0(KK,M) and IR0(KK+1,M) = 1. JRO is a packed word with 

the flag for the type of damping (JDR) obtained by JRO/lOO and the type of 

cell (JCT) given by JR0-100 JDR. Ihis subroutine makes use of two other 

routines WOAP and WOP for computing the half-step values used in the two-step 

scheme. 

The solution is advanced over the rectangular field using a five-column 

moving array which is swept through the field from left-to-right, that is 

toward successively larger column index names (M). In the array of principal 

dependent variables, those locations within and to the right of the moving 

5-column array contain the values from the previous time plane while locations 

to the left of the moving array contain data which have been advanced forward 

by one time step. 

Ordinarily, that is, when the 5 column array is in the central portion 

of the field the sequence of operations for advancing the solution at field 

column M is as follows: 

a. Variables W for field column M+l are converted to functions F and G 

and stored in moving array column J = 4. 

b. F and G data generated earlier from W variables of field columns 

M-l and M and now resident in columns J - 2 and J = 3 of the moving 
array are used together with the data from J = 4 and W values in 

field columns M-l, M, and M+l to obtain advanced solutions for all 

points in column M; these new solutions (obtained point-by-point 

for successively larger values of N in the column) are stored 

temporarily in an array WAD(K,J,N) where J = 3. 

c. Values at WAD(K,1,N) replace old values of W(K,M-2,N); WAD(K,1,N) 

are replaced by WAD(K,2,N) and WAD(K,2,N) are replaced by WAD(K,3,N); 

also F(K,2,N) and G(K,2,N) are replaced by F(K,3,N) and G(K,3,N); 

and F(K,3,N) and G(K,3,N) are replaced by F(K,4,N) and G(K,4,N). 

After this shifting of temporarily stored primary dependent variables 

(WAD) and auxiliary functions (F and G) one column to the left in 

the moving array, field column index M is increased by one and the 

steps (a) to (c) are repeated. 
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Near the left and right boundaries of the field the routine described 

is suitably modified to handle the problem of getting started and to assure 

that all the advanced data gets stored properly when the field has been 

completely covered. 

Control over the type of difference scheme to be applied to the individual 

points (indexed N) in a given column (M) is exercised with operational limits 

IR0(KK,M) and JR0(KK,M). All cells having N between and including IRO(KK,M) 

and IR0(KK+1,M)-1 are treated alike in a DO loop. The type of treatment to 

be given is coded in JR0(KK,M) in two parts: 

a. JRO/lOO is an index JDR indicating whether or not the normal intention¬ 

al diffusive damping factor (k) should be increased in an attempt to 

match the effective damping in a surrounding coarser cartesian mesh; 

briefly, JDR = 5 requires no augmentation of damping while other 

JDR =1,9 require amounts depending on mesh size ratios and the 

proximity of the point to the field boundaries; see Fig. 9. The 

amounts of augmentation to be applied are calculated in the main 

routine HANE and transmitted to SUSUMU in common block PEND. 

b. JR0-100 JDR is an index JCT indicating the type of difference scheme 

to be applied to the available data in advancing the solution. If 

JCT = Û the old data is reassigned, that is the point is considered 

inert. The present program makes use only of JCT = 5, 10, 11, 12, I3 
cells. In each of these the solution is advanced at the central 

point of a 3 by 3 array but for cell types IO-I3 the data is considered 
unuseable at one of the array corners; see Fig. 10. References to 

cell types 1-4 and 6-9 are vestigial their use having been eliminated 
during ontogenesis of the program. The logic for advancing the 

solution of a type 2 cell has been written into subroutine HERI which 

handles airfoil boundary points. 

Argument ITSMD controls the manner of determining the time increment 

to be used in advancing the solution. If ITSMD = 1 the time step is calculated 

at each point based upon local conditions; if ITSMD = 2 the time step is 

determined externally by subroutine JIKAN,transmitted in common block CONI, 

and the same value is used for all points in the region. 

Insofar as feasible, the logic has been arranged to minimize the switching 

needed to treat inert points and ordinary field points and more complicated 

switching paths may occur in treating extraordinary cells or cells near field 
boundaries. 
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5 - NO AUGMENTATION 4,6 MULTIPLY BY DMBX 

2,8 MULTIPLY BY DMBY 1,3,7,9 MULTIPLY BY LARGER OF DMBX, DMBY 

Figure 9. Typical arrangement of damping augmentation regions. 
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1.9 SUBROUTINE WOP (l, W, M, N) 

Subroutine WOP is presently used in the half step portion of the overall 

scheme to advance the solution for mesh points that we surrounded by seven 

good reference points instead of eight. The conservation variable W is 

dimensioned W(3,M,N). Argument I indicates the type of cell: 

I JCT IPX IPY 

1 10 1 1 

2 11 2 3 

3 12 3 2 

4 13 4 4 

and Figure 10shows the mesh point distribution for the various types of cells 

using this subroutine. 

Because there are only 8 points rather than the 9 used in the completely 

symmetric scheme (13,14) functions are assumed to be given by polynomials 

having x, x , y, y , xy, x y and xy terns. The absence of an x y^ term 

does not affect the order of accuracy of the difference scheme, rather it 

merely changes the numerical coefficients of the various discretization 

error terms. 

1.10 SUBROUTINE WOAP (IIA, JJA, W, M, N) 

Subroutine WOAP is used to calculate half-step values of the conservation 

variables end corresponding values of F and G. Referring to Fig. 10, sub¬ 

routine WOAP calculates the half-step value at mesh point (IIA,JJA); therefore 

one must call this routine for each half step value required. Arguments 

M and N are the dimensions for conservation variable W. 

Subroutine WOAP is relatively little used in the present version of the 

program, being called only for half-step values while treating types 10-13 
cells. 

1.11 SUBROUTINE HERI (KR, LBX, W, ITSMD) 

Subroutine HERI advances the solution at airfoil surface points and at 

points Ay outboard along a normal from the surface using a locally rotated 
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3 by 3 cartesian mesh which is tangent to the airfoil surface. This routine 

assumes the wall point is the critical value for the allowable time step 

calculation. After advancing the solution, this routine assigns a no-normal- 

velocity boundary condition for the surface point. Index KR is the region 

number. Index LBX is the dimension for the local normal cartesian mesh region 

conservation variables W. Flag ITSMD indicates the type of time step to use: 

ITSMD = 1 Use local conditions at the airfoil point to deterndne 

the allowable time step. 

ITSMD = 2 Use a time step limit computed outside this routine 

by subroutine JIKAN. 

Subroutine HERI sets, depending on the mesh region, loop limits determin¬ 

ing index numbers of surface normals along which the solution is to be ad¬ 

vanced. Also warnings are set to determine those cells at which the diffusive 

damping is to be augmented because of proximity of the cells to a region 

boundary. 

In the main loop the values of W at the 9 points in the 3 by 3 local 

rotated array are converted to F and G functions, the allowable time step 

is determined and the solution is advanced a half step in time over points 

1> 2, 3, 4, 5, 6, 8. Referring to Fig.10 it may be seen that these construction 

points are necessary to advance the solution a full step at points 2 and 5* 

The full step solution at point 2 is stored temporarily in an array WA and 

the wave method for satisfying boundary conditions is applied (Eqs. 19,20) before 

assigning the advanced solution to the main variable array at point 2. Depend¬ 

ing on JTND (a program input supplied through common block ENTHP) subroutine 

ENGS may be called to adjust the total enthalpy at wall point 2. 

1.12 SUBROUTINE JIKAN 

Subroutine JIKAN calculates the time step allowable in the inner nose 

mesh region by sampling all cartesian mesh field points and airfoil surface 

point and choosing the minimum of the allowable values. 

The criterion for allowable time step in a cell amounts to having the 

backward Mach cone from point 5 at tQ + At fall within the lozenge 2-6-8-4-2 

in the tQ plane. Assuming Mach number nÍ2, there might be a factor of (as 

much as 1.2) larger allowable time step in a square cell having the velocity 

aligned with the 4-5-6 axis than in a similar cell having the velocity aligned 

parallel to a 1-5-9 cell diagonal. In the inner nose region where locally 

rotated meshes can be oriented 45 degrees with respect to the underlying 
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regular cartesian mesh, the policy of using severely mismatched time steps 

and exchanging of data between rotated and regular meshes by interpolation 

could possibly cause an instability in the calculation. Hence it was elected 

to use time steps matched over the entire inner nose region. 

In other flow regions the boundary meshes are more closely aligned with 

the underlying cartesian system so the use of a non-uniform time step was 

allowed. The need for a uniform time step in the inner nose region has not 

been tested by experiment. 

1.13 SUBROUTINE ENGS (w) 

Subroutine ENGS attempts to push the total enthalpy of airfoil surface 

points towards the steady state value of free stream total enthalpy. The 

present version of this routine holds the pressure and changes the velocity 

magnitude unless the local static enthalpy exceeds the desired total 

enthalpy; in that case the Mach number is retained while all three conservation 

values are altered. 

Argument W is a set of 3 conservation variables at a single wall point. 

Subroutine ENGS is called subject to the control of program input JTND and 

reduces the discrepancy between local total enthalpy and free stream total 

enthalpy to (l-TENB) of the detected discrepancy; TENS is also a program 

input. Note that it has been assumed that y = 1.4 in this subroutine. 

1.14 SUBROUTINE SAKAI 

Subroutine SAKAI interchanges information between adjoining regions by 

assignment of common points, interpolation and, in some cases, setting up 

limits before calling other subroutines to perform the interpolations. This 

routine assigns the Kutta condition before returning control to the main 

routine. 

The interchanges of data are performed in a particular order with 

the objective of avoiding or minimizing the number of interpolations or 

assignments based upon incomplete or obsolete data. 

Firrst, points on the inner ring (N=l) of the outer polar coordinate 

mesh (Region 1) are obtained by interpolation from the coarse cartesian 

mesh (Region 2). Addresses of the central points of the 3 by 3 cartesian 

meshes to be used in the interpolations are given by IYB while offsets 

from the central point (in fractions of Ax and Ay) are given by DYB. The 

weighting functions are calculated by the program. 
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Next, data from ray M=4l of the polar mesh assigned to ray M=»l and data 

from ray M=2 is assigned to ray M=42. The solution is advanced along only 

4o rays when the polar field is being treated as a rectangular array and 
columns 1 and 42 are auxiliaries obtaining advanced data by direct assignment. 

The advanced data along the perimeter of the coarse cartesian mesh 

(Region 2) is obtained by interpolation from the polar mesh (Region l); the 

ICB pick out the central points of the 3 by 3 reference arrays and the DCB 

are the offsets. 

The meshes in the various cartesian mesh regions have all been chosen 

so that an integral number of the smaller meshes equals one larger mesh. 

Hence, the program assigns advanced values of field variables calculated in 

a finei mesh to the coincident points of coarser meshes. The values calculated 

in the inner nose region (Region 6) are assigned to the coincident points of 

Region 5; then values at points of Region 5 are assigned to coincident 

points of Region 4 and so on up to the coarsest cartesian mesh (Region 2). 

Next, interchange of information between the cartesian mesh (Regions 4-6) 

and their respective arrays of local rotated meshes aligned on airfoil 

surface normals is undertaken. Subroutine KAKOI is called and interpolations 

from the cartesian mesh onto the upper point of each surface normal witnin 

the interior of the region. The interpolated data is obtained from a 3 by 3 

cartesian array whose address is coded in IWb(2,MM) using interpolation 

weights CWb(K,2,MM) where b depends on the particular region, MM is the 

index numberof a specific surface normal and K=l,9 for the 9 reference points. 

The interpolated data is placed at WSb(KK,8,MM) where KK=1,3 for the 3 

principal dependent (conservation variables). Subroutine KAKOI also inter¬ 

polates, by using weights AWb(K,MM) and reference data from the 3 points 

of the local surface normal (points 2, 5 and 8 of the local rotated mesh) 

onto that cartesian mesh point which served to generate the surface normal. 

The proper cartesian mesh point to receive the data is identified by lAb 

If the cartesian mesh receiving the data happens to also be a point of the 

next coarser cartesian mesh, the data is assigned to the coarser mesh also. 

In the fine mesh (Region 3)> those local rotated meshes aft of the 
airfoil trailing edge coincide with the underlying cartesian grid and have 

advanced data assigned directly to them from the cartesian grid. 

In both the cartesian mesh systems and their associated collection of 

local rotated meshes the solution is actually advanced (using a difference 

scheme) within the interior of the region; advanced data along the margins 
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of the finer regions are obtained by interpolation and assignment from 

coarser regions. Conversely, if a coarser region surrounds a finer mesh 

region, the solution is advanced (by a difference scheme) only as far inboard 

as the perimeter of the finer mesh region using (as auxiliary data) infor¬ 

mation obtained (mainly by assignment) from points in the interior of the 

finer mesh region. A part of the functions of SAKAI is to make these data 

interchanges at region boundaries. 

Data at the base points of those coarser mesh surface normals which 

stand in a finer mesh region and coincide with finermesh surface normals 

(marked D in Fig. 8 ) are assigned from the finer mesh surface normals. 

Data on those finer mesh surface normals which stand in a coarser 

mesh and coincide with coarser mesh surface normals (marked E in Fig. 8 ) 

are obtained by three point interpolation from the coarser mesh surface 

normal using interpolation weights AWbc. 

Next, data is interpolated and assigned from coarser cartesian mesh 

to points on the perimeter of finer cartesian mesh. On the left column and 

the top and bottom rows the interpolations are made using cubics fitted to 

4 straddling reference points as data. The weights are listed as data to 

subroutine SAKAI in arrays GJX, HJX, RJX, SJX; the proper array is chosen 

for the integral relation between the coarser and finer mesh sizes. On 

the right hand column boundary the interpolations may also use the weighting 

arrays mentioned but, since the airfoil cuts through the mesh it may be 

necessary to make a parabolic interpolation based on three reference points 

if illegitimate reference data is to be excluded. The choice is controlled 

by operational codes IDbc and interpolation weights from data arrays PJX, 

QJX, TJX are used for these parabolic interpolations. 

Advanced data for the upper two points on a coarser mesh surface 

normal which lies in a finer mesh region and coincides (at its base) with 

a finer mesh surface normal (points marked A in Fig. 8 ) are obtained by 

interpolation from the coarser cartesian mesh. Subroutine KAKARU carries 

out the operations using IWbX for the addresses of the 3 by 3 cartesian 

reference arrays and CWbX for weighting functions. 

The advanced data at the remaining six points of each local rotated 

mesh (points 1, 4, 7 and 3» 6, 9) are obtained by interpolations using sub¬ 
routine WAKU. For a given surface normal MM the data at points 7 and 9 
are obtained from the underlying cartesian mesh using IWb(J,MM) J=1 and 3 
to locate the reference 3 by 3 cartesian mesh and CWb for the interpolation 
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weights. The data at points 1 and 4 is obtained by interpolation out of the 
distorted array consisting of surface normals MM-2, MM-1 and MM using inter¬ 

polation weights DWb(K,J,MM-l) ; K=l,9; J-1,2. Similarly, data at points 3 and 6 
is obtained by interpolation out of the distorted array consisting of surface 

normals MM, MM+1, and MM+2 using interpolation weights rWb(K,J,MM+l); 

K=l,9; J=3>4. At the ends of the ranges of surface normals (where normals 

MM-2 or MM+2 would not be available) the data at points 1, 4 or 3,6 would 
be obtained by interpolation from the distorted array consisting of surface 
normals M-l, M, and M+l using weighting functiond EWbX. 

When the attention of subroutine WAKU is directed to a coarser mesh 

surface normal which crosses the perimeter of a finer cartesian mesh, inter¬ 

polations are made from the distorted array onto those finer cartesian 

mesh boundary points lying between the crossing of the surface normal by the 

finer mesh perimeter and the airfoil surface (points marked F on Fig.8 ). 

Interpolation weights DWbc are used; IWbc identifies the finer cartesian mesh 

points which are to receive the interpolated data; and LINTb fixes the number 
of such interpolations to be carried out. 

The final operations perfomed in SAKAI are for enforcement of the 

KUTTA condition. The density at the cartesian mesh point lying at the trail¬ 

ing edge has been taken as the average of the densities at the upper and 

lower surface points nearest the trailing edge. The horizontal mass flow 

(pu) at the cartesian mesh point has been taken to be the average of the 

surface mass flows at the upper and lower surface points nearest the trailing 

edge. The vertical mass flow (pv) at the cartesian mesh point representing 
the trailing edge has been set at zero. 

1.15 SUBROUTINE KAKOI (WT,MTT,NTT,W1'* MMT,NMT,WST,IWT,CWT,AWT,SCT, LBX,IAT,MNX) 

Subroutine KAKOI interpolates from the cartesian mesh grid onto the 

top point of the airfoil local surface normal. In addition, an interpolation 

is made from the local surface normal to the cartesian mesh point on the 

surface nomal and nearest the airfoil surface. If this cartesian mesh 

point coincides with a point of the next coarser cartesian mesh the inter¬ 

polated values are assigned to the coarser mesh point too. 

The array of principal dependent variables in the cartesian mesh region 

being worked on is WT(3,MTT,NTT) and of the next coarser cartesian region is 

WMO.MMT.MT). The array of dependent variatlen m local rotated meshes associ¬ 

ated with surface normals is WST(3,9,MC) and SCT(2,LBX) given information 

on the orientation of the local rotated mesh with respect to the underlaying 

cartesian mesh. The array rrfT(3,LBX) is used to locate the individual 
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3 by 3 cartesian meshes from which interpolations are to be made onto the 

uppermost points of surface normals using interpolation weights CWT(9,3,LBX). 

The interpolations from surface normals onto the cartesian mesh points nearest 

the surface, identified by IAT(2,MNX), are made using weights AWT(3,LBX). 

Note that the principal dependent variables for cartesian mesh points 

are pu, pv, and p where u and v axe cartesian mesh velocity components. In 

local rotated meshes the principal dependent variables are put, pu , and p; 
that is velocities are given in directions parallel and normal to the airfoil 

surface. Consequently, in interchanges of information between cartesian 

and local rotated meshes the mass flow vector W , W must be properly resolved 

by use of the orientation information SCT(l,MM)= sin Q and SCT(2,MM) = cosine 0 
where 0 is the angle between a clockwise tangent to the airfoil surface and the 
positive cartesian x axis. 

1.16 SUBROUTINE WAKU (IWT, CWT, WST, SCT, DWT, DWTX, LBX, WT, MTT, NTT, WU, 

MUT, NUT, DWTU, IWTU, LINTU) 

As has been explained previously in discussion of subroutine SAKAI, 

subroutine WAKU interpolates from cartesian mesh points to points 7 and 9 

of the local rotated meshes. It also interpolates from the distorted mesh 

consisting of 3 adjacent surface normals onto points 3 and 6 of the adjacent 
local rotated mesh to the left and points 1 and 4 of the adjacent local rotated 
mesh to the right. The routine will also interpolate onto points 1 and 4 or 

3 and 6 for local rotated meshes at the ends of a mesh region and interpolate 
onto cartesian mesh points lying on the border of a finer mesh. 

The dependent variables in the coarser cartesian mesh are given in array 

WT(3,MTT,NTT) and in the finer cartesian mesh by WU(3,MUT,NUT). The dependent 

variables in the local rotated meshes associated with the coarser of the two 

cartesian mesh regions are in array WST(3,9»LBX) and the orientation infor¬ 

mation is stored as SCT(2,LBX). 

The interpolations from cartesian to local rotated meshes are carried 

out using locators IWT(3,LBX) and weights CWT(9,3>LBX). Interpolations from 

distorted meshes to local rotated meshes are carried out using weights 

DWT(9,4,LEX) and, at the ends of a mesh region, using weights EWTX(9,2,6). To 

interpolate from distorted mesh onto cartesian mesh border points identified 

by IWTU(2,4) weights EWTU(9,2,4) are used; LINTU(2) controls the number of 

such interpolations which should be carried out. 

Note that, since the basic data for interpolations from a distorted array 

is drawn from three adjacent surface normals having different orientations, 

the mass flow vectors are resolved into the Cartesian components and the data 

is stored in an array WINT (3,9) before interpolating. 
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1.17 SUBROUTINE KAKARU (KUT, LU, IWMX, CWI-K, WM, MMT, NMT, WSM, SCM, LBX) 

Subroutine KAKARU interpolates from a coarser cartesian mesh to the upper 

two points of those coarser mesh surface normals at the ends of the array of 

surface normals standing inside a finer cartesian mesh region, see points A, Fig. 8. 

^ The array of dependent variables in the coarser cartesian mesh is 

WM(3,MMT,NMT) and the array in local rotated meshes is WSM(3,9,LBX). The 

orientations of the local rotated meshes are given by SCM(2,LBX). Only one 

surface normal, indexed LU, needs be handled on the upper surface of the 

airfoil (KUT=l) and one on the lower surface (KUT=2). The appropriate 3 by 3 
cartesian reference arrays are identified by IWMX(2,2) and interpolation 

weights CWMX(9,2,2) are used. 

1.18 SUBROUTINE TREND 

This routine attempts to push the total enthalpy at all mesh points 

(cartesian and local rotated meshes) toward steady state free stream total 

enthalpy. Discrepancies in total enthalpies are reduced to (1.0-TEND) of 

their calculated values, where TEND is an input quantity. The use of this 

subroutine is controlled by input quantity JTND and the subroutine is called 

only when M0D(L,JBCT)=0; JBCT is also a program input. 

The total enthalpy is adjusted by preserving the Mach number and adjust¬ 

ing density and velocity magnitudes. 

2. INPUT DATA 

Card No. Format 

1 8aio 

2 15 

15 

15 

Cols. 

I-80 

I- 5 

6-10 

II- 15 

Variable Definition 

TITLE Title card from the calculation 

LZ Initial plane number for run 

IMAX Termination plane number for run 

LPRINT Print interval 

15 16-20 JOUT Type of printout desired. 

= 1 printout all W's and 

physical variables 
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Card No. Format Cols. Variable Description 

2 15 

15 

2 15 

= 2 printout physical variables for 

all regions and airfoil 

= 3 printout physical variables for 
all regions and airfoil except 

the outer two mesh regions 

= 4 printout only the airfoil 

physical variables. 

21-25 JTND Flag for the type of enthalpy 

correction desired. 

= 1 no forcing of the field toward 
the steady state total enthalpy 

= 2 adjust boundary points by 
amount TENS 

= 3 adjust all field points each 
computational step using 

factor TEND 

= 4 adjust all field points based 

upon interval defined by JBCT. 

Once again, use factor TEND 

26-30 IBUG A debugging printout flag 

= normal printout 

= printout results of each com¬ 

putational step for the fine 

mesh region 

31-35 INIT Flag to call for a tape save at 

end of run 

= 1 do not save information on tape 

= 2 save results of the last com¬ 
putational plane on tape 
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Card No. Format Cols. Variable Description 

36-40 IFIZ 

41-45 JBCT 

46-pO JOFB 

3 8EIO.3 I-80 SAFE(l) 

4 8EIO.3 I-80 DAMP(l) 

5 E20.3 1-10 TEND 

11-10 TEND 

Flag to call for subroutine REPAIR 

» 2 call for REPAIR 

/ 2 do not call REPAIR 

Flag Indicates interval for adjusting 

the discrepancies in total enthalpy 

Flag used to indicate regions to 

be computed 

3 1 advance the solution in all 
regions 

= 2 advance the solution in all 
regions except the polar coordinate 

region 

= 3 advance the solution in all 
regions except the polar and 

coarse cartesian mesh regions 

Safety factor reducing the time 

step used for the various regions, 

presently I = 1,6 

Diffusive damping factor for the 

various regions, presently I = 1, 6 

Adjust all field points towards 

steady-state free stream total 

enthalpy, reducing discrepancies 

by the amount (1.0-TEND) 

Same as TEND, but for the airfoil 

boundary points. 
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3. OUTPUT DATA 

The flow field program is designed to printout the conservation variables 

W along columns (index N) in each region or, if preferred, the physical 

variables along columns will be printed. The physical variables printed are; 

pressure, density, velocity in the x direction, velocity in the y direction, 

Mach number, and total enthalpy. At airfoil surface points velocities are 

given in components tangent and normal to the surface. 

4. OPERATING INSTRUCTIONS 

Mechanically, control of the operation of the flow field program is quite 

simple. The programmer must make sure to request the proper continuation 

tape and update the computational time limits on the card input. Normally, 

a run consists of ftrom 10 to 60 computational planes depending upon the 

computer availability and confidence in the existing solution. After a run, 

the engineer should look at the solution progress. This usually means ex¬ 

amining the printed data, plotting the airfoil pressure or Mach number distribu¬ 

tion and pressure distribution ahead, above and behind the airfoil. The 

engineer should also look at the interchange of information at mesh rerion 

boundaries. A Mach number contour plot of selected mesh regions should be 

made to follow progress of the solution. Convair Division of General Dynamics 

has a contour plotting routine that accepts the magnetic tape output of the 

flow field program and plot density and Mach number contours. This contour 

plotting program accounts for the airfoil surface passing through the rectangu¬ 

lar mesh cells at odd angles. 

Once the engineer is satisfied that the solution is progressing properly, 

a continuation run is made using information from the last computational plane 

(stored on magnetic tape) as input. It is a good policy to save the output 

tapes from flow field program since most errors that occur normally build up 

in time and after a correction, one may want to back up and repeat the previous 

one or two runs. The errors that normally occur are incorrect interpolation 

and operation instructions from the setup program or instabilities due to poor 

choice of the amount of damping used in the various regions. 

The following detailed instructions apply to the CDC-6400 computer located 

at Convair Division of General Dynamics. 

4.1 RUN REQUEST 

The run request information will contain the following information: 
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a. Name of programmer, charge number, etc. 

b. Type of system, Scope 3.1. 

c. Identifying name for output tape and reel number for input tape. 

d. Time estimate and core size request. Hie time required to run 30 

computational planes with the field size discussed in Section 3 is 

less than 7 minutes and the core required for execution is 65500g cells. 

4.2 CONTROL CARDS 

a. REQUEST cards are required for reading the binary input tape and 
writing the binary output tape. 

b. REWIND cards are required for the requested tapes. 

t 

c. SET (o) card to zero out core. 

d. INPUT (LC, 100000) calling for a maximum line limit of 100,000 lines. 

e. UNLOAD card for the requested tapes. 

f. A EXIT and UNLOAD cards for possible error caused termination of the 
run. 

A 7/8/9 card separates the control cards and the binary deck. The card also 

appears before the data cards. The data cards are followed by a 6/7/8/9 card. 
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SECTION VI 

BOUNDARY LAYER CALCULATION PROGRAM 

This program calculates the boundary layer on an airfoil for an arbitrary 

surface velocity distribution. The program will continue calculations through 

turbulent boundary layer separation, but one must view these results in the 

separation region as questionable, since the correlations for the shape factors 

and entrainment in the separated region are based on existing experimental 

tests which were not two dimensional. It is expected that as more test data 

becomes available, modification to this program will enhance the predictions 

in this separation region. 

Thwaites' (see Ref. 5) incompressible expression for the momentum 

thickness is used for the laminar portion of the boundary layer. Simple 

integrated expressions of the continuity and momentum equations are used 

to solve for the turbulent boundary layer. 

1. PROGRAM DESCRIPTION 

The computer program for calculating boundary layers on an airfoil 

consists of a main program called TUR3L and the following subroutines: LAMINAR, 

TRANS, SLOPED, VEL, GAUSSEN, SAVEQ, SOLVE, INTER, INTERP, PARFIT, and SIMP. 

In addition,a number of functions are used: SKINF, HFACT, X3NC0M and VISCOS. 

A brief description of each subroutine and function are given in the following 

paragraphs. A complete FORTRAN IV listing and SC-4020 plotted flow charts 

are presented in Appendix VI and Appendix VII. 

1.1 PROGRAM TURBL 

Program TURBL is the driver program and performs most of the computations. 

This program reads in the required input, prints this information and then 

proceeds to calculate the required starting information. If a laminar boundary 

layer is required, program TURBL will call subroutine LAMINAR which provides 

starting conditions for the turbulent boundary layer. Program TURBL then 

proceeds by calculating the turbulent boundary layer quantities using com¬ 

pressible integral continuity and momentum equations. These equations are 

integrated using a second order Runge-Kutta approximation. Resulting boundary 
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layer properties are printed and then tests are made to determine if separation 

has occurred. Once separation has occurred (zero skin friction or a shape 

factor greater than an input value) the program will continue to calculate 

through the separated region, however one must remember that the existing 

expressions are not correct for separation. Reattachment is tested for by 

comparing the shape factor with an inputed reattachment value. 

1.2 SUBROUTINE LAMINAR (THETO, XT, DEL30) 

Subroutine LAMINAR uses Thwaites' (see Ref. 5 ) expression for incompressible 
momentum thickness for the laminar boundary layer. All the input compressible 

quantities outside the boundary layer are transformed to incompressible values 
before being used in this subroutine. 

The laminar shape factor and skin friction are assumed to be given by 

Ref. 5. Empirical expressions for transition and separation are used in this 

routine. After transition to turbulent flow has occurred, an empirical 

expression due to Truckenbrot (see Ref. 6) is used for the jump in shape 

factor from laminar to turbulent. Before returning to the main program, 

this subroutine computes the compressible turbulent boundary layer starting 

conditions. Definition of arguments: 

THETO = Starting value of momentum thickness. Input value in feet, 

londimensionized by the airfoil chord in this subroutine. 

The subroutine returns the starting momentum thickness 

from the turbulent boundary layer calculation. 

XT = Location of transition from laminar to turbulent flow 

given as a compressible value. 

DEL30 = Starting laminar value of mass flow thickness A in feet, 

also returns the turbulent starting value. 

1.3 SUBROUTINE TRANS (DEIX, THETAO, BEL30, HSTART, XSTART) 

This subroutine takes the compressible input values of conditions "outside" 

the boundary layer and transforms these into incompressible quantities for 

use in the laminar boundary layer calculation. Definition of arguments: 

DEIX = Compressible boundary layer step size, input value. 

THETAO = Starting compressible momentum thickness, input value which 

is then transformed to an incompressible value and returned 
to the calling subroutine. 



DEL30 = Starting compressible mass flow thickness A with the in¬ 

compressible value returned to the calling subroutine. 

HSTART = Starting compressible shape factor, H, returned as in¬ 

compressible value. 

XSTART = Starting X coordinate for the laminar boundary layer 

calculation. After transition to turbulent flow is 

indicated, this variable is returned as the location of 

transition. 

1.4 SUBROUTINE SLOPED (X, H12, H32, DELI, DEL2, DEL3, DD2DX, DD3DX) 

This subroutine calculates the derivatives at location X for use in the 

second-order Runge-Kutta integration scheme. One has a choice of the in¬ 

compressible or compressible equations. Normally the compressible expressions 

(IDE=2) should be used. Definition of arguments: 

1.5 

X 

H12 

H32 

= Location of desired derivatives 

= Incompressible shape factor 

= Mass flow shape factor 

# 

DELI Displacement thickness 6 

DE 12 Momentum thickness 9 

DEL3 Mass flow thickness A 

DD2DX Momentum equation derivative 

DD3DX Mass flow equation derivative. 

SUBROUTINE VEL(x) 

This subroutine interpolates the input conditions outside the boundary 

layer at the desired location x. A subroutine called INTER determines the 

approximate location, in the input array, of the argument x. A linear or 

parabolic interpolation is carried out for the desired properties outside 

the boundary layer, including the velocity derivative with x. The isentropic 

relationships are then used to calculate pressure, temperature, and Mach number 

at location x. This subroutine calls PARFIT to determine a parabolic inter¬ 

polation at location x using the three surrounding points. 

65 



1.6 SUBROUTINE GAUSSEN (NPTS, NO, KIND, ISIGN, X, Y, WORD, Z) 

This subroutine will fit a selected degree of polynomial NO (up to I9) 
to NPTS number of data points given as x and y arrays. Por our present 

application, KIND = 2. The argument ISIGN » 1 calls for negative exponent, 

while 2 calls for positive exponent. The argument WORD is an 80-column title 

for the curve-fitted profile. The argument z represents the resulting coef¬ 

ficients. 

1.7 SUBROUTINE SOLVE (A, X, C, NO) 

This subroutine is called by subroutine GAUSSEN and solves a set of 

simultaneous linear equations by Gauss's elimination scheme. 

1.8 SUBROUTINE INTER (WNO, WOKEG, JIND, WOW, NW, Jl) 

This subroutine performs a search of array WOMEG to find the location 

JI such that WNO is between WOMEG (JI-l) and WCMEG (Jl). JIND is set = 1000 

if interpolation is necessary or JI if the value of WNO is equal to WOMEG (Jl), 

in which case no interpolation is necessary. Argument WCW indicates the 

linear fraction between WNO and two bounding values of WOMEG. Argument NW 

is the length of array WCMEG. 

1.9 SUBROUTINE 3NTERP (WNO, WOMEG, HLAM, NW, ANS, DERV, INTER) 

Similar to Subroutine INTER, but will perform a line« (lTER=l) or 

parabolic (ITER=2) fit to determine the interpolated value (ANS) of array 

HLAM for location WNO in the WOMEG array. The derivative (DERV) of HLAM with 

respect to WOMEG at WNO is also computed. 

1.10 SUBROUTINE PARFIT (Y, D, COEF, YY, ANS, DANSDY) 

This subroutine provides the parabolic coefficients (COEF), interpolated 

value (ANS) and the derivative (DANSDY) at location YY for a parabolic fit 

of D as a function of Y. 

1.11 SUBROUTINE SIMP (MAX, DELU, SUB, C, ANS) 

This subroutine performs a Simpson integration over an even number of 

intervals MAX with an interval step size of DELU. Array C is the value of 

the integral with SUB representing the existing value of the integration at 

the first location of the present interval and ANS is the integrated value 

at the end of integration. 
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1.12 JUNCTION SK3NF (IS, H12, H32, DEI2, DELL) 

This function performs a calculation of the skin friction and entrain¬ 

ment function. If argument IS=3 the skin friction is set equal to zero, 

since this represents the separated region. A flag ICF (named common argument) 

is used to indicate the type of skin friction equation used; ICFKL calls for 

the Ludwieg-Tillmann (see Ref. 7) expression while ICF=2 calls for the Felsch 

(see Ref.8 ) modification to the Ludwieg-Tillmann expression which includes 

a ratio of an assumed separation value of shape factor and the shape factor. 

Argument IÍE (named common argument) allows one to select one of two 

entrainment expressions: IFE=1 calls for Head's (see Ref. 9) original 

expression, while IïE=2 calls for Green's (see Ref.10 ) modification attempt¬ 

ing to account for compressibility. Hie other function arguments have been 

defined in subroutine SLOPED. 

1.13 JUNCTION HFACT (ISEP, HS, HSEP) 

This function calculates the incompressible shape factor (HFACT) and 

the compressible shape factor denoted by H in named common XSKIN. Function 

argument HS represents the mass flow shape factor. 

ISEP = 1 calls for Head's (see Ref. 9) incompressible relationship 

for H = H^). 

ISEP = 2,3 calls for a fit of Seddon's (see Ref. ll) basic separation 

data. 

ISEP = 4 represents a fit to Green's (see Ref.10) reattachment data. 

1.14 JUNCTION XINCOM(X) 

This function takes the compressible value of X and performs a parabolic 

interpolation of the array representing the incompressible values of X 

and returns XINCCM, the corresponding incompressible value. 

1.15 JUNCTION VISCOS(T) 

This function returns the viscosity of air, VISCOS, using the Sutherland 

formula based upon temperature T in degrees Rankine. 

1.16 SUBROUTINE SAVEQ (INDEX, X, Dl, D2, D3, H12, H32, CF) 

A subroutine which allows saving of seven variables at up to 100 stations. 

A summary printing of these variables occurs before job termination. 
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2. PROGRAM INPUT 

Input required for this program is given below. 

Card Variable Format Description 

1 WORD SAIO Title card for calculation 

N0 15 Degree of polynomial to \t fitted to the 

entire velocity distribution. A maximum 

of 19 exists. For interpolation of the input 

velocity distribution set NO a 0. 

IKIND 15 Set IKIND=2 

ISIGN 15 

IPAR 15 

3 ILAM 15 

Sign on exponents when entire velocity 

profile is curve fitted; 

ISIGN=1, negative 

ISIGN-2, positive. 

Set IPAR=1 for a parabolic interpolation 

of the input velocity distribution. IPAR / 1 
calls for a linear interpolation. 

Set ILAM=1 for a starting laminar boundary 
layer. 

XVIS 5X,E10.3 Linear viscosity ratio constant 

C EIO.3 Airfoil chord or reference length, ft. 

ISEP 15 Indicates the state of the starting turbulent 

boundary layer: 

ISEP»1 normal turbulent boundary layer 

ISEIfc,2 shock wave-boundary layer interaction 

region. 

ISEP=3 separated flow region 

ISEP=4 reattachment region. 
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Card Variable 

ISKIN 

IFE 

ICF 

HSEP 

HEEAT 

5 INCH 

IBUG 

6 GAM 

XSTART 

XEND 

DE IX 

DEIX 

HSTART 

THETAO 

Format Description 

15 Flags the starting turbulent boundary layer 

skin friction relationships with region 

defined as per ISEP above. 

15 Flag for the entrainment function: 

IFE=1 Head's incompressible 

IFE=2 Green's compressible 

15 Fie« for the turbulent skin friction law. 

ICP=1, use Ludwieg-Tillmann 

ICF=2, modification to the Ludwieg-Tillmann 

expression which allows one to assume 

a separation shape factor. 

E10.3 Assumed separation shape factor 

E10.3 Assumed reattachment shape factor 

15 Not used in present version 

15 . Set IBUG=1 for a printout at each iteration 

E10.5 Ratio of specific; heats 

E10.3 Starting value of X> ft. 

EIO.3 Final desired X, ft. 

EIO.3 Desired step size in che X direction, ft. 

E20.3 Starting displacement thickness, ft. 

EIO.3 Starting incompressible shape factor 

EIO.3 Starting momentum thickness, ft. 
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Caxd Variable Format Description 

DEL30 EIO.3 Starting mass flow thickness, ft. 

ERROR 

ITER 

IPROF 

ICOMP 

IDE 

8 XMIF 

XTIF 

PIF 

20X, ' 

E20.3 

15 

15 

15 

15 

EIO.3 

EIO.3 

Factional error limit for the iteration on 

mass flow thickness 

Maximum number of iterations allowed 

If IPR0F=1, read in pressure coefficient 

distribution and calculate velocity 

IC0MP=0 incompressible flow 

ICQM =1 compressible flow 

IDE =1 use incompressible differential 

equations 

IDE =2 use compressible differential 

equations 

Free stream Mach number 

0 
Free stream temperature, R 

EIO.3 Free stream pressure, pf;ia 

IU 15 Number of points to be read describing the 

conditions outside the boundary layer 

If IPROF = 1 read the following set of cards 1*1, IU 

10 DISX(l) E20.3 X-location of infonnation, ft. 

CP(D EIO.3 Pressure coefficient 

BETA(l) EIO.3 Local Mach angle outside the boundary, 

radians 

If IPROF / 1 read the following set of card 1=1, IU 

10 DISX(l) EIO.3 X-location of infonnation, ft. 
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Card Variable Format 

UINF(I) E10.3 

PINF(i) E10.3 

MINF(I) EIO.3 

TINF(I) EIO.3 

BETA(I) EIO.3 

Description 

Velocity outside the boundary layer, ft/sec. 

Pressure outside boundary layer, psia 

Mach number 

0 
Temperature, R 

Local Mach angle, radians 
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APPENDIX I 

DISCUSSION OF PRINCIPAL FORTRAN VARIABLES 

A large number of FORTRAN variables are used in both the setup and flow 

field programs. A considerable number of these variables axe associated with 

defining the proper mesh region and labeling columns/rows in a particular mesh 

region. Some shorthand notation in labeling these variables will be presented 

before listing a glossary of terms. On a machine of large capacity and using 

a language able to accommodate variables with more than 3 subscripts it would 

have been more convenient to use 4 subscripts rather than coding region number 

by the letter scheme (see AI.l for variable names). 

A discussion of interpolation weights is presented in Section AI.4. 

AI.l FIELD NOTATION 

Presently, six mesh regions axe used to represent the flow about the 

airfoil of interest shown by Figure 4. The notation for these regions are: 

Region Identifier Description 

1 

2 

3 

4 

5 

6 

Y 
C 
F 
H 
M 

T 

Outer polar 

Coarse cartesian 

Fine cartesian 

Airfoil cartesian, 

Outer nose cartesian 

Inner nose cartesian 

A1.2 SHORTHAND NOTATION FOR VARIABLE NAMES 

We shall use a lower case letter in a FORTRAN variable name to signify 

that it substitutes for any of a set of letter code region identifiers. The 

identifiers denoted by lower case alphabetic characters are given below. 

Identifier Description 

a All six fields, Y, C, F, H, M, T 

b The four fields which adjoin the airfoil surface, 

F, H, M, T 
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Identifier Description 

c Mesh column/row location 

= A for first col/row in mesh region 

= B for second col/row in mesh region 

a d for first interior col/row which is coincident 

with col/row of outer (coarser) mesh 

= E for first interior col/row coincident with 

boundary of inner (finer) mesh 

= F for first interior col/row coincident with 

an interior col/row of inner mesh 

= G for last interior col/row coincident with an 

interior col/row of inner mesh 

3 h for last interior col/row coincident with 

boundary of inner mesh 

= Q for last col/row coincident with col/row of 

outer mesh 

= S for next-to-last col/row 

= T for last col/row 

= AN for airfoil nose 

= AT for airfoil tail 

= CL for airfoil chordline 

d Surface normal indicator 

= A for first (auxiliary) surface normal in the mesh 

(upper surface) 

= B for first working surface normal (upper surface) 
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= C for last surface normal coincident with surface 

normal of outer (coarser) mesh (upper surface) 

= L> for last working surface normal (upper surface) 

3 E for last (auxiliary) surface normal (upper surface) 

= I for first (aux) surface normal (lower surface) 

Continuing clockwise from upper surface) 

= J for first working surface normal (lower surface) 

= K for first surface normal coincident with surface 

normal of outer mesh (lower surface) 

= L for last working surface normal (lower surface) 

= M for last (aux) surface normal (lower surface) 

All cartesian meshes, C, F, H, M, T 

f Cartesian meshes H and M 

As an example, let "a" represent the set of identifiers for the six 

meshes above (i.e., a may be replaced by any of the letters Y, C, F, H, M, or T). 

Then the variable name Na actually represents six variable names (NY, NC, NF, 
NH, NM, NT). 

AI.3 GLOSSARY OF FORTRAN VARIABLE NAMES 

ALPHA Airfoil angle-of-attack 

ATS F Constant used in time step calculation , 

/1 + (m/m)2 

ATSFY Constant used in polar coordinate region time step calculation, 

yTTTpRMSHY)2 

CAb(K,M) Cosine of the airfoil surface slope at column M, K=1 is lower 

surface, K=2 is upper surface. 

Cosine of airfoil surface for horizontal intersection of 

row N with airfoil surface. 

CAN(N) 
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CFTT 

CJX(3,3) 

DAb(K,M) 

DAN(N) 

DCB(I,K,L) 

DCX(3,6) 

DCY(3,6) 

DHD(3,3) 

DMBX 

DMBY 

DOGMU 

DX(I) 

DY(I) 

DYB(I,L) 

" allowable time step in polax coordinate region 

Constant containing the weighting factors for derivatives 

of working variables. 

Displacement of intersection of column M and airfoil 

surface from the point identified by IAb(K,M), a fraction 

of Ay. K=1 is lower surface, K=2 is upper surface. 

Displacement of row N intersection with airfoil surface 

in the nose region. 

Displacements of the boundary point of the coarse 

cartesian mesh from the point in the polar mesh identified 

by ICB(l,K,L). Given as a fraction of the polar mesh 

spacing. 1=1 is radial spacing, 1=2 angular spacing. 

Constants used for diffusive damping at field mesh points 

in the X coordinate direction. 

Constants used for diffusive damping at field mesh points 

in the y coordinate direction. 

Constants containing diffusive damping factor 

DAMP(8) 

Multiplier for diffusive damping coefficient to be applied 

near vertical boundaries of finer cartesian mesh regions. 

Multiplier for diffusive damping coefficient to be applied 

near horizontal boundaries of finer cartesian mesh regions. 

2/(y-l) 

Mesh size in the x_coordinate direction. I denotes region 

number per Section A.l. 

Mesh size in the y-coordinate direction. I denotes region 

number per Section A.l. 

Displacements of the inner point on ray L of the polar 

mesh from the point in the cartesian mesh identified by 

IYB(2,L). Expressed as a fraction of the cartesian mesh 

spacing. 1=1 is x spacing, 1=2 is y spacing. 
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GAM 

GMU 

HGMU 

HGPU 

HGPV 

HGPW 

HINF 

IAb(K,M) 

ian(n) 

icb(i,k,l) 

IeO(j,M) 

Ratio of specific heats, y. 

(y-D 

(y-D/2 

(y+D/2 

(y-DA 

(y-3)/6 

2 
Free stream total enthalpy, l/(y-l) + M /2 

00 

Row identifier for the nodes on column M nearest the 

airfoil surface. K=1 is lower surface, K-2 is upper 

surface. 

Column identifier for the nodes of horizontal row N 

nearest the airfoil surface in the nose region. 

Node identifier for the point in the polar mesh nearest 

the boundary point in the coarse cartesian mesh. 

K = 1 left boundary column 

= 2 right boundary column 

= 3 bottom boundary row 

= 4 top boundary row 

1=1 is column, I = 2 is row 

L = point number. 

Operational limit parameter identifying the points along 

each mesh column where the computing process changes. Up 

to 8(j=l,8) such points can be prescribed along each column. 

(M=l, MeT). 

76 



IYB(I,L) 

JeO(j,M) 

Node identifiers for the point in the coarse cartesian 

mesh nearest to the inner point on ray L(lr=l,MYT) of the 

polar mesh. I®1 is a column, 1=2 is a row. 

Operational parameter defining how the computing process 

changes at the points defined by IeO(J,M) (J=l,8) (M=l, 

MeT). Information is packed into JeO as follows 

J 0 = IOC n + n 
e 12 

KR 

L 

LBbd 

LBbMAX 

LBDC(KR) 

LBIY(KR) 

LINIM(K) 

LINTH(K) 

Mac 

Mb AN 

MbANP 

MbAT 

^ denotes the type of damping to be applied. (See 

Figure 9)* 

n indicates how the point is to be advanced. (See 

Figure 10). 

indicates mesh region 

Computational plane number 

Surface normal identifier 

Total number of surface normals in mesh b. 

Integer ratio between cartesian Ax mesh size, DX(KR-l)/ 

DX(KR). 

Integer ratio between cartesian Ay mesh size, DY(KR-l)/ 

DY(KR). 

The number of boundary points in the embedded fine mesh 

requiring interpolation from the coarse mesh. K=1 is 

upper surface, K=2 is lower surface. 

Column identifier (e.g MTT is the last column in mesh T). 

Mesh column passing through airfoil nose (¿,e.) 

= Mb AN + 1 

Mesh column passing through airfoil tail (t.e) 
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MbATP 

MbATM 

MSL,MST 

Nac 

NbCL 

NSL, NST 

prmsh(kr) 

prmshi(kr) 

PRMSHY 

PRMYI 

QJ)NYI 

RADC 

RADCL 

RADCU 

RBNDRY 

RBNDY 

RH(I) 

SAb(K,M) 

= Mb AT + 1 

= MbAT - 1 

Column identifiers bounding the portion of the inner 

nose mesh region where the airfoil surface slope is 

between -1 and +1. 

Row identifier 

Mesh row through airfoil chord line 

Row identifiers same as for MSL, MST 

Ratio, DY(KR)/DX(KR) 

Ratio, DX(KR)/dY(KR) 

Ratio of radius mesh spacing to angular mesh spacing 

for the polar coordinate region, DX(1)/dy(1). 

Ratio, l/PRMSHY 

l/(M2/2) 
00 

Radius of Curvature 

Lower surface radius of curvature. 

Upper surface radius of curvature. 

Actual radius of inner ring of polar mesh region. 

Nondimensional radius of inner ring of polar mesh region. 

Nondimensional inverse radius of ring I in the polar 
mesh region, 1=1,9. 

Sine of the airfoil surface slope at column M intersection 

with airfoil. K=1 is lower surface, K=2 is upper surface. 
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SAN(N) 

SCb(l,L) 

SCY(I,J) 

TSN(KR) 

UMACH 

UNOG 

UNOGMU 

Wa(l,M,N) 

WSb(l,J,L) 

WSu(l) 

Sine of airfoil slope at intersection of horizontal 

row N with nose of airfoil. 

Sine and cosine of clockwise tangent to airfoil surface 

at the base of the surface normals. 1=1 is sine, 1=2 

is cosine. L=l, LBb MAX. 

Sine and cosine of inclination angles of the rays in 

the polar mesh region. 1=1 is sine, 1=2 is cosine. 

J=l,42. 

Constant, l/2 times the input safety factor for region KR. 

Free stream Mach number. 

Constant, l/y 

Constant, l/(y-l) 

Dependent conservation variable for region a. 

1=1 is x-mass flow 

1=2 is y-mass flow 

1=3 is density 

M = 1, MaT, while N = 1, NaT. 

Dependent conservation variable for local airfoil 

rotated meshes. 

1=1 is tangential mass flow 

1=2 is normal mass flow 

1=3 is density 

J = 1,9 for the nine nodes in each of local rotated 

array L. L=l, LBb MAX. 

Conservation variables at free stream conditions, 

1 same as for Wa. 
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Xïb(I,L) X and y coordinates of points on the airfoil surface 

at the base of the surface normals for mesh b 

1=1 is X, 1=2 is y, L=l, LBb MAX 

YLS Airfoil y-coordinate for lower surface. 

YPNOSE Slope at airfoil nose. 

YPSL Airfoil lower surface slope. 

YPSU Airfoil supper surface slope. 

YUS Airfoil y-coordinate for upper surface. 

AI.4 INTERPOLATION WEIGHTS 

Several types of interpolations are performed in the program. For each 

type of interpolf.tion information is required regarding the point for which 

the interpolation is being made, the point which identifies the location 

from which the interpolation is being made, and the interpolation weights 

(or coefficiencs) which are used to perform the interpolation. This infor¬ 

mation is established in the setup program and stored. 

Interpolation types and the associated FORTRAN variables: 

a. Polar to Coarse Cartesian Mesh 

Interpolation is required to define dependent variables at the four 

boundaries of the coarse cartesian mesh. 

ICB(I,K,L) Node identifier for the point in the polar mesh nearest 

the boundary point in the coarse cartesian mesh 

I identifies the point in the polar mesh 

= 1 ring no. 

= 2 ray no. 

K identifies the boundary of the coarse ca.tesian mesh 

■ 1 left boundary column 
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2 right boundary column 

* 3 bottom boundary row 

= 4 top boundary row 

L identifies the point on the coarse Cartesian mesh 

boundary 

= 1 - MCT 

(This assumes that the coarse cartesian mesh has the 

same number of rows and columns; i.e. MCT = NCT) 

DCB(I,K,L) Displacements of the boundary point of the coarse 

cartesian mesh from the point in the polar mesh identified 

by ICB(I,K,L) 

I = 1 is radial spacing 

= 2 is angular spacing 

(Expressed is fractions of the polar mesh spacing) 

K and L have the same meaning as for ICB. 

b. Coarse Cartesian Mesh to Polar Mesh 

Interpolation is required to define dependent variables on the innermost 
ring of the polar mesh. 

IYB(l,L) Node identifier for the point in the coarse cartesian 

mesh nearest to the innerpoint on ray L of the polar 
mesh (L=l - MYT) 

I = 1 is column no. 

= 2 is row no. 

DYB(I,L) Displacements of the inner point on ray L of the polar 

mesh from the point identified by IYB(l,L) 

I = 1 is X spacing 

= 2 is y spacing 
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(Expressed as fractions of the coarse cartesian mesh 

spacing). 

c. Cartesian Mesh to Local Rotated Mesh 

Interpolation is required to define dependent variables at the upper 

three points in the local rotated array (see Figure 7) 

IWt (I,t) Node identifier for the point in the cartesian mesh 

nearest the point in the local rotated array 

1=1 Point 7 

= 2 Point 8 

= 3 Point 9 

The column and row members are "packed" into IWb (l,L),i.e. 

TWb = XX XX 

1 Col! V Row" 

No. No. 

¢^(9)I,L) Interpolation weights for the 9 point array in the 

cartesian mesh centered about the point indicated by 

IWb(l,L). 

Special Case: For a cartesian mesh with an embedded (finer) cartesian 

mesh, the auxiliary surface normals require special 

interpolations for the points labeled A in Figure 8. 

IWfX(l,j) Node identifier for points in the cartesian mesh 

I = 1,2 for the two points A in Figure 8. 

J = 1 is upper surface 

J = 2 is lower surface 

Column/row numbers are packed into IWfX 

IWfX = ^xx , t XX . 

Col. Row 

No. No. 
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CWfX(9,I,J) Interpolation weights corresponding to points indicated 

by IWfX(l,j). 

d. Distorted Mesh to Local Rotated Mesh 

Interpolation is required to define independent variables for the local 

rotated mesh associated with each surface normal. (Distorted mesh is the 

collection of 3 adjacent surface normals). 

DWb(9»I,L) Interpolation weights for 9 point distorted array used 

to define dependent variables for points in the local 

rotated mesh. 

I identifies the point in the local rotated mesh, 

see Figure 7 

= 1 point no. 1 

= 2 point no. 3 

- 3 point no. 4 

= 4 point no. 6 

L identifies the surface normal (L=l LBb MAX) 

Special Case: For the surface normals at the ends of the operating 

ranges, the interpolation from distorted to local 

rotated meshes requires special interpolation weights. 

DWbX(9,I,J) 
Interpolation weights for the distorted array used to define 

dependent variables for points in the local rotated mesh at the 

ends of the operating ranges. See points marked B in Fig. 8. 

1 for point nearest surface 

= 2 for next point away from surface 

J - 1 for surface normal at the forward operating limit 

(upper airfoil surface) 

= 2 for surface normal at the aft operating limit 

(upper airfoil surface) 
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= 3 for aft operating limit (lower airfoil surface) 

= 4 for forward operating limit (lower airfoil surface) 

= 5 for lower operating limit (blunt part of nose region). 

= 6 for upper operating limit (blunt part of nose region). 

e. From Surface Normals to Cartesian Auxiliaries 

Interpolation is required to define dependent variables at the cartesian 

mesh points nearest to the airfoil surface. 

AWb(3,L) Interpolation weights for the three points along a 

surface normal used to define values at cartesian 

auxiliaries. 

L = 1 - LBb MAX 

f. Field Boundaries for "e" Points 

Special interpolation is required at field boundaries to assign values 

for embedded (finer) mesh surface normals (Points labeled E in Figure 8). 

AWHM (3,3) Interpolation weights applied to the 3 values along a 
AWMT (3,3) surface normal in the outer mesh to define values for 

the 3 points required for the inner mesh. 

g. Field Boundaries for "f" Points 

Special interpolation is required to assign values to boundary points 

for an inner (finer) mesh near the airfoil surface where interpolation cannot 

be perfomed between boundary points in the outer (coarsei) mesh. (See 

points labeled "F" in Figure 8). 

IWHM(I,J) Node identifiers for the fine mesh points requiring 

IWMT(l,j) special interpolation 

1=1 upper surface 

= 2 lower surface 
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rwHM(9,i,J) 

DWMT(9,I,j) 

J-2 4 individual boundary points onto which data is 

to be interpolated. (Assumes there will be no 

more than 4 or that mesh size ratio is no more 

than 5)- 

Interpolation weights for points identified by IWHM( ) 

and IWMT( ). I and J have same meanings. 
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APPENDIX II 

SETUP PROGRAM FORTRAN LISTING 
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-Miti&S/UIlUt_E01iU£tíJ_J<J*ílL-*MLLJMUl,iXT¿»n¿L|XYT,SCT.USTjQwf.OtI>‘i. _ ¢01816 
■ A AJdliCWXtlKXtLtíXjüTTJ.. .... ¢01817 
-C.tAktOlAXtS. JMtRP.O.UAII.P^ wtJtthTS TO.lSE APpU.Elj.JN TKAmSFLRP FROM ¢01818 

-1-l¿lbJ0BTÍL> MEbH TO AUjACbNI LQCaL HOTAThP MESH (D»T) (PWTX). FPOMQOlBiq 
l-.-C-bUhi-.ACfc. JlQKiyAiJi iy. .tlABJt.SlAN AyXIl.APlFS,(AWJ), AND F«Oll CARl^SiAN GHuOlftZO 
.c.Jü. .LOCAL .líVJAILD. MLbU. J.Qte 1) . 
-LUAU-LlJ/ZMLbM/ nx(ft). ÜY(b). KH(q>___ 
__UiAfeW/SHVJ/WiliP... ... 
. tÜJ^yt</Alht/.r.USi ïLüt ïPl>.U.t!Ki>L ..XtPSt i YPMiEiRÃDCU* R Ad'çl* MAPC 
-uIhLNS10n.AYH/*iLtiX»i_i>LIl^iLbX) > UST(Lnx). Q»iT(~»J(4,LRx') . _ 
.A.ÜAlX19jj¿i6Jj.AWI.UiLeA).i.O>J l9i5.».l,tíXJ #.1((1 (jl«W»X) 
.-Dü. .980. K .=. yLLiMuL. 
-LALL ülSTUl.n.n.ü.O.n.n.XYT.SCT.I Mxi'_ 
.L JR .5.1. 
.AP- A. m.U i M.-J. L. *. ÜX1 KK.).*8CJ.tJÎ i M.-Jl).. . . 
-1R-5. XYT(2#f/-l> t OX(KR>«i»LT(l.V-H_ 
.CALL -ÜJS.T.W J 2jJ(P. , YPj.UiT .( JLtC I P.*M I f X.Y.T 15C.T #.l.eXj 
.LLK.5.2L. 
-XP-= AP - UY(KK)»SCT(l#M-l)... 
.ÏP. .=. YP..1. y.YAKtíJA5CI JR#.Mr.l.).. 
.LALL.DJSIti2...XPi YP.tÜ*T.«AiL1H#M J, XYT ,5CT tL8X ) 
_LIP T 3.. 
.AP. .5. xml fi'l+11..-. .QX1 KR).*>t Tl 21M+ U 
. JP = X-YTl2#J'.tl).-. 0X(KK)*SLT11|MH) 

.¢.01621 
_¢¢1022 
.¢.0162.3 
.¢.0162^ 
_UM626 
.¢.0162.6 .. 
.00.1.627... 
.: . U01828 
.00.1829... 
.0.01830.. _ 
_001831 _ 
.0.01832... 
.00.1833... 
_ 001834 
. .0Q1835 

001836 
_MÍM7_ 

001638 
U01839 

-LALL. iilSDi_l¿iAPiJP»üílTUji-LPjM) #XYTxSC TjLBXI_ 
.-L1P..5..4..  . 

- -. AP = -XP - .IJY.IM 1 îSlQT ( 1 j.M.tU. 
--jp = YP ♦ yr(KRi»scTc2#M*n ___ 
.- - - LALL . UJ5U. ! ¿» xe# YP.tUrtT.U f Lip.M ) # X YT, SCI ,LHX l. 

C-.-.-.-.-SPLUAL.lNlLKP.ULAJlOiLAUOHT.b AJ ELNQi OF OPIATING PAfiGES 
-lPliLLJEL('LLL*ÀNlLlRJltt-PULlJ GO TO 9M_ 
..fcSPL .=. F6.PL. X. 
.LJP..S.1. 

-AP_= XYT11 #F) - DA1KAÍ16ÇI12A.M1_ 
.TP. .= .XYLUtP)..-..OXJAk) *>.CT 11 #M» 
.1FJ.m469j>iIÍLÍ.XP. = AP +.2.0» J*(KR) »VçT\2,M) ‘ 
__1F (. EO . 1‘iOL ) YP = YP •» 2 .ii*ÜA(k R» ♦SÇ T ( 1 »M ) 
.LALL.OISIM^jAPiYPiUaTxi^LiPfKSPL) #XYT,SCTjLBX) " 
....LJP..= .2.. 
-AP = XP - UY(KRUbCTH.Ml_  ' _ 
.TP. _= YP. .+ .OJ IKK l *bQT 12 ».M >. 

... L ALL ..0151¾ }2jJ(P» YP.».0#TX_l.l »LjP # K¿PL ) # XYT »SCTjLUX ) 
-961. AmT(l.M) = U.5*11.0 - ObT »JIU* (0_- DST (M) ) 

A;<IUiRJ..= üSTiyjAl2,0.-.ubTIM) ) 
.84.1.131 MJ- .=. 0Lb*0b.UM. ) *JP.5 KM) - 1.0) 
_LIP = 2____ 
.AP._= .xyj.a ! MJ. - _ 2.0*UY ( KH ) *S,LT ( 1. M ) 
.. TP. .=. XY.T.12 » MJ. ♦ 2., Q*yŸ ( KR Í ♦stf ( 2 # v ) 
__452 MK = 1 _ 
..AT..= _XJZ. 
.9-5** J FAX f. r. AP) 95oiy.b6* 95« 
_95U-JIT =_X1_±. UX1KR)_ 
._..PX.= .MA.t.i. 
.... ...oa.io.ost.. 

_g 01840_ 
.001641 . 

¢01842 
U01843 

.¢01844 
.001845 
U01846 
001.847 
001848 
001849_ 
U018S0 
001851 
001852 
¢01853 
001654 

_00l655_ 
O01856 
001857 
_001858__ 
001659 
001860 
001861 
001862 
UÓ1863 
001664 J] 
001865 
00i666 

__001867_ 
O01868 
UO1869 

121 



yhü AR = IXP - XJ-l/OXlKHl 
IMAP MU.» 9üÛj9qQf9ûX 

vbü l*'K. ? PK r. 1 . 
Ap = ua ♦. Ap. . 

961 IEU-MImUT) 9t)3i9ô3i9fea_ 
962.;^ = MIS.-.4.. . - 

. ...Ap. ♦. AR. .. 
961. .US =_1__ — -- 

...YJ. = YIZ .. 
964 l M t T - t P I. .9601968. * 968 

_9bu (T = YT ♦ MYltStO_ 
WS. = .NK ♦. I.. 
00. IQ 964 . . 

yfe.- lP = CYP_- YIIVDïjLKKJ___ 
IMiP’ ♦ U.8J 970»970f972 . 

97ü nA .— UA " X. —. .... 
lP =.1.0 ♦ UP __ 

97¿ LAU. CAP I.. I AP lüPiC-Al 1 lj.LlPf M> ) 
1 w 11LIP » Ai J = iuO»MA-t NK 

..UO LÜ (97L»974j.98JlLtllP_ 
974 LIP = 1 --- 

aP = XP - UX(KIO*SCT12jM> 
ÏP = YP - OXiKKJ «SCIIIjMJ— 
uü 10 95¿ . 

97o MP = 1 ... 
A.P = xP + Ü.ÜtbXU'.Kl-tSCHZiMJ 
IH = rp ♦ ¿.UtuXlKKi^SClU>M) 
oo io . 

9ßU OUNTIIJUE _ 
ntTUHU . 
cNU ...... 

.. ü fl.lttTO... 
_ _ __ U01871 

.001672. 
081673 

_00.1874 ~ 
00187b 

. .001.67.6... 
_001B77 

001878 
U0Í879 .. 

. .ooiéàb 
U01881 

. u.ai.88?... 
_ _ U01883 

.... 0.0.1884.. 
U.ai68b... 

_U01886_ 
.. .. 001887.. 

.. 001888.. 
__UÛ1889._ 
. . .UO 169.0... 

_ UO1891 . 
_ . UQlü92_ 

U 01893... 
.001894.. 

_ 001896.. 
. .. 801896... 
.. 00JL897... 
_ _U01898 

U01899 
U0Í900 

122 



.SUfliflUTINE BÜNTE_IüEjNH.im,JF(MQ) ÜQ1901 

. lMtKPPi.«T;.ON INâTRyÇTIÜNb A l _FJEl,U_ UOyNpARlES 

. DlfttNSJON. ÍP.U0) J. AHW.t. Jf.4 l#J. 
■i.U^ .1 IULHT, CODE 2 SYMMETRIC 4 POINT SPREAD, ¿Opt i PARÁBOLA WlTH nnigOtt 

001902 
U01903. 

-eyjLMS-f'Âl.UHj. CODE I PARABOLA ^ITH two POINTS ABOVE 
.J.Â.i. 

10 JC T = MOmPFQt J) 1100) 

V01905 
.001906 

.JF.UCTJ.AÜflAtU. 
.JU-vl.A.P.+.A. 

-uO. IB-10 

001907 
U01908 
001909 

.At.NA =.IFP.WÎ. 

.IÆ.= -IFPA<JtA>.-.1. 
_NJ = NH - 1_ 

QQ1910 
001911 
001912 

-W.Ã.Q.............. 
.U0.A6.N..= .nEj..nJ. 
J 5 J t 1_ 

001913 
.0.0191*1. 
0019.15 

.IF.UVt Irflll. 2P.t22i 16. 

. Afa. 1FAN.. .-R2 í. Aftt28j¿0. 
IR 1U(J) = 1_ 

.001915 
001917 
'OOÍ9Í8 

....1».0..T0.¿4.. 
20 .mu 1..= A. 
_GO TO 25 

001919 
001920 
u6Í921" 

.A2.JftUl ..=..3. 

.GP. .19.2t.. 
24 IU(J> = 4 

001922 
001923 
001924 

.¿G.tPMINUf. 
KETyKN 

_EMU _ 

001925 
ÕÒ1926 
00Î927 
(L01928_ 

123 



I 

SUÖtlÜUIlliL UISmMDíXetTP.ilv. i XYUtSCUtLDTM)..¿101929 

C-Ol&IQHTflQ.AKK«Y. JO _F 1 MP. V»TkK.PQUAttO.VAUJE OF F At CARtÇ§JA4 POINT XM493Ï" 
_ C-KH bASl£_HAHAMtl££ 1 UtTtRNIINEU_001932 " 
. - .C-80. .g. 2 j. iit. i OHIS .11X1.OtNEHA JtJi .FPK .SPEÍLIFI C. AP 13fP 0IIA933 
. .COXrtQts/JSP.QI/ñiXB. • M193H 
-ülHtNSlON ^bM21i CS^^2)^ *115) tMl 15) .CPiqtq). oVül9)PPPUlQl'..001935" 
.A - UHU 9J.I. .CePkly 1 j. .1* 19J.>.. X YUA21 LP.IM 11. .SCUii. tO î M > iia493f> 
-COAK^U/TWtSitV...DX-IALi.UAtbJj. R.hil9J. .il]cU937 *" 
-Uü. m tlÙüf2Qn).MD..001930'" 
.. .Cr----t.Al.CUUA.T.QN.yF..INmAL.fATÎlNb INFORMATION 0019J9 
- - -Cr.-.--.-S.KX*iNESS. .Qt. ilüE. klNtS. .flM99P" 
-mil ^M2) ; Sl.üllJHiill»XCUI2fM) - SCU12.M-HUSCU(1.M1_ 001941" 
- - -.bSM.11. ï. .‘oVUJltM-1 j.*iCUJA*.M}. - -SÇUA21 M.-JDASCU Ui mj Qß ^45 
.. UU-J.U2.R =.1jA. M1993”’ 
-m2.-ClAllll—S S9RT( 1.ü - i»SK(N>*»2)_""_001944"" 
- - -Cr-.-.--COilKUIUA.U*. OF. NINE. .POINTS__ 0J11945. 
.uo. .iü4_ Ni.».3i2.OA«**.:: 
..IF IN.Efltll HM S M - 1___001947 
-- .IFAN.EIl^Ôl.KM.g.HA.l-. . UQl94ft _ 
..Mm.S.-UamUiFR)..? Xtu11jM 1*S.QU 12jH.L_t..OaUJ¿»MM) _ ¿ÿilü.iûj M194¿‘~ 

-AtSCuLUHJJ/imuRl___nniqso 
.-104-^.0^1.5..^1^.7111111^1.-.XTUllj.Mn.*S.CUlljNJ..t..UYUJ2.tMwj - XyO(.2i(DJ 1101951. 

... A*soui2*>!ii/ntiKEU-.-î.im.naisse.. 
-A U) = All) .- SSKlll-"' 001953' 
.AX71.5. A141..-. .SSK.L11.    .M195.4... 
.AltiJ..;. A(.31..-.üSKiei. 001955 
-A19L.5.A10L - SSK121_  OOlqSt.'" 
.UD..105.N.?.¿j.8t3.    -U.QI95.7... 

ms.AJN)..ï.O.*.Q. .004955 * 
-Ul).=.Ë(H t CSK1H_ 00I9S9'" 

- -.blJJ..;. P141. .♦. -CSKilL... 001960 
..bit».).ELUS l. .CSKJU.. '001964’” 

xsKiei 
. .UÜJ. .?.ri«.y. 
..6151.5.0^0.. 
um.. .= 1.0 ■ 

-COURUINA.ItS.-OF..SIA.AuxiklARIAS. .. . 
..UO. 1Q6.N..=..1jA. 
-AIU2»N) = AU) - SSUl)*(m-l+3*M - R(1H/CSX(H 

.00.4963.. 

.004969.. 
-0049.65 

.610.+2 »NJ. .=. U.(.-lt3.*N).. 
Al.y+2*NJ..= .A(.3l.-.5SKl2.).*.«Mt.-4+3*N» - H<3n/CSK(2) 

•1+-3+N)_ 

.004966.. 

.00.4967.. 
.004968 
.004969. 
.00.1.9.70. 

»KlTtlU.ieJ.ARi.H.. 
»Kilt 16j.12 J. 

LUS_ 

001971 

14 U 

10(1 

«iRllk. lfi.».2 ). Ot .*U.).t .5.(01. 
-bASIC. eiUFtJKlC.INHUI. Xt I6.H.T.1N0. F.UNC J10.NS. 
U0-10 a.k.= lt9_ 
UO.10a.A.=.lt9. 
CfttRiU.s.OjO. 
CBlliSl = 4.0_ 

. CB.(.2i 6)...5. OjO. 

C6A212J. .5. rO.«.5. 

.OQ497A. 

.00.4973.. 
001974 

.004975. 

.004970. 
-ÛQ1977 
.004970. 
.001979.. 
004960 
.004961. 
.004966. 

12k 



.Ct».Ut8J.s.íÍjS. 
-CBta.B) = u.s_ 
--Ctí.Ui5J. s.r.JL.O . 
.AkC .=. A<_2L-.AllûJ. 
-ALL» = A(S) - A< 1 >)_~~~ 
.AUk.s.AJAl.r.AUffJ. 
.AKt .=. J AU IJ. -. A i 8J.I/ AkC. . 
-AKil = (A113) - A(5) )/ALD_H/ 
.AKk.=. JAUW. -.AJAU/Akt;. 
.t> JML. = A » y/.(A m. -U » I 
-S»BCL = (ÜUQ) - H14) )»rilNCL_11^ 
.- - - SWU.._<Ji 1121 .■!. BJA11 *fU.NÇL 
.SükLJAU 4 J. . BJA U *JJ I Nt L 
-blNCK = l.U/lB(ftt - H(an_^ 
- - .bBkl .S. J A U1J. . B J AU »BJMH 
.SBAK.=. JAU3J. -.BJA».I íAl.NÇH 
-SBLK s (bllb) - B(b)>«rfINCW_ 
.ÜEM AcQ/ J ALU* AKÛ* 1 AKA .♦. 1...Q. 11 
. - CbAH 15J. .=. i AJlDt*2. -. 1 j UjAUtN I 
-CBU.3) = Ü.B*«;»nw»lbBüK -T.q>»dcnt" 
.Cül41 A). .= . JAiO. - ABÜKA*? 1 
..LAl4 ( 9J-.=. ÜjAíSDDK* I ^BJK ♦ 1.0 j *dEÑT 
-CMULT = -AKu»»y»D£NT_ 
. LAIAilJ-.r.LM_ULT*ü«LÍi*bPUL*(SUÕL - t.Q) 
- .kHJAi.4J. =.tM.ULT*JAiQ. - .SBÜL»♦ 2 j_ 
-Ltí<4xl) = C"ULT«íl. 5*bP JL* ( -üJll ♦ l.ÕV 

- .ükNA.s.AEM/ALü_ 
.<rttj.7*5). = .-JARü ♦ Uü"l*d¿ÑT 
-LAULT. = I.u/ALQ__ 
.üy..U2_ A.=.A*.9i3_ 

- m-Ct)J.7i8k s.tBJAtKiAQMytJ 
-CMULT = -cmult/ahq_ 
.U0.Al4.A.= .li.7.t3. 
- --1 A4 -LBJAiK 1. =. ABJ A..K 1 .♦tMulJ 

-L1Q 116 L = l.q  Hl 
..OeuALl.?. AtO. 
.UeFUlU.s. A.D. 
-PPLJU = 0.0_1_ 
---UA-úPPklU.A.^A. 
.utkt .=. A^ti/J ARl* 1 ARt. t. Acü ) * Allé i 
-ÜPU(0» = (AHE«»g - 1.0)>DtNT_ 
.üPAU). =._Q,SAStlEB*ISOER -.U.UUPERT 
--UP.U loi. A.UjA.r. SB.ER * *2) *UtN I 
-LtPiim = 01 Í}*SBER*JÍBER ♦ 1.U ) »DENT 
.CPlULT.í. -AKk*A2íDANT. 
.ÜPAUJ. = .CMUkT*OíiAüoEk* Ut»tL - X I 
-QPUU) = CMULT « C1.0 - SbEL»»2 )_ 
.JPA171.= .ÇMUktíO,A+SoEk*li>ôtL > UO) 
.ytJíI.=.DtNJ/ALE . 
-LIPPU (B1 = ~ (ARE •» 1 « ü iVÔÊnT . 
.CAULI.AA.y/ALE. 
.U-Q. .llß. XA».9i 3..  " 
-11B ÜPPU(K) = UPU(K)»CMULT _ 
- .CWULI. = -. t.MALT/AKE. 
.. ÛA .120. AAt? 13.. 

. goivas 
- 001964 
. 001985 
. 00198() 
_  001987 
. 001988 
. 001989 
- _001990 
. 001991 
.. .. 001992 
-001993 
.0.01994 .. 
. 001995 
-001996 
.OOA997.... 
.0.01990... 
— -001999 
.002900 
.002QÖJ 
-002002 
.AQ?P03 
.   002004' 
-"0O2005 
... 002006 
.. 002007 
-U020~0~8 
. . 002009 
. ooioio 
-lliIftJÜLOiL. 
.0Q2Q12 
. . 002Q13' 
-002014 
.002.015... 
. ... 002016 
-002017 
. 002Q18 
.’. .002019... 
-002025_ 
.-.. 002021_ 
.0.02.Q2? 
--002323 
... 002Q24 
.. 002025 
-002026 
. 0Q2027 
. 002028' 
-002029 
. 002030 
. UÒ2Ò3Í " 
- 002032"' 
... 0Q2033 
... 002034- 
-Q02Ô35 
. 002036 
. 002 037' 



120 OHF.UIKI. .ñ.UHUlKl »CMULT. 
-üLMI. = liJOMARC.*!ARC » 1.ü>«alc) 

ÜHUÍ2J.Ji.lARC»-..1 j0.)»OtNX 

. 002036.. 
J102013_ 

UF1.(31 = .0»i>.*SbCR.*150CR l...ü.liPf.M 
.UHL.ÜJ 1 _U.iQ - SHCK»«2)*L)tNI 
.üFkOi 1. =. .Q, &.*SuCU.M.iuCR. . 1 j u ) ♦OEfvT 
-CKUU. .-.AKC*.*ü»0kRI. 
-UFUi) ;-.c^Li«a^*StiCL«(SHCL . 
. üFk 141. .= .C ^Ukl « i LlQ . r. >.bÇ U *A¿ { 
-LiFkl7J .=.-C?ükI»O.ÍL*.!joCk*.(.^HCL. + ijõt 
üLNT = DLM/ALC .. 

-ÜQ 20.40.. 
.-0-02041... 

Q02Q42 
.00.2.043... 
.0.0204.4... 

002045 
.0-02040... 
.0.02047... 

002046 
. üFF-U [ 2J..=. .r J ARC. >. A, 0 J *UENT 
.CFkkI.?.Aty/ALC. 
..uO 122 K = 3iq.3_ 

002049 
.0.0201p.;. 
U02051 

. 122. ü FFk t S J. .=.. C FULI ♦ D Fk U1. 

.CFlU.r..=..-CMDkt/ARC.. 
-alü_124 K = 1j7j3_ 
. 124-üFFkUM-.s. CtULttDFkl5l. 
.ua.l30.R.= L»9. 

.00.2.052... 

.0.02050... 
U02054 

_Ltii:jAtU_=_-0 ^5.t.lDPUllU_-_DeLlAlL 

-XiU 

144 

2Q0 

Ui la i w_ o ^5 ♦ i DPF.u I rJ. .r. WF.fl i k.)A. 
CRloiS1.. 0.5<IDPUCH 1..♦..QFU.in 1J .-.Cbi.4.tKl... . 
Cbly.Kl .5. U«5t tDPFüli^)—t.liFF.U(ll) ) - CB(7.K>.. 
«Rlltliii.löJ. AR» M. 
^vllt..lfcii.4j.. . . 
U.Q.1449_ 
iK.Utl6j2).iJ< .ICaUiRjj A = 1(9) 
tít-JURN.. . 
Ubt OF. ..UA.51C . INEOBMI ION TO OtT Vi LIGHT INGFACfÕKS F up SFFClVlC 
ap..= i(x.p r.xyu(i*•)>).*>.oy.tH.».'').♦.AïP..*..*yyjjîiî,j7.*5çy.c.i 

.002055... 

.002056... 
_UO2052._ 
.00205.6.. 

.002059... 

.0)02060_ 
. 0O2U6A. 
.002062.. 
_00206A_ 

0.0206.4. 
.00.2066... 
P01N002Q66_ 

. uF..= .{r(AF.r. ATU11.(,^ 1 )*>C_y(l.».w) ♦ t YF-xyu(2,K) )*bCU(¿V 
—AZUX1&R1_r.JiO.. 
- uO 202.0.= .1(.9.. 
¿02 IMu) .=..Ch!l(0) .♦ AF*(CHA4* J) ♦ AP*cã(7»ÕÍ ) 
-.. A_*.. tiP«iCuUiJ) 4 AP»tcaVs(j) V AH^CHiaVjn 

a t JJ..t..AF.*lCi(6»J) ♦ ap*CH(9^41))j 
rtLJOHN. 

—2.J-J)RMT_t5X > 15.9F10.4 ).. 
12 FOK'AJ X/?*»lHj,DX,4t.iMJ)?6X(4HH<J) 1 

. 14 fcOFAAT. <y."X,JJijlt)X_».l3HCB(JfK>, krlt9) 
-lu f.URMT .. l/P.x. lHJttiX i 5HlW.lJU_ 
la .fcOR'>,ATl/.5X»4mK.=(.15i5A»3HM =,I5J 
_lNU. ... 

»M).)/0Y(aR) 002067 
M)» 002068” 

ÕÕÍÕ6SL 
.00.2.070. 
902Q71 

-002.072 
.00.2.073. 
. 0.0207.4. 
U02075 

.0.02076. 

.0.0.207.7. 
002076 

-0.02079. 
.002.080. 

126 



__ SUBKtfUTIHt WAlEiKK-t&UltüLiJOi»TTZtXYM.SC^»C»wx,IWMXtLüX)__ 
JüUXJLLIoBr _INJ£KHQLAUQNS.,_ tAUTtSi AM .TO. SURFAt£ NORM^tS 

.tOWiOU/ZMt ^y. ..DX_Ua 11. ßt i&Ji.-RH J9 ).. 
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Detailed Flow charts of Subroutine D1STW (3 of 3) 
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[ J » 3)» ÜCX(3.ô7 

Ã TTt'irtYTij.'ôlV IGIYTéJ » LJIYT6J 
' t GfiÑúWTLA6^/ ~I Büg T jBCT»* JOFB 

"UUUUbr 
000058 
000059' 

^um,.,un/E,MHP/ jThD, rtNU* TEUff - 

rPK v blil ( oKPPh1yM ACF tT 'HGPU*HGPv ,HGP|" ’ ATSP (bT 1TSNl6 > ( b ) 

X 

r- 

tow.^ou »«r(3»42»q)» WCTTTTTTTTT» 
«T(3»lo~»211. 

b »bl(3»^»4T) » «SÜ(3l 

wM3»3/ » 131 » WH|J,25»17H- 
w;SF(3.9»42) » w’îH(3*9*22) » WSM(3.q, m), 

“O00060- 
000061 
000062 
¡100063- 
000064 
000065 ' 

U0Ü066 
000067 
000068 

ï' ïiiFElïr * ' TTTLE1B F- 
-».nui) lUô'TACTüRS'FOfl DERIVATIVCS- 

U A T a C ,b*0.5*2.0»C.ö»-2,0»-o#5T7™5 » 1 5^ 

TO 0069 
000070 
000071' 

c- 
't'- 

*r 

— 1 bOü~ = T nOrmàl~~pr 1N four-- ----- 
-"|r^_=_2 C«LLS FÜH HKlMTOU'-rrEACH SltM IU IW HNP PLGloN- 
---liar = i lo T^or 5Ave tape or last nine ' ----------—. 
-ÍNli = 2 ~SAvE LÀbT TINÉTWTaPF- --- 

= 1, y FURCIU6 ÖP ULLI) towAmü ^tLaiy rPEE=si^AM T0TAL~Dim 

"r’rT"il í -¿~ — ---p?1NTs ANn adjacent REGULAR MFSh PuINTS 

T00072 
0001)73' 
ÜÕ0U74 
1)00075 
00007 b' 
00007T' 

'000078 
O0O079 
UOOOdO 

- —-- ALbö HY ILNIl h UH ALL L- 
= MCK ALL FlfL POINTS ALSO i)Y TEND FOR'ThOSF i mPTuí 

;-^L-T -USFÜ- -TC, SpACE-CmLLING' QF FNTHA. Pv tREW ' - PMÑT 
TUUOël 

OÛ0082 
000083 _ ''tM^ib.D i iiTLun.r^í.gT 

__*• K i ]M¿. il f T i tuff i r, i=r. er- 
-( 5,2) ~L2lT-ÎAx * LFk I NT * JODT » JTD): »1 ^uG. IN11. TF TZ .JPr t.. ifiCR- 
—>-H 1 ) j.L.¿ » A >LPk!NT * JODI * JTN2« louo* INIt» II12» JBlT» JOFR- 
__ kLAD (5*4) < SAFE(K ) *Ks 1 » 8)" ' .. ' --- 

~wEali 15V41" (ûAhPïk r.'n'f f ; ai. . .. ... 

t 
T0_ 7 K r 1,6 “- 

10*71 ¿ « bVtt r'KV 5ÄFE f KIVJAmP Of J 
kEAu ('5,41 TEÑD*"T£ÑB 

üöood4 
'000085' 
000086' 

UOTÖBT 
000088 
1)00089 

__».W1IL(Ó.12) TE DO, tEuf) 
..-MrAÚ ÜÄT»•'FROM'TlhAI'FROM'TAPE T " 
•—*rAü STAkTIIIG TAIRE "DUTA TN "üINíARY 

(37 ■ 

T0009Ö 
uOOOTl' 

'000092 

«Lau MtA, LiYj, MV5» Myr; NVA, wvn, nys, nyt*- 

•iwçr^rïcirwTÎ MCG,.MCH' ycs' ncb. nce, ncf, 

OÛ0093 
0000^4' 
000095 
Ü00096~ 
000097 
000098 -t-1'?.'!* NF.U* '^Ü, mH-, PFh, MU,, MFh,TF0, MF^, T'H , Vi-AN,- 

'K^'^TTSrNFTUNFCL,—*' ÑFÜ, NFE, UFF, NFG, Ufh, 
TOO099 
000100 
000101 I ^ n 1 1 h i ___ * »'Mh» Nhu, mH§, A'HI» MUAN* MltANF 

* ÑuF, Nhó* NHH* NHGl* TIHÇ* T1HT* NHCL*"" 
M Mi»im* '•'Mb, )• Mp, f/iME, P^r,~MMõ/ WMF, "MBO'*' HM5"*' VPT»' WBA'N',"BF mi. 11. - .. - ""'•* '-"-'a» ’•i'ibim, wi 

-¡['-.[i'J“u* nPiL'* N>'L* N'í»* i')».o, nMN, N'/(), NMg, flMI, NMCL*- 
ANP. 

T MbL, MSI * UbL, N5T 

TO (II02 
000103 
Ü00104 

TOU1U5 
000106 

'000107' 

, LDHJ>mHL, LHM, LKhd, LHHK, LÜBC7' LÜMB, 
_H__LbhNiAX 9 ~ “ -— — 

M LüMh, LüMb, LbMC» LbMD, UjMt, LOP 1, 'LRMj, "l&VK*''LbV'L, LbMM, 

T'00108 
1)00109 
OOOílD 

TOOTTT 
000H2 
0001T3 
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~B" LüfrUAX i 
_I T UtttÃ » ^tlTB/ LrtTC» XbTD» LHTE# LBTIV LflTJVTBTKr-CBTUrLBTWr 
_f LMiCi. UüTRr LiiTS. LôTT.' LBTMAX' ---- 

ÏÏLmu (3J 
^VAuCST 'flYBi J) # J‘í 1 »84) » flCBrjíi'JiI»13BTï.. 
à ( ( lüFiu ji i fôMft ( j i» nu-: i un. j=i. vo y, i íwrrjiv jsyrfstrr 

ÍTTmTjTT Jr 1 #u6) # ( UM( J) » J=1 > 42 ) • (Iwr(J) » J=lilZ9)t 

uuuim 
000IIÍ- 
Ö001T6" 

'tlUD117 
'000118“ 
"Ö001T9" 

_<■ ( (L ¿ÑTP ( J) » LlMrH(J), LINTNHJ)), J= 1,2 ), ( (IWFXUi rÎVHXí J' - 
_O (ÍAPIJ1. J=l,74). (lAHCJ^, JSl .SOTTTrAffrJr;' “ 

J=l»b2)» lIAt(J). J=T>321. «IANIJ), JSl.aiJ# 
_K rfínFlífõJV 1 j*hMU) #*TwMTTJ)’J"* J=i,8ï--—- 
_(¿i ~ (ïicour. jco(j)V, j = ubá), (rrForjrrjro(j))', 
_ f j=i.¿*fe). niHoij),ofi0un.j=i>2ó0)> rnMü(j>,jHQrj)>,j±i,2ua);' 
__0 JJ I lõU) # JfO(j) ) # J= 1 ií 128) ....— - 
_'XAU ri) “ T(DX (o) ,DY( J) )', J=1 .fe) , (RH(J)V JslVSf-- 

__ AtAij (3) ( (Cr (Jt <SY(J) ) i J=l»42) < (OYÓ(J)i J=1.84)* 

0Ò0120 
Ö00121 

“000122“ 
-ÜÜÜTZT 
Ö00T24“ 
ÕOOlíS' 
000126 
U00Í27 
000128“ 

L_A (UCI3(J)» J=1,130), ( UYFIJ) »SCFU) ), J=l,84j“. 
_h ( UYH(J) .SÇH(j) ) , J=l,44l, “UxYMtJl^CVC JÍW J=r,2BT; 

000129 
000130 
000131" 

C ( (XTT( J) *sr.T ( J) ) I J=l#8fa) 
klmu (3) ' (ovrur. j=r,ií>i2)V «DwH(d)V“j=r,T42r»-- 

A J:loÓ4)» (D.vY(J)‘* J=lVi54ôr, (AWFfJV»"“J=l*ï26ÏV' “ “ 
b (MnM(J)r j:1,üó). (Ab^(J). j=l,42>. (AwTÍJ)» J=1.129),- 
C ((..,(-( J) , 0=1,1134). (CWH(J), J = í . b94 ) » (CWM(J)i OÏ1.378)“,- 
D(Cwt (J) ,0=^1 loll, 1 IDWFXIJ) ,DwHX(J) ,Dv»vx( J) .DWTXCJ) í7õ=l.roa), 

uorti32 
o'ööisy“ 
0*00134" 

t ( Ia„fh(oT7' Av,mM( J). A*MTUJ J 
F* ((UnFHlj) 
0 ( ( C/.FX I J ) 

t_IV i\Lmu (3) 
oÊAlj ¡3) 
oLmu (3) 

. Ü=T79TT 
* D,alW(J), DwMT ( J) ). "j=’l . 72) . 
. UHXt J). CrtFXl J) ), J=“1.'3b)“ 

"000135" 
0ÛO136 
0 00-137“ 

*jAi<i. Ho^U» UNOb, DOGMU» ()0^1, Hlf)^, CMU» UNOgM) 
UMrtCh. AlPhä.-'RöndY - “ V “ ..-- .. 

UY ( J)“, J=l.“íl34) . 

Ü0013B 
O0ÕÍ39" 
00ÕI4O “ 

<wC(j). JsV. 86717 

000141 
0ÒÍÍ42" 

“00“0“Í43" 
_a UKJ), J=;.1-+43). U'M(J), j=l,127b). ( WM ( J ) , J-l, 2u28 ) . 
_b (f.llJ), J=l.luOo). IwSFtJ), J=1.1134) , (w5h(J) .“ j=T:b94). 

C <»*b"(J). J=Í,37o).'VwST(J), Jri.llbl), (wSu(JT." J-l 3j- 
ïHTTtTôTïïïrTJRÂCRî GmP7“ALPHA 

•ÙSt>ui. CONSTANTS" . 
TiüVu ' = 0“. V* ( GÀM"*"1,0) 

000144 
"ÔÔOÏ45 
"Õ00"146“ 

MGFv = 0,b*(HoPU - 1.0) 

O00147 
OÖOIW 
O“00W 

"WÖT50" 
ÕÔÔ15Í" 

“0 00152" 

ItOMw = (HGpij - 2. u)/3.0 
•SPtLlA'L REPAIRS 
IF I IF I¿jL0.2) CAlL ktPAIR 
V.R1 TL(b» 10)""ÜMÃCM» GAM". “ALFhA" 

cV.^^TTrl step Constants 

UÖÜ153 
000154 

"0 00155" 
--- Ah I LSI Au REGIONS 

' " " Õ O 2 U 4 "K = 1,6 
“rr^sFiI(K) =“5x(K')70Y((O- 
pRi'ibh(M F 0y<k)/DxU1 

ToO156 
“000157“ 
"000158" 

ATSMk) = SORT (1,0 ♦ PRMSH(K)**2r 
¿ Õ 4' " fs Mr" )" = 5Af L(K )"* Õ, 5" 

—uuIlk HPoIUNi-- 

'000159 
'000160" 
“0OOI61" 

■"ukHu'VüxU) 
"u"T"H¿r~="~ÜY"(l)-. 
HRhSMY = URHO / DTHtT 

000162 
000X63“ 

"000164" 

«Tbt-t = SLRf("f io" "♦" "PKMSFÍYÍV2T 
"fSMTr'F u"• G**5ÄFLl lTiDRHO*RBTJDYVDtHCT" 
RHctI : 1.0/PRmSHY 

"00016b 
""000166“" 
“0O0I6T" 

.nYIGFtTniG’FACToRS FO« DIFFUSIVE DAMPING“ 
"LUP“s“TJAmPTôJ- 

"000168 
0011X69' 
0ÜOT70" 

I 
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üHOTsyrrs 
L»-"! Dl'.572]"= 
URJTTTTT 
uff'^rcTKR's' 
UCÄ( l = 
utA(¿»KR) = 

J.5M i. 0 
U « 5* 
-D'.bVHCDF 
0.5«COP 
O.b*(1.U - HIUPJ 

1*0 
ö.bVfi.Ü"-'DAWP(krn - 
Ü7¿5«UAHr(i<RJ - 

000178 
000179 

UTJ01H0 
000181 
000182 

j.-S - PtWSHl (KR]«*2«0AMP(RR7 J 
du uCri¿,RPl J OCxT^íRWúPRWSH II KR ) **î- 

“000133 
000181* 
000185 

L__7' u'N’kîà '= ~DXTkR-i )/0Ä1XRf 
I_l1/h 11 = ~ûYTkR-i~)7Qÿ1VR 1- 

LRlAlKK) = rnTTüTOTÄ ü.uüui) 
LI'lT [KlV)"="l'FYx‘(uMKTr V ö. 0001) 
»UKX = r"C X ( '¿t kt < - i Y/D c X (2 * K P7 " ' 1 ".*0" 

jvüKT = rv.ri£»K,\-i)/'L)(.V(2.KH) - i.n 
< 1 »RkT*s”1 ;tf" -- 

“uVii rTfï R hT *s ’ IVi * ' --- 
TU : LtilxfKR]--- 
"ÍPTll.UTVSI ‘ 
Tö'vr<*_Uo'2' 

TO 0186 
000187 
000188 

TWIW 
O0019Ö 
U 0 0191’ 

1700192■ 
U00193 
U00194 

00 f Ó 
2.lL" 

21b’ T0019b 
UOO196 
000197 _lN_= Ju 

u.-’o X ( JR » 6RT s ■ tu« * 2 *T1 ; o ♦'EN*rdRx/uWRTx)' 
UUCa = o.b - Dmrx(JBVKR)«10.5 - DCXll.KP)) 

_ inuucx.ot.o.u) üOTo 214 
_u«ux 1 Jb ,x.k7"s ' gYb/ ( OYS’-’ DCXd.KR)) 
¿14 CCH!INUf . 
¿1b LL = Lbir(KR)---- 

’¡FTlL’.LT.’SJ 
üO’Ylb'j’o =’ 

SÕ tö 
2TlC” 

’220’ 

ln s JÜ 

TWü r rjtr.YPr ¿ 'tNv»2*iT.o ■ 
'üVCf’V'ö.b' ömdyf jb »kr i *m ,*5 - 

TU 

rruRDRWiMRTrr 

;_iFdjucr.oKO.o) i‘,0 Tu 2TS 
_u^bf rjD , krt-s—uYb/1 o; s -ücnr.Kfln 
¿Ib UiNTlNUT -- 
¿20 oomihUF 

CCYFl *KR7T 

■Ç~f~çWIRVA f I ON' 
_»<Kf ît~(6 » 14] 

uiü 

PWriON'ÖF üAMP 17(6 CONSTANTS... 
(6.14] 

¿24’ 
¿¿4 J = 1,3 

A - ^ ^ ^HD Í 0 * T)1 
>.k1 iu (6* iS r 
üO ¿¿b Kk S I,, 

r i T>37 

000198 
OÛ0199 
O0020D'" 

T)0Ö20I- 
000202 
000203 

-017021]¾- 
000205’ 
000206 ” 
000207 

'000208 
Õ00209 ' '■ 

1300210- 
000211" 

OÖ0212 
1700213- 
000214 
000215 
Ü00216 
000217 
00Ö218 

- 

HTTTTTZ—rrricTr^---~~ O0022r" 
'LBTYIKRT-- 01)02*2 

000223 

*>K1 IL 16 » ¿0 > Kf 
.JÍKA’X[P* ¿21 ’L’H’IXÍKR )',' 

«RHU T6, ¿4 7 
UÛ _ ¿JO JU = l,b 
»«íÎ t (6#4) DMbxVjH,Kk) , 

c«ÄTn ROUTINE .— 
DMBYIUBYKRJ 

O0Ö224 
“Õ00225- 

000226 
000227 
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rz-t-v¿ ♦ i 
HTffi'LMP- 
uO'í¿io L=LZVlmÃx~ 

1411 
Ï5u 
1(>M 

uO 10 <140*Ibo,loO)*JOFb 
Call ytfê 
Call òOXII 

Trou^B 
ÔOO'ZÎÎ'Ç’ 
Û00Z3Q' 

CAll bUSUNUli.^A.MH.NhAfNH .wl-rlhOfJFOrl) 9 l^h M 9 rir I 9 Mf* A P ' 
CALL HCP 1(3» LbF MAX * ii»bP#1T 
VAlL SUSOCUfU.-lHA.MHT.nhAtTlHT. wH.lKO.JHO, IJ 

IRJUgil 
00D23Z' 
ÖOOZT3” 

TAlL mLP 11 ^ • LIihMAX i âÍjH« 1) 
4ALL bUSUf'Ülb.^wA.MMT.UMA.HMT.wMflMO»JMOtVr 
ÇaLL^CLPHS» LHmMaX » WíM» 1 ) -- 

1/0(1234 
00(1235 
0011236" 
H0Ü237 
U00238 
"000239" 

call bUSU’ U(b,MTA.MT r.NTA »NT r.wl»ITO» JTOVZ) 
CALL hLR 1 ("b,L'B~T>"AX»Vbf»2"). ' ' - 
lALL SAKAI 
"OUTPUT A NC TÊHMINAtlüN ' 
IFljÍND.tO.3) CALL ThEND 

DO 0240 
000241" 
'000 242" 
U00243 
0 002*44" 

_ iMlvJTUr.LU.4).Ai^D.(M00(L.JbCT).ec.ü)) CALL TrtCKlD- 
_ lMi«ÕD(L»LPwiNf),NEtU) GO TO 131Û - - 
_ Call ôúchTjóuY)"*- -- 

1 
*c-" 

310 
ifJóuY) 

COU I liiUE ' -- 
„böiTuM of Thea r^cNT op one "Time plane 
M ni-GU(L^Ax»LPRlUT) .NL.O) .OR. ( JOur.NE.?) > ÇAU. 0uCH(2")---ñ 

U00246 
U0024T" 
00024¾-" 
000249 
0 01/250" 
Õ 01/251" 

IP ( IMT.LO.i) uo TO* *1500. ..... 
-MtY HFSULTS ON TÂPL FOR PÜTUHÈ USE --- 
■*Hiit NF« stahtiuo Tmpl uaTa in tílNARY-■ 
mHÎTc (4) M T A, MYil* MYS» MYT » NYA, NYU » NYS*" NYT » 

0002b2 
00025¾ 
OOÖ254* 

Ç nCa. HCp, f/CE » MCP. VC6, MÇh, MCs, MÇT » NCÃ» NC8-»""Nl?F~. "Ñcr.*"*' 
C UCu» ('»Cm» UCS» uCT» * — - 

1100255 
ÖÖ0256* 
000257" 

K '■>«» MFu» vpD. mPE* MPF»" MFG* MFh* MPO, MPs» ^FTYXPiN»- 
f- !■>'mi»H» i-.FAT» mFmTM. VFATP, mPa. NP», NFU. NFE.-T»PP"»"'MtR. NcL 
y NU», UPS. uTT7 uPCL»---' 

*00*0250 
000259" 
Ö00260* 

--H "UA»MHb, PHD. MhE » Ml TP, Who, WITH » MHO » ' MHS » ' Mh”A~N » * MHÁÑPY 
H Umx, NHu. NH[j, HHE, NMp, NH!»> NHH. NHQ, ÑHS, 'NHT, NHcL»- 
N» MPU, VMD, MM£7 P^p » MHb, VMH» MMCJ, WÇi WMf, WmaN, MMaNP, 

DO 0261 
0 0026*2* 
DO 02*6*3* 

--l,MD' NJÃE» NMP » NMÕ, NMh»-îiMQÏ'NMsï'UMTi'WcCV- 
f NT»*, MTu, NTD» H.TCI, MTS» MTÎ, MTAN, MTÃNP» *RlYA »"'ÑTF»""ÑtI/.'- 
T UTL » NTS » NTT » NTCL» ——- .--- 
S* MJ5L ï "MS f » NSL » ' NSf -- 

., H1" It (4 )* LHFA, LGPb. LfipCV 1H F D,* LT/Pe . ' LDP I *.- Dr FJ. Cbf'kY* 

OÚ0264 
'0002*65" 
"0002*66* 

F LoPL» LbFM 
H LbhA » LbHb 
*H LoMPiAXi 

M LUPA, Lbf-b 
M"*LbP PiAX » 
T Lui/» "CûTb 

» LrtPMAX, 
Kr CtiHC» LaHD» LHhE, CÖHir LGhöY LGHX,“*lBHL, "LiiHM,- 

, LrlWC , LöMU* LHPlt., LHMI , LHVJ, LbWK, LbML, LbMM,- 

000267 
*0 00*268 
'0002*69" 
000270 

'0Õ02YÍ* 
"0 00272" 

. LrtYC, LuTO, LfiTE, LflTr," LRYJ. 'LBTK, "LUTE,"L"HTNT/ 
T Lulu, luTfT, LuTs, Lü'll. LHIHAX-—- 

'000273 
ÕOTT274* 

*001/275' 

aH11L(4 ) L 
A K 1 IL ( 4 ) 

A ((1uFH(J)» 
( 1YH ( J ), J z i ,'e~4 j"fiCbYJ) r J'=*i7'lT6/r 

H ( 1 »vM ( j ) , J 
C"('(lTnTP( Jl 

1dhW(J), iüM(J)), J=T7T0TT~TT7FTÜT7 J=l»i26>, 
= l»o6), ( i WM ( j ), 0-1,42 ) ,"(I vT f ü) .'J=l,T29r,*- 

DÏÏU276 
*0002*77" 
"0*00278' 

0 IrtPA(J))» 
L 0=1,52) i* ( 
F ~( I 1 wFH ( J ) » 

» LliifHiJi , LINTMlo) y,*"J= 1,2Ï,*' 1 (TwPXl'jrnYHX 1J) ,*- 
J=l,4), (iAF(J), J=1,74), UAH1J), J=l,bü), 11AMröTi— 
IAhJ), u=l,32). TIAMCJ), J=l",7ir,-—— 
IwHM(J), IrtPTTJD, J=i»8) 

DUU279 
00*0230* 
0(/0281- 

DÏÏÏÏ2B7* 
D0O283* 
001/284' 

190 
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7 nriü(j). jcmjiit j = 
K "j=l»¿96}* T( 1hO'( JTíjHOC JV) # J=l,200) # 
G (flTO( J) » JTO(jyr,' 0=1 * 12R) 

* k 11L ( 4 ) 

urrou), ohoijHi 1101128¾ 
((IMO(J)iJMQIJJ)#J=I»208)I 000286 

000287 

'"ïHTTETVJ 
'À(uCuTj), 
T IIxVmIJ7#SCH<j)), 

mixuj.uvton.jsi.b), unuor» 0=1^1- 
<«Cf«j)»SYrj)J, 0=1,42), (DYR(J), 0=1,841, 

j=i.i3to>rr<xYnj),scF(jj), 0=1,841. 
J=1,4'4T7- 

>SCT(j) ), 0=1,86) 
(QV>F(J). J=i,lbl2), (Û'âHîJJ 

(0), * '' 

tnni28r 
000289 

t ( XYM( J), SLf ( J) ), J=l,¿0 J, --Ö00291 

A (Ut. 
(J_ ( Ã aH ( J) , 
TïCf.j-ïû), 

-(-yy1 11-0;.1 * 101 > » 1 ( r) w>-x 1J > > D w J ), n Ã r'x IJ ),' ü W TX T J ) i ^ó=ÍI ObTT __t_(_(_A*FM(j)_, a,.mW(J), AwKTfOnV J=i,9J, - «.u 1,108), 

"J=l,bOÂTrrülTTOT 
0=1 ,ob) , ( MW"< ( 0 ) , 
0=1.110*4), (CwHTJJ, 

0=1,792),“ 
,1548), (AVI-1J), 0=1,126). 

0=1,42), (Awr(O), 0=1,129), 
o=r¡ 

0=1.594), (C.VV(J), 0=1,378), 

h (iu».fm(jT,~ D.vitM(j)V n.^Tton, 
G (((...FX(d), CwhX(J), Ci^X(J)), 
_a^1_|E(4) U Am, HoFlj, uNQu* 

■ w 1)4(4)' UN »CH, AlPiiA, RbiMQY 
. . ( h Y ( J ) , J= i , 11 J4 

a (><i-ro), j=i, 144J), uh(0),"d*i 

0=1.72), “ 
0=1,3o) n\ 
DOc-Mu, or NY,I, H INF, UNOgfu 

IbOu 
C («bi 

CALL 
VfõF 
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A 1 UCX ( ? »KHI» ( y fu A , 1 »"V1 ) +w (K A , 3, v , ) 

001377 
001370 
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ul.L = NFE ‘ 

Jllk 

oNU = NFo 
uO 10 ¿4U ' 
UÕ tj~iï"jL'~=" La. 

-...H ( n, *r-,M, Nli+JL ) = H JX ( 1, JL ) *WK K * W,Kl-1 ) 

* *- ♦ HjX(4»jL) ♦*'F(K,VI,N + ?) 
_«0_( P (642 >ti44 ) .K T S 

002187 
002188 
002189 
00219C 

- _ 002141- 
___ 002192 
.. ¡JÜ2143' 
--- _ 002194 
_ 002195 
-_____ U02196 
-  002197' 
----002198 
4 HJX(2 # JL)*WK(K t M » N) 002199 

_yJLi _oO _b84 JL = J, J 
.—SAt.!í['jXÍ0MVÍÍÑÍ4' ft.) = PjX( 1,JL)*wF(K,M,ÍU2) 
-A <■ HoX(3» JL)*wF(K.M~.Ñ) 

U 3 t; 
UO 

”u0' 
10 644 

e> 36 JL" 

002200 
002201 

+ PJX?2»jLl*wF(K,W,N+1) U022Ò3 

O02204 ' 

1.3 
0_..H(K,VM,hN4jL) = PjX (T, JLY*WF (K «M.Ij-I » . o.v.o. . 

A ♦ ^jT ,3.aL »ï. L-/K . i --- •Ht (K.M,N) —._a +. Sïï] j. uL j * i,(- ÍKTSTTÑTn 
-»MIk .N.M.I^N+lV = aF (KiMiN + i ) 

uO 10 644 ' 

U0220b" 
002206 
002207 

Miy.oo 642 jN = jnlTjRD 
_J. = N ï î 

u>< " = ' 4 ' 

O0 042 K: 1,3 

-hüíiL*M» ñíO”? wfTk , M, ñ j 
uO TO o3o 

TÔ22Ú8 
002209 
002210 

_642 _ L 017 T1ÑUE ' --—- 
_í>4_3jj_Õ0 6431 K s" 1.3 

002211 
002212 
002213 
002214 
00221b 

002216 

64.n t.H ( K t VH, ntl ï y '£ - ivKlX .M.uTflr" 
_Ç--_--HiUhT COLUMN 
_"I'Ñj’b_=" 2" "- 

i'.N ~=~MT)f " 
i», - NF H 

;r{'=;r.FE"-"i- 
NN - ÑHA V 

N L = 1 
ônJ^='1,fh W(fg 

■" jñlVj'nu 

_yJÍ<* i i-'K*j^r>'^FTK .m.ñT 
. 6434 40 ÍO (644 . b3Ü .6~3b^633’)"» 15WCH"' 
__d44_ U0hJ INU 
_6444_N NFÉ 

l<Ñ~ s~~NHÃ 
Mb = 

■uwarr 
002218 
002219 

“002220 
002221 
002222' 

002223 
"002224 
002225 

~ÕÔT25éT 
002227 
002228 

1 
JML = f 

'ov:u~=~Wh~v 
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002233' 
002234" 

õõl 
002236 
U02237 

MFL" 
002238 
002239 
U0224Ö 

227 



I o
 I o

 I 

oü'ô4ï"JM ï JHÜVJMO 
'I/lTb»»õ'y~=~T»~3- 

L/O b**6 JL -?í-lTT --- 
1 ÑÑ> = ’hTxT i;XT*irnf#'Mir,N)'V'flú5(TÍ.'aLr«F-nf-a-iin- 

I-! • PI ♦ X "' ' "■ 1 
Wí'Tf 

' U (J ~ b 4~a~ ~K ~ =' T » 3" " ---- 
Jj4b hH ( K f 9 (mL ) Z v^i 
_õõ ío (6V46» 7o</r» 
c. i. 7iT—™fcT T ï” A —————__ 

N = hFH 
"Í¡N's_lÍHf *" 
~o~0"Íõ~~b44y 
■ IMlkPOLaT HÍN ¡NT 

—’--lêkTcõUJmn 
vorÂrViT 

I 
r* 

f- 

_oN0~'="ÑC~H~“~Ng_ 
_/1 <:__uO ._ju_ ~ JNL#jNU -— 

- 

_oó V14 k=_1#3' - 

-.*/[-*.L1. “.^A/I* 2T**ÂC'flC,V.Ñ'-i ) V"RjXT?^-) *VCIkYW.RV 
-* * >1 J.X..3»*»C tK>M>Ñ* 1 r'"WJX74VgI«wrfg-.TU-.Tqi^v- 
— /1.1. ?r.,.',L = rfè<K,M,N> 
—?JAü_tP_.n||.js's‘]i7|- 
_715¿ >.F < K »N'M~, iviFTV =~WC'(Y>ÍÃ~.~NCHT' 
.PP IO «716*720).KTÍ 
C"—-hIghT í^UôSiN" 

nõ~ÃT!>~-~Y 
” M = KCH 

0(1^244- 
007245'— 
002246'— 

ÜÖ2247 
Ü0224Ô" 
U02249" 
ÏÏU77SO- 
Õ0725I" 
007252" 

T-,V':'Krt' 
oO'TD'Tfú 

-- ROIn 
7|u kTS'="i"" 
' T7'='Rr— 

i«N : tt 
722"M-=-vícr--r- 

iM'y'rfpjr-"4 _ 
_Jii-HCL»MCG——-------- 

OÏ 
002266' 
ü022~6T' 
00226» 
002269' 
007270" 
ÔÏ 
002272' 
002273' 

IR 
Ö6227S' 
002276' 

IR 
"Õ02278 
'002279' 
"ÜÕ7Z70— 
'00228Í'" 
'002282— 

"002284' 
'002285 
"ÜI 
002287"" 

'007288' 
UTJ7289- 

;r>r='MMr+'4-.-... 002290”" 
-- * .'002291"" _L)0__7_¿b_K_ s_ 1,3 

_n^^MMtNfjT^VcÍKVMVNÍ-- 
dO 7í¿6 ....... 

—7gg__>‘_F_l!>_,MM*JL,r'll'ü = Hjx t f» JL ) *»1 (K>M-11N) f HJiil JL 1 ♦4L IX H Ml 
-"^fî/ÿKî^yï/flVi.Ni V H^m/juviiniíSÍiir- ------ 

L)0 /¿o K S 1,3 - 

1)02292 
'002293' 
1)02294' 
1102295 
'002296' 
'007297" 
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12 i KTb'="¿' 
i7'= nCH 
uTTs'wrr" 
o~0 f0~~72^~ 

74U tOMINUF 

Û02299 
UÖ2300- 

TÍÜ23UI 
Û02302 
Ü02303 

^^»WIÍ2S^—*» ih»^« »•• 
Kür = ï-----—-___U02306 
--- -W23ÏÏ7 LU = LHPrt* 

U02308 
U023Û9 

l¿lu MjT S 2 
lÚV~LL>MM 

~~U 0 2 j 10 
1)02311’ 
U02312 _ kjO ÍU 1208 

i¿í4 ^r= T 
ÜJ = LHHÀ ~ 

-1 _¿A.U _!r^1 AhU ( KuT I LU * 1 «tHX > ClvHX ’ WH t » NHT , WSH.1 
5fO TO (1¿T«»1220)VKÜY 

1¿1o ^Û^~¿~2 
LU = LI3HM 
oöicr 1218’ 

f¿20'^úr ='T 

002.113 
002314 
002315 
002316 
002317 
002316 

002320' 
Û02321 

.- IÏ&V 
l224 f^ur_= 2---:---—---"002324 ~~ 

Il.Iir" U¡ ¿"LBPm -----002325 
""'oÔ'“rcr'l22'2 _ OÕ2326 
“ 002327' -^--TTro^T^jíTyo. auxilïawil^ P6k Lulal butAlLO mlShLS TTrrPBTCiTfTÃ i f.a °°!^! 

C LAKlLSIÍb VESHtÇ'ADÜ 'PrSTÔHTLD MESHES --H - ?T__lrjT^wpOL«uOi, f-HO 002328 
_l240"Vrt"s-6 ---- - 002329 

"002330 " Kur = _i 

"ñul" "¿Tfffõ’ 
ksml = o 

lio^sTr 
o02332 
002333 
002334 

J^i:^epÚ<WÍL^,WSTV5CT7üWr;õ«TxíUÍTMÍxVwfiMTtíNTTV---.""SS^ 
_A aT > i-iTT t UT T » Dvi,.íT 11 wN T > L fHTKf --- —- 
_ 10 ( 1244,1246# 12bu) * KUÎ-----002336 
__1_244J\UT =2 -- 

7 mjl~=TFTl --—— ---- 
ÙO" ’TÚ'r?42’ 

l¿4"t>'KUT"= 3" 
l'iLL = LPTf 

""(•Tül'VlPTY’ 
"uõ"wi24y 

l¿bu AK = b 
iOJfs'ï 
^LL~=" L'PmF’ 

~ i*'UL = LPMC 

002337 
002338 
002339’ 

~ÕÕ2340 
002341 
O02342 

Tí 
UÕ2344 
002345' 

l^ll i«ãkü( I äm , cV.'m • ivspí * SCM. »0i»m'» qwM’x’j'lümmaX » w'M » VMt .>jwr. 
_A.Jilii^TJpHJJrDWPlÑ lwMI ,LlKllM» ------ 

uti Î O i • 1 õ^n W i Tt 

TJÏÏ73ÏÏF" 
O02347 
o 0234’d 
0Ö2349 

U02350' 
002351" 

oü jü 
1¿b4~KUf"= 

(1 ¿b4, i2b0‘)‘i Kuf 
2' 

"UÏÏS352 
0023b3 
U02354 
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«te = Tmj- 

ÄÜc's'U^L. 
- yg Tp-fgsr-- 
1<Í6U KH — 4 ' 

Kur='i— 

rx-s-i-hhb- 
"mül = lPmC 
KSPL = 0 

-i»? ïü «íêb^ííãyoT»' Ruf 
1264 kuT~s'~2"'.— -- 

iniajbb - 
Ü0?356" 
'002357”- 
"507358 
"002359” 
"002560 — 
1502361' 

^ll = LEHJ - 
_HÙL"V"lPm"l 
ÖÖ T0”î^b"2" 

_l_27y f>K = 3 
KÜf-r-Y 
hll-Vlpph" 

007362” 
002363” 

1)02360” 
’002365” 
002366" 

"ÕÕ2367 
002366" 

’ 002369" 
00237 

'002371' 
002372" 

-1¿7¿ LALL uHF,cwf-,V§i?scf?,Dwr.-ñ¿F)f.rr.cu«v,ÿp.MPT.weT.-..-u-c 
__'I'll* f • H, I wt- M, L1NTD -— - T,WT>___UC 
-JL® ( 1274", 1280")’*'K'uf --- üï 

1274 KUT = ~2~---- —Õ0 
_ KLL = LPfd "-—----- x'" 
„.I.m-s-im-.-.---- 
_ôÔ'T6~Ï27"2 ...—----- 

1 ¿HO t 

n'A'7ôrttTf Ion--- 
—La^n »HE^ i'»^CL) = ' o~.~a♦ twsr.rocen 
_u_qi_4_3urA = iTâ-—- ♦ 'wSF(3»3.L¿pjn-:—. 

002373 
002374 ” 
U02375 
002376 
Õ02377" 
Õ0237Ô" 
ÏÏ02379 
002387 
002381" 
OC 
002383" 
002384" 
002385 -.lJl30.APitA_»_MFÃT,ÜFÇL) = Õ ,5 ♦ ( WS’F ( R AYl * L HP 01 - V6f IKA J.LPt-- m ~\-- - 

_KtTUKN...-.— J_ 002386 
__' tNb ' ----—— ..002367 002367’ 

002388 



~ bUüHüuf IÑE" KAkuÎ I tif »MTTiNTTI«.M.MMT.NMT, wST>'[STYCWT» AWt.SCY."- 
Â loxdAfjV.Wi --r---- 

— ir.lLKPOL'AIEb PÏÏOTT rBkTLblAN ONTO TUP OÏÏRÏÏ7 HUINI Uh LOCAL'çUMt-'fllT 
uOk:• AL AND FkÖH LÖCAl SURFACE NORMAL TO CARTESIAN POINT NEARtST SllR 
lCi*' • Oí,/TOPL/Mlln' Ui.« nPY LIPtKUT » LC » JC > VLPK » NLBR »KSPL 
lo^voíj/plnü/cjxi^,j)r~jrxi3.o), ücv^.h). iHLin.i)» jPHXts.b),- 

A U'v'rtTr (b.o) » Ll'IX(b) » LrilYfb) 
Uli-'LUSION WT tjtVTT tNfT) i >^(3,WWT.NMn . #ST (_3»'ö»LftX) * 

A UM 3.L0X). c-v'liVfäfL-IX) # A.»1 (3,Lbx), 'sCT(2»LPX) » IAT{2»t. 1 nT)' ">- 
b wuNT (3) . . .. 

Óöl496 
ÕÕ1W 
ÜÖ149H 
U01499 
UOl'b’úO 
uoibor 
U01b02 
u01bÜ3 

__uo ¿U M's WLLi'MÜL -- 
..CENtlÊ-ST cAbTLblAN kEPEHENCE ARRAV 

j-.K = IwTtLlP»V)/100 

U01b04 
UOlbÜb 
OOlbOb 

l'K - UT (LlP.M- - I0ü«:4k''2 

i<K : MK - 2 

"uo'lbü? 
oolbOa 
U01509 

iNTtKPOLATt FROM CARTESIAN RlSh TO TOP POINT OF LOCAL SURFArt NORr.’A 
uO 4 XA z 1,3 - - ----- LlO _ 
wONT(KA) = 0.0 _ _ 
üö 4LWS 1*9 
'jtT = (LWVg) /3 
jA = Lw - 3*(jri-i) 

UOlblC 
UOlbll 
UOlblg 
U01bl3 
U01bl4 
UOÎbiï 

..CNMkA) s wOÑTOÍA) ♦ CwT(Lw»LiP.V)**t (xA,'/k+JA,Nk+JB) 
wSf]j»JC.VT = wÖnTI3Ï 
»•.SMUJCr ) = v.OnT(1)»SCT(2;im ♦ 1>0K|T(S)»SCTIUP) 
fiSn¿»JC*M = -WONT ( 1 ) *SCT ( 1 *M) ♦ WONT ( ?) *SCT 12 »M) 
oQ Tö~ (676» ioT» 'KUT 

UOIb!6 
001517 
001518 

TT l‘,K = W - 

lÍK s 'fAflítMK) 
oO 10 12' 

001bl9 
UÓ1b¿0 
UÖlb21 

,.,K = LC - M 
NK = I AT(1’VK) 
VÖ M O ‘12 

lu "M - LC 

1¿ 
14 

NK Z 

ñk*“='íátTñk') ------ 
I Frf OK P OL M T r F R Ü M ' S ük F Ar ET NORMAL YOCAPtesIAn POINT’NtAREST THF SUPP 
uO 14 KÀ : ï»3 —- 
40NT (KA) = Awf ( 1 # M ) * .»ST Î KÁ » 2. k ) 

* AWT(3tP)*WS t(KA » 8# P) . 

U01b22 
u01b23 
u01b24 
UO1b25 
001526 
001527 

1)01528 
001529' 
Ü0I53H' 

+ AwY( 2 i M f*wbT(XA, S frt )' 

JLk 

. »J* J* PA » NK ) = wONT(3) -- 
^11 ♦!>CT (^»,V|1 - wONT ( ? ) *SCt ( 1 *m) 

»•■T ( ¿ » *'K i NK ) g wQi)T ( 1 ) »SCT ( 1 »ik ) ♦' WÛNT ( 2 ) *SCf ( 2 * ^Í 
-i-C-ü.iL,l-= .'"'A - 1 - L0Ia(KK)*1 (MK-1)/LBIX(KH) ) 
iF(lCOIM)2_0_, lfa',20 ... 
RC OIN = ÑK 1’ Lbl r ( KR ) * (TNk 

001531 
001532 
001 533' 
001534 
001535 
001536 

17 
iFTjtOTNJ 2ü»17»¿0 

'KL =' (MK-ï)'/LbïX(KR)' 
IÍL"="('ÑK-IT/LFIY (' K R )' 

D/LbiyCkKiT 

MLBR 
NLBR' 

1H 
2u 

uO lb KA = 1,3- 
’jUrKÄVMLÍÑLT 5"w'f(‘kAVMkNKT 

001537 
001538 
001539 
001540 
001541' 
O01542' 

oONTINUE 
RETURN 
LND 

0Ö1543 
ob 1544 
üor54'5' 

TÖ1546 
001547' 
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'SlWROüTTIif V^(<0n>»T*CWT,»l5T*bCT.nm #owtx>ut?*wt»wtt*ntt»- 
À ~*iU.>LfT>NÙT<D>.ÎU, IiJTu»~LIMTUr .-. - . 
-i;.lu^ULA!tb r.<n,.i Ur(Tt.SIflPJ 10 TOFiTS 7,<j W L»lflL HUIA1LU ML«;h.- 

FrtO.- ÜTÇTOHlEû «tSH ofrTO VOINTS 3.6 OF ADJACENT ITO LEFT1 WFSH AND 
PÖTmT*. f*4* OR »DJACEi'.T (TO MIGHT) ALRO PICKS'UP'POINTS 4"' 

..c._V» f0k A ' tNUb Uh KftriGF Hi^TTIT^ "iN I 'JJUIW C AHTL Ç1 M< PDT )»t> r-Uh i'LbM 
TOrt'ijHFh M'ESh (CODE F) 

~ VÔMWfj/ToPL/MLL. MUL. kR . LTV.KUT.LC. JC > MLPR,' NIEP í Y 5PU--- 
7_ u I • l«sIOh ï ., T ( 3 » lî" * > > l*hH, i.H’Xl. I. SUia^BX),- 

A Lrt I ( .J.4 «LbX ) , 0«TX(V.^.t). *T(3.WTt,NTT) * wU(3.'-1UT»N(jT)V. 
ü ^»^(^.¿.4), i » t u ( ¿. 4 ) » lintu( 2 ) > wont (3T. vprrtj.^r.-- 

001546 
001549' 

"OOlbbO 
001551 
001552 

DO1553 
001554 " 
Ù0T555““ 

uO *ju N'V z NLL»MuL 
'WTaí>kd FkOm cartesian mcsh 

'001556 
001557' 
001558" 

uJ lo LIH- 1,3.¿ 
JC = o ♦ LIP 
^K_;] UT (L ÍP• MM )> îÕÕ 

"ÔO'lbBO 
' 0ÖT560 
'001561' 

I.K = UTILlP.MM) - luQtMK - 2 
i'iK - l«K - i¿ 

001562 
'001563' 
001564 

uO 14 KA : 1,3 
,.ohkkâ) = o.Q 
uO 14 LW = 1,1» 

001565 
'001566 
601567" 

JU = (L4>2)/3 
vjA s L* - "ÎMJÏÏ-X) 

.J4,_í PM1 ^ a) = v.ONT ( r A ) ♦ t.. T i L A » L ! P. MM j TIK A, OK ♦ JA, NK* JP )- 

_Jo 

UA) = v.ONT (KA) ♦ 
ftST l J, JC . f- M ) - wONT't'j)' 
.»ST ( 1, JC ,»■ M") ; WOi»T'( 1 ) ♦SCTI^VMM)' ♦ wO^Tfgl VsCTll .MMT 
«ST l¿.JfM) = -«Ci»! ll)»SCT(l,l«‘M) i ftöNfTüVibCT(2.MF| 

-6NÏ|-0H"m » CÛNTlNT FOk ÛTSTORTED «ESH 

00156« 
001569 
D0T57Õ 

■"601571 
u6î57"2" 
001575' 

üô' ¿u JA = 1,3 
.».U = MM - 2 ♦ ja 

001574 
Ú6T575" 

'1)01576' 

uo ¿o JP : 1,3 
uC = 3» ( Jü-T ) ' V ' JÄ 

3* Jb JU = -1 ♦ 
¿Th n 3'.'jc i "= 'wsriy. Jü'.wr 
«iNf(i,jci"=' 'ftst'rr.'û j'.va i ïsrr r y, vj» " - 

■061577 
001578' 

'001579' 

_«iNMl.Jii = wsT 11 » J j, “u ) »Se T (?. “n ) - sT * 57.: j. VU* «Çc'fHVVui 
—?4_»i »ï 12/jc) = fcsTTTVJ •."u)»Sc7TÎ7PÜ7 + 77*127Ju>f<j,HUt 
„S.V.TT-1 ^KCqu^HS UF AüJhCD.T PoTAtEO MfSr.Ks OfîfAtf'F.l FPOr^ orsTOhT.Û Mr 
_ao 24 lip = 1.4 .... - --yAi-«r.'A“.r5- 

; - J * ¿»( (LIp.D/2) 
JC = Ö - 2*r(LIP+r)/¿T"-"3V(Llp. 2»Ii.IP/^) r 
UO"¿¿' K,A=T,3"~....... 
ftOl.1 (KA) = o.u - 

"0151580 
ÖÖI581 
'601566 
OOlüT' 
'001584 
ÔÔl'bOS" 

"iïüTbSS- 
001587 

'001508' 

uO 

24 
c- 

22 LW = 1,9 .... 
"ft'ON HR'A f V0Nt'( K Ai " ♦ TlwTILV.~Eir,'MMl «'w InT’fK K'»rM)- 
TsTjTTjçTWTTrTlïïTTjl ---- 

^1= Nt( 1 ) • SCT12,M(J 1 ♦ 'w'0ÑT (2)*s6íll*MUr 
ftST(¿,J¿,MJ) = -..vHTrntTCTnVrtúrVwôNffíTiíüTTZ.líOT' 
•«UAiLiAPifb AT Ei.r^ 11 JF UPPHATING PANuEÇ—-- 
'iTrKft'-Ml'LT '26¡¿8, ¿o .-. 

1)01589 
'001590' 
001591 

~2õ IF TMM-"^Ûl1"50,30,~3Õ 
2o JU = -2 

'll 01592' 
'001593' 
Õ0T594' 
001595 
Õ01596 

'001597' 

'¿Õ"TO'"32' 
3o 
32 

JU 
^HL = kSPL ♦ 1 Kî 
HÜ =_ MM 
UÔ"3'b"L|P"="i.2 

"001598 
001599' 
661600 
UölbOl 
'061502' 
00'lbû3 

232 

I 



-oC = JU + 3*LIP-OUlbOU- 
..JO ’ ~3iH "K Ä ' s' T » 3 . .* ." Ö OYbOB 
. ftOÑj IKÁ) s o;5 . - ...001606 ~ 

uO LW = 1*9 UÕ1607 
*34 *Oul(kA)wOnT(nA) ♦ OWTX(L*.LlP.KSPL)*wINT(KA.LW) OOlbOfl " 

' Abrió. JC¿f>U) = wONfló) . Üûlbô9 
-^blTiTjCTTD) : wuut ( i ) «5CT12.M0) ♦ wOhT ( 2 r*ÇC7 ( 1. mu I-oólblO- 

3t) ..bT 12. JC . N‘U ) : -aONTI 1 ) «SCT ( 1. MU ) ♦ wONTl 2 ) .SCT ( 2, MU)' OOlbli 
i»o"iPVKK-b) **2.bo'.5ü . ..o"0lbI2"" 

C-.-.-t-fi.Tr-c^rçr'AiT .i'jR /.üxiLiÄwiK ALOurFOT^TCooET-n-;—-;—ooibn 
4<; uO li/ ( 4 o. bu » bu • 4b • bu » SO ) » KSPL 00 lbl4 

~ 4ü LüP = LIhTUIKUT) .. . 001615" 
,.!u = 1aTu(KUT.1)/1UÓ UOlblb 
uO 4Ö LIH = l.LUP .... OOièlT" 
mu z filu■ kÚT.LÍpI' ** IuO*r/Q ... . OOÍbia" 
uO 4b KA = 1.3 00IblS 

...li.' ,iiuúM.»Mu*r40)_s o,?:;::":.:::;...;:;::;_. . 
uO 40 LW - 1.9 001621 

4(J ..uIkA.Mu.I.U) : V;u(KA,vUf NU) » Dk Tu l L*., Kij T. LIP ) « W lUT ( K A . Lw ) 001b22 
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Detailed Flow Charts of Subroutine HANE (6 of 7) 
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Detailed Flow Charts of Subroutine HANE (7 of 7) 
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Detailed Flow Charts of Subroutine OUCH (2 of 3) 
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Detailed Flow Chart of Subroutine PUTOUT 
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Detailed Flow Charts of Subroutine OOKII (2 of 3) 
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Detailed Flow Chart of Subroutine SUSIMU (2 of 9) 
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Detailed Flow Chart of Subroutine SUSUMU (3 of 9) 
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Detailed Flow Chart of Subroutine WOAP 
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ntAü Sl.iU» tÙIsXU) »OPI I) iULIAiI)«I = 1j LUI_ 
_I-Xj-LW_ 
S*; uliilll) = bOKT CU1F2 - A1FÜ*U1.0 + C0.'a7»CP t 11 ) * «GXGRVi .l^Ul 1 
_oO 10 SX____ _____ 

11 lQIîÎ inue...... .. .. 
_lit al i. 1U» loisxm .uI'R (1) .^lüFt I) ,X1NF(I) .TH F( I ),_ 

1 liLlAll) tl=l.lu).. -____ 
-- SS uQftl 1UUE _ _ 
_»T = 40.0*S'<kT1TQ)_ 

--- 1F li.O.GT >11 CALL OrtUsSuN ( i U#1J0 j IX lf<D# 1SIü11»H1S>j01UF »ïiOPUjZl_ 
PtUi.I of t'O/10 »Ll'rtOn » IIEP f IPROF __ 

_iMh-LA.LK. J.U) uO Tu ¿OÙ___ 

nhUu - Pu*1A4.0/(SJ*S*TOI __ 
. vC = mistest 101/kHoO ..._ _ _ 

_LFIPIOF(1) .bT.O.U] bO TO 6_ 

. Uü. H l.S -lilu-....—.—__ 
UAI. : UUiF.Ul. /Al_____ 

_i.'A1¿ r 11A1 * »>_ 

Iti-iP = 1.0 - G»yi2*UHT2. 
_ I IuF 111 ..= TOtTlMP __ 
_Pl'-r (Il = Po^Ti-^P» »GbA'^l_ 

i i'iIuF (Il : SuRTlUAU/JEMPl___b. 

u (.ONIINUE __ . 
-PK1M Si ([ ISAlXl. UlNF(I).PlLLPm«viflF( 11. T l.MF (I) HltTA 111.1 = 1 .Tn) 

1FULAM.SQ.11 bO 10 /^yy ___ 
IF l ILL. Fu . 2 1 GO 10 ÜUOU . ___ 

,7¾¾^ LALL IhAliStlR LX.-TULTAOiJEl .IQ.HmAPT. ïSTART 1_ 
C-——bl**ttTlUG Lllll A LAMIuAH bOUUJAHY LAYER__ 

LALL LAPIRAK(ImEJAO»aSTAR11ULLSO) ___ 
iU f HKÎ.S L(. F'PllEbSlbLl. HllLlNUAKT L.AYFK THIF KNF ÇSFF_ 

fluOv V.ALL .VELIXMAHT1_ ___ 
-XU) = XSIAUT_ 
_.l'.l r YSTAnT _ 

-aPUJ.z ARUj-r *SJA*T_ 



- HUM- i. " --—---- 
-jiQ-m-L.s.A.j- ---- ... 
-UtLl li) = DH hr . ..... 

......... . 
UhCJJIl _?.ytx3o_ 

■al/ll ) - hblAOT . ...I“”“ 

-Ul 

-tAt-xi. n. „ ititjAQ *. »m --------- 
-Uâ^ALU i.KuyL-t.OtLlO .-.-... 
■iO¿l 1 ) - PLI /nu i . i li \nsn. i >( n..--- 

^I^r. DELIIi) 
L-hj¿t3), Ut j IL.». MLi CFj. LUi 

-JiHtLFFM) .A.m^nx ÜEDEL2 ... 

-lCk.-LUWj.lNuE.__ " 
-IFLAli.S.ü. 
-LCüuNT = n 

xm 
LU 

= tt<M 

*-JJ.»1>*UElX_ 

-UElUc.DtXX_ 
-xP.LlL_s.xi3J_I'"~ 
-LF 1 1 LF. F w. ¿ ) rrn 

*-üELX... .—.. 
% *<. = .(.^| -------~~" 

1Q H»ni 
LALL VEL1X12J J_ 
lELL S ( JE/IUlAtiéfUELX 

-XP131 = xlWCQs.|xn)| 
.xl.s-XPiu Jkxi.x.xpjji . 

--Lâ*«»»íE.LUwD OrtLtK “ 
-fl“ni 1 ONT 1 f il IF 

RuNut-KulrA OK _IHAPE2U1UAL fQRMUl V 

1 j: U/PtlU. ♦ 
-L/'PX 1 11 

- JErtiii-X..LE f'PS¿IEMP2_*UE. 
--3U - LAP.l l U_. JLMP2_/ 

U»ä»ütH* IUD2DX JJ2DXJ. 
i- ü.:i* )H iMummt ♦ nir,n, ~ 

-=.JJCNP1»____—--- 
-=. JiFlAC TJ 1SEP,±132111. tbiEH L 

-♦.UEtSlNH. .— 
PXt34-V--dUK______ 

^PvT^!:^31 ULT .EHPÛRÎ-JFLÂô'Va' 

APv ^ t [ Jrlllii 
-ueluij-ajii2Ju,nLua3jI~'^~~~'~~ -- 

i r (u i /«i T il 11 |i‘JJ T n_ ----- — —— 
-ICUUt'tL-S.JlcûuNf t-l.. 

-- 

KEutL2.-S_Ut4üEL2.( 3J/JÍ.Q .'--- 

^^yXL.r^U-DLLL i3jL:ÜÉL¿Í;3¡‘:í 

-*.*b,LF£ _ 
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--- if UKLAG.LU.l) GO - IQ- luO._ 
--if-uiounj-.ot.iiek) Qu-jy-iiuo 
-uo 10 >n __ 
--LÜU .J> ( lüL^Eu.üJ GQ JQ 0üO¿ 
-kLa) /I.l3).y._V0 
-IMU = TL/fU __ 
-LOIt-j; -Tuyic._ 
-UEO .= UE*5iUkJ1.JEI0J_ 
-1-EA = IJFU»A.i-Q / UP _ 

- u¿.= J0Tl»*-A*DlUí.C3).. 
-ui = TOTE* ♦-¿♦.DELAtOJ-. 
-ul = ___ 

UFO = TEJ0*CFF(3)_ 
nEuELC = J'tUELk!*T0Itf*£*iiOHI(ToTE) 

-33V_ 

. ^‘U1^330fX(j),olf 02,03^1.1)34 (3),EEC. TE^EiCFCfCDjKEOEUl 
--- 0----.^1,0b 1 LbT F.U^ CílAuGl IN. KLOlONS. 

hilC\s lQI.UUiiF 

oO 10 11UÜU»¿0u0»3uUu»i*ÍU1U)í 1SEP 
iO^ uO llü I .= 1 j2_ _ 

-UUÜ111 = UU¿11L 
- UtLim = ULL1C3).. 

uELOtl) .= ULL3(3)_ 
—UAKïlIl = UAPYIA) 

UAPXlI) tAFXm 
aU) =-Xli)__ 

—aPII) = aH31 
-LFFU) =. CFF (3)-- 

)-114(1) = 1)1213) . 
111, n.VU) = h)?(n 

UAi_L SAVLU l 1M-4_X.Ai UtLi «DtL2» QEL3 iH12j»32.»CFI 
IF(All).LI.XUJJ) GO 10 15 

-a¿-(i!,;.Ex.1--1.1 nui luii^x = um 
rlUl.l 111 , ( IlUhNT l J, 1 ! ,0=1,7), 1 = 1,INDEX) 

-lli.FÜKi>Mrc7c.lö.o)-- 
-L.Ü 10 1. .. 
c.ÍEM powlf: lab.-Profile. HE5ULis 

--- .luûu 1F.Oi32 (I) ,G J jjQ JO jyy 
-ISLE : ? '« I 5K pJ = ?_ 

—luOi 
RKII.J lOul —. 

Co^iu^i 0|V ^vlTCH -FRC>y HOftLK -LA» TO YOGH-S^ FÍI."OF"¿eDDON*J- 

—c- 
2uOij 

_Qz 

-ILhl OF UANUOUuS.-OJiE. PAKAFETER PROFILE 
IF (U1213) .LI .HbEH.1 Go 10-109 

TO ‘jEPAkA [El) FL0\> Ei)IIAT 1 DNt; 
1SLH .=. 3 
LSMif .= ..3 _.. 

-xLL^-=_)LLiLL 
PHI NT- -337« X^EIA__ 
)tSLPJ-= )132 (3)_ 

-u.= (HI?(31 _* i .n)tn/ir ' - ) 
- utLJ(3) .= 1132(-J1 *Ut-L¿(A). 

.ru¿I'r.,33fr^Í:c>,r.ttit'i5’U£Lif l,1) ,0EL3t3J»Hl-2í31,H32l3),ll£a2,M¿i- 

-- oO- 10--1041-r_ -- ~ ~~— 
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1. 

— t«—SLEAKATlO-SOLüIiOM F-UH KEAtTACHMfcNt. 
-JuúU-J.Elhl2C3lAÍíl.Hs£H) .Gu IÜ 1Q9 
-= ij—> ISftlH S t___ 
-mibL^Qyli.JiljJ___ 

.^Ql-FOJ<aALU__i<i_ATJACMütuI.X-=_ * Ein. 
-uü lU 111¾___Z 
— -C-“* rw^m. IE SJ-. SO Lul l ON_ 
-Luûu -1E1HÍ21ÍJ .LU^Ûl liO IÛ. 1U9. 
-at - « ( M_ 

üACIL tQ_HLAÜb-__tUtiUULENJ -MElhOO 
-ISAIN Jt.l_ 
-^ = 1. . 

>112131 A. JiFACJ ( IbEPjtiJiLäliMbOll. 
-Utj-2lá)- a-ULLU3l/>U2(Al_ 
..UEL2 131 = UM 1 (^1 / h_ 

.uELAt31..;.>i32Lji *ü£l21 JX-- 
-CALL VELLXKEAU._ 

■ LFH.D = ^MNEITSKIN.HIPIM. DFL?1^1.PFL1(^11 
-- HHllvT 33ötASfcP»nELLl3l«UEL2(3) ,011313) *H12iii tU32L31jUE.tIEjMti 
-*4.FFlA).-£C.-H£uEL2--. 
-.uq to ma_ 

—X- 
-X___ 
-2iu> l.AI I FUT 

-X-. 
-2—£ÜrtI'' AT 1 P1 h/HF 1 il, 

-3-F-OHKAKlb- / CfaUO-.iJJ....... " 
-4-FÛKiyAIC-« IuCk-=*15» lUUG ï* lb/.*. OAH. XtFlll^5t_XSTABT s«Fin,t, 
—l—x-xLt.u ;«Fi'i.h . DLi X r»m).s« QFLK 
---2. j _ttbIARl .=>f iu4a._* liiLTAO =* FlQ»b ♦. DELiG. SiFXU.bJ_ 

- »-EQrtj«.AI UoX*UlSx*i>iA*ulNF ♦lfaA»PINF.« lô>-*>llUFjtlfaX.vUtilF-*X6xiïl£IÛ*ÿI 
..1 nF?fl .hl 1 

-V->OHl".HU3Llii.3#*tt,l_„__ 

-«>-FXilL.AiU.-VU-l>>SiAJ-A«FlÛ»2i Ta-{RJ-.;«EiU4.2*IxRBÔBr=*FÏiLZ3 
-1--A IIFH Z«lSt IP^UF z*TSl_ 

-43-FÛKl<^nÂAlüJ___ ~ ~ ' ~ " 
-Io-fcÛKJ'.AIlXHlilôJCtaAlul 
-PfiMhATimm.... .. 

- 2x>-QKC'AU41b.» -2EiA43J-__ ___ 
.31- -F-OtttAU//- A_ t*U-XURVt.“. Fil UF IHE LMTlKX. INPUt -VELUCI T V "ñT VrH~tmn~t~t"~' 
--U-LL >.111 lis>. A HAHAMUI rr C|T OF three point«;«!__ 

-3¿-F0Kfr.AT l/*. LUKVL'F-H tMTIKL-WLLOCItY UISlHlüUlIXN*/ 
-1-« OEG«EL OF PuLïNuMlAL*5XiIi>l_ 
-3X FQKi»ATI« IbEH -*IS/ « T«;kin IFF~-«Tm 
-bU-XOUyAll SLLU^JJ__ 
-bl-F_OKFAUli>/-LSE!lUJlJ_  I 
-10> FflUKAIl/lhAtl t-Ix .13a«3LL1-FU 1 ^y*nFi j-Vt* l^XtÚFr^-cíV 

1- 1Za*U12*- 1.7 A *i t3¿ * / bi_2ll * (»/ 14XiajE-FPS*-4toXtT£--JU.iilXtK£A—IfiXACF*_ 
-21âA«LÜA 14X>j<EiJCL2*/oE20.by 19A*H*14X*CFF (Jl Aj-OXiA* 
-31hAtUl)LPx« 17X »I TA*y-EL21Mil- -- 
-lOo- -F Oil- AT U7Xi HEX* 1 üX# i, 0♦ 14X*KEXflAR ♦ IbX AÄEÜARjuf._ 
--*.4t 2U«<>/1 U X ♦ I COuf JI - i-A 151__ 
->34 FOtt,TAIU f MF r K RFPAKATION FXTRAPni UTinKlVr ... 
-357--F 0K*AT1*_ StHAKrtTIOw nAi. OLCUKRFD. AT ï _ 
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¿3o J-OHM: (/itjux-í-Ta 13a*JLL1-H* 

03j 

-MLl. 

hürti'AJlX jKAtJbFUKiytu.CVHHHtbSlRLF VARI AHI Fc*i 

W.M t * IttATl/iCHKLNj .QuÄdTT ¿ - -^!îJ 
J^AV)H 1-F |. 

iax*cF# 

ir-ÜK:>hT[/U^«A-KT« 1.1X« IM !-(■ I« í 
1 1 /A*hl2r ¿--.KT» 1 ^»urL^-rr* 

2iaA*t.D2»l<4X*KEür.L2*yoE¿t*b/ 
.A 1 /x*t.F y* TA| 

.♦ lúX » TE.tJ2 ♦ . 17x*4uii 

ü lox Iíia-*F^*/bt.2.a.íj/- _ 
b 1ÖA ♦F4*/L2u.bJ-- 
-LMU. 

l-:>y +[)iihnx» mv tp1t 



SUOHÚUUtuL LAKI-MaMJiiElÜ^XT.LifL3n} ~— 
UÜMlKUfJ/COlJ-^ ¿ JSlüNjJKItJÜ» TQ«PO*-lPAi 

-uai.ii.iiin/YSKiu/ rs> H'I.uEík.o .h..c.u.pnnF. .rcr 
CÚNKUÍI/JtYZ/. 4JÍU - ÜULÜj«.». -PEj^_It, Í«K• RJiQEj JÍ.Q» TV, wM.hHOm <-tkio 
XJ1MI.Ü11/XÛL/CiAMi Z^IIJttuûGAMl .OAM.AI, ICQ^Ïu! ^ 8"' 

-L-ÜW.UM/Yi ip I /_ Q| S, 1 7S1 > 11 TNh I7S)-.P1M- i7Si .mtmc i 7n i . T Vk7l: 7 eT '0 ^-T 'IIV 

UlMtUSIORJlClIuí; UÜL24ÍUU. UEx^ljl rnltlsQ) n ^ 
X0M*ÜN_/.PUü/ lLAK#--MlÍ#..CWIiit C - 
tfH.li/lOU/FHii./ VI TP. - uip, 

-1-AbJARI â^UtLX,- Xi-UD... -. 
-UlJ.k.;öfi_Sl7äl.,.u£Il75J_ 
liAIA V.MAX /kii^ 

-bl-i. .1,0- -/GüAiU-_ 

--UlF*.C.M4AUUPiF/Ií>A»..J*lU_lK.»VJiiC0SXXlIF_)JL~ 
.pH m í h »_Pt 

»»—-UfcLX 
-ÜFLX 

ACUí. =-JtSlAK.T.... 
-t£X¿ C 1J --i -1 M£_tA0_ 

... A ■ - n 

.—lüAA-5-MAA_t.¿_ 

.—1F-IAA)UG.I»MKAX1.MAX í 

u£._P„ JJEVuJü_ 
-2u. ti£AiXl.=.Ut.t#5. 
-üUlüx = ui itn, /i itc 

-.iUU-i-lUCl___ 

tALL SIK,PIíiAa»üElOaCjSUPjLILXiI1FX*í1 
UiE i I AST ptifnr .TF T■ atIum Xí 

u£L¿UJ.-=- IHETA--/-C_ 

. tiELZtl)î»0K1XO»i*U/.l-K£L*AiE»»ûltULX51 
-aLAK ; PM i/m , otuCAnni-nx 

^i^*UVK,toT-*-~u*u'íliL-Gu r0 ~"" 

—li-rtK = -~f).ímn - - -- 

-¿24-~i.EJALAM,LtiTÚ*uiè) .üQ .Tu-225_ 

.^ 2.ni i.aiJaJ* kLAM -*-Íl^i33a*J(LAMj*.*2 
X^2ü t 1 .s71Yi VI - l.an,Yi -LFi 

-G0-XÚ-22a.__ 
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I 

—-C-“-——^AMAÜÛLIOLIJS -OK-h aND-J_ 
-¿2ix Jil¿ ^ Ü.bi. t 0.6tíBtí9*XLAR.t.l42.22*XLAMA*2_ 
-LtLX-- U.22U * n.maj i «XLAI* - ?9-nA7«yi ÜM*>?_ 
-22t. uLLl(U--;.tU2*UEi_2tlJ_______ 
-UALL- lNILbF.UC ( U i SiDISXi JA/tXCÛMH.ÜUMil J.__ 
-uALL_LHT]LHKUf-tI).hinwh.lU.IE.nur/.n_ 
-CF_:-2*.U»CFx/ltít-»UEL2-LllJ_ 
... )J-5-X0/Tt* IH12 l.U..—.. 
-l'2-LL)—ä-UL I ? ( T ) « ( X T IF/TL ) ♦ X » r\/I<;_ 
..-ULUJ--S-U2AXX-Í-JÍ___ 
_KX.5-fiC%XC.t.U__ 
_kTMLTA = HC*üFl2(I)_ 
_MK/vUS z 1.71ä-«RA»*il»4Jh._ 
_IF ÍK.LHETAt.<i>t » ÍU-RANÜ.L _ L A M.IH A N _ .= . 1.... 
-tliUiil 1 Ü. i. üF. xc ( i ). xcoyp. ( i ), 02 ( n, del i m > o i ( i iVcf_,_ 
-1 .KA#--RtHt-l.A« KlßAUhi. XLAHt-L^MiiEPi. XA^TRAbJ__ 
-IFiLA>:SERJiü^ll._PRXKl.lül___ 
-LM M)KI-.ATt4 LAIIMfí SLPmPaTIUN mas OCChkpfp ♦)_ 
-iF(LAJaFKl.^Lu.uV-GÚ-lO-bii_ 
_RKilJ-15¿. -.—______ 
--l£i2 -hJí^.»'I l» -LA/HjAP TrAuSIT 1GN. J.Q TJ^tlULEMT ~FLO>. MAb OCClIRREn »'_ 
- ..liEíJí-=- Û.bis7 > O.lulêALÜGlü-iRTiiANSL_ 
-hlUKJl-=--H12-Í-. uElH._ 
-LL = iq/til« lhi? ♦ i.m - i.n_ 
- nl-=-2.0*íil2/ÍHl2 - l.UJ_ 
_-HTUKÜ_____ 
_liSfAKT - Hl?___ 
-X-T-S-XCCIJ_____ 
_uELK-Z. D2íll*H-_*. C..-.... _ 
_bEL-iO = l)2 ( I ) »ul ♦ C____ 
-rHb.IQ.SE J12i U-_*-C____ 
_RKlmT 1531 - tUUttBj- Hi. Hl.. 
-L-OK.-riTl/* 51 Ak T TjjG ll.CüNPHLtiblHI E VAMlF«; nF H ♦ FlÜ.A/_ 

— .—4 bTAPTING CüVHHLSil JLL H » FIO.3/» STARTING VALUE .OF- HlíFlO.i). 
-kEIühU____ 
-^ IFlxCtn .1 r.LtFIMAL) bO TO 10 __ 
..—.hElUrtlL__ ____ 

-15U-L- 0nj'.ATi/19X*l4 l3x*-U£/ULAiFfläXtxC *fcXtX-CCMPKE5SI-CLE*l-,tX»DLL2/Cä- 
-1-lJ.A4DEL¿-LUf-V*/ Igu.hLgU.b//_ 

- 2 3Ua. ♦UEL.-íIAk/C* uX*0lL-STAk-C0vP»-llX*-CF.TlNCr'i-,R*l6XtKE-X* 
.. 12A*P±.-IffcIA»y2uX#bL2u.5/_ _ 
-MiLA + rL-lt-A .5» laJU&kM* iHX»SLPAnATI0ri4 iox*T»a:lsition«/_ 
-5 2UX..2E20-.5.1-212U1—_ ___ 
-tMI____ 
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...-^UuwûUTll*t, TkAwSlDO-X,-TH£tAO,l'Fi.3û*HS iXiT-AHI^—.- 

..-CQMMÏN/FtiLt./. xrIF.Af'lF.Ulh iHlFjAIF,iHF,MF1.,ulF2i(i\GAt'XLC0tm»_ 
_1_XM AUT. ÜM ï. it-uü__ 

_UlMiiOLV.RuUA_lUM*._bl^-_CVlà.. ^ ____ 
-Vúhi-yti/_XSMiv/.iSiaWjiiELS»i.ÍLtiJiCQ.FOQ£LiJFi:LICEiHiiERiilB£AL_ 
_LÜN.-.^iyCwl*-/_/1^11) ..^0. ISl(iNI. IMNCrTO.PO. 1PAH_ 
_.U£, JUÚJai .Pii. Itt P£* H U 0£*. _ V 0 jJLV. t VRtKtíüy. _iS J tiB._ 
-CUAu.-üJ i/CllW t.AK.U » J HCk . (iûAT 1 AT-» ICOMP-». IU.___ 
-*_xlilt_ 
-£Qj'j|v.üW-XuPlZ -DX5iXt7bJ-»ülWF t 75J-»P-Itit LlST-.KlNFi^l»JJLMi7Äl»B£U.t.7S£ 
-«EAL.MUltiJtt. __ ____ 
_C0l‘i¡<,0i-1 XI (/5) .nFI ( 751_ 
-ulhLi\SI0ii.l£TÛ4.llûUl.»^CÛEtMi)_______ 
-*.mL-=-UlbXUL_____ 
-ULILLI = IJlÜFmxSuHKTINKD/xTIF)_ 
--uO-iU-UiU-lU______ 
-U-Í--1-» t__________ 
_1F11.1 T.Ill) bO TO 21_ 
-a.i-.i.* 2______ 
.Jl-‘-ilisxill-ï-UlbX il-U____ 

ii . m X Q_-_____ 

-- LALL PAPF-lIiaiiXan*TlNF lIU iCOFF»Xjnii£*DiJP.L__ 
..-uX_^.-X/F£OAT-Ui».-_.._______ 
-XC = niSAUrU r JDX_ 
-J*KAX.-= _tJ -1......... 
--uQ_£i lti.Z.A*UAKX_______ 
-1C S XC t 17X_ 
-LFI l-*£ü».lU • AhCv-lJ».LÜ.Í.MAX) XL. J DliXLIUJ.. 
-at-i-iûFFlXl-t-XCiCOhFliJ-.+ XLi^ZtCÜFFtD_ 
-1FI1 - TL/XT1F_ 
-^-jtaiL-Oía-F.-TEiu*-*_________ 
-j EJnp.s_.il-O______ 
-uü.A!», IN ;¿»UKAX_ 
.-34. JEhP- ITt.TO'tiXN.l. F.TETOJtatiL-Xl.l_ 

. _ _ _ C.-.-■ÏS.-.£V 1 S.S. -V1 SkQS IJX _H A J±Q _ CQîiS TANT_____ 
_JLiili = AU 1-11 ♦ ÜX»T£PP*CV1S_ 
.üE-L( IJ_X..UlinF_m_y. SuRI IT INFIX J/XTIFJ__ 
_¿U-L01J LINUE_____ 
-PK1UT 75. (Xl-Ln» ÜLim. 1 = 1 » lui_ 
-7U- F.ÜKt'AU«. -.U»COi>iPjtEÍ>i>H'Lt PKüULE*/ 1‘JX.*X*--16X».IJIWF_^Í2E¿U,ÉÜ_)._ 
-_-C--«s.-IKA1m£FQBK_LjITIAl VAlUlS Ty.lNCOMPHEiiSlL£.-FOKM__ 
-CALL VLLU>TART)_ 
-JE.I1.X._TL/XI1E__•_ 
_JETO.S. tt/JQ........ 
_11= IETX**3_ 
-IHLJAÛ.S J)1EIAüj1I3_____ 
-UtLAÜ._; -ULL3ÛÎJJ1_______ 
_l.FLk = PLI •' ♦ T n_ 

-It-ï-tiSIAnJ _ 
..liüttB.X.-TEJ-0» l H_ JL. 1 « flX _ .L«-U_ 

-til A r ht! AH_ 
_-PUli.X-79_ _____ 
-7-#-_K0ti*>.nT l//JL .1 ItCûPr ituSbIJLE _bJ^RtINdXOtlültIONà-#_)_ 
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