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I. INTRODUCTION

This report describes a numerical procedure permitting the rapid determination
of the internal performance of a class of scramjet nozzle configurations. The
geometric complexity of these configurations rules out attempts to employ con-

1, wherein properties at the nozzle exit

ventional nozzle design procedures
Plane are specified and wave cancellation techniques are then employed to de-
sign the wall surfaces., It is not feasible to stipulate exit conditions

& priori and wave cancellation techniques employing three dimensional character-

istics are beyond the current state of the art.

The approach developed is based on the construction of quasi two dimensional
simple wave networks, wherein lateral expansion effects are incorporated via
one dimensional approximations, as first suggested by Dr. Antonio Ferriz. A
numerical procedure following this approach has been developed and results
obtained are highly comparable to those obtained employing a characteristic
procedure,

The numerical program developed permits the parametric variation of cowl length,
turning angles on the cowl and vehicle undersurface and lateral expansion and

1s subject to fixed constraints such as the vehicle length and nozzle exit
height. The programn requires uniform initial conditions at the burner exit
station and yields the location of all predominant wave zones, accounting for
Tateral expansion effects. In addition, the program yields the detailed pres-
sure distribution on the cowl and vehicle undersurface and calculates the nozzle
thrust, Tift and pitching moment.

Due to the differing techniques required for the calculation of frozen flows as
compared to equilibrium flows, two separate numerical programs have been de-
veloped. The first program analyzes constant y frozen flow fields and a listing
of this program is provided in Appendix II. The second program analyzes
equilibrium hydrogen-air flow fields via equilibrium curve fits and its listing
is provided in Appendix III. A complete program description is provided in
Appendix I. The frozen flow program computes a complete nozzle flow field in
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a fraction of a second while the equilibrium program has a runhing time of
several seconds on a CDC 6600, as compared to running times of the order of
a minute for a quasi two dimensional characteristic approach3 and twenty
minutes for a three dimensional numerical ca]cu1ation4.
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I1. NUMERICAL PROCEDURES

Consider a typical nozzle configuration as depicted in Figure (1}, where the
lateral expansion distribution Z{x) may result from a combination of several
nozzles merging into a single nozzle. It is assumed in this preliminary
analysis that the jets after merging are bounded by sidewalls which extend
downstream of the merged section. The initial flow (at the burner exit) is
represented as an average uniform flow. The assessment of nonuniformities

at the entrénce station may be obtained applying the numerical procedures de-
scribed in Reference (3).

For this configuration, the total amount of expansion from entrance conditions
is known {based on two dimensional considerations) at the grid points labeled
Vl, Cis A, B,-E: D, Vi CB' Ez, E3, F and G and can be readily obtained at
points Vos CZ’ E1 and E4. The numerical procedure predicts the location of
these grid points based on three dimensional flow considerations and ef-
fectively distributes the waves on the cowl and vehicle undersurface to assess
the pressure distribution. It should be noted that a significant amount of
the logical procedures in the numerical program are employed to distinguish
the varying types of wave situations that may be encountered. In the con-
figurations shown the expansion waves emanating from the cowl (at Cl) and the
vehicle (at Vl) are both only partially captured on the undersurface and cowl
respectively. Ty denotes the portion of the cowl expansion wave Avc captured
on the vehicle undersurface while T, denotes that portion of the vehicle ex-
pansion wave av,, captured on the cowi. In other situations, these waves may
be totally captured or not captured at all, hence all these various situations
must be distinguishable and treated discretely.

Before treating the overall logic entailed in a nozzle calculation, the calcula-
tional procedure for a typical grid point will be described:

A. Frozen Flow Grid Point Calculation - Consider the calculational
procedure required to determine the location and properties of a point 3 (as
shown in Figure 2) where properties at 1 and 2 are known and 1-3 and 2-3 are |
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characteristic surfaces. The total amount of expansion (av,) based on two
dimensional considerations and the flow deflection (93) is known at point 3.
Along 1-3 or 2-3 we have

£§:Zl;§ =1 [tan{o + } + tan{o, * u,)] (1a,b)
X3-X; 5 2 1,2 = 1,2 37 M3 '

Employing the two dimensional value of expansion bvq {from initial condition
i) the Mach number M3 is obtained via the Prandtl-Meyer relation (where i de-.
notes uniform initial flow properties at the burner exit)

. SRS B rurivw s S R e
vy = vamuy = (%:T (tan v%%;io (M3-1) - tan f(%;TJ (M1~1))
(2)
- (tan'1 fMg-l - tan~! VM$~1)
employing an iterative procedure to solve this transcendental equation for M3£
Then, with the Mach angle determined
uy = s () | (3)

Equations (la) and (1b) yield a tentative location for point 3, and the area
ratio (A/A*)3 is calculated based on two dimensional considerations

+1
2(y-1)
My (1 + L5l |
(D), = L (4)

Ay K1
’ (gh

This ratio is corrected for lateral expansion by multiplying it by the ratio
Z3/Z; where-the"lateral expansion variable is ‘expressed by a .suitable poly-
nomial curve fit '

2

z_gx) = AxS + Bx +.C : (5)

where Z, = Z(x3) and Z; denotes the Tateral extent of the nozzle at the initial
station. ' ’
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]
() = () * zy24 | ()
3 *3
Then, the three dimensional corrected Mach number is obtained by replacing the
two dimensional area ratio in Equation (4) by the three dimensional value
given by Equaticn (6), and sclving Equation (4) for M3 by an iterative
process., Equations {la) and (1b) are resolved using tgg corrected Mach angle

u33D and the entire procedure is repeated until two successive values of x
are within @ prescribed tolerance.

3

A similar procedure is used to determine properties at grid points on boundaries
with Equation (la) or (1b) replaced with an equation describing the body geom~
etry. Desired variables (P, T etc.) are then simply obtained by isentropic,
constant y expansions from initial conditions.

B. Equilibrium Flow Grid Point Calculation - The geometric location
of point 3 is obtained employing Equations (la) and (1b) just as for the
frozen calculation. The known two dimensional value of expansion Bvg is sub-
divided into a series of small Avj increments. The initial value of isen-

tropic exponent T is obtained from

I'=r _(P. ¢, h) ' (7)

where Equation (7) has been curve fit for equilibrium hydrogen-air as described
in Reference (5).

The characteristic compatibility relation

dJlnP dv -
A sinu cosyu 7 (8)

applied across the interval Avj yields the pressure, holding I and u equal to
their values at the start of the increment. The density is obtained from the
isentropic pressure-density relation
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r
P/e” = constant

The velocity is obtained from the Bernoulli relation;

P12
-p-+2dv =0

‘the enthalpy from the constancy of stagnation enthalpy;

h + %-Vz = H = constant

and the Mach number from;

1

2

M=V/a; a-= (%50

where T has been reevaluated employing Equation (7). This procedure is re-
péated in small steps Avj until the full wave Avg has been integrated.
Having the two dimensional value of Mas point 3 can be tentatively located
employing Equations (la) and (1b). Then, the two dimensional area ratio
can be computed from mass flow considerations

(Ry/Agd = pyVilegly
Since the effective area based on three dimensional considerations is
(A, 7A;) = (A,/A;)} 2./L;
37 3D 37 2D * 347

the product py Vg must be divided by Z5/Z3 to conserve mass.flow

™~

(b2 Vo) = (pa Vo) 4 =
33 33 50 * 23

3D

Then an iteration procedure is performed to determine the value of three dimen-

sional expansion (Av3) the correct value being that which yields (p3 V3)-
after application of the integration procedure of Equations (7) thru {12),
and an update of the Tocation of point 3 using Equations {1a) and (1b).

3D

(9)

(10)

(11)

(12)

(15)
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III. DETERMINATION OF-NOZZLE FLOW FIELDS

A nozzle calculation is performed subject to the following constraints:

1. The initial profile is uniform. For the frozen flow (con-
stant v) calculation this requires specification of the pres-
sure Py, flow deflection angle 6:s Mach number M., and spe-

~cific heat ratio v. For the equilibrium calculation one must
specify Py, 8 My the temperature Ti and the fuel-air
equivalence ratio by

2. The initial turning at the vehicle undersurface (&vv) and cow]
(Avc) occur via sharp corners as depicted in Figure (1).

3. The wall segments downstream of these sharp corners remain
straight until the expansion waves emanating from the cowl
and vehicle undersurface reach the walls (points V3 and C3 of
Figure 1). ‘ :

4. The nozzle exit height is specified wV2~ycz).

5. The recompression on the vehicle undersurface (between V3 and
Vz) is parabolic while the cowl between C3 and C2 is straight,

6. The lateral expansion Z(x) is specified via a geometric curve
fit.

7. The cowl length and vehicle length are specified.

The numerical logic employed in the parametric design procedure is to treat

the cowl length (XCZ-XC1) and the vehicle undersurface expansion &v, as para-
metric variables for fixed values of cowl turning bves nozzle exit height,
lateral expansion and vehicle length. Initially, a short cowl length should be
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chosen such that the expansion waves from the vehicle expansion fan miss the
cowl. For this cowl length, the value of the vehicle undersurface expansion
wave is varied in small increments, the minimum amount of turning being that
which introduces no recompression in the region V3 to V2 (i.e., the under-

surface is flat) to a value for which the recompression produces zero deflec-
tion at the end of the vehicle. This is illustrated in Figure (3). Then the

cowl length is increased in specified increments and th: entire procedure is
repeated,

For a given nozzle configuration, the calculational procedure is as follows:

1. Grid points A, B, T and D are calculated following the
procedure described in the previous section. The two
dimensional values of expansion from initial conditions
and flow deflection angles at these points are:

AvA =0 , eA = ei

[}
]

Av Av 6

B cr % 7 8 " AV

t

avE Avv, Bt-= e,i + Avv

AvD Avc + &vvl, BD = 81+Avv ~ avc

2. The amount of the vehicle expansion wave captured on the cowl (fc)

is determined by an iterative procedure. A value of fc is
assumed which yields the location of grid points T and W as de-
picted in Figure (1). The correct value of 1  1s that for which
the wave from W intersects the end of the cowl precisely. A

~ linear error extrapolation routine is used to speed convergence
of this iterative process. Having determined fc’ the two dimen-
sional expansion at the end of the cowl (assuming no recompressions
between C5 and C2) is
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= + ;
Avcz by, ZTC

since the portion of the wave captured is fully reflected,

The amount of the cowl expansion wave captured on the vehicle
undersurface *v is determined by a similar iterative procedure
and the two dimensional expansion at the end of the vehicle

is given by

= + 27 +
Avvz avv 2Tv Avr

where the recompression bv,, is given by

Note that for given nozzle parameters, the equation for the para-
bolic recompression between V3 and V2 is determined in the course
of the numerical calculations. Specification of the cowl length
and expansion by, yields Xq and Yo the nozzle length and exit
height yi2lds Xy and Yy a%d the véh1c1e turn by, yields Xy and
Yy Hence, thezparabng is determined for each case sag1sf§1ng

thg conditions

yva and ev3 specified at Xq

Y specified at Xo

V2
{where av3 =0+ Avv).

The determination of the exit profile (E ) is highly dependent
on the particular configuration being stud1ed For the case de-
picted in Figure (1), the cowl and vehicle expansion waves are
partially captured resulting in a zone of uniform two dimensional

wave strength between E, and E4 (Asz = AvES = dv, + A”c)' Points



TR 188

Page 10

Ei and E4 have this value of expansion and additionally re-
ceive portions of the reflected waves. Hence, the two di-
mensional value of expansion experienced at E1 is given by

Avp = Ay, +t v, + f* T
El Vl c1 C
where (yEl-ycz)

“‘while that at E, 1s given by

Avp = Ay, + Av + g* (r, + Av))
E4 vy ¢y | v r
where (yE4-yV2)
9=1-r=
Eyga yvzi

The corresponding flow deflection angles are:

8; + Av, =~ Ay - f* %
AL | S ¢

[ 2]
m
u

L]
u

) - + g% {{ +

. By + Avvl Avcl g (TV Aur)

Now consider the wave configuration depicted in Figure (4) (where
the F point and G point are downstream of the exit plane and

hence not required in the calculational procedure). In this situa-
tion, the two dimensional value of expansion experienced at E1 is

given by

AvEl = Avcl ot fyE {av. -t )
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while that at E4 is given by

bve = Av, *+ t o + g * (Av -1.)
E4 1 1 1 Y
where Yg =Y,
g, = 4 'z
1 yp =y
E3 7V

" The corresponding flow deflection angles are:

eEl = e_i - AVCI + TC + fl* (A\}V-Tc)

[+
1

= g, + ~ - gy* -
By + 4y, T, 9 (Avc TV).

i

The program developed analyzes both these wave configurations and combinations
of the two. In addition, it can analyze cases where the full cowl expansion
is captured on the vehicle undersurface as depicted in Figure (5), and cases
where no region of uniform two dimensional wave strength on the exit plane
-exists as depicted in Figure (6). For these latter cases, not all points at
the exit plane are computed by the program due to the logical complexities

Page 11

imposed by the wide variety of wave configurations that may occur.
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Iv. DETERMINATION OF THRUST, LIFT AND PITCHING MOMENT

The thrust, 1ift and pitching moment are determined by a combination of in-
tegrating the pressure distribution on the cowl and vehicle undersurface and
by a momentum flux calculation. Referring to Figure (1), the pressure dis-
tribution on the vehicle undersurface between V1 and V3 and on the cowl be-
tween C1 and C3
expansion on these surfaces are constant (Avv and v, respectively). Then,
the pressure is determined by accounting for *atera1 eipansion by the pro-
cedure described in Section II (i.e., by employing Equations (1) - {6) for
frozen flows and Equations (7) - (15} for equilibrium flows with the value

of two dimensional expansion being constant on each surface).

are readily determined since the two dimensional values of .

Since the 1ift and pitching moment are quite sensitive to the pressure dis;
tribution the expansion fans from the cowl and undersurface must be dis-
tributed properly in the region Vq to V2 on the undersurface and Cy to G, on
the cowl. For points on the vehicle undersurface (as depicted in Figure 7)
the value of two dimensional expansion at a point x* is given by

* * *
Ay = Avv + Avr + 2t
where
A*" 6*8
\) - -
r V3
and
L (xvs-xcl) .y (xvs—xcl) e j )
T = an -'-"'-*-W" + - - a an T
; (x -x. ) Exv2 xc1§ v
; . |

In the above relation 1*varies from o to T, over the interval xv3 to Xy If
tge full wave is captured on the undersurface as depicted in Figlre (532 then
t would vary from o to Ty in the interval xv3 Eo xv4 which is affected in
Equation (16) by replacing xvz_by xv4. Then “1 =T, between xv4 and xvz.
Similarly, for points on the cowl {Figure 8) the value of two dimensional ex-
pansion at a point X is given by
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AV = av ¥ 2%

where _
-% .
Y = tan”! Eifi——ili - 1.1y (xc3 xvl) - 1.0 * tan(c.) (17)
(k-xv ) txcz'xvlj . < :
= B _

: : v . . . .
In this relation t varies from o to T, in the interval X to Xo Knowing
the two dimensional values of expansion, the pressure disgributign accounting

for lateral effects is obtained as previously described.

The 1ift is determined solely from the pressure distribution on the cowl and
vehicle undersurface assuming that the internal walls and side flow fences
provide no contribution. Then, the 1ift is given by the integration

X X

2 ¢y _ ‘
L =15 - (P=P_) Z(x) dx - (P-P_) Z(x) dx (18)
xvl xcl '

The values of thrust and pitching moment contributed by the cowl and vehicle
‘undersurface are-given by

Yy Yo
* 2 2 .
Th = (P-P_) Z dy -, C(P-P_} Z dy (19)
y
Y c
.V1 1
Y
L% Y2 -
M= - (P-Pw) ) dy + P «P_) Z (x-x) dx
. Y }
V1

(20)

yC
+ 2 (p-P_) Z(y-3) dy - (P-P_) 7 (x-X) dx
/

ycl XV
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where (x,y) is the origin for the pitching moment,

To assess the sidewall contributions to the thrust and pitching moment,
momentum conservation integrals must be applied at the entrance and exit
planes of the nozzle since the sidewall pressures are not explicitly cal-
culated in the analysis. Before calculating these integrals, the exiting-
and entering mass flux must be compared since slight discrepancies in mass
flow can yield substantial errors in momentum integrals., The mass flux is
given by

o ¥ sin{e.-8) . _ :
S‘H’leS

where 6, represents the inclination of the plane of integration with respect
to the horizontal (i.e., for the exit plane depicted in Figure 1,

B = tan™1 ((yV Ye )/(xV - }). To perform an integration over the exit
plane where pro%erths ar% on%y known at the discrete points Eo'ES’ the two
dimensional value of wave strength is linearly distributed between E points
and properties are obtained at these interpolated points following the pro-
cedures outlined in Section II. The properties are corrected to yield the

correct existing mass flow as follows for frozen flow,

Let R = wz/wl represent the ratio of exiting to entering mass flux as determined
by the integration of Equation {(21). For frozen flows, the mass flux can be
expressed solely in terms of the Mach number distribution

D(M)sin(ege)
R T ?ﬁ-{é—'——-—-——'—* Zz dy (22)
y S
where _
L =(y#1)/2(y-1) -
D() = (1 + LA 1) Y Y (23)

Then, at all points on the exit profile D(M) is corrected by division by R
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and the corrected Mach ngmber is found by solving the transcendental equa-
tion (Equation 23) for M by an iterative procedure; then, desired proper-
ties are obtained by standard isentropic expansions

T
7-
. 1+3f§lM2
P =P | ——fm (24}
1+ L2 |
2
. 1+_3f-5lM2 .
T =T( > (25)
1+ Ly’
For equilibrium calculations, at all points on the exit plane, the product
{ou) is divided by R
-]
{pu) 2
1
and the value of av s sought that produces this change. Hence, an iterative
procedure is employed wherein the value of Av at all points on the exit plane
is perturbed to produce the corrected product (pu) employing Equations (7) -
(12).
Then, having corrected the mass flow by modification of properties at the exit
plane, the momentum flux is given by
pvzsin(es-e) coss + (P-P ) sinas] :
Py = L sins 1 zdy - (26)
3
¥
which for frozen flow, simplifies to o o~
| YPMZSin(e -8) cose + (P-P_) sing,
F o= [ 5 : ] zdy (27}
X sing

Y
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Then, the total thrust is given by
Th = F_ -F ‘ (28)

where 1 and 2 represent integrations over the entrance and exit stations re-
spectively. The thrust attributed to the sidewalls is then given by

= T - ¥ - . ’
Thsw = Th - Th (29)

The pitching moment is given by

M= PM2 - PMl {30}
where : -
PM = Sﬁ[fx(y-§) -‘fy(x-i)] zdy (31)
Y .
and szsin(Bs-e) cose + (P-Pm)sines ' '
f = - (32)

X STI’]GS

szsin(es-e) sine + (P-Pm)coseS

fy - . sines . (33)
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v, SAMPLE CALCULATIONS

To assess the validity of the developed program, a comparison was made with
the source fiow characteristic program described in Reference (3). The noz-
zle configuration and resultant wave field (as determined from the parametric
design program (NOZD)) is depicted in Figure {9). The data at various points
in the flow field is given in Table I. A comparison of the pressure distribu-
-tions downstream of the cowl and undersurface expansion fans is depicted in
Figure {10). The source flow characteristic program (NOZBOD) had the source
located at x = - 20 and had the sharp turns at the cowl and undersurface occur
over a distance ax = ,15, The source flow program calculates frozen chemistry
via appropriate curve fits while the wave program calculates constant y frozen
flows. It should be noted that the program NOZD required .4 seconds for this
calculation as compared with 55 seconds for NOZBOD, indicating that the ratio
of running times for frozen flow calculations is of the order of 140 to 1. The
pressure distribution as calculated by'NGZD shows excellent agreement with the
second order source flow calculations of NOZBOD and the thrust values as cal-
culated by the two programs agreed to within one percent. Additionally, de-
picted in Figure (10) are the corresponding pressure distributions on the cowl
and undersurface for the equivalent nozzle with no lateral expansion. The
data at various points in the flow field for this calculation are given in
Table II.

To illustrate the parametric design process, a two dimensional calculaticon was
performed for a nozzle subject te the following constraints:

Entrance Height 1.0
Exit Height 6.0
Vehicle Length 15.0
Cowl Expansion‘ 10°

For these constraints, the cowl 1ength‘was systematically varied from 3 to 9
and for each cowl length the vehicle undersurface expansion was varied in one
 degree increments as depicted in Figure (3).
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The initial conditions for this case are:

P = 850 1b/ft2
M o= 3
y = 1.4
¢ =0
and  P_=23.11b/ft

[+

The thrust is plotted versus vehicle turning angle with the cowl length as
a parameter in Figure (11), and the 1ift is plotted in Figure (12).
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VI. CONCLUSIONS

The numerical program developed should be a useful tool in rapidly assessing
the affects of varying dominant parameters on scramjet exhaust nozzles. The
results obtained by this program compare favorably with more precise analytical
methods with a considerable savings in overall running time. While the current
program cannot analyze all possible configurations, it is felt that once a user

gains familiarity with the program, changes to accommodate other configurations
can readily be made. |
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FIGURE 12, LIFT VARIATION WITH COWL LENGTH AND VEHICLE
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APPENDIX I
PROGRAM DESCRIPTION

Card 1 (Format 8E10.0)

Column

* Ffor

* For

Card 2

Column

1-10
11-20
21-30
31-40

P
Th
EM
-

Frozen Deck

41-50

G

(initial pressure, 1b/ft2)
(initial flow deflection angle, radians)
(initial Mach number - frozen for frozen deck, equilibrium for

equilibri
(1ﬁ$t}a?r%gmpg$g%are, degrees Rankine)

(specific heat ratio v - frozen)

51-60 WGAS {molecular weight)
61-70 PINF (external pressure P_, 1b/ft2)

Equilibrium Deck

41-50

PHI

(fuel-air equivalence ratio %)

51-60 PINF (external pressure P_, 1b/ft?)

(Format 8E10.0)

1-10

11-20

21-30
31-40

41-50

51-60
61-70

"71-80

X1
Yvi
Xv2
XC1
YC1
XC2
DYV
DNUC

(XV of Figure 1, ft)
1
(Y, )
{ Vl)
X
{ Vz)
X
{ Cl)
Y
)
(i )
(vehicle exit height YV Y. )
2

(Avc-cowl turning angie-degrees)

Cs
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Column 1-5 (I5) ICF-number of different cowl lengths to be executed
6-15 (E10.0) DXC-increment to be added to original cowl length X
2
16-20 (I5) JTF-number of vehicle turning angles to be run for
each cowl length
21-30 (ElO.U) DTH-increment for vehicle turning angle in degrees

31-35 (I5)  IPR-print option
IPR=0 prints properties on undersurface and cowl
IPR=1 suppresses above printout

36-40 (I5) IPOLY-polynomial print option
IPOLY=0 prints polynomial coefficients of wall surfaces
in form suitable for running program NOZBOD
(Reference 3)
1POLY=1 suppresses above printout

Card 4 (BE10.0)

Column 1-10 XSHF (X location of origin for moment calculation)
11-20 YSHF (Y location of moment origin)

. Card 5 (8E£10.0)

Column 1-10 AZ  oefficients of lateral expansion quadratic
11-20 BZ 2
21230 o7 L(X)=AZAXS+BIRXACL
C (where Z(X) s ratio of lateral nozzle extent
at X station to that at initial station)
B. Qutput

The output is readily understood by referring to the figures in the report,

If the F point or G point falls downstream of the nozzle exit station EO"ES’
this is indicated in the printout by "No F Point® or “No G Point" respectively.
If there is no uniform twc dimensional wave zone, the exit line is not com-
puted. The percentage thrust lass is based on the calculation of the ideal
thrust using one dimensional considerations based on the entrance and exit

area projections onto planes X=constant ({.e., Aexit=(YV2-YC2)*(ZV2+ZCZ)/2).
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3, RHEQ-density fit in equitibrium deck p=RHEQ(P,T,%)
4. ' FGAM-isentropic fit in equilibrium deck r=FGAM(P,T,%)

5. . FH-static enthalpy fit in equilibrium deck h-FH(P,T,%)
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LISTING OF FROZEN FLOW PROGRAM
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PROGRAM MOZD (INPUTsOUTPUT s TAPE==INPUT ,TAPEG=OUTPUT)
ﬁMVOM/a/91(1}qlH;(B}sEHI(aigni(3)c61¢3)
COMMOM/3HF/ XSHF « ySHF
cOMMON/POLY/ IPB«YPOLY
COMMDN/ THRMAX/ THRMAX
"NIMENGION T1(3) .
COMMONZR 2 XASYA  XBRYB 4 XCyYC 4y XDy YDy
1THAY THB;THCeTHDoFMAvEMB EMC:EMn xMUngMUe.xMucyxMUD
COMMONZC/DNUV onNUICs XCloYC o XV oYV eDNIIL
CcOMMON/DR/ AZsRZecZ
COMMON v/ AVeRYCY
COMMON/P, PINF
nIMENgION PE(IO)eTHE(IO)eEMatln)oTZ(IO)962(10)-X2(10).Yatloi
1e72(10n}
NIMENSION HOL (11) yHOLE (6) vDNUE (1 0)
NATA MOLE/ZHE () s2HE1 92HER 4 2HES s pHEG 9 2HFS /
NATA HOL/2HVIe2HR192HA s2HR s2KC 22HD 92HVIL2HC3s2HF +2HG o 2HV4/
GETZ (¢B)zAZ%x5aX5.B2%x5+(C7
9B FORMAT(TE]13.5)
99 FORMAT (/)
100 FORMAT (BF1060)
PEAD(Re100) Pl(l)sTHl(I)oEMltI}oTltlieGI(II-WGASvPINF
DO 166 122903 .
PLIIY=P1{1) $ THI(I)=THI(l) % pMI(I)=gMI(Y) & GL(I)=Gi (1)
T1tDy=T101)
106 CONTIMUE
NUMzZY  #(G1(1)mya) /2e%EM) (1) %42
PTOTeel (1) #pUMe (G1{1) /{GLl(1)=1,))
TTOT=T1(1)%*DUNM
RG=40R00,
RGAS=RG/NGAS
TalRR=0 ‘
READ(S100} XV1eyyleXy2exCleyC1leXC2eDyyveDNye
PEAD(5¢5821) InFoDXCedTF+DTHYIPRIPOLY
S92l FORMAT(ISSELD.nNeTSeE10.04215)
READ ¢5e1n0) XSHF 4 ¥SHF
PNUC=RNUC/5T .3
"READ(RIN0) AZsRB7?+CE
ZCIzAZHXCIH#XCl B XCl4CZ
ZVIna7eXV])I#AV]+BZ4XV14C2
7CR=6ETZ (XCE)
WRITE (6¢5922)
5922 FORMAT(IHL/Z///)
WRITE (6,1020)

1020 FORMAT 20%4F RO ZEN F LOW NO77LE nESTIG Ny
WRITE (694007 PYIIIOTHI (1Y sEML (1) oTLI{1)9G1({) sWGASYPINF
400 poRMATH A/730X4#INITIAL PROpFILE#//IAMPREGSURE#TRUTHFTARAX*MAL K

16X TEMPERATURE 55X 4 GAMMA# T X aMOL WTa8XupINFu,/7E13,5;
WRITE (65893U) ¥V1eYV1IsXVR2eXClovCleXC2,0YV

5930 pORMATI(///0XRXy1#]10XBYVI#10X#Xy2¥10X4XCLP10x*YClel0xtyc2* 10Xty yes
17E13,8//7} _
WRITE (645923) XSHF ¢ YSHF

5923 FORMAT (¥ ¥MOMENT AXIS#/12X%X =4p13,5/12X%Y =%p13,5///)
WRITE(64100)) AZ4BZ9C2Z

1001 FORMATI(GX®#LATERAL EXPANSION FQUATION#/9Xe22HZ(X) = AZaX#02,RZ4Xs07

1 /12XepZ =#E13.5/712X%R7 =RE13,%/12X4%CZ =%E13,5) : '
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xCP2=xC?2

THCl=THY (3)=DN1IC

Do 5000 TXC=1etCF

xC2= yc22¢FLOAT{IxC-1)%Dxc

CALL THM(FMl(li-Pl(1)oGlIl}pPIMF’YV19YC1!DYUGXVE;THRMAX|XC2)
WRITE (646364) THRMAX

FORMAT (1H131X#TDFAL THRUST =sE72,4)
YC2=YCLl+TAN(THe ) # (XC2mXCY)

S YVEZ2sYpelepYV

1000

177

176

NO 6000 UT=1lyJTF

THX=1 _E+10 '

THUT=FLOoAT(JT=1)%#nTH

DNUV=ATAN((YV2=YV1)/{XVaaXV1))uTH] (3) ., THJIT /57,3

CALIL. PM(FM1 (1) ,DNUC,EMC], G111}

CALL pM{EML (1) ,ONUYVSEMV14G] (1)}

IT2=

cONTIMVE

CALL cHar

NNUA=qne

nNUD=pNUY +ONUC

ZA=GETYZ (XA)

7R=GETZ({XR)

72¢csGETZ X))

7n=GETZ (XD)

rRat=o0, _

THC3z7HEY . , -
CALL PMIEMLI(L) ONUCYEMCI,G1 (1))

call le(xcl!Ycl!THC1aUoOXBOYﬁoTHBlXMUB9XCBgYCBQTHc3poUr3,EMc3g

161 ¢y

7CA=GETZXT3)
TF(XCcael.TeXC2) GO TO 177

TAYC=0, '

XC3=xe2

NMUE O =DNIIC

THEZ=THE ]

THEC=THC?

cALL PMUIEML (1) DNUEQSEMEDeG] (1))
CALL EM3N(EMEQ,EMEON,XC2,G61 (1)),
EMEQ=FMEQN

XMUEO=ASTIN (]« /FMED)

GO TO 175

cONMTTMUE

179=

RAT=,1

CONT TMUE ,

YMUBD = XMUB*RAT® ( XMUD=XMUR) .
THRO=THR+RAT* (THR=THE)
XT=XR+RaAT# (XDwxR)
YTaYr+RAT#(Yp=vR)

TAUC=RAT#pNUY

TF(RATsGT1lu0) GO TO 600(
DNLWNNUC L TAUC

caLL pM{FMltli.DNuw;Engsl{l;)
THW=TRC3+TAUC

CALL FIXfKC3’YC3°THC3'XMUCEeXT.YTgTHBnoxMUBﬂqxd;YN'TstXMUw;EMw,

161(1))
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PNUEN=DNILIC+2 4 #TALIC
THrZ2=THC)
THEO=THC? ) '
catl PMfEMltllqDNUEOoEHanﬁltlﬁ}
cALL EM3N(EMEQEMEONSXC2+G61 (1)
FMEQzeMEQN
XMUEN=ASIN{]«/FMFp}
SLWCP= (TAN(THWXMUW) +TAN(THEO=YMUED)}) /2,
YCRToyWaSLYWCR24 (XT2aXW)
FRo=Yc2=YC2T
TF(ARSIERGYaLT.1aE=03) GO T0O 175 -
CALL FRROR(491T9+RAT4ERI,1,11sPAT1+ERS])
G0 To 176
175 CONTINUE
T THUA=THY (1) +DNUV
TCALL pMUFEMI (1) «DNUVsEMY3,G1(1Y)
THV1=THV?
CALL FIX(XCoYCoTHCIXMUCHSXVIoYVIoTHV100esXV39YVIsTHVIeXMUVILEMV3,
161(1)y
AVEYYR § BV=TAN(THY3I)
CVE(YVY2=AV=BVH# (XV2=XV3) )} /(XVRmyyR) kit
ZV3A=sap T2 (XV3)
THVZ2=ATAN(BY 42, 40V (XV2mXV3))
IF(THYZ2,1.Te00) GO TO 462
TAURV=THVZ=THY?3
IT?=1
TTAU=R
PAT=]’Q
545 CcONTINUE
530 CONTTMUE
¥Z=2XpaRaTH#[XD=¥C)
YZeYe e RATH (YDwyC)
TAUSRAT#pNUC
THZSTRC+RATH(TyN=THC)
EMZREMC+RAT® (EMD=EMC)
XMUZ=aSIN({Le/pm2)
THy=THV3LTAU
PNUY=zpNUV+TAU
CALL PMIEML (1) oDMUYSEMY Gl (1))
CALL Flx(XZoYZoTHZoXMUZoxVIoyV3sTHYI0xMUVIaxysYYsTHY s xMUY sEMY G ¢1
1Y)
DNUES=0ONUV* 2. # TAU+ TAURY
THES:THV?
cAlLL PMIEM]L (1) (DMUESSEMEG G (1))
CALL EM3D(EMES,EMESNeXV2e61 (1))
FMES.FMEBN
XMUES=ASIN{] + /FMFG)
SE2T=(TAN(THY #XMUY) ¢ TAN{(THES «XMUES) ) /20
YVPTeyY+SLETH# (XVPaXY)
1FlIT7.EQ.1.ANn.Yv2T GE.YV2) Gn TO S4>
FZaYyrT=yve
TF(ARS(E7) LT ,1.E=03)G0 TO 540
TFIDNIIC,EQeve) GO TO 540
CAll. FRRORI(SeITZeRATOEZ 91 eRAT14EZ1L)
GO0 TO 53n
542 TTAU=4
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CONTINUE

NMNUE p =DMV *DNUP '

CabL PMUEMI(L) oDNUEZEMEZ2+G1¢(1Y)

THEZ=TH] (1) +UNUIV.DNUC

THF=THE?

EME=EME 2

CALL FIx(XCAeYCIoTHCIXMUCI s XD YD s THD JXMUD g xF o ¥YF ¢ THF o xMUF 4 EMF o

161 (1))

SLER(YV2aYCR2)Y/ (Xv2=XC2)

THE=ATAN (SLE)

EMFTzFME? . )
CALL FIXIXC3sYCIsTHCIoXMUCIoXC2eYC2oTHE 9o XFToYFToTHE ¢ XMUFTIEMF T
161¢1)y

IF (XF, BT, xFT) 0 TO 300 ]

CALL FIX(XFaYF s THF o XMUF o XC27YC2oTHE 90 9 XE29YE2s THE2 e XMUEZ2 sEME 2y
1al¢lyy

2F=GETZ (XF)

gLF=TAN(THF o XM F )

CALL GEM(XFoYF4SLFaXC29YC23SLEWXELYYEY)

TTEl=n

368 CONTINMUE

RAT=(YE1=YC2) /(YER2=YC2)

RNUET=ONUVHDNUCH (1o =RATI #TalUe

cALL PM(EMI(I)eDNnEl'EMElsGlflj}

THE1=TH] (1) *+DNUV=DNUC= {1 ,~RAT) «TAUC

cabkl FIX(XLZGYr29TH590-¢XF9YF9THFvXMUp’XE1yvglsTHEI,XMUEI.FMEI.

'161(1}\

IF(ITELLEWe1) GO TO 369

ITEl=1
G0 TOo 368

36% CONTINUE

1300

381

GO TO 310

CcONTINUE

CAL& FIX(XC29YC2eTHE 90 e s XD s YD THD o XMUR 9 XER20 YER s THE 2o XMUE 2 4 EME 2 9
11ty

SLCE=TAN(THC3+xMlic3)

CALL GEM(XC3sYr3eSLLCE«XCRoYC2oqLEoXEL,LYEL)

ITEl=a

CONTINUE

RAT=(YE1=YC2) A (YEZ=Y(C2)

DNUF 1=DNUC*TAUC*RATH* (DNUY=TALIC)

CALL PM(EM] (1) ,DNUELEME]2GY (1))

THEL=THY (1) =DNUC+TAUC*RATH (DNUv=TAUC)

catt, FIX{XCB'YCB'THCB’XMUCB'XC?’YC?’THE’OBOXEI?YEI!THFIGXMUEIQEMEI

T1,61(1y}

380
310

TF(ITF1.EQe]1) 6O TO 380

1TELl=3

G0 TO 383

cONTINUE

CONT TNUE

THE3=THE2

DNUE3=DnEZ

CALL PM{EMI(1} DNUE3.EME3,G] (1))
XMUE3=ASIN(le/pMr3)
TF{ITAU,NELLY 0 T0 311

XGeXY % YG=YY & THG=THY % EMa=rMY 5 XMUGSXM|)Y
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311

3588

Page AZ2~5

AGT=xp

G0 TN 35p8

CONTINUE

THG=THER $ EMG=FEME3
CALL FIX(XOsYD,THDyXMUDyXVIayVa, THV3 s xMUV3, %G, Y0, THG» xMUGoEMGy

1GY (1Y)

FMGT=gMER
CALL FIX(XC2yYC2yTHE $0,9XVIs¥YVa,THVI xMUVI xGTyYGT THG s XMUGTEMGT,

161 (1))

TFIXG,6T,XGT) g0 7O 350
canT TnlE
CALL FIX(XC29YC2sTHE$De*XGo YR THG s XMUGIYXE3 s YEI s THEI s XMUE 3 sFME3 ¢

1clelyy

362

361

76=GETZ (%G}
TF(YEa.LELYEZ) G0 TO 2389

SLE4=TAN (THG ¢ XMUB) ,

CALL GEM(XGaYGSLE49XC2vYC2roSLraXESsYES)

1T4=0

CONTINUE

RAT= (YE4mYVR) /(YE3=YVD)

NNUE 4 =DNUVHDNUC* (1« *RATY# {TAURV+TA L)

CALL PM(FM1 (1) DNUE4,EME4 461 ¢1y)

THEA=TH] (1) +0ONIIV-NNUC+ (] ,=RATI 4 (TAURV.TAL)

CALL FIX(XGrYGeTHG o XMUGIXCRsYC2eTHE 90e9XE4oYES I THEGL I XMUEL vEMEGL o
161 ¢1yy

TF(IT4eEQ.1) GN TO 359

Fré=1

g0 To 3848

cONTTMUE

IFLITAULFNR.D) 680 TO 3460

SLVI2(YY2=YV3) Z (XV2=XV3)

SLG=TAN{THG+ XMUG)H

CALL gEMIXVIsYV3eSLVI2eXGeYG3SLGeXVarvYVy)

TTVé=)

YV4oAV4BY# (XV4LXV3) « OV (XVaL XV Hag
THV4=ATAN(BV+2 #CV# (KV4axXV3))

TAURVAZETHVG=THY3 .

DNUV4=DNUV*E#TALJ« TAURVS ‘
CALL pMOEMI{1) sDNUVSIEMYAaGT (1)) '
CALL FMaD (EMVe EMVANGXV4,6y (1))

FMY4=FMY4N

XMUVE=ASTN (1e /EMYVA)

YV4GT2yGe . D# ITANITHGYXMUG) *TAN(THVA e XMV4S) ) # (XyéeXG)
FRV4z (YV4aT=YV4y syve

IF(ARS{ERVA) oL Te14E=03) GO TO 261}

ALl FRROR(ZOLITVSsXVASERYA, 1, 1exXVL1.ERYSL)
ZdeGFTZ(XV4)

IF{ITyv4sE£Qel) 50 TO 361

RO To 362

DNUE#=DNUV4

JF(YEaeLE.YEZ) GO TO 460

CALL PMIFMLILL) yDNUESEMEGsGL (1Y)

THE4zTHV G .

CALL FIX(XC29YC29THE PO 9 X VA sYVA s THVE s XMUVA o XES9YEL s THE G 9 XMUE G s
1EMES 5l (1)) _ B
0 To 360



TR 188
50

37l

370
360

180

Page A2-6

CONT INUE

ITé=( .
CCALL FIX(XDeYDaTHD o XMUD e XC2e¥CP s THE 20, s XE3sYEAo THE 4 XMUEI s EME 30
161¢lyy

IF(YE3el.LEaYE2) GO TO 460

SLE4=TAM{THV3=xMIy3)

CALL GEMUXV3wYVI W SLESGsXC20YC2rSLEsKES,YES)

CONTINUE

RAT=(YE4=YV2) /(YEa=YV2)

DNUE&=DNUV*TAUSRAT* (DNUC-TAU)

CALL PM(FML (1) DNUEGyEME4 G111y

THE4=THY (1) +DNHVeTAU=RAT4 (NNUG-TAL)}

CALL FIX(XCZ2sYC2oTHE 904 XVIoYV3sTHVI o XMUVIsXF4YESyTHEG s XMUES sEME 4
14G1(1))

IF(IT4eENL1IGO TO 370

1Té=)

a0 To 37

CONT THUE

COMT TMUE

TF(YEq-LFE«YE2) GN TO 46n

X2(1)=Xc2 $ X2(2)=2XE1l § X2({3)ewgp2 % X2(4)=Xp3 $ X2(5)=XEé

X2 (6)XYP

¥2(1)2YC2 % Y2(2)=YELl § Y2(3)=yF2 $ Y2 (4)=YF3 § y2(5)12vEé

Y26y =YV2 & EMP(1)=2EMEQ ¢ EM2(2)=EME] § EM2)3)=EME? ¢ EM2 (4)=EME]

EM2{BYSEMESG 3 FMP () =FEMES & THR(L)=THFO % T2 (2)=THFEI

THZ(3)STHEZ 3 TH2{4)=THEI § THR(S)=THF4 % TH2I(6)=THFES

PMUE ty}=DNUEQ & DNUE(2)=DNUEy « DNUE{3)=DNUF» §$ DNUF(Q}-DNUE3

PNUE (R =npNUE4 & pNUE (6} =pNUES

INDE X0

CONTINUE

DO 16n T=14%6

MUME1 ¢ (gl (1) =) ) /2 #EM2 () #e?

P?(I!-pTOT/DUM%“(Gl(1)/!61(1)-1 1)

TP =TTOT/0UM

TRUTYcAZEX2( ) a#24gZ4X2(]) 607

CONT INUE

160

460

9ol
461

1004

THS1=1+5767963

IF(XV1eNF o XCL) THSIZATAN((YVI=yYel) /A {Xyl=Xely)
THRZ2=ATAM((YV2-YC2) / (XV2aXC2Y)
7I1=e8n(GETZAXCY I +GETZIXVY)) )
XMA§S\EP1(l)*gmlfl)/QGRT(T;.lljﬂSIN(THSI THI(1) ) /SIN(THS))%21%
liyViaeoCl

PUMEGY (11 #EML (1) 4828 SIN(THS1wTHI (1)} /SINITHR])

elempINF/PL (1)

THX1=pl (1} #{UsDUMBCOSITHIIIY) Y a7Tn(YVi=YClY

CALL xTH(X29Y2,TH2UNUESEM) 61 PTOTs TTOTy THE2 ; THX ] o XMASS] 5 THN)
ISH=0

RO TO 461

CONTINMUE

TSH=)

WRITE tervgol)

i

FORMAT (# YE3oLp.Yp2®)
CONTITNUE ,
WRITE(6o1004) XCo e DNUV ¢ DNUC » TAITy TAUCsTAURVsTAURE
FORMaT ¢ 32x#xee wHpl2.4/32X#pNUV =¥ 12,4/32X8pN0c =REL2 4/

132XaTall s4bl2.4 3?X%TAUC =#E12,4/32X¢TAURY 24E12,4,32%4TAURC -
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WRITE 1641003)
10063 FORMAT (1 q#PT, #axax#llxdyallysze BYPTHETA® Ty #MACH&B e DNy2D% /)
WRITE (6o 1002 HOL L) 9 XV1aYV1eZV ¢ THV L sFMVIeDNUVeHOL (D) ¢ XCleYC) s
IZCIQTHC1gEMCIanHC¢HOL(3}o%AanvZAvTHA°EMA9nNUAoH0L(41GXB»YB!ZBe
1THRyEMB 4 DNUC s HOL (5) s XC s YL e ZC s THC s EMCsNNUV o HOL (6) 4 XD4 YN ZD s THD e EMD o
1DNUDqHOLt73sXVﬁeYV3!ZV3!THV30EHV3;DNUV9HOL(g}0XC31YC39203°THC3'
JEME3anNyD
1002 FORMAT(1xA2,6E712 4}
IF{XF,GTXFT) WwRITE(691005)
1005 coRMATI(Z20X#NQ F PAINTH)
TF(XF LFE,XFT) WRITE (6,1002)HOL (9) ¢XFy¥F4ZF o THF s EMF ,ONUD
TFIXG,GTXGT) WRITE(6y1nph)
1006 FORMaT (2Z0X¥NE 6 POINTH)
TF (X6 ,LE , X6T) WRITE (6,1002)HOL (10)4XG,YG,2G, THG MG, ONUD
IF(ITAULEQe I WRITE (651002 HOL (11) sXVosYVa9ZV4s THVSLEMV 4o DNUVS
WRITE (61013
1013 FORMAT (2/7)
1F (ISHeENe1) GO TO T384
WRETE (641001)
1007 FORMAT (1 yx#PT stexuyxslixeyslly2zaRxsTHETAAT xamACHRRR#DNZD#]10x#P#1 1 X
I-u-T'H-/) .
WRITE (651010 (HOLE(IY 9 X2{I1o¥2(Y)sZ2(T) 9 TH2(T)vEMZ2IT) aNUE(T) e
P21y, T2(I)s1I=146)
1010 FORMAT(1XAZvBE12,.4)
7384 caonTinUE

XT=XVy

THI=TKW] (1)

call POLY (XVIowV1eTHT o XVIsTHYI o XV2sTHYZsXClaYCloXC2e T 2eXT)
cAall THRUSTIXVY s YVIIFMV ] o XV3eYVIPTHV I XV2eXV4eTAUIDNUVS

lxclevclsEMCl9KC3,YC3|XCEvYC&eTAHCqDNUCvPTDT;ITAU;THX)
WRITE (6499
a0 TO 6p00
462 CONTTMUE
WRITF (6+992)
992 FORMAT (H#THVZL T.0%)
450 conTInUE :
40060 CONTINUE
5000 CONTINMUE
END
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SUBRpuTINE CHag
COMMONAA/PL{3)oTH] (3)2EMLI{3)eAY (3951 1(3)

COMMOM/H/XA9YA!XHQYB!KCJYc;xD.VD,

lTHAgTngTHCqTHH,EMAgEMH,EMC,EMh’xMU“’IMUB’xMuC,xMUD

COMMON/C/ZDNUVaDNUCIXC1 e YCLlaXV1aY V] sDNUL

GEGl (1)

¥MULASIN L, Z7EML L))

EMA=EML(]) '

THA=THL (1)

CALL FIX(XCLeYCLeTHELL) s XML o Xv1oyYVieTHI (1) o XMUL

TxAsyde THAw XM 4 EMA9G)

THR=THA-DNUC

cabl PMiEML by JoMUc s EMEG)

FMB lepty

XMUB] =ASIN{Ll, /FME1)

CALL FIX(XCLaYCloTHE s XMU1 9 XAsYAs THASXMUASXRaYBs THB s XualJ s EMBG)
THC=THL (1Y DUy

CALL PM(EME(ly 4DhiiveEMCaG)

EMC1=EMC

XMUCTLASIN (1, /EMCY)

CALL FIX(XBaYASTHASXUAIXVIsYV] o THCoXyUCLaXCoYCoTHCIXyyCrEYCeG)
DU =0 UV U UC

CALL PHM(EM] () «DMUDIEMDsG)

Trn= Tl (1) * NUV = nUg

CaLL Fly xtioyuyaTHE:AMUBy xCyyCoTHC o xMUCr xDayDy THD » xMUD ;EMD 4 Gy
BETURM

Enh
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SURBDDTINE THRST(AVIeYVIsEMYL o XV3sYVIoTHVIZXVZeXVasTAUPDNUV Yy
1XCLoYeleEMCYl o XC3a¥C30XC2Y¥C2:TAUCSDNUCWRTOT, ITAU;THX)

COMMOMZAZPL(3) o THI(3) +EMILR) oA {37 ¢GL (D)

FOMMOM/D3/ AZWRZ4C7

COMMON /V/Z AVenVaCV

CcOMMON/P, PINF

cOMMON/SHF/ XSHF s YSHF

cOMMON/POL/ TPReIPOLY

COMMON/THRMAX/THRMAX

COMMONZPMPM/ PMOW

FORMAT(AF13.%)

GETZ(x5)=AZ#XgaXg+RI#XG+CZ ‘

PZIEMB)=PTOT/ (1.4 (Ggl 1) =1a)/2,4gM5¥#2)## {51 (1)/(Gl{1)mle) }mPINF
xLIF=n,

XTH=0,

XMOM=ne

D= (XyulmxyV1l} /%0,

Nz (XV3~XV1) /DX+1,

BANS(XVI=XV1) /pLnaT (M)

NN+

CALL PM{FMY1 (1) DNyysEMx1,G1 (1))

XA=XAVY § YASYVY § ZA=GETZ(XA)

CALL EM3D(EMX14EMASXARGL (1))

PA=PZ (EMA)

PX=RA LR INF

PYX=PX/PINF

IFIIPR«EN.L) Gn TO 80

WRITE (6,110)

FORMAT(///3BXHVEHTICLE UNDERSURPACE#/7xR UM oxtyd ) o X424 4P /PINFW®
1AXHMppHEQX ¥ JTFTHRXFTHRUSTHIXSMAMENT#)

WRITE 16,100) XAsYAsZA PX EMAGXI TF 4 XTH,XMOM

CONTINUE

Nnd 1 I=psN

YR=AALDAN

YREYYT S (XB=XV]1) Z{XV3=XV1)#({YvIaYV])

7B= GETZ (xH)

cALL FM3D(EMX1,EMBsAB,GI (1))

PR=EP7 (EMp)

DUME (pa+PRI*{(Zn+74) /4,

DXLF= DUM¥ (XB=YyA)

DXTHzNUMuABS (YR=YA)

YRBZ(YA+YR) /2 emYSHF

XRAZ=( (XA +XB) /P amXSHF)

NYMOM_ ey RB¥D X THa xRR#DxLF

XLIF=xl.IF+DXLF

XTHsXTHanXTH

XMOM=YMOM+DRDXMOM

Xa=Xp ¥ va=YB S 7a= ZB % PA=PR

FMA=pMB

PX=PasPTNF

pPX=PX/PTNF :

IFLIPRFN. 1) G TO 51 _ .
WRITE(6300) XAasYAeZAoPXsEMAGXL IFaXTHAMOM o,
CONT TRUE '
CONTTNUF

Nz (XVowXV3) /DXel,
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DXNMZ (¥V2=-XV3)/FLOAT(N)
NN ]
DO 20 I=z2«N
¥R=XA+DXN
YASAV RV {XBeXy3) ¢ CVH (XBmXy3) #a?
7R=GFTZ (XB)
THRSATAN (BV+2,#CV# (XB=XV3))
TAURB-THR-THV3
RATB= (XBaXV3) / (XV2=XV3)
TE(ITAULFQel) nATR={XB=Xy3)/(XVa=XV3)
TF(RaTB,GTale) RATB=1,
DNUB=nNUYV+TAURR+? ,#RATB#TAY
X1z=Xy1 § XE=xyp
IF(ITAU,EQ.1l} x2=xVé
RATA= ((X1=XC1) /(XB=XC1)=1a) /({{¥]=XC1) /(X2=XC)1 ) ~"14)
IF(RATA.GFEels) RATA=1,
TAUX=ATAN({RATA&TANITAUY)
DNUB=pNUVY+TAURR+ 2 #TAUX
cALL PMIEML{1) ,pNURsEMXygl (1))
CALL FM3D(EMyx ,EMRBexBaGl (1))
PR=P? (EMR)
PDUMS (pA+PRIS (ZR+ZA) /4,
HXLF= DUM% (XB=yxa)
PXTHapUM#ABS (Yp=Y4)
YRRS (YA$YR) /2, =YSHF
yBB=w( (xA+XB) /2, wxSHF)
DXMOMz=YHR¥DXTH+XRADXLF
X IF=xbL TFeDXLF
XTH=XTHenXTH
XMOM=XMOM+DXMOM
xa=Xp % YA=Y3 % Za=ZB % PAsPR
EMA=FMB
PY=PALPINF
PX=PY /PINF
TF(IPR+FQel) Go T 52 ]
WRITE(64100) XAeyAsZAIPXeEMA, X1 IF g XTH, XxMOM
52 CONTINUE
20 COMTINUE
XLV=XIIF
ATHV=YTH
XMOMY =z XMOM
WRITE (65101
101 FORMAT (/)
. XA=XC1 F YA=YCY % ZA=SGETZ(xA)
XLIFzﬂe
XTH=pn,
XMOM=0e
N={xCr=xC1}/Dxasl,
MXNS (XC3=XC1) /FLOAT (N}
M=+
CeALL PMEMI{]1) 4DNCYEMy1 .61 (1))
CALL FMAN(EMY ] sEMA9XAZG]I (1))
pPaA=FZ (EMa)
PXaPasPINE
pPr=RY PTNF
1FLIPRsFRad) GNn TO 53
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WRITF (160111}
111 FORMAY{//7/B0 X% 0W| # _ JIXEXRIIREYH | DXR7EONGP/RINE®
' 1 XtMprHBgX¥ L IF THaX#THRUST#y X #MAMENT*#)
WRITE(6+100) XAsYAsZAWPXsEMAGXL TF o XTHa XMOM
53 CONTTINUE
B DO 30 I=2+N
¥a=Xas+DXN
vyazYel+s (Xp=XCl)/{XC3=XCl)#(Ye3=YC])
7B=GFTZ (XB)
catl FM3n(EMY1.EMBeXgsGl (1))
PRz=Py (EMR)
PUME {pA+RBRY%{ZR*FTA) /4,
NXLFs=DUM# (XB=yxa)
DX THmMUMEABS (Ya=YA)

T YRBE(YA+YR)/2emYSHF
xBB:,((xA¢xB)/?.-xSHF}
DXMOMa=YREB¥DATH« XBR*DY|F
YL IF=xL IF«DXLF
YTH=XTH+nXTH
YMOMzy MOM+DXMOM
¥xaz=Xp % YASYB % 7a=I8B § PA=PR
EMA=EME '

PX=Pa«PINF
RX=PYX /PINF
TF(IPReFNel) GO ToO 5%
WRITE (o)1 00) XAsYAsZAPXeEMAXI TF ¢ XTH,XMOM
54 COMTInUE
30 CONTTNUE
N (XCo=XC3) /DXelo
TFiN.pQ,1) GO TO 60
NXN= (xC2.XC3) /FLOAT (N)
MEmN+Y
nd 40 T=psN
wB=x A, OxN :
YRTYE32 (XB=XC3) / (XC2=XC3) ¥ (YC2-YC3I)
7R=GETZ(XR)
RATE (xBeXc3) /{XC20XCI)
NNUB-nNUCaRATwp 4 TAUC
PATAR ( (XC3=XV )/ (XR™XV ] m1e) ZLUXCA=XV)/{NCa"XY =1,
TAUY=ATAM(RATA®TAN(TALC))
pNUBERNUC 28 ¥ T ALY
CALL PM(EML(1) ,DNUBsEMX.G1 (1Y)
cabtl eM3D(EMX s FMReXR.G1 (1))
PR=FP7 (EMR)
DUMS (pA+PRI ¥ (ZneZp) /4,
NXLF=eDUM® (XB=y Al
RYTHzpUMBABS (YpaYA)
YRBZ (YA+YR) /2 ¢=YSHF
Kga:-uf (XAeXB) f?aﬂxSHF)
NXMOMa=YRBEDXTHEXRBYDXLF
i [F=xLTF+DXLF
XTHXTH+NXTH
XMOMYMOM+DEMOM
Xa=XB % vasY83 § 7A=LB % PA=PR
FMA=FuB
ex=Pp«PINF
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PX=PY /PINF
IF(IPR+FEN.1) Gn TO 5B
WRITE t6.100) XAoYAsZAsPX EMAGX TF o XTH, XMOM
55 enNTTMUE
40 CONTINUF
60 COMTINUE
XTHEXTH+XTHY
XLTF=xLIFeXLV
XMOM=y MOM+ XMOMYy
WRTTE (694203) XLIF
4203 FORMAT{/,/20X4TOTAL LIFT =12 ,4)
. WRITF (6,1008) yTH
1008 FORMAT(/20X#THRUST (FROM COWL aND VEHICLE UNDERSURFACE) =%F£12e6)
WRITE (B+4208) xMOM )
4206 FORMAT(/P0X#MCOMENT (FROM COwlL aND VEHICLE UMDERSURFACE) =#F12,4)
IF(THY«LTeleE+n9) GO TO 4201
WRITE (694200)
4200 FORMAT({,20X#EXTT PROFILE AND THRUST AND MOMENT (FROM SIDE wALLS)y N
10T CALCULATED.#)
GO Tp 4212
4201 TF (THY6T,0,) 50 TO 4205
WRITE t644204) THYX _ _
4204 poRMAT (/20X THRUST (FROM SIpp waLLS! =%gl2,s)
PMOMY SO0,
WRITE (€54211) PMOM] A A
4211 pORMAT(/20X¥MOMENT (FROM Sipp wall3) =%¥gl2.4)
GO TO 4212
4pp5 NTHO=THY«XTH
WRITF(6ekela) nTHO
XTH=TIHX
PMOM] =PMOM=XMOM
WRITE (&s4211) pMOMI
S 4212 CONTINMUE
PTHL= (THRMAX=XTH} /THRMAX$#1 00
WRTTE(641563) pTH
1563 FORMAT (,40X*PERCENT THRUST LOSS =aF6,7)
RETURN
END
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SURROUTINE THM(EMIoPI9GePINFeYy1sYClonYVoXyo o THRMAX X2}
COMMON/D3 /AZ gB7 402
T=AZHXVu#2eB78Xy2eCE
aleYyl=yrl
72zhZ7eXC2a#XC24RZuxC2+C2
Az=DYyR {22} /.
FMls] +{Gmle) /P EML#u2
DUMs (P o 4#FML/ (Gal ) %% (Gal ) /2,/(6=1,))
AST=A1#FK]1/DUM ‘
PTOT=pl/rMledin/ 11 ,=G))
FMZzEMLI#SQRT (AD/A1)
IF(EM]..GT.:?t.)EMEL’(AE/AI)“‘“;'J“EU],
AF=AP ZAST
ITM=q
710 CONTInUF

EMPz] *(Gmle) /P tEM2ua?
NUMS {2 #FM2/ (6ol ) ) #H ((Gele) /2,/(6G"14))
AFT=pIM/EME
ERAz (AFT.LAF) ZAF
TF{ARS({ERAY aLT,1E=03) GO TO 2
call ¢RROR(2000s TTMIEMReERAs 16 1EMELogRA1)
ao To 1o

20 CONTINUE

: FlsP1ad1#{]o+GHREM##D)
PRepMade(G/ (1, =G))¥PTOT
FP=Proah2a (1, +GuEMpuug)
THRMAY=F p=F 1 mPINF# (AZ2=A])
RETURN
END
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SUBROUTINE XTH(X2.Y2eTH2,DONUFsrM1 oGl 4PTOTeTTOTe THS2,
1THXLe AMASS ] s THX ‘
NIMENQION XNU(KE0) o X (501 eY (50 o7 (50 sEMIB0) gp (RO 4 THISaY s TIBO)
COMMON/P 2P INF
GOMMON/DR/AZIB7 407
COMMON/ SHF / XSHE s YSHF
COMMON/PMPM/ PMOM
NTMENSTION DNUE(1I0) o X2 (101 oY2(1n) e THZ2(10)sEM1(03) 461 (03)
GETZ (w51 zAZ2eXBaXB,B24x5+(7
THX=pn,
IF(AZsHZEQeD,) RETURN
TNDEy =0
180 cONTINUE
DO 1p I=ysS
Jl=(Tal)u5e]
J2=1ug
TF{T,FR.5) J2=26
no 20 J=gleld?
IF¢INnEX EQ L) GO TO 86
RAT=F| OAT (JmJ 1) /FLOAT (J2=J1)
ENU L)Y ERNUE (T o RATHADNUE (T 1) mnMUE ()
¥ {2 (T)eRATE (x2(Te1)=x2(1})
Y{J) =y2 (T Y+RAT# (Y2 (I+1)=Y2(I))
TH{D =THR (1) +RAT#(TH2 (T4 1) aTH2 1)
CALL PMIEMLI 1) o XNUCJI sEM(JY sG1 11))
cALL eM3n (EM(J) seMX s X (J) 961 (1))
FM{Jy=EMy
7V =aET?2 (X (J))
86 cONTINUE
PUMS] ¢ (G111 wy o) /Re*EM{Y) 4EML )Y
nG=Gl ) /(61(1y=1,)
P(J)=PTOT/DYMeaD6
T (D =TTnT/pUM
20 ~ONTINUE
10 conTInbE .
NUM=Gy (1) #EM (13 ##o*SIN(THS2=TW (1) 1 /SIN(THS )
plaP (1) #pMI1}/Z8QRTLT (1) I RSIN(THSS=THI(1) )}/
ISIN(THS2 %2 (1)
H=lemPINF/P (1)
FleR (1) (U epuMte0SITH (L)))y#» (1)
WlsP (1) 8 (U/TAN(THS2) « DUMeSIN(TH (1Y) %7 (1)
XMASE2=n,
THXZ=Me
pMﬂM:ﬂ-
NO 1%pn T=2926
E2=P () #prMIT}/cQRT(T(T) )&
1STN(THS2.TH (Iy)/SIN(THS2Ye7 (71 ,
PUMERY (1Y #EM (1) #8295 TN (THSZeTH (1)} /SINITHS?)
Uzle=pINF/F {19
Faz=P (I)y= (U «DUM#COS(TH (Iyyy#y (1)
WozP (T)®(U/TANITHS2Y #+DUMSBSTIN{ T (T 187 (1)
THXZETHXP ¢ o D8 (F1lep2) (Y (I)ay (y=1))
YMASS2axMASSZe Se(EleE2Vn(y (IyvaeyY (Iwe1)}
NUMIe  B#{F I {Y(Ie] ) =YSHF ) +F24{v ({)=YSHF))
DUMER DE (WI# (X (Tw]) =XSHF ) +w2%# [y (1) =XSKF )
PMOM=zpMOMe (DUMT=DUMZ) 4 (Y (I)my{T=]))
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150
100

197

S 17l
170

4625

F1=E2 & F17F2 ¢ Wl=W?
CONTINUE
EORMAT(TFE13+45)
RATM=xMASSEZ/XMASS]

CEMSzRATML]

TF{ABRSIEMS) oLT,1.E=03)G0 TO 4625
INDEX=INREX*]

IF(INDEX,GT.1)60 TO 4625

no 170 I=1+26

FMIz=Fm{EM (I)enl 1))
FMR2=FML/RATHM

TTM=)

FMT=RATM#EM ()

CONTINUE

FMT=FMEMT Gl (1)

FRM= (FM2=FMT) /EM?
TF(aas(ERM) o LT, 1.g~031G60 To 171
NUMDZ) o /RATM

cALL FRROR({GsITHMIEMTERMyDUMDsEMT 1 9 ERM])
60 To 197

COMTTRUE

EM (1y=EMT

cONTTMUE

GO To 180

CONTTHUE

THX=THX2=THX)

RETURM

END

Page A2-15
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2l

SURKAUTINE EM3D(EMaEMX e X,4G)
COMMON/DR/ AZspdecZ

AT PASAS S Y AL LT
eM=(gela) 7 lg=1a)/20

Yo {l,e(Gula) /2 #EMbEMy ##GN

Y=Y/ o/ (grle) /24y %%GH

AzY#7

EMX= % SORT(Z)

1THM=]

AT= (1, ¥ (G=1e) /R REMKREMA) #5GN
ATSATZEMX/ (Lg+1e) /2a) BN

ERM= (aTwmd) /A

IF(ARGIERM) aLTo1E=03) GO TO 24
CALL FRROR(1Us ITmsEmXoEpmeleleEMXlrEpMl)
GO To 19

CONTINMUE

RETURM

FND

Page A2-16
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SUBROLGTINE FIXK(XLeY aTHLoXMUL P sYZ2eTHE9XMUP 4 X393y TH3 3 XMU3HEM346)
SLI=T, N (THbsxasty ' ‘
SLe=T N ITHE=AMII2)
CALL BEMIXLy YL SL1eX2,Y2,50L2,%3,Y3)
ITM=0
10 r\ONTI’\]U[—‘
CALL EMAN{EM3sEM3Mg A3 +G)
XMUB=aSpai (e /i34
SL13=sk1/2e v eneTAN(THI#XMUZ)Y
1 iXmleeGe,) 5L 132510
SL2328L2/2, 4, Sl AN THIXMUZ,
Ir‘)‘mlﬁlaqgu'oo}SL 2\'3;5[“2
CALL GEM (X1, vl ,SL13,X2,v2,5.23,x3,Y3,
18 (1 Tmeptel) gn To 20
Tu=l
Go To 1o
20 EM3I=EMaN
RETURN
END
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1y

20

Page A2-18

SURRDOUTTINE PHM (EM)sUNUSIEMZG)

GE=SORT ((G+*Le) /(f5mle))

xM1=5aRT (EML#s2L] )
ENUL=aB#ATAN{AM] /GG =ATAN (XM )

EMRZnUZ {LeB=AnUL Y # (O mpwl) +EMY

1T3z)

KME'—'SQHT (f-MZ*ﬂ‘E"l .

pMUT=aa* (aTANIXM2/66 ) =aATAN (XML 766) )+ ATAN (X1 ) =ATAN(XM2)
ERNUay™NU_LNUT

1F{ABS(gRNUD o Telsg-04) 50 TO 20

CALL ERROWR(34iT3,EMZ4ERNU.1,11,EM214ERNUL)
6o To 1o

CONT INVE

RETURN

END
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100

30

16

104

20

Page A2.1¢

BUAROUTINE POLY(XVIaYVIoTHTIoXV3aTHVIsXV2eTHY2

1XelyYoleXoee T qrZaXy)

COMMON/ ¥y JALL A2 A132A2) s A229AP39A311A32+A33
COMMUN/POL, THR, TPOLy

DIMENQION S (10)y sy (10) 4 TH(1I0)

Igt{PogY.Eu.l) G0 TO 290

X({1)=xVvi

X(Z2)=xV]i+aUlt(XV2uXV])

¥ (3) =gv3

i{@):XV

THel)y=THT

TH{:)=THvVg

TH(3)y=Thyv3

TH{4)=TrvZ

THIL ==TH(l) % Tu(2)==TH(2) § TH(3}==TH(3) § TH{4) ==Ty(%)
¥Y(ly=vC1

]

W ITE (9100}

FORMAT(///30XMVEHICLE COQRDINATESH/

115 x ¥y by #70%4 g e 15K #C00RDINATEgH)

DG 10 T=leN

y2=xX(1+1)=x1

X)=X(y)=X]

A (TA(TH(L 1))y =TAN(TH{L) ) 22,/ (X2=X 1}
Re TnmtlH(I*li)ed,%A%xz
F“Y(J) “*Kl— sy lax]
v Talymhis g2y By 2,0

WRITE (DyehY) X(T)eX{l+1)sasBsC
cORMAT(ICGRSELL, 3)

CONT I NUE

IF(ITEQ. )60 TU 20

iT=1

Y (11 =xCL™X (2= (1) +e01#(XV2=XV])
¥{3)=vg2d

TH(2y=IHCZ
TH(S):T!':’{E)

H{2) ==pH (@) 5 M (3)==7H(I)
Y{l}l=yVl]

bz
WRITE (64101
FORMAT(/204%COVL COORDINaTES#*/

115X X aaXaTleaiake) SARCOORDINATFSH)

CONT LaUf
RETURH
END
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SUBROHTTIME GEM (XA YASSLAXRsYBySLBeXCYC)
XCo(Yn=Ya+S Anda=5 8#Xi3) s (S A=SLH)
YOSYA*SLAw (XC=xA4)

RE TUIRM

END



TR 188

13
29

12

1a

SURROUTIME ERROR (IsITsXsERsFsx}sERL)
ITi‘IT-&l

IF¢IT LT,19) GO To ie

WRITE {69y 3}

FORMAT (#oREOKR TEST NUMBER #)
WRITE (8,20) I

FORMBT (I5)

g§TOP

IF(IT,6T.2) GO TO 14

ER1=gp

¥l=x

x=xHE

IFIXLFUX1) X=sxe, 02

RETURY
KD=X)wbR1# K=X1) /{ER=FRL)
Erl=sip

X1=X

X=Xp

RE TURN

END
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PROGRAM NOZD(INPUTsOUTPUTs TAPER=INPUT TAPER=OUTPUT)
cOMMONAZA Y PLeTHIsgMloGleTI oMY snmIoI
COMMON/B/ZXAYYAWXRAYBeXCoYC o XDayny
1THAS THB e THC O THR P EMAYEMBIYEMC o £ Mm o XMUA o« XMUB 9 XMLIC s XMUD
COMMOMAC ZDNUV s PNUCs XCLayClaxyleyv1sDNyL
COMMONMZD 7 PHI
COMMOM/RR/PAIPRsPLePDeaTAs TR TC TDoGAGRBICCsBDsUALUB Ve eUDsRHAY
1RHB e RHC « RHD
COMMOM/DR/ A7ZsPR7.07
COMMON/V/ZAVeBY.CV
cOMMON/P /P INF
COMMON/ SHF /XSHF o YSHF
COMMON/POL/IPR,IPOLY
cOMMON/ THRMAX/ THRMAX
nIMENGION PE(lﬂ)aTH?tlﬁ)nEM?(lnquE(lﬁJ;GE(IO)@XZ(IU}.Yzflol
1e722(10) sRHZ2{10y512¢10)
NIMENSION HOL(11) +HOLE (&) oDNUE¢10)
DATA HQLF/2HE0,2HELyZHE2 ,2HE» 2HE4 9 2HES/
NATA LOL/2HV1e2HC1+2HA 92KHB 42WC s2HD #2HV32MCI42HF +2HG s 2HVA/
GETZ (x5 =AZ#x5ux54B29%x54C7

98 FORMATITE13.5)

g% FORMAT (/)

100 FORMAT(AF10,0)
RPEAD (54100) PI4THIGEMIZTIsPHIWRINF
HI=zFH{PTPHIsTT)
GI=FGAMITIPI, pHT}Y
RHISRHEQ(HIsPI PHITI)
AI=SORTIGI*PI/RHI)
UI=EMY#AY
TaURe=0

READ(85100) xvlwvvlvxv?,xbl9YC1.xCE-DyveDNUc
DNUC=NNUC /DT . 3
RE&ND (559211 IpFWanXCrJdTFeDTHe IPRsIPOLY
5921 FORMAT({IS.E1N_ne15:E10,0,215)

. READ(£2100) XSHF ¢ YSHF
READ(S#100) AZ«BZ0C2
7CIl=B6FTZ2(XC1)
ZVI=6ETZ (XV])
7226 T2 (XCE)
WRITE(6,5922}

5922 FORMAT(LHLI/////)

WRITF(641020)

1020 FORMAT{ laxsE Q@ U ITLIRR T UM F L O W NO 22 L E n E
1 8 1 6 N#)
WRITF(60400) pPIoTHISEMITI4PHTPINF _
400 FORMAT( 77730%y#INTITIAL PROFILE®//3X4PRESSUREsE X aTHETAGG R eMACHS

16X#TEMPERATURE#AX#PHI#GXaPINF# /gE1365)
WRTITE(6:+5930) XVleYV1aXV2sXclevelsXC24DYV

5930 FORMAT (///6R8xv1el0XeyVialoxexv2sl0XexClaloyeyClaeloxuyC24#% axsDyye,
17E13.8///)
WpITF(6+5923) ygHFeYgHF

5923 FORMAT (OX#MOMENT AXIS#/12X#X =eE13.5/12X%Y =%£13,5///)
WRITE(6,1001) AZ,0Z.7

1001 pORMpAT(oX#LATERAL EAPANSION pOQuaATION# /gXe2217(X) = Azéxuhgﬁaz*x*cz
1/712x%A2 =%E13,5/12x%B7 =%E13 ,5/12x%Cz =+E13 5)
XC22=xC2
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THC1=1HTI =DNUIC :
YE2=Yolae TAN(THCLY # {XC2X0 1)
YVEsye2eDyy
ONUV=ATANTI(YV2=YY1) Z/ {AV2eXV])) «THI
nO 5000 TXC=1+ICF
XCP=vC22+FLOAT (IxC=1)8DxXC
CALL THM(RHIsUTsPTsPINFoYV]IeYCsDYVeXV2s THRMAXsDNUY DNUCEXCR)
WRITE(6+6364) THRMAX
6364 FORMAYT (JH131x#IDEAL THRUST =#E7V2,4)
YCo=Yrl+ TAN(THOL) #(XC2=XCY)
YV2=YCa+DYV
RO B0l JT=1sJTF
THX=)],E+10
THIT=FLOAT (JT=1)#DTH
DNUVEATANC(YV2aYVII/ (XV2=XV1) ) =THI*THIT/57,2
CALL PM(DNUCYPCIeTClsEMC1oGCYo1iClsRHCY)
cAaLL PMIDNUVIPVIeTVLIIEMY GV 190UV Y sRHYY )
ITZ2=}
1000 CONTINUE

CALL cHAR
DNUA=,
ANUDsnNUY eDNUC
ZA=GETZ (XA)
Za=GeETZ (X8)
7c=6e1Z(XC)

- ZD=GETZXD)
RAT=D,
THC3=7HCHY
CaLl PMIDNUCYPCIsTCIsEMCAeGCA LI s RHCT)
CALL FIX(XCloYEloTHCLe0o o XReYByTHR s XMIIBIXC3 Yo THEI s XMUCI EMCI

1GC3e

1PC3y T3 RHC2 2 U3+ DNUCH
7c3A=neTZ{XC3)

TT176,0
IFIXCIe T XC2) G TOQ 177
IT176=1
TAUGC =0,
¥C3iz=xce
DNUE n=0ONUC
60 Yo lrs
177 CONTTMUE
1T9=
RAT=,1
176 CONTINUE ,

COXMUBD=XMUB*RATH (XMUD=XMUR )
THRD=THR+RATH* {THP=THR)
XT2XReRATH{XD=¥R)

YT=YR4RAT# (YD=vRB)

TAUC=RATHDNUY

NDNUW=nNUC+ TAUC

CALL pM{ONUW Pwy TWoEMW s Gido W g Redl)

THW=THC3+TAUC '

CALL FIX(XC3sYC3yTHCI 4 XMUC3 ¢ XT YTy THBA s XMUBD o X W YW,y THW s XMUW 3 EMW
1GWe

1PWe TwW RHW e UW s nUw)

NNUE 0 =DNUC*2 . 2 TALIC
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178 CONTINUE
THC2=THC
THEO=THAZ
cCALL nM(DNUEO¢pEOgTEO EMEQGED,UE0 s RHED)
ZEQRGFTZ(XCE)
RA3AND=nHENRUED/7E0D
NNUIEDNUEQ#SQRT (7E0)
ITEQ=}
200 rONTINUE
CALL PMIDNU3EPEQ,TEQGEMED, GFG.HEOeRHFO)
PA3T=pHEN*UED
EROE= (RQ3IT~RQ3N) /RA3D
TF{ARS(ERQE) «LTs1.,E=«03) GO To 210
CALL ERRNOR(200,ITEOsDNUBESERQE, 1,1 9DONI3ELLFRAEL)
60 To 2zon
210 coNTINUE
YMUEN_ASIN(]L, /EMEM)
IF(IT{T7e,EQey) GO TO 175
SLWEP (TANITHWXMUW) # TANITHEO=YUED) ) /2,
YC2T=YW¢Shwc2%(XC2.XW}
FRO=YCZ2-YC2T
IF(ABg (ER9) LT, 1.E=03) Gg vo 178
CALL pRROR(4e1TIsRATSERI 91,11 9nATI9EROL)
GO To 17s
175 CONTInNUE
THV3=THI +*DNIIV
cALL pM{InNUVePV3sTVIsEMVIeGVIv1IVIsRHY )
THY1=THVA
CALL FIX(XCyYC THCXMUC s xVEoy V13 THVL 20,9 XV3,YV3 o THY3 s xMUV3 EMV3,
16V3y
1PV3eTy34RHV3IoUyIonhNUVY
AVeYVE § BY-TAN(THV3)
CV=lYVR=AVmBV#XVaeXV3) )/ (XVo=axy3l)¥®y
FV3I=apTZ (XV3) '
THV2=ATAM(BY .2 #CV# (XV2axV3))
TFE(THYZ.L.Te0s) GO TO 462 -
TAURV=THV2=THY?
ITZ2=1
TTAU=4
RAT=1,
545 CONTINUFE
530 CONTINUF
XZ=XC+RATH (XD =%C)
¥YZ2aYC L RATH(YD=YC)
TAU=RATH#NNUC
THZETHC+RATH (THD=THC)
EMZEEMC+RATH (EMDwEMC)
XMUZZASIN(lo/EMZ)
THYSTHV3wTAY
ANUYzpNUY+T AU
Ccall, pHMIDNUY 9Py s TYQEMY ¢ GY o LIY ¢ RuY)
call pIXIXZeYZgTu?nXMUZrXV3¢YV1eTHV30xMUVB;xYpYY,THYgxMuv,;M(GG
1Py eTysRHyelUyeDNUY)Y
NDNUES=DNIVe2. #TALls TAURY
THESSTHV?
cALL PM(DNUESPES, TESEMESGES, UEB s RHEF S,
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220

. 230

542
540

368
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FEB=GETZ (XV2)

RO3IN=pHESHUES /758

NNU35DNUES#SART (7E5)

TTES =y

cONTINUE

CALL PM(DNURSIPES, TES(EMES+GES,IES e RHES)
RO3T=pHE&®UES

FROS= (RAAT=RA3n) /RG3D

TF(ARR(FRA5YeLTo1+E=03) GO TO 230

CALL FRROR(220:ITESIsDNUISIERNE 1] 1NNLI3BL +FERAS] )
Go To 220

CONT ITNUE

XMUFS=ASIN{] ¢ /EMES)
QLET“(TAN(THY*KMUY)*TAN(THF5+XMUE5)}/2e
YV2T=yY+SL2T# (XV2aXY)
IF(ITZeEQsLeANDSYV2TGToYV2) Bn TO S4>
pZ=YypT=yYVe

IF (ARS(F7),LT,71,F=03)G0 TO 540

IF(DMUC.FQs0e) GO TO 540

CALL FRROR(B+ITZsRATHEZs,1 SRATLIEZL)

a0 To 530

TTAUZY

CONT INUE

NNUE 2 =DNUV *DNUe

caLL PM(DNUEZ,PE2,TE2+EME24GE2UE29RHF2)
THEZ=THT *DNUY=DNUC

THF=THER

RHF=RKHE? % UF=nEp

caLl FIXI(XCIoYCIaTHCIXMUCI XD YD o THD o XMUD o XF o YF 9 THF # XMUF 9 g MF 0
1G6F »

1PF 4 TF , RHF s UF y DNUE2)

SLE=(YV2=YC2) / tXv2=X(C2)

THE=ATAN{SLE)

UFT=Ur2 & RHFT=RHp2

CALL FIx(XC3syC34THCI W XMUC3 4 XCP¥CRe THE 40, o xFToYFTo THE s XMUF TGEMF T,
1GF T,

1PF T TET«RHFTosURTepNUED)

TF(AF,GTLXFT) w0 7O 300

CALL FIX(XF gYF ¢ THF ¢ XMUF g xC2 4 wCR o THE s 0 s XER2 4 ¥E2 s THER2 ¢ XMUE2 yEMEZ
16E2
1PE2s Te2sRHEZ s UR2+ONUE2)

7F=CGFEyZ (xF)

SLFETAN(THF =XM1IF)

rALL GEMIXFeYFsSLFeXc2eYe2sSLEWXELSYEL)

ITE)L =n

CONTINUE

RAT=(YE]I=YC2) Z(YE2=-YC2)

NNUE ) =DNUV+DNUC+ (Lo =RATI #TAUC

CALL PM(DNUE]4PE1,TEL1,EMEL.GELl UE1+RHF1)
THEl=TH] +ONUV=DNUC= (1 ,~RATI 2TAUC

cALL FIX(XC2eYCRITHE s D0 9sXF s YF o THF s XMUF e XEL o YE Lo THE L o XMUELwEME Ly
1G6E1,
1PE1 ¢« TELsRHE1 s UF 1 «DNUED)

TF(ITFlFQel} BO TO 369

ITEl=)

GO Tn 364



TR 188 _ : Page A3-5

369 CONTINUE
60 To 310
300 CONTINUE
CALL FIX(XC29YC2 THE!Q:'XDoYDOTHDcxﬁUn!KEEQYEEITHEE!XMUEEaFMEZ’
1GE?
1PER s TEZ s RHEZ2 s UFE 2 ¢ NNUE2)
SLOE=TAN(THC3+¥yMUC3)
CALL GEM(XU39YC3eSLCE o XC2eYC2vsl EvXELWYEL)
ITFl=0
31 coNTINUE
RAT=(YE1=YC2) /(YE2=-Y(C2)
PDNUE1=DNUC*TAUC+RATHIDNUV=TAUC)H
CALL PM(DNUEL4PET,TEL EMEL GELl,yE1sRHF])
THE] =THI wDNC+TAUC+RATH (NNUV=TAUC)
cALL FIXIXCIeYC3oTHCIaXMUC3oXC2o Y29 THE Do xE1vYEL o THE o XMUELOEMEL
1,GEL,
1PE1*TEL+RHELI2UE 1« DNUEL)
TF(ITFl.eQel) GO TO 3380
ITEL =1
60 T 3R”)
380 CONTINUE
310 CONTIMUE
THE3=THE R
NPNUE n=DNUE2
cal.L PMINNUESWPEISTEIvEME3 s GEIZUEIIRHES)
XMUE3=ASIN(]l . /FMES)
TF(ITaU,NELLY 6O TO 311
XG=XY $ YGEYY % THG=THY $ RHA=RHY $ UasSUY $§ EMGSEMY § XMUG=XMUY
Pg=PFY $ Tg=TY
X5T=4g
60 TO 35a8
311 CcONTIMUFE
THR=THESR
RHG=RHESZ ¥ UG=UEX
CeALL pIX XD YD s THD s XMUD»XVIoY VA THVI o XMUVI s XGaYGe THGY YMUGS MG
1GG,
1PGe TG RHG UG DNUER)
RHGT=RHE2 $ UGT=UE3
cA%L FIX(XCEoYCReTHE g 0o o XV oYV THV I oMUV XGTeYGT s THR s XMUGTIEMGT »
1661,
16T TGTIRHGT e U Ty DNUED)
IF (X6, 6T x6Ty 60 T0 350
3568 CONTIMUE , B
o CALL PIX(XC2eY 2o THE s e s XGoYGoTHG o XMUGSXE3evF 30 THE3 o XMUE3 ¢EME e
16E3s
1PE3 . TF3,RHE3,UF3,NDNUER)
Z2G=GETZ(XG)
IFIYE3R=-LF.YEZ) GDO TO 38¢g
SLE4=TAN (THG 4 xMUGH
CALL AEM(XGoYGsSILE49XCR0YC29SLEoXEGIYES)
TTa=
388 coNTIMUE
RAT= (YE4=YV2) /{YER=YVD)
PNUEL=DNUV+ONUC+ (14 =RATI # {TAURVe T U)
CALL oM (DNUESG ¢PE4 s TEG s EMEG 3 GE4 o yE 4 s RHF &)
THE 4=TH]T $ONUV=DNUC+ (1 o =RATI & (TAURY+TAU)
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359

362

361

350

371

370
360
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CALL FIX(XGoYG,THGeXMUGIXC29YCRoTHE pno 9 XE4 s YE4 s THE4 9 XMUE4 s EME4
lged. .
IPEGy TFG ¢ RHESG yUE G 4 NNUEG )

TF{IT4eFEQel) GND TO 385G

1T4=1

RO T 358

rONT TNUE

IF(ITaU.ERQen} /O TO 340 ;
SELY3P=(YYE=YV3) / (XV2wXV3)

SLB=TAN(THG, XMIIGy

CALL GEMIXVIIYVIsSLVYIAZIXGIYGeS BrXVaryVa)

TTVé=1

YV42AY e BY S (XVE4 XV3) +CVaR (XVa XV #u2

THV4=ATAN BV #oy# (XV4~XVI))

TAURVASTHY 4mTHy3

PRNUVA=DNHV+2.2TAU+TAURVA

CALL pM(DNUY44PV6G,TVE4EMy4,GVE 1IVAsRHYS)

CALL FIX(XVa9YVbo,TB5410,9XV4oVYVhe0eraesXVasYVasTHVAIXMUVLIEMV S
16V 4 PYG TVGyRHVA4 UVA DNUV S,y

YWeTeyGe S {TAN(THGXMUG) « TAN(THY & e XMi1V4) ) # (Xyé=XG)

FRVes  YVaT=YVay/YYP

TFLARG (ERVA) o LT ) ,E~03) GO TO 241

CALL ¢RROR{(36],ITV4sXV4,ERV4, ] 19XV4]l,ERV4Y)

2VasGrTZ 1XVe)

IFIITU4.FQel) a0 TO 361

50 70 362

HNUEG=ONLIV4A

IF(YE3«LE.YEZ) GN TO 460

calLl PM{DNUE4!PE49T£¢!EME4¢GE40UEQoRHEQ)

THE4=THVA '

caLL wlx(xcL;Yc?arwavnpaxvﬁovvaqTHvﬂexMuvéexeﬁ-vrbgrﬁpaaxuu&ko
JFME4 . gES,
1PE4A»TF& e RHE4 s UF 4o DNUES)

a0 Tn 360

CONT TMUE

1T4=g

CALL FIX XD, YD, THD XMUD ,XC2,YCP, THE ; 0, XE3,YE3 THE3  XMUE3,EMET,
16F 3y

1PE3¢TEISRHEZ s UE 34 nNNUE )

IFIYEAoLEYEZ) GN TO 460

SLEG s TAN(THY 3. xMUIVI)

cal L nEM(XU35YV3ySLF49KczvvcﬂicLE9XE4.Y54)

cOMT TalE

DAT=(vE4LYVY2) /(YERAYVD)

DNUEA=DNUVETAYSRATH (DNUC=TALLY

eoll PMIANUESspF L TESFME4 GE4 UEG s RHF®)

THEZanTHT +OMIIVaTAUSRAT A (DNDC,TAUS

CALL FIX(XCPoYCR2sTHE vqasXV3eYVyeTHVI»XMUVIeXFGIYELYTHE4 ¢ XMUEGSEME S
1asTh,

1n§a TESG o OHEA LT 4 (DNUES)

TF(TT4eE0.1160 TO 370

TThmS
an T 37
COMTITMUFR
a0 Tryle
IFIYFa.LF.YER) GO TO 460



TR 188

160

4690
G991
46l

1004

1005

1006

Page A3-7

K2{11=X02 $ X2(2)=XE) $ X2(3)=vr2 & Xp(4)=xXr2 $ X2(5)=XE4
Y2 (6 aXy?

Y211y YCP 8 Y2¢2y=YEL & ¥2(3)=2vF2 $ Y2(4)aYF3 & v2(8)=vEs
Y2(6)=YV2 § EMp (1) =EMEQ ¢ EM2(2)=FME]l $§ EM2(3)=EMEZ § EM2{4)ZEME]
FM2 (R} SEME4 $ FM2(6)=EMES § THP (1)=THFO $ THZ(2)=THF]
THZ () =THEZ % TH2(4)=THE3 § TH2(5)aTHF4 $ TH2(6)=THFS
NNUE (1) =nNUED &« DNUE(2)=pNUEY 3 DNUE (2)=DNUF2 § DNUE (4) =DNUE3
DNUE (%) =pNUE4 § PNUE (6) spNUES

RH2 (1) =RHED $ RH2(2)=RHE1 % RHP(3)=RHe2 § Ru2(4)=RHe3

RM2 (5y=RHE4 § RH2(6) =RHES

U2 (1)=Urpn % U2(2)=UEY $ U2(3)=1F2 8 Uplal=uUra % UR2(5)=UE4
H2 (6)Y=UFS

G2(1)=zCF0 % G272)=6E1l $ G2(3)=0F2 § G214)=6F3 § G2(5)=6E4
G2 (6)=GF5 ,

PPt1Y=PEn $ P2(2)=PE]l § P2(3)=pFE2 § P2lé4)=PFr3 § P2(5)=PE4
P (&) =PESR

T2(l)=TE0 5 T2¢2)=TEl % T2(I)=vF2 $ TP(4)=Tp3 § T12(S)=TE4
T2(6y_TER

TMDEX=0

cONTINUE

NO lea Telsé .

721V 2AZ8X2( 1) %D eBZUX2 () ¢C7

cONTInUE

THS1=1,5707963

TF(XY]eNEeXC]) THSISATAN({YV)=YC1)/ (XV1m=XCY))
THSZ2=aTaAN((YV2YEe2) 7 (XV2=X2Y) )

21Q= ¥ (GETZ(xC1)Y+GET2(xyl))
xMﬁ€§1=RHI*UI*§IM(THS;*THI)/SIM{THS1}%ZIQ*£YV1-Yc1)

THX1= (RHI#UIHUTR*STIN(THS1=THI) #20S(THI) ¢ {PT=pINFI#SIN{THSL) s #Z Q% (¥
lyleyC)) /SIN(THS])

CALL XTH{X2sY24TH2sDNUEsPINF 4 THS24 THX ) e XMASE] o THX)

ISH=D

GO TO 461

CONT TMNUF

TSH=y

WRITE t6eggl)

FORMAT (# YE3,LE,vE2%)

CONTINUE

WRITE(691004) XCPeDNUVIDNUC e TA 1y TAUC: TAURV s TAURE

FORMAT( I2x#yc? SHEl2,4/32X2DNUY BHE12,4/32XeDNUIC  SHEL2, 4/
132X#TaU 241244/ 32X4TAUC =aF12,4/32X#TAURY 2aE12.4/32XaTAURC =
1H*E124a/77)

WRITE (6,1007)
wRITErﬁqIOLOJHOL(l)9XV1;YV192V1;THVI;FMVIobmuu.Pv1.TV1,HoL‘23,xpgq
1YCloZ¢l e THCL sEMCY oDNUCPCLI o TCT o HOL (3) ¢ XA YA, ZA» THASFMAGDNUASP AT A
1oHOL () s XBYYHe7R

1THB G EMBGDNUC PRy TR HOL (5) o XCy ¥ ZCy THCHEMC ,DNUV,,PC, TC ,HOL (6) 9 XD, yD
192D THUsFEMD s

InNUDePDTD? HOL{?lcXVB;YV3eZVEoTHV39£Mu3gnNuV,pv3,TV?,HOL(q;,xcg,yC
1347C3,THC 3

1FMC3, nNuc.PC3.TC3-

IF(XF‘GT,XFT; WRITE (6£,1009)

FORMAT(2aX*¥NO £ POINTH)

TR IXF LEXFT) MRITg(belGIO)HOLfﬂ)9XFvYFvZFsTthgMFcDNHDaPF.TF

TF X6, BT XGT) WRITE(6,1006)

FORSAT(2pXE®NG 6 POINTS)
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TF(XG,LEJXGT) WRITE(H641010IHOL{10) oXGoYGeZG o THGIFMG4DONUDIPRLTG
TFIITAUEQe 1 WRITE (O 1010 HOL (11) s KVE5 YVSoZVEs THVA s EMYS4 e DNUVLPVA
1. TVé
WRITE (6s41013)
1013 pORMAT(/2/)
TF(Isu En,l)y Gon TO 73R4
WRTTE (6 1007)
1007 PORMATILXRPT 44X 0X®LIX¥Y#1IX#ZSAXETHETAGTXEMACHHRXSDNI2DH1 X #P*]1X
12T#/)
wRITE{bqlolo)(HOLF(I),XE(IlqutI}oZE!I)oTH?(I)!EM?(I)ohNUE(I)9
1P2(1)«T2(1)91=196)
1010 FORMAT (1XAZ2,8E12,4)
7384 CONMTINUE
XI=Xvy
calL POLY(AVIovYV1eTHI s XVIeTHYI W XV2oTHYZ o XCT oYl XC2e T2 9XT)
cALL THRUST(XVIoYVIeEMVI o XVIgYVU3IeTHVIZXVZ2rXvaoTAUnNUYeXCleYCl
IEMC] o xC3,¥C3 o XC2avCRsTAUC,DNUC, TTAU G THC L ¢ THY Y, THX)
WRITE (6+99)
WRITE (€499}
60 T0 6000
462 CONTINUE
WRITE (6540992}
992 FORMAT{#THVZ,.L Te0#®)
450 cOMTIMUE
6000 CONTIWUE
5000 cONMTINUE
EFND
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RUSRGUTT E Chan

COoMMONZL, PLYTULIEMLIIGTI ¢TI aHT rlel]

cOMMONZ o/ X Y pehge Yy e XC e YO o XD e Yy

1 THa Y Ty s T I-H,‘l,f:‘i‘fi{\!t_""tjv.. MC gy e RPULL o XMUK § Xatlip o KMl
fOMMDw/(/UNU«sHNstvxLl!le’va-yV19UNnL

T COMENRZBE/PALPR e P aFD s TAZ TR TC TD 2 GA gy E QGC,GDQUAoUBoUC’UU!u‘HAS

S 6u

VRHE ¢ RHG 121l
AOMMN/ s P
YMU Lz, SIN L AT
THA=THL % KHAZzfHI $ UA=i)]
,f‘.‘NU"“,-:l' .
rall FLXIXCLaYoleTHL  oxMUL XWEaYVLIeTHL  (xMUI,
]xl\tyf.vl the xMUASEMAIGAY ' ' ‘
Thhe TheREMgUA IR
'TngTHu“hNUL
Cobl eMIONUC PG THIEMISsGG e s R-R)
FAR =g
Jﬁﬁﬁl-ﬂclmtln/pMRl’
CALL ;LK(xuiafcquHuquUul.Xag?A9THAyXMUA;XngYﬂsTHB-XMUHsﬁqB9GBn
]PH.1A.HHHvUF_UWUC)
THe=Til LAY
(‘ﬁL’l DW(DNUV P(.gTC’E'\.iC’GC’chguc)
”Ll"-"‘
yMUC T GABTIN (L, /FMCT)
PﬂLL le(K“vYA.T“ﬁ-AMU“oKVlnYV}aTHC9XMUClpKC-YCqTHC;XMuCoﬁmCsﬁcg
1 RE (‘!]' QHHLQU\_.QU \H.JJJ
TiE‘“IlJ—UN:.j\,.Q.UNLJL,
CALL oM DNUG s e TD oD o G o U e R1D)D
THp=Tut  *pliuv=pudc
Topll L CAE Y o THRa AMU e XCo YC o THCY XMUC» XD o Y0 o THO 9 XMUD s EMY 9 Gy
1P Ty RugeUiapriting
RE TUR N

TUENTY
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SURRQUTINE THRUSTIXVIaYVIeEMYL 4 XVIoYVIeaTHVIGXV2oXVaeTAUIDNUV

1¥ClovCloFMCLyXC3sv¥C3aXC2y YL TAUCDNUCY ITﬁU.THCIQTHVIgTHX)

COMMON/DA/ AZeRZLC2Z

COMMON /V/ AVepVegV

cOMMDON/P/ PINF

COMMON/SHF/ XSHF s YSHF

cOMMON/POL/ IPRsIPOLY

COMMON/ THRMAX/THRMAX

cOMMON/PMPM/ PMOM

FORMAT (85 13,5)

GETZ (D) =AZ#X54X5+BZ#X54CZ
YLTF=ne

XTH=0,

{MDM:O.

NXm(XYE=XV1)/5n.
ME(XVI=XVII/DAel

PXN= (XVI=XV1)IFLOAT(N)

N:N#l

call. PM(DNUVePA«TAYEMA»GasUARHA)
XA=XV] § YASYV) § ZA=GETZ(XA)
THA=THVY,

CALL FIX(XAsYAyso7BB49000XAsYAInas0s s XA0YASTHAGXMUASEMASGAPASTA,

1RMasUpspMUVY

PAzPAPINF

PYX=Par.PINF

PH=PX P INF

TF(IPReFN.1} GNn TO S0

WRITE(5-110)

FORMAT(///73BX#VEHICLE UNDERSURFACESR/TYW¥ Xt oX#Y# 1o X#2#gX¥P/PINFe

laX#MaprHEgX# IF TR X#THRUST#7X 8MOMENT #)

WRITE (601001 XAsYAsZAsPXeEMALXI_TF s XTH, XMOM

CONTINUE '

NG 1o I=peN

yp=Xa L DXM '

YREYVI+® {(XR=XV1) / (XVI=XV]1)®(YVIa¥YV])

7A=GFTZ (XR!

THR=ATAN((YVI=yYV1)/ (XV3=XV1))

calLl PM(DNUVQPQQTB;EMB’GB,UB,RHS’

CALL EIXIXBsYHee7054900tXBoYRon90e 2 XRYYBITHR I XMUBFMReGRePHTH,

IRHRsUpspNUV)

PR=FR_PINF

PUME (DA+PBI# (Za+78) /4.

nXLF= QUM (XE=yA)
DXTHzRUM#ABS (Ya=VYp)
YRB=(YA+YR) /24 YSHF

¥BR=w ( (XAeXB) /2, =y SHF)
DXMOM==YRBH*DATH«XRB*DXLF
YLIF=xLTF+DXALF

XTHEXTH+nXTH

XMOMz Y MOMeDXMOM

¥xa=XB $ YA=YB & 7A=IB $ PA=PR
FMA=EMB

PX=PALPINF

PX=PX /P INF _
1F(IPPeFN.1) G0 TO 51
WRITEt64100) XAsYALZAGPAGEMAZX| TF ¢ XTH, XMOM
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51 rONTINUE
10 cOMTINMUE
M= (XVoeXY3)} /DXelo
nXN= (XV2axV3) /EL0AT (N)
NN+
no 20 I=zf2eN
¥R=XALDXN
YH=AV+BV*(XBWKV3)+CV*(quxV3)ﬁ&2
7B=6ETZ (xB)
TH8=ATAM<BV+2,&CV%(xs_xv3);
TAURR=THR=THY3
RATR= (XR=XV3)/ (Xy2=XV3)}
TIF(ITAU,FQ.1) RATBs(XBeXy3)/(XVé=XV3)
IF(pATBaGTole} nQTBﬁln
ONUB=RNUY+TAURR 2 . #RATB#TAU
¥1=Xv3 § X2=Xy2
TF{ITAU,EQ.1) x2=xXV4
RATAS ((X1=XC1) ZAR=XC ) =) )/t x1=XCL) /{X2=Xr1)=14)
TE(RATAGE»le) RATAZ1, '
TAUX =8 TAN(RATATAN(TALL) )
ONUR=ANUVs TAURR*2,,#TAUX -
cal.l eMInNUBPa s TRIEMRIGRsURIRIR)
CALL FIX(XBoYBya78549000XBsYpoNes0ssXgsYBrTHRXMUBSEMRoGBsPRITRY
1RHB s Ur e« NNUBY
PR=POLPINF
NUME (DA«PRI®({ZIR+TA) 4o
DXLF= DUM# (Xgexp
NXTHzRUMEABS (Yp=Ya)
YRAT (YAYR) /2 emYSHF
xRB=a ¢ (xbaxB) /2, =x5HF)
DXMOM==YRR¥DXTH+XRR*DXLF
XLIF=wxlL Tr«DXLF
XTHRXTHanKTH:
YMOM=yMOMDAMOM
xazXR § YA=YB § 7a=IB § PA=PR
FMA=EMB
PX=Ppa+PINF
pX=PY /PIuF
IF(IPRENaL) Gn TO 52
WRITE(69100) XAeYAsZASPXyEMA,X) IF o XTH, XMOM
52 CONTINUE
20 CONTINUE
. ¥LVEXLIF
XTHV=y TH
XMOMY = XMOM
WRITFt6+101)
10l FORMAYT (/) _
xa=XC) ¥ YASYC1 % ZA=GETZ (xa)
XLIF=De
XTH=n0,
YMOM=ne :
N2 (XCa=Xel ) /DXel,
NxM= (xC3xCLl) /FLOAT (N)
(L
cALL pM{DNUCePAeTASEMARGAotiaeRMAY
THA=THCL .
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CALL pIX(XAsYA4e7B5440coXAcYArn v 0eoXAeYAsTHASXMUALEMAGAPAYTA,

IRHA A DNUCH

PAZPALPTNF

PX=Pp+PINF

PXEPX/PTNF

IF{Irn«Fn«l) G TOo B3

WRITE (64111)

FORMAT(///50 X% Dt % FTAHXR DX HYH] DR TG XEP/PINF#

1RXSMARHEIX S IF THRXATHRUSTH# T X #MAMENT %)

WRITE (64100) XAsYAsZAGPXyEMAX| TFyXTH XMOM

CONTIUE

nO 3pn I=peN

xa=XpsDXN

YR=YQL+ (XB=XCL1) /7 (XC3=XC1)#(Y¥3.YC1)

7B=GETZ(XB)

THREATAN (LYC3=YC 1)/ (XC3=XC1))

cALL eM{NNUC+PrsTRsEMRIGHIUR+RHR)

CALL FIX(XHBeYBeaTRS490e9XBoYReN,90eeXa9YBrTHRIXMUBIEMgsGRePRITRY

1RHB, URy DNUC)

PR=PR.FPINF
NUME{RA+BR)#(Zne7a) /b,

NXLFsaUM* (Xg=yp)

PXTH=RUM#ABS (YR=YA)

YRB= (YA+YB) /2. uYSHF
NXMOM==YRA*DXTH+XRA*DXLF

XLIF=YLIF+DXLF

XTH2XTH+DXTH

XMOMZYMOMEDXMOM

xa=XR 5 vaz=Y¥Yy % 7p=ZB § PA=PR

FMAzEMB

PYXmPALPINF

pPX=PX /P TNF

TF{IPR.r0.l) GO TO 54

WRITE (65100) XAsvAyZAPXEMA XL TF 4 XTH, XMOM
CcONT INUE

CONT TNUE

N2 (XCr=XC3}/DXe+1a

TF{XEPeENXC3) GO TO 60
DXN=¢xC2aXC3) #FLOAT (N

N=hN+q

nO 40 I=?PsN

xB:_XA‘,DxN ‘

YREYCa* (XR=XC3)/ {XC2~XC3)I ¥ (YC2-YC3)
TR=EGETZ(XB) '

PAT= (¥BaXC3)} / (XCP=XC3)
NMNUB=nNUCeRAT22, 2 TAUC

RATAZ ({XC3=XV])/(XB=XV]) =14) /L IXC3=XV1 )/ (XQp=XV]) =y, !
TAUY=ATAN{RATATAN(TAUC) ) i '
NNUB=nNUC+«2 . #TAUY

CALL eM(NDNUB;PRyTREMB:GR4LIB ,RHA)
THREATAMI(YC2=yC3) A {XC2=XC3))

CALL FIX(XPeYBoo7R5%90vXBoYBon, 90seXResYBoTHRsXMUBIEMRGRIPRsTR,

1RHR st yDNLIB)

PR=PRPINF
NUME (PA+PH)# (Zps7a) /4,
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NDXLF = DIME (XB=xA)
DXTHz/UMEABS (Yr=YA)
YRB= (YA+YB) /2. =YSHF
¥RB=w ( (XA4XB) /2, wxSHF)
DXMOMe=YBR¥DATH XBRY¥DXLF
YL IF=xLIF«DXLF
XTHEXTH+NnXTH
XMOM=YMOM*DIXMOM
XA=XR % YASYB & ZA=ZB % pa=PR
EMA=EMEB
pPX=PA«PINF
pPX=PX/PINF
IF{IPRsEN.L) Ga TO 55
WRITE (641003 XAqYAQZAJPXGEMA XL TFXTH, XMOM
55 CONTTHUE
40 CONTINUE
60 COMTINUE
XTH=XTH+XTHY
XLIF=XLIF+XLY
XMOM= ¥y MOM+ XMOMY
WRITF1604P03) ¥LIF
4203 FORMAT (///20x%707AL LIFT =#E12 4)
WRITE (6¢1008) XTH
1008 FORMAT (/20X THRUST (FROM cOW| AND VEHTCLE UNDERSURFACE) =%p12.4)
WRITE (6,4206) yxMOM
4206 FORMAT (/20X#MOMENT (FROM COWL aAND VEHICLE UNDERSURFACFE) S¥E{2e4)
TF{THYeLTeleE+n9) GO TO 420}
WRITE t644200)
4200 FORMAT(/20x*EXIT PROFILE AND THRUST AND MOMENT (FROM gIDE yALLS) N
10T Caj CULATED . %)
G0 To 4212
4201 IF{THXsGT+0e) 60 TO 4205
WRYITF (69420%) THYX
4204 FORMAT (/20X#THRUST (FROM SIDE wALLS) Z#E12 4}
PMOMY1 =0,
WRITE t6sazll) pMOM]
4211 FORMaT{/P0X*MOMENT (FROM SIDF wallS) =¥%pl2,4)
G0 To 4232
4205 NTHO=THX=XTH
WRITE (6+4204) nTHQR
XTH=THX
PMOM) =PMOM=XMOM
WRITE (6s4211) pMOMI
4212 CONTINUE
C PTHL= (THRMAXeXTH) /THRMAX%100 ,
WRITE (8+1563) oTH| ‘
1563 FORMAT (,40X*PERCENT THRUST 0S5 zaF6.,13)
RETURN .
FMND
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SUBRONTINE XTH(X2,Y2:TH2,DNUEPINFsTHSE
1THX) s XMASS1eTHX)

COMMON/NI/AZIR7 w7

COMMON/ SHF /X SHF s ySHF

COMMODN/PMPM/ PMOM

cOMHMON/DNU3D/pMUID

DIMENGION XNU (R0} 4 X(50)9Y(50) 97 (50) 2EM(50) 4P (S0} TH(5N)sT(50)
PIMENGION ONUE (10) oX2(10)9Y2(1n) 2 TH2(10) #RHN(S0) 1U(50) G (5p)
GETZ (xS)=AZ¥XSaX5+RI#XG+02

THX=0,

TFUA7+B7.,EQe0qs) RETURN

INDE X =0

PO ino I=145

Jiz(1al)as+]

J2=1458

F(l,F@,5) J2=26

no 2o J=JdlrJ2

RAT=F| DAT (Jedl) /FLOAT (U2=J])

xNU (Jy=DNUE (1) JRAT#(DNUE (I+1y=nNUE (1))

X(J =¥2 (1) ¢RATH (X2 (I+ 1) =x2(1))

Y(J)=y2 (1) tRATH{Y2(I¢1)=Y¥2(1))

TH(J =THA (1) oRATE (TH2 (1411 mTH2 Ty

cALL DMIXNUCIY 9P (Y s T I s EMIUY v (U} s ULJ) sRUA (L))

CALL FIXIXCI oy () aaT85430,0x ()oY () 90ar0,sX ()Y ) aTHLJ) 9 XMU
LEMIJ) $G(UY P L) o T LU sRHO () 2Ll ()Y o XNU L 4}

XNU () =pMU3D

2N =pET7 (X))

coMT InUE

cONT 1nUFE

CcOMTINMUE

1=y

FleRHA(TY#U(I)#STNITHS2=TH (1)) /SIN(THE2) #Z (1}
Fl=(RUO(TIRUCTY¥ULTI) *SIN(THS2=TH(T) ) #r0S(TH (I} (P(1)wPINFI®SIN{TH
1521 )45 (1) /SIN{THS2)

W= (RO (I MUCTY #UCTI #SIN(THSp=TH(T) Y #SINITH{T)) ¢ (P (I)=PINF)#COS(TH
15210 87(3)/SIN(THS2)

¥xMASS2=0,

THXZ=pne

PMOM=nN.

PO 150 T=2+26

preRMa (1) RULTI ) #STN(THS2=THITIY) /SINITHS2Y#Z (1)

Fu (RuOITI*U (I *U(I) #SIN(THS2=THII) ) #*rOSITH(IY ) # (P (T} wPINF)*SIN(TH
1521187 {1y /SIN(THS2) _

W RO () UL PULT) #*SIN(THS2=THIT) J4SINITH T} (P(T)=PINF)#COS(TH
16211 %7 (T /SIN(THSD)

THxZ=TH2 ¢ DR (F14F21 8 (Y (I)ey (Tal))

YMASSoSXMASS2+ ,SH(EL+ERI4 (Y (IrvaY (I=1))

pUMI= SH(FL# (Y (T=l)=YSHF ) ¢F2% (v ([)mYSKF)}
DUME:_S%(Wl*(X(I-l)nXSHF)+w2u{u(I)-XSHF))

PMOMzpMOMe (DUMT<NUMZ) # (Y (T) =¥ (1=]))

Fl=F2 3 FlSF2 % WilzW2

CONTINMUF

RATM=XMASS2/XMASS])

EMSERYTM-]

IF (ARS(EMS) LT 1,E=03)50 TO 4625

INDEX=INNEX+}
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TFOINREX,GTe1)0 TO 4625
no 17n I=1926
FMI=FM(EM(T) G 1Y)
FM2=FMl/RATM
ITM=]
EMT=RATM#EM ()

197 cONTINUE
FMT=FMI{FMTyG{IY)
FRM= (FMPLFMT) /FM2
IF (ARS(ERM) LT 1,E=03)G0 To 17y
DUMD =T o /RATM
cal.l pRROR{G6ITMyEMT s ERM4DUMDopMT1sERML)
6O Tn 197

171 cONMTINUE
DUMSSART (G (I) 41, /{G(I)m=1.1))
FTSQ=gQRT (EMTHEMT=l,)
FSR=SoRT(EM(I}sEM(1)=1,) _
ANUZ=nUMSATAN(ETSQ/DUMI »ATAN (ETSQ)
XNULl=pUMSATAN(ESO/DUM) =ATANLESNH)
XNU(Ty=xNY(I) ey N2« XN
CALL PMUXNUCT) qP (T o TUI) yEM(TY sG{I) 2l (I} eRHA(T))

170 cONTINUE
GO To 86

4625 CONTTMUE

THX=THX2/RATM=THX
RETURN
END
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SURRDUTINE FIX(X14Y1sTH], XMU];\?gYEeTHEoXMUQqX3vV3gTH?9XMU3:EM3 G3
1vP39T39RHIUZDNUI)
COMMON/NR/ AZsnrZeCZ
coMMONZDNUBD sDNUAD
TTM=n
99 CONTINUE
SLI=TAN{THI+XM11)
SLESTAN{THZ=XMHIZ)
caLl GEM{X1sYloSL.1eX2eY295L2¢X1,Y3)
1F (X3 ,LT,00) WRITE(64100)
100 FORMAT{# NO X3 POINT IN FIX#)
TF (X3, LT.0e) STOP
RAPD=RHIeUI
200 cONTTNUE
' TF(XA_LT.0e) GO TO 99
T=pZex3ax3vgZaxlecl
RA3D=REEN/Z
nNU3D=ENU3
TTN=]
FRY=,001
10 cONTINUE
CALL PM(NNU3DsP3+T31EM3eGIsUII0OHI)
RO3T=pH3#U3
FRO= (RQ3T.RO3N)y /RA3D
TE(ITNGF«10) FRT=.005%
tF(aas{ERQ)LT.FRT) GO To 20
CALL FRROR(20,1TN,DNU3DERND,], 3,DNU3D1,ER01,
G0 To 1o
20 CONTINUE
XMUR=ASTM{]«/EM3)
8L 1326l1 /24 S4TANITHI s XMUT)
IF (XMl FQ,0,)sk13=SL1
IF(XMIZ.FQe0erSL 23=25L2
CALL AEM(xlyyl,5L130x297205L23,53,v3)
IFtITMaERLL) Gn TO 300
TTM=]
GO T0 200
300 cOMTINUE
RETURwN
END
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QUBPGUTIME.THM(RHIOUIQPIgpINF!YVIQYCI!DYV!XVEOTHRMAXODNUVODNUC!XCE

1)
COMMON/DA/Z/AZIBTZSCZ
Alsyvl=yCl
FisRHT®|T#A)
7o=AZuXV2UXVR2er2uxXVR2+CE
Z5=AZ#XCP¥XC2en7#XC2eCT
A2z (72+725)/2e4DYV
1T=]

HBNUZ (RNUVSDNUC)Y ¥SORT ( (Z22+25) /2,)

cALL PMINNUIP2,T24EM2eG2aUZ 9 RHP)
F2=RHp#y2xA2

FRT=(F2=F1) /F}

IF(ARSIERT) LT, 14E~04) GO TO 2~

cal.l FRROR{99eITypNUPERTeagapnNil9sgRTL)
a0 To 10 .
THIZ(PI~PINFeRHMISUT*UT) #AY

TH2S (P2=PINF +Ry24#U2%U2) ¥ 2
THRMAy=TH2=TH]

FND
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FUNCTTOMN FM{XM, 69

FMaX (L e (b ) /20 XMR82 ) 0db ( (el o) /2, 7(0=),))
TRETUR: o R -

SRS
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SURRAOUT INE [jt',u'[)(;_\,YI\VSL!\,XlﬂeYbQSLB’xCaYC}
A= YR=YA+OL A A=SLndXH) 7 (SLA=SLE)
e YC=Y;\+5L£‘.*(XC"Vﬂ)

RETURN

E R
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SURRNAUTINE ERRNR (191 TesxsERIFr 1 eERL)
tT=1741 '

IF(IT LT, 15) 6o "0 12

WRIT# (0413

pOReir TU#gRHOR TEST NuUmgpEh #)
CRITE (AEU)

FORMOT(TS)

R Al

IFLIT.6T.2) B0 To 14

FR1=¢R

¥ 17X

IF{X,EQ.xl} R Y

Rp TR

¥D2X LR # X=Xy ) /(ER-ERY)
FR1=eR

v1sx

y=yD

RE TUR:
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SUARDH T IRE POLY (XVL1aYVIsTHIaXVIaTHVIexXV2eTHYZ
I)ICIQYC],qKLg_'fH('”HXI)
cOMMON/ZX sl loaldvALIoAZ] 9822 ¢tAZ3IA3L1AIEZVA3T
COMMUN/ZPOLYZ 1PR.TPOLY
SIMENSION A(1g)eY (10)sTH (1)
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