! w
Tﬁ 4 7 1 6 NWL TECHNICAL REPORT TR-2796
&

November 1972

O
.
i
Qo X
=
@\ BODY ALONE AERODYNAMICS OF GUIDED
1 AND UNGUIDED PROJECTILES AT SUBSONIC,

- TRANSONIC AND SUPERSONIC MACH NUMBERS

Frank G. Moore

COUNTED N

%05 U.S. NAVAL WEAPONS LABORATORY

=% ¢~ °  DAHLGREN, VIRGINIA
2

DISTRIBUTION APPROVED FOR PUBLIC RELEASE;
DISTRIBUTION UNLIMITED.




NAVAL WEAPONS LABORATORY
Dahligren, Virginia
22448

R. F. Schnledwind, Capt.,, USN Bernard Smith

Commander Technical Director




NWL Technical Report TR-2796
November 1972

BODY ALONE AERODYNAMICS OF GUIDED
AND UNGUIDED PROJECTILES AT SUBSONIC,

TRANSONIC AND SUPERSONIC MACH NUMBERS

Frank G. Moore

Surface Warfare Department

Distribution approved for public release; distribution unlimited.




FOREWORD

This work was performed in support of the guided projectile
and 5"/54 ammunition improvement programs. In additon to the
above programs, support for this work was provided by the Naval
Ordnance Systems Command under ORDTASK 35A-501/090-1/UF 32-323-505.

This report was reviewed by Mr. D. A. Jones, III, Head of the
Aeroballistics Group, Mr. L. M. Williams, III, Head of the Ballistics
Division and Mr. W, R. Chadwick, Research Aerodynamicist,

Surface Wakfare Dqpartment




ABSTRACT

Several theoretical and empirical methods are combined into a
single computer program to predict lift, drag, and center of
pressure on bodies of revolution at subsonic, transonic, and
supersonic Mach numbers. The body geometries can be quite general
in that pointed, spherically blunt, or truncated noses are allowed
as well as discontinuities in nose shape. Particular emphasis is
placed on methods which yield accuracies of ninety percent or
better for most configurations but yet are comnutationally fast.
Theoretical and experimental results are presented for several
projectiles and a computer program listing is included as an
appendix.
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INTRODUCTION

In the past, designers have relied on wind tunnel and ballistic
range tests to predict static forces and moments on projectiles.
This 1is not only very expensive but also quite time consuming because
of the man hours required in scheduling and performing a test of the
above nature. At most test facilities, there is also a backlog of
work of about three to six months.

It is believed that a large portion of wind tunnel and ballistic
range tests could be eliminated (particularly for preliminary and
intermediate design) if an accurate theoretical method were available
to compute static forces and moments throughout the Mach number
range. More important though, is the practical use of such a method
to the design engineer in determining the configuration which is
the most optimum from a 1ift, drag, and pitching moment standpoint for
his given design goals. Quite often, due to the lack of such a
method or the funds for wind tunnel testing, less than optimum
aerodynamic configurations are used to accomplish a given task,

A typical example is the external shape of the 5'/38 projectile.
According to the work of reference 1, the range of that projectile
could have been increased by more than fifty percent with proper
design.

It is the purpose then of the present work to develop a general
program which can be applied to the body of the guided or unguided
projectile to predict 1lift, drag, pitching moment, and center of
pressure over the Mach number range of current interest, 0 < M, < 3.
The methods used in the development of the program should be -
accurate enough to replace preliminary and intermediate wind tunnel
tests (accuracy of ninety percent or better for most configurations)
but yet should be computationally fast enough so it can be used as
an efficient design tool.

There are many methods available in any particular Mach number
region to compute static forces and moments on various body shapes.
These methods range in complexity from exact numerical to semi-
empirical and the body shapes vary from simple pointed cones to
complex multi-stage launch vehicles. However, attempts at com-
bining the various methods above into an accurate and computationally
fast computer program have been scarce. Saffell, et al? developed
a method for predicting static aerodynamic characteristics for
typical missile configurations with emphasis placed on large angles
of attack. However, the drag was computed by handbook techniques?
and slender body theory was used for the lift and pitching moment.
As a result, limited accuracy for body alone aerodynamics was
obtained using this method.




Another method which computes forces and moments throughout
the Mach number range is the GE "Spinner'' program“ designed
specifically for projectiles. This program, which is based on
empirical correlations as a function of nose length, boattail ¥ &
length, and overall length, gives very good accuracy for most
standard shaped projectiles. However, its use as a design tool
is somewhat limited in that the drag of a given length nose 1is
the same no matter what ogive is present or if there are dis-
continuities present along the nose. The same statement applies
to the boattail since a conical boattail of from 5° to 9° is
assumed no matter what the boattail shape is. Moreover, no
pressures can be computed by the GE program and no attempt has
been made to include nonlinear angle of attack effects,

It is apparent then, from the above discussion, that there 1is

a definite need for an analytical method which can take into
account nose bluntness and ogive shape, discontinuities along

the body surface, asiWell as nonlinear angle of attackneffects .
The method presented herein for accomplishing this taskK relies
heavily on analytical work and to a lesser degree on empirical
data. As such it is believed to be the first such program with
major emphasis on analytical as opposed to empirical procedures.

The body shapes which the program can handle should be general
enough so that most projectile and missile configurations could
be handled 1in detail. This means that the nose may be pointed,
truncated, or blunted with a spherical cap and that the nose may
have two ogives present. For example, on a typical projectile
the fuze has one contour and the ogive between the fuze and
shoulder has a different contour with a discontinuity in between.
The afterbody should consist of a cylinder followed by a boattail
or flare. A typical body shape along with the coordinate systems
used is shown in Figure 1.




ANALYSIS

A. Wave Drag

Wave drag results from the expansion and compression of the air
as it flows over the body surface. Compression of the air is seen
in the form of shock waves which first occur around Mach number 0.7
to 0.9 depending on the body shape. The methods used to calculate
this form of drag differ significantly in transonic and supersonic
flow and thus will be discussed individually below.

Supersonic Flow

There are several methods available for calculating the super-
sonic pressure distribution but only two of these methods hold
promise of meeting our requirements on speed of computation and
accuracy as set forth in the introduction. These methods are the
second order perturbation theory of Van Dyke®’® and the second order
shock expansion theory’ modified for blunt bodies in reference 8.
Since the major portion of the flight of most projectiles is in the
lower supersonic speed regime the perturbation approach is chosen
because it is more accurate than shock expansion theory at these
Mach numbers. However, Van Dyke's theory can only be applied
directly to bodies where the slope is less than the slope of the
free-stream Mach lines. Thus for blunt-nosed configurations, the
perturbation theory is combined with the modified Newtonian Theory
(the means for combining the two will be discussed shortly).

Before discussing the combined perturbation Newtonian approach
a brief discussion of Van Dyke's theory is helpful.

The general first order perturbation problem is: (see reference
9 for the details of the derivation):

TECHENIOAL T [BRARY

BLDG. 305

Opp * ¢p/T + ¢Be/r2 - (M2 -1) pxx = 0 ABERDEEN PROVING @ROUND, yp.
STEAP-TL

¢ (0,r,8) = ¢x (0,7,8) =0 (1)

¢ (x,R,8) + sin a cos 6 = R' [cos a + ¢y (x,R,0)]




where the subscripts indicate partial differentiation. The first
order problem is satisfied exactly by

¢ (x,r,8) = ¢ (X,r) cos a + z (X,r) sin a cos 8 (2)

where the first term corresponds to the axial flow solution and
the second term to the cross flow solution. The first order problem
eq. (1) can then be separated into an axial problem:

"Prr + wr/r - Bh‘\pxx = O

v (0,1) = Yy (0,r) = 0 (3)
br OGR) = R' [1+ 4 (x,R)]
and a cross flow problem:
Lpyp * Cl/T - T/T% - B2 =0
z (0,r) = zy (O,r) =0 (4)




Without going into the details, suffice it to say that the solutions
of eqs. (3) and (4) are found numerically by placing a distribution
of sources and doublets respectively along the x-axis.

Van Dyke then discovered a second order axial solution in terms
of the first order solution y. Further, since disturbances in the
cross flow plane do not affect the pressure as much as disturbances
in the axial flow, Van Dyke reasoned that it would be quite legiti-
mate physically to combine this second order gxial solution with
the first order cross flow solution of Tsien'® to form a hybrid theory.
Once the perturbation velocities yy, Yr (second-order axial), and %y,
and z,. (first-order crossflow) are computed at each point along the
body surface the local velocity components are:

_u _ (cos a) (1 + Yy) + (sin a cos 6) (gy) (5a)
Voo

v _ (cos a) (¥p) + (sin a cos 8) (1 + Ty) (5b)
Veo

W _ - (sin o sin 8) (1 + z/71) " » (5¢)
Ve

The pressure €oefficient at each body station is then:

22 s
C, (x,8) = w2 1+ Xzl M2 o ulttview -1 (6)
d YME " vz !

Finally the force coefficients are:

'3 T

Cy = 2 C. (x,8) rdr  deg dx (7)

A > J. J. p =
™ RE 0 0
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f
Cy = - 2 | Cp (x,8) cos 8 r do dx (8)
7w R2 j
& 0 v0
-2 AT
Cy = 1 } ) Cp (x,8) cos 6 x T d9 dx (9)
™ R3 by A

and the center of pressure in calibers from the nose is

Xep = = Oy / Cn ' (10)

It should be pointed out that in the actual numerical integration of
eqs. (7), (8) and (9) the integration must be carried out in segments
of the body between each discontinuity due to the discontinuous
pressure distribution.

If the nose is pointed, one need go no further. But if the
nose is truncated or is blunted with a spherical cap then some other
method must be used to determine the pressure distribution over the
truncated portion. The method used herein is modified Newtonian
theory!l, Although this theory is derived assuming a very large
Mach number, reasonable values for the pressure coefficient can be
obtained over a portion of the nose even at low supersonic Mach
numbers. The modified Newtonian pressure coefficient is

Ch=C,. sin? & (11)

where § is the angle between a tangent to the local body surface
and the freestream direction and where the stagnation pressure
behind a normal shock is:




Y ¥
y-1

e ) ) o)
Y M 2 2M5 - (y-1)

gro

According to reference 12, if the nose is truncated then the pressure
on the truncated portion is only about ninety percent of the stagnation
value given by eq. (12) so that for a truncated nose:

X X
i R -Y_l Y__l .
Cpg = _2_ ’ 0.9 [ (v+1) M3 ] [ y+1 J -1 (13)
Yy M3 2 2y M3 - (y-1)

If the nose has a spherical cap then it can be shown that:
§ = sin ‘1( sin B cos a - cos B cos O sin a) (14)

where tan B = dr/dx.

Then combining eqs. (11) and (14) one obtains for a spherical nose
cap:
Cp (x,8) = Cp ( sin?g cos?a - sin2o sinB cosB cosf +

cos?B cos?e sinza) (15)

where C

s iy 5
p, 1s given by eq. (12).




The only question that remains now so far as the supersonic
Mach number region is concerned is where does the modified Newtonian
theory end on the body and where does the perturbation theory begin. e
To determine this match point recall that the slope of the body
surface must be less than the Mach angle to apply perturbation
theory, that is T

§ < sin 1(L) (16)

Thus, the upper limit of the perturbation theory is § =sin "1 (1/M) .

Using this relation in eq. (14) and assuming a spherical nose cap
there is obtained for the coordinates of the point below which
Newtonian theory must be applied:

r
r, = n .
u T (\/Mé -1 cos a + sin a)
- oo

(17)

Xy = Iy tan a + 1y (l = 1 )
M, cos «

It is important to note here that if x > x, Newtonian theory may
still be applied but if x < X perturbation theory cannot be
applied.

The limiting angle of eq. (16) corresponding to the coordinates
of eq. (17) is shown in Figure 2 as the upper curve. Note that very
large cone half angles can be computed using the perturbation theory -
at the lower Mach numbers. However, as shown by Van Dyke® the loss ’
in accuracy of perturbation theory increases rapidly as the angle 6
is increased. Realistically, since at an angle of 25° - 30° the v
error is still slight the maximum angle ¢ for which perturbation
theory is applied should not exceed these values. Based on these
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accuracy considerations, the Newtonian theory should be anplied for
§ values outside the solid line boundary of Figure 2 and perturba-
tion theory within the boundary. Now the match point, which for
the present work will be defined as the point where the pressure
coefficients of the Newtonian theory and the perturbation theory
are equal, can be determined as the solution proceeds downstream.
For body stations downstream of the match point, perturbation
pressures are used in the force coefficient calculations of eqs.
(7), (8) and (9) whereas for x values along the surface less than
that at the match point Newtonian pressures must be used.

Transonic Flow

If the flow is transonic, the available theories for the wave
drag calculations are again limited. Here the main limitations
are in body shape because there does not appear to be a theoretical
method available which can handle the blunted nose or the dis-
continuities along the body surface. Wu and Aoyomal!?»1l" have
developed a method which handles tangent-ogive-cylinder-boattail
configurations at zero angle of attack but no general nose geom-
etries can be used as is the case in supersonic flow. Thus the
approach of the present paper will be to calculate the wave drag
for tangent ogive noses of various lengths throughout the transonic
Mach number range and to estimate the wave drag of the more com-
plicated nose geometry based on these results. It is true that
the accuracy here is not consistent with that of the supersonic
work but it appears from the results (as will be discussed later)
that this approach is justified, at least for noses with slight
blunting (rp/rhH < 0.3).

For transonic flow the perturbation equation (1) has an addi-
tional term so that for a = 0, eq. (1) is replaced by:

[1-M2 - (v+1) ¥ 0x | bxx * 0p/T + 0pp = 0 (18)

Eq. (18) is now nonlinear as opposed to the linear eq. (1) used
in supersonic flow. Eq. (18) is again solved numerically'® for
the velocity potential and the pressure and axial force coeffi-
cients calculated by eqs. (6) and (7) for the nose of the nose-
cylinder-boattail configuration. Figure 3 gives the wave drag
obtained by solving eq. (18) for tangent ogive noses of various
lengths throughout the transonic Mach number range. For a given
Mach number and nose length, the axial force coefficient can be

9




obtained from this curve by interpolation. If the pressure
coefficients along the body surface are desired, however, the
general program of Wu and Aoyoma!? must be used.

The pressure coefficient on the boattail at zero angle of
attack in transonic flow!" is given by:

1/2
Cp (X) = - 2 (-0 [_1_ (x; C¥ - 1-M ) (i‘i>2 o
S /(y+1) Mm?'/3 25  (y+1) M2 /3 (y+1) '\1‘_5 ix C

where x, is measured from the shoulder of the boattail and

2 =25 (y+1) M2/3} L 1 -M5 f5S
2 (y+1) M2 4

2/3 4/3 1/2

+ 2 I - M2 )(o dR/dx + (3 drR/dx
Mo2/3 \(v+1) M5/ \ 2 WA+1 Mo VY+1

In addition to the restriction of zero angle of attack, eq. (19)
is to be applied for 1 i.Mm < 1.2 (for M_ > 1.2, afterbody wave
drag is calculated using the previous supersonic theory for the
entire body). For M, < 1, experiment shows that the shock first
occurs on a boattail at M_ ~ 0.95. Accordingly, wave drag will be
assumed to vary linearly from zero at M, = 0.95 to its maximum
value at M, = 1.0 which is calculated using the above equation.

10




B. Skin Friction Drag

The boundary layer will generally be turbulent over about ninety
percent of the projectile body for large caliber projectiles. Since
. the laminar flow region is usually less than ten percent of the
" total surface area, it will be assumed the entire boundary layer is
turbulent. Under this assumption the total or mean skin-friction
coefficient, Cf,» according to Van Driest!® must be obtained from:

0.242 (sin "1 Cy + sin "' C,) = log,, (Ry Cg.)
1 2 510 "N foo
AN Ce 77 (1,/1,) /2 ”

_ (1 + 2n )loglo (Tw/Tm) (20)

2
4

2
where €, = 2A° - B ' C, = B _
(B* + aa?)'/2 ' (B + 4A%) /2
l/ 2
and A =|_(Y-1) M% ; po- L1+ (y-n/2M2
2 TW/TOO Tw/Tm

The variable n of eq. (20) is the power in the power viscosity law:




U
and n for air is 0.76. Eq. (20) assumes a fully developed turbulent

boundary layer with zero pressure gradient and Prandtl number equal
to one.

In order to solve eq. (20) for the mean skin friction coefficient

Cf,» one must have values for Ty/Teos RNm’ and M. The freestreanm
Reynolds number is simply

To relate T,,/Te to the freestream Mach number, assume the wall is
adiabatic. Defining a turbulent recovery factor R by

Rr = Ty -1 2
;" O-D %
then
Y. .
E‘Z’_ = 1+ Rp __1_ \1020 (23)
Thos 2

It has been shown that the recovery factor varies as the cube root
of the Prandtl number (see reference 16) for turbulent flow so that:



Recall that Van Driest's Method assumes a Prandtl number of unity
so if this were used then would also be unity. However, the
actual value of P, =2 0.73 so that the previous assumption of
Prandtl number one can be compensated for somewhat by the above

recovery factor which for P, = 0.73 would be 0.90. Thus eq. (23)
becomes:

Ty/Tew = 1+ 0.9 Y21 M2 (25)
2

Then for a given set of freestream conditions (Mg, Dw, Mo, Vi) ONE
can combine eqs. (22) and (25) with (20) to solve for Cg¢_. The
equation must be solved numerically however, since Cg cannot be
solved for explicitly. A procedure adaptable to equations of this

type is the well known Newton-Raphson method discussed in reference
17.

Once the mean skin friction coefficient has been determined for
a given set of freestream conditions, the viscous axial force
coefficient is simply:

Cp. = C 26
Ap = CEp W (26)

The wetted area S, is the total surface area of the body which can
be integrated numerically given a set of body coordinates.

C. Base Drag

Much theoretical work has been performed to predict base pressure
(references 18 - 22). There is still no satisfactory theory available,
however, and the standard practice has been to use empirical methods.
This is the approach taken here. Figure 4 is a mean curve of experi-
mental data from references 18, 19 and 23 - 29. This data sssumes a
long cylindrical afterbody with fully developed turbulent boundary

13




layer ahead of the base. There could be deviations from this curve
due to low body fineness ratio, boattails, angle of attack, Reynolds
number and surface temperature. Each of these effects will be dis-
cussed below.

The minimum length of most projectiles is about four calibers.
According to references 23 and 29 the base pressure at low super-
sonic Mach numbers is essentially unaffected by changes in body
length if the fineness ratio is greater than four. This is not
true at high supersonic and hypersonic Mach numbers as shown by
Love'® But since the main interest is for M, < 3 the effect of
overall fineness ratio on base pressure can be neglected,

In addition to the above, Love shows that the nose shape has
little effect on base pressure for high fineness ratio bodies.
Thus, for bodies of fineness ratio of four or greater the effect
of nose shape and total length on base pressure can be neglected.

The base pressure is significantly altered by the presence
of a boattail so that this change must be accounted for. Probably
the most simple method to do this is an empirical equation given
by Stoneyze,

Eq. (27) can be used throughout the entire Mach number range where
is the base pressure given by the curve of Figure 4. An alter-

na@ 1ve to this procedure is to find the base pressure as a

function of boattail angle and then the diameter of the base would

be squared instead of cubed as in equation (27). That is

o d \
W = -C! B 28
ABA PBA (d—) (28)
T




where C!  is the base pressure coefficient for a given boattail
angle. This requires knowing CbBA however which is not always

available. Because of this, eq. (27) will be used,

It has been shown in many works?!»>3? that the base pressure
is essentially independent of Reynolds' numbers, RN’ if the boundary
layer ahead of the base is fully developed turbulent flow. A
turbulent boundary layer usually occurs for Ry of 500,000 to 750,000
depending on the roughness of the body surface. The minimum Ry
ahead of the base one would expect to encounter on the present
bodies would be about 1,000,000. Moreover, most projectiles have
various intrusions and protrusions such as on a fuze which tends
to promote boundary layer separation. In view of these practical
considerations, Reynolds number effects on base pressure may safely
be neglected.

The same arguments as the ones above hold for surface tempera-
ture as well. Thus in addition to Reynolds number effects, surface
temperature effects on base pressure need not be accounted for.

The effect of angle of attack on base pressure is to lower the
base pressure and hence to increase the base drag. For bodies
without fins, the amount of this decrease is dependent mainly on
freestream Mach number. If a is given in degrees then an empirical
relation for the change in base pressure coefficient due to angle
of attack is given by

[ACPBA:L = -(.012 - .0036M,) «a (29)

Eq. (29) was derived from a compilation of experimental data pre-
sented in Figures 7 through 15 of reference 23. The base drag
_ coefficient thus becomes, in light of eqs. (27) and (29):

5 ; dp
Ch = -|C. - (.012 - .0036 B 30
ABa [ ppa ~ ¢ ° @)a]( ) Wil

dp




D. Viscous Separation and Rotating Band Drag

Figure 5A is a plot of forebody drag coefficient as a function
of cone half angle from data taken from reference 31. Since the
skin friction drag coefficient is about 0.02 for this case, 1t can
be subtracted from the curve of Figure 5A to yield the pressure
drag coefficient. Note that the freestream Mach number is 0.4,
low enough so that no appreciable compressibility effects occur.

The question therefore arises as to the origin of this type of

drag, since it is not compressibility or skin friction drag. It

is in fact viscous separation drag. For very large cone half angles,
ec, the flow over the cone, instead of remaining attached, separates
due to the very strong adverse pressure gradient and reattaches
downstream. This separation prevents the pressure from decreasing
as much as it would in inviscid flow and produces a drag. Oddly
enough, this phenomenon does not occur on ogives or on spherical
surfaces, apparently due to body curvature effects on the boundary
layer. As a result, one can derive an empirical expression for

this viscous separation drag, where the important parameter is the
angle &* which the nose makes with the shoulder of the afterbody.
Based on Figure 5A this relation is

[

N S* _ °y . A% °
CAvis 012 (8 10°); &* > 10

(31)
= 0; &* < 10°

with &* in degrees and with &* = 8. for a conical nose.

Reference 1 gives the measured effect of a rotating band on drag.
The particular rotating band used in those wind tunnel tests had a
mean height of about 0.024 calibers. An expression which functionalizes

the above results for drag increment due to a rotating band is given
by:

Capy = (ACA) (W)/.01 o




where H is the mean height of the band in calibers and ALA is the
increment in axial force for an H of 0.01 caliber given in Figure
SB. Although the eq. (32) was derived for a particular band, it
checks well with the results of Charters®? for a different band
geometry.

E. Inviscid Lifting Properties

At supersonic Mach numbers the inviscid 1ift, pitching moment,
and center of pressure are calculated using Tsien's first order
cross flow theory which was discussed earlier in conjunction with
Van Dyke's second order axial solution. This method is adequate
for small angles of attack where viscous effects are negligible.

At subsonic and transonic Mach numbers the lifting properties
are more difficult to obtain. For subsonic velocities the 1lift
could be calculated by perturbation theory®? but since projectiles
rarely fly at Mach numbers less than 0.7, a formulation on this
basis was not justified. An alternative would be slender body
theory but the accuracy of this approach is inadequate. In light
of the above reasoning, a semi-empirical method for normal force
characteristics was derived based on nose length, afterbody length,
and boattail shape. This method was then extended through the
transonic Mach number range since the state-of-the-art in transonic
flow does not allow one to handle the general body shapes or flow
conditions.

The total inviscid normal force acting on the body may be
written

CNQ = (LNG)n * (CNu)a + (CNQ)B (33)

where the subscripts n, a, and B stand for nose, afterbody, and
boattail respectively. The first term of eq. (33) can be approxi-
mated by

(CNOL)H = Cl tan §* + Co (34)




where C; and Cp are given in Figure 6 as a function of Mach number.
This relat10nsh1p was determined empirically from the cone results
of Owens®’. It is approximately correct for %, > 1.5, cone blunt-
ness up to 0.5, and M, < 1.2. Note that the angle §* in eq. (34)
is the same as that discussed previously in eq. (31).

The normal force coefficients of the afterbody and boattail can
be obtained from Figures 7 and 8 respectively. Figure 7 was derived
analytlcally in the transonic Mach range from the method of Wu and
Aoyoma*? and in subsonic flow from the experimental data of Spring®*
and Gwin? In the work of Spring and Gwin above, the normal force
of the nose plus afterbody was given but the nose commonent can be
subtracted off by the use of eq. (34). The boattail normal force
coefficient was given by Washington®® but he stated that there was
not enough data available in subsonic and transonic flow. Hence
the data of Washington was supplemented by the 175mm Army prOJectlle
and Improved 5'"/54 Navy projectile®® data to derive the general curve
of Figure 8.

Although slender body theory may not be adequate for predicting
the normal force coefficient it appears to predict the center of
pressure of the nose and boattail 1lift components quite adequately.
According to slender body theory the center of pressure of the
nose is

(Vol)n

(35)
m RI%

(Xep) = 2
cp’ n

and of the boattail




or

=g . (Wol)p (36)

The center of pressure of the afterbody normal force was calculated
analytically by the method of Wu and Aoyoma in transonic flow and
assumed to have the same value in subsonic flow. Figure 9 is a plot
of (x¢p) /&, versus afterbody length measured at the point where

the ai e?bogv begins. Now knowing the individual 1ift components
and their center of pressure locations, one can compute the pitching
moment about the nose as:

Cy = [ (O ) Ceply + Oy ) (xep), + () (xcp)B] (37)

F. Viscous Lifting Properties

Strictly speaking, the previous discussion on inviscid lifting
properties gave LV and Ln at a = 0 only. If a > 0 then there is

a noniinear contrlbutlon to l1ift and hence pitching moment due to

the viscous crossflow of velocity V = V, sin a. Allen and Perkins?®®
list these contributions as:
(AC\)o:. =ncq Sp o? (38)
N’yis P&, S
Tr
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(ACM) 55 = M cdc<§P_>(xp) a? (39)

where n and ¢y are given in Figure 10. Note that the cross flow
drag coefficiefit is here taken to be a function of Mach number only
and the cross flow Reynolds number dependence is not accounted for.
The center of pressure of the entire configuration should then be:

" CM + (ACM) 54 (40)

Cy * (ACN)vis

G. Summary

Figure 11 gives a summary of the various methods used in each
particular Mach number region to compute the static aerodynamics.
As may be seen, major emphasis has been placed on analytical as
opposed to empirical procedures.
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RESULTS AND DISCUSSION

A. Numerical Solutions

A computer program was written in Fortran IV for the CDC 6700
computer to solve the various equations discussed in the analysis
section by numerical means. The various methods used for each
individual equation are the same as those discussed in the refer-
ences pertaining to the particular equation and will not be
repeated here. However, mention should be made of the fact that
the step size used in the hybrid theory of Van Dyke was considerably
smaller than he suggested, particularly for a blunt nosed body or
behind a discontinuity. For example, for the most complicated body
shapes as many as 200 points were placed along the body surface.
Also slight oscillations in the second order solution were found
behind a corner although Van Dyke does not mention these details.

Quite often, it was necessary to evaluate an integral numerically
or to compute the value of a function and its derivative at a given
point. The integration was carried out using Simpson's rule; the .
interpolation and differentiation using a five point Lagrange scheme'’.
Both methods have truncation errors which are consistent with the
accuracy of the governing set of flow field equations.

The computational times depend on how complicated the body
shapes are and the particular Mach number of interest. The longest
computational time for the most general body shape computed was
less than half a minute for one Mach number. For most configurations
the average time is about fifteen seconds per Mach number for My >
1.2 and about five seconds per Mach number for M, « 1.2, This -
assumes of course that a table look-up procedure is used in the
transonic region where the curves of Figure 3 are input as data
sets as opposed to solving the nonlinear partial different:ial
equation (18) for each Mach number. If the aerodynamic coefficients
of a given configuration are desired throughout the entire Mach
number range, an average execution time of two minutes 1is required
for most configurations (ten Mach numbers).

A detailed discussion of the computer program is included as
Appendix A. The various input and output parameters are defined
and a listing of the program along with a sample output are also
included for the reader's convenience.

B. Comparison with Experiment
The only new method presented in the current work is the com-

bined perturbation - Newtonian theory for blunt bodies, It 1is
thus of interest to see how the pressure coefficients along the
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surface compare with experimental data, Figures 12 and 13 present
two typical comparisons at M, = 1.5 and 2.96. The experimental
data is taken from reference 8 which combined modified Newtonian
theory with shock expansion theory to compute forces on blunted
cones, The asymptotes of the pressure coefficient in each of the
planes computed by the method of reference 8 are also indicated
on the figures. As seen in the figures the present theory predicts
the aerodynamics much better than shock expansion theory at M, =
1.5 and is about the same as the shock expansion approach at M, =
2.96, The reason for this is that the basic perturbation theory
was derived assuming shock free flow with entropy changes slight;
hence the theory should be most accurate in the lower supersonic
speed regime. On the other hand, shock expansion theory was
derived assuming a shock present and so one would expect this
method to be better than perturbation theory as M  is increased.
Apparently, the crossover point is around M, = 2.5 to 3.0 so that
for the major portion of the supersonic speed range of interest

in the present analysis, perturbation theory is more accurate.

Another interesting point in Figure 12 is the discontinuity
in slope of the pressure coefficient curve which occurs at the
match point. This is because in the expansion region on the
spherical nose the perturbation pressure decreases much more rapidly
than the Newtonian theory and as a result the overexpansion region,
which occurs at low supersonic Mach numbers, is accounted for quite

well. Note that the match point is different in each plane around
the surface (x = 0.11 to 0.14).

One of the questions which arises in the development of a general
prediction method pertains to accuracy. To answer this question,
force coefficients for several cases were computed embracing
variations in nose bluntness, Mach number, angle of attack,
nose length, and afterbody length. These cases are presented in
Figures 14 through 19 along with experimental data.

The first of these cases (Figure 14) gives the axial force
coefficient, normal force coefficient derivative, and pitching
moment coefficient derivative as a function of nose bluntness for
a simple blunted cone configuration. Note that the axial force
coefficient includes only the wave plus skin friction components
because the base drag was subtracted out of the given set of
experimental data. An important point here is that very good
accuracy is obtained- even for large bluntness ratios. For example,
with bluntness rp/rg = 0.6, the force coefficients are in error by
less than fifteen percent (this is assuming of course there is no
error associated with the experimental data which is not exactly
correct). This tends to verify that a combined perturbation-
Newtonian theory can be used successfully for blunt configurations
even at low supersonic Mach numbers.
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The next two figures, Figures 15 and 16, compare the theoretical
static aerodynamic coefficients with experiment as a function of
Mach number for blunted cones with bluntness ratios of 0.2 and 0.406
respectively. Also included in Figure 15 is the slender body theory.
As seen by the error comparisons at the lower part of Figure 15,
accuracies of better than 90 percent can be obtained throughout
the supersonic Mach number range for the force coefficients. Figure
16 gives the aerodynamic data throughout the Mach number range of
interest. Again the comparison is favorable even though the tran-
sonic wave drag was computed for a tangent ogive having a length
equal to that of the blunted cone. The bluntness causes the tran-
sonic drag rise to start at a lower Mach number and to be less
abrupt than for the pointed tangent ogive.

The third vairable of interest is angle of attack. Faigure 17
presents the results for a tangent ogive cylinder of nose length
six calibers and total length fourteen calibers. Two Mach numbers
are considered M, = 1.5 and M, = 2.5. Again the results are quite
good, except at very large angles of attack.

Figure 18 compares the force coefficients of the present theory
with experiment for a pointed cone of various lengths. Also shown
for comparison with the M, = 1.5 case is the slender body theory.
Although perturbation theory is usually associated with nose slender-
ness ratios of two and greater, it may, nevertheless, be seen that
fair accuracy is obtained for lengths as low as one. This corresponds
to a cone half angle of about twenty-five degrees which is the
limiting angle used in the combined perturbation - Newtonian theory
as shown 1in Figure 2, For the My = 0.5 case eq. (31) 1s used to
calculate the viscous separation drag which is added to the skin
friction drag to get the total forebody drag coefficient. Using this
simple formula, excellent agreement with experimental data is
obtained.

The final variable of interest, afterbody length, is examined
in Figure 19. The nose of the body is a 2.83 caliber tangent
ogive. For zero afterbody length, the theory agrees with experiment
very well. However, as the afterbody length increases the theory
underestimates the afterbody 1ift at the lower supersonic Mach
numbers for short afterbody lengths and at the higher Mach numbers
for long afterbody lengths. This loss in 1ift predicted by the
inviscid theory was also found by Buford*? and he attributed it to
boundary layer displacement effects. Even so, the present theory
is superior to slender body theory which gives zero 1ift due to an
afterbody.

To summarize the previous five figures, one could say 1n general
that accuracies of ninety percent or better can be obtained for force
coefficients of most configurations. However, for extreme cases,
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such as very large nose bluntness or angle of attack, the accuracy
will be decreased and the amount of this decrease can be approxi-
mated from Figures 14 through 19.

The next several figures compare theory with experiment for
several spin stabilized projectiles. Figures 20, 21 and 22 are
Navy projectiles: the 5'"/38 RAP (Rocket Assisted Projectile)“’,
the 5'"/54 projectile "%, and the improved 5'"/54 projectile?®®,
which has a longer nose and boattail than the standard 5'"/54.
Figures 23 and 24 are Army shapes: the 175mm*®7 and 155mm*? projec-
tiles respectively. For the detailed drawings and other aerodynamics
of these shapes the reader is referred to the references cited above.
The theoretical zero lift drag curve of the 5'"/38 RAP projectile
along with three sets of experimental data' and an NWL empirically
derived curve are shown in Figure 20. Note that the experimental
data varies by about thirty percent for M, < 1 and by ten percent
for M, > 1. The theoretical curve tends to support the BRL data
subsonically and the NOL and NWC data supersonically. The numbers
in parenthesis are the factors by which the drag curves must be
multiplied throughout the flight of the projectile to match actual
range firings. The NWL empirical curve is the curve which is
actually used in range predictions due to the failure of experimental
data to predict an adequate drag curve. This empirical curve was
derived from actual range firings. It should be, therefore slightly
high because of yaw induced effects. The important point here is
that for this particular shell, the theory agrees better with
actual range firings than any of the sets of experimental data.

Figures 21 and 22 give the static aerodynamic coefficients for
the 5"/54 RAP and the improved 5'"/54 projectiles. The 5'"/54 RAP
has a nose length of about 2.5 calibers and a boattail of 0.5
calibers whereas the improved round has a 2.75 caliber nose and a
1.0 caliber boattail. Also the 5'"/54 RAP has a rotating band
whereas the other shell does not. For both shells, excellent
agreement with experimental data is obtained for the drag coeffi-
cient throughout the entire Mach number range. Fair agreement is
obtained for normal force coefficient and hence pitching moment
and center of pressure. The comparison for the lifting properties
is Mach number dependent: in the low supersonic region the theory
is consistently about ten percent low on normal force whereas at
high supersonic speeds it compares very well with experiment.
The reason, as already mentioned, is the failure of the inviscid o
theory to predict afterbody 1lift correctly at low supersonic Mach
numbers. At subsonic and transonic Mach numbers, the theory does
about as well as could be expected cansidering that there was a .
considerable amount of empirical work in that region.

24




For boattailed configurations, such as the 5'"/54 RAP and the
Improved 5''/54, it was found necessary to account approximately
for the thick boundary layer on the boattail. This was done by
viewing the unpublished shadow graphs obtained in conjunction
with the work of reference 38. Apparently, a maximum boattail
angle of six degrees can be allowed before boundary layer separa-
tion takes place. In addition, the boundary layer displacement
thickness accounts for another about 1/4 - 1/2 degree decrease in
the effective boattail angle. These two results were used to
determine effective boattail angles on all boattailed configura-
tions. Without this approximate accounting of the boundary layer
effect on the boattail shape, the lifting properties would have
been i1n error by an additional ten percent for boattailed con-
flgurations.

The final two shells, the 175 and 155mm, are considered in
Figures 23 and 24. Again, excellent drag predictions are made by
the theory and good predictions are made for normal force and
center of pressure. Intuitively, one would expect the axial
torce to agree better with experiment than the 1ift because a
second order approach is used in supersonic flow for the axial
forces whereas a first order cross-flow theory is used for the
normal forces.

Figure 25 presents theoretical results for the five-inch
guided projectile. The nose is about sixty percent blunt with
two different ogive sections. The overall length is 10.58
calibers with a 0.66 caliber boattail, 7.24 caliber afterbody
and 2.68 caliber nose. Although no experimental data 1s currently
available for this extreme case, it is expected that the theory
1s accurate to within ten percent on axial force and twenty
percent on lifting properties.




CONCLUSIONS

1. A general method has been developed consisting of several theore-
tical and empirical procedures to calculate 1ift, drag, and pitching
moment on bodies of revolution from Mach number zero to about three
and for angles of attack to about twenty degrees.

2. Comparison of this method with experiment for several configu-
rations indicates that accuracies of ninety percent or better can
be obtained for force coefficients of most configurations. This

| is at a cost of about $30. for ten Mach numbers in the range
| 0 <M, < 3.

3. A second order axial perturbation solution can be combined with
modified Newtonian theory to adequately predict pressures on
general shaped bodies of revolution. This is true for Mach numbers

as low as 1.2 even though Newtonian theory was derived for high
Mach number flow.

4. A first order inviscid crossflow solution is not sufficient to
predict afterbody or boattail 1ift at low supersonic Mach numbers.
However, when account is made for the boundary layer, markedly
improved results for boattail 1ift was obtained.

5. There is still no adequate theory available in transonic flow
which is computationally fast and accurate and can consider blunt
nosed configurations with discontinuities along the ogive. Thus

more research needs to be directed along these lines.
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FIGURE |7 COMPARISON OF THEORY WITH EXPERIMENT
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R}

GLOSSARY

Total axial force coefficient

Axial force coefficient contribution from base pressure
Axial force coefficient contribution from skin friction
Axial force coefficient contribution from rotating band

Axial force coefficient contribution from viscous separation
on nose at subsonic Mach numbers

Axial force coefficient contribution from expansion and
shock waves

Zero lift drag coefficient; CDO = Cp
Crossflow drag coefficient

Mean skin friction coefficient based on freestream Reynolds
number

Pitching moment coefficient about nose unless otherwise
specified (positive nose-up)

Pitching moment coefficient derivative - dCy/da
Normal force coefficient

Normal force coefficient derivative - dCy/da
Pressure coefficient; Cp = (P—Pw)/l/mevm2
Diameter (calibers)

Base diameter

Mean height of rotating band in calibers

Body Length (calibers)

Mach number

Prandtl number

Body Radius (calibers)

dR/dx




S

Reynolds number - (pVR&)/u

Turbulent boundary layer recovery factor

Wetted surface area of body

Planform area of body

Wall temperature

Velocity components in cylindrical coordinate system
Total velocity - V = MuZeview?

Volume of body

Cylindrical coordinates with x along axis of symmetry and
1n calibers

Rectangular coordinates with x along axis of symmetry and
in calibers

Center of pressure in calibers from nose unless otherwise
specified

Distance to centroid of planform area in calibers from nose

Coordinates of point below which perturbation theory cannot
be applied

Distance measured relative to shoulder of boattail

Angle of Attack

Angle between tangent to body surface and axis of symmetry
Ratio of specific heats (y = 1.4)

Angle between a tangent to the body surface and freestream
direction

Angle which the nose makes with the shoulder of the body (degrees)
Velocity potential in cross flow direction

Ratio of drag coefficient of a circular cylinder of finite
length to that of a circular cylinder of infinite length

Cylindrical coordinate measured with © = 0 in leeward plane

A-2




Cone half angle

c
8! Coefficient of absolute viscosity

. p Density
¢ Total velocity potential which is made up of axial and

crossflow velocity potentials

Y Velocity potential for axial flow

SubscriEts

o0 Freestream conditions

a Afterbody

B Boattail

BA Base

n Nose

o} Stagnation

r Reference conditions (reference length is the afterbody

diameter = d,)
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COMPUTER PROGRAM TO DETERMINE PRESSURE DISTRIBUTIONS AND FORCES ON
UNGUIDED PROJECTILES OR TIE BODY ALONE OF THE GUIDED PROJECTILE

The methods described in the report to obtain surface pressures
and force coefficients have been programmed for high-speed digital
computation. The purpose of this appendix is to provide a general
description of the program including a listing of the program and
a sample of the required input and resulting output.

A. DESCRIPTION OF PROGRAM

The program reads in the body geometry with x = 0 as shown in
Figure 1. If the nose is truncated, a conical nose of angle given
by Figure 2 is automatically placed on the truncated portion to
get the perturbation solution started; but the pressure integration
begins at x = 0, which is the location of the first point read in.
If the nose has a spherical cap, then the program automatically
computes this and again the first point read into the computer is
at x = 0. However, the pressure integration begins at x = -r,.

It is suggested that the description of the body be read in to
at least three decimal places if possible because the resulting solution
will not be as accurate as it could be otherwise. For example, if
the ogive has a formula it is suggested a desk calculator be used
to compute the body coordinates as opposed to a slide rule.

Once the coordinates of the body are read in (the various body
geometry options are discussed below), the program then computes
a new set of body coordinates where the flow field solution will
actually be found. These points are unequally spaced along the
body to conserve computational time but are also smaced closely
enough so an accurate solution can be assured. Once the body
geometry has been found, the program checks to see whether the Mach
number is subsonic (Me < 0.8), transonic (0.8 < My < 1.2), or
supersonic (Me > 1.2) and then proceeds to numerically calculate
the force coefficients for that particular Mach number.

B. INPUT DATA CARDS

CARD NUMBER PARAMETERS READ FORMAT
1 M I3
2 AL, DIA, HB, AINF, RHOINF, AMUINF, (4F10.4,2F15.12,
_IPRINT I5)
3 MN  (MN < 16) I3
4 AM (I) 16F5.3
I =1,2,3,..., MN-1, MN
5 N, NSHAPE, N1, N2, N3, NBLUNT NFL, (8I5, 4F10.5)

NN1A, C2, C4, F, RR

B~1




CARD NUMBER PARAMETERS READ FORMAT

6 X(I), R(I) 2F15.10
I=1,2,3,..., N-1, N

N+5

C. DEFINITION OF PARAMETERS
PARAMETER USE
M Specifies number of cases to be run. If M > 1, then

only one data card needs to be included for M but
cards 2 through (N+5) are included for each additional

case
AL Angle of attack (degrees)
DIA Body reference diameter (feet)
HB Mean height of rotating band in calibers
AINF Freestream speed of sound (ft/sec)
RHOINF Freestream density (slugs/ft?)
AMUINF Freestream absolute viscosity (1b-sec/ft?)
IPRINT IPRINT = 1; pressure coefficients are to be printed
2; no pressure coefficients printed
MN Number of Mach numbers where solutions are computed
(MN < 16)
AM(I) Mach number where solution is computed
N Total number of points read in along body surface
(N < 30)




PARAMETER

NSHAPE

N1

N2

N3

NBLUNT

NFL

NN1A

USE
Parameter which describes body shape
1. Pointed Body
NSHAPE = 1; nose only
; nose plus afterbody
; nose with discontinuity in it.
There may or may not be an
afterbody present.
; nose plus afterbody plus boattail
5; nose with discontinuity in it plus
afterbody plus boattail

NN =

2. Blunted or Truncated Nose

NSHAPE = 3; nose with or without discontinuity.
There may or may not be an after-
body present.

S5; same as above except afterbody and
boattail are present,

If NSHAPE = 3 or 5, at least 5 points must be read
in along each of the ogives even if the ogive is a
straight line.

Number of points read in along first ogive

Number of points read in up through the second

ogive (includes first ogive)

N3 = 1; conical boattail

2; ogival boattail (at least 5 points must
be given along boattail if N3 = 2)

NBLUNT = 1; pointed body

2; truncated or spherical cap
NFL = 1; spherical cap
2; truncated nose

NNIA = 1; Blunted nose with no discontinuities
present other than the intersection
of the nose cap with the ogive (N1 = 1
and N2 > §5),

; Blunted nose with a discontinuity in
the ogive so there are two ogives
present (N1 > 5 and N2 > 9).
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PARAMETER USE

C2,C4 Parameters which specify mesh spacing. If nose )
is pointed,C2 = 0.9 and C2 = 20 are nominal values.
For other nose shapes,C2 = ,05 and C4 = 1.0 are

nominal values.

F Constant which determines limiting body slope for
a given Mach number. F < 1.0 with F * 0.95 recom-
mended.
RR Radius of spherical cap or truncated meplat in
calibers.
X(I),R(I) Body coordinates (in calibers) where I < 30.

D. PROGRAM LISTING

The Fortran listing of the source desk currently being used at
the Naval Weapons Laboratory is as follows:




S-1

10

15

20

25

30

35

Lo

L5

&0

PWOGRAM

OO0 0

MATIN TRACE CPC 6600 FTN V3.0-r328 OPT=0 49/12/72 16.20.97.

€0

43

PROGRAM MAIN(CUTPUT ,INPUT,TAPEF=INPUT,TAPE6=0UTPUT)
COMMOM/GEOM/RP (6) 3 X(20)4R(30)4C2y Ny NSHAPE,N1,N?,XB(225),R3(225)
COMMON/GEC1/ REP(225),BETA
COMMON/GEQO2/NN1 g AN2yNN2yNNL y NFLy NBLUNT,NNyNNT, IPRINT, NN1A
COMMON/GEO3/VOVS,AL 3 XMy YM, XINT,YINT,NNIA

COMMON/GEQUL/KyF ySRyRREF

COMMON/DIS2/ SUM1,SUM2,SUM3,SUM4,SUM5,SUME

COMMON/JATL/ T(100),AK(100),AE(1NN),C(225),C1(225),C3
COMMON/DISC/ T,4JKyAI2,SUM,JH,PI

COMMCN/3ASE/CAR,CNB,CM48

COMMCON/3ANC/CAF,CNP,CMF,HA3

COMMON/DIS1/ J1,J3

CO““ON/WAVE/CABL yCNBL yCMBLyCAWyCNW,CMHW

COMMON/VNL/ VOL4CAFyCNF,CMF,?N,DIA,XP,AP,VOLN

COMMON/ICOU/ ICOUNT

OIMENSION AM(20),CN(c0),CM(20),CL(20),CD(20),XCP(20),CNAL(20C),
1CMAL(2C),CAi(ZD),CAFi(?O),CﬂSi(ZU),CQHl(ZE),CAPi(20),ETA(Q),
2ALND(9),AMC(10),CDC(10)

DATACETACI) 31=137)7¢235057 14613464y e€659470y4765/
DATACALOD(I) yI5197) /10920 9bayPoaygBay1249204/

DATACAMC(I) 31=159) /04903y 0b3e5907,48,49,10,1.0L/

DATACCDC(I) 91=199)/102914291¢25)1.259147091e8291e829168y1453/
READ(5,50) M

FORMAT(I3)

M=NUMBER OF CASES T0 BE COMPUTED,

N0 27 MM=1,M

READ(5,43) AL,0IA,HB,AINF,PHOINF,AMUINF, IPRINT

FORMAT (4F10.L42F15,12,15)

AL=ANGLE OF ATTACK(DEG) DIA=REFERENCE OJIAMETER QFF BODY(FT).
AINF,RHOINF,AMUINF AXE THF FREFSTREAM REFERENCE CONDITIONS FOw
SPEED OF SOUND(FT/SEC), DENSITY(SLUGS/FT**3),AND ABSOLUTE
VISCOSITY(LB-SEC/FT**2) RESPECTIVELY AT THE GIVEN ALTITUCE
IPRINT=1 IF FRESSURE COEFFICIFNTS ARE T9 3F PRINTED =2 OTHeRWISS

HR=MZAN HEIGHT CF ROTATING BANC IN CALIBERS, IF NO BAND 22ESENT HB=].

6

~

15

WRITE (F,6) MM, AL,DIA

FORMAT (//4E0Xy*CASE NOu®*yI3,//530X,*ANGLE OF ATTACK =*,F6.2,
1¥DEGS* 310X, *REFERENCE DIAMETER =*%,F6.2,%FT%,//)

WRITE(6,7) AINF,SHOINF,AMUINF

FORMAT (54X, *REFERENCE  CONDITINNS*,//,54X,*SPEED OF SOUND =%,
1F9.3,% FT/SEC*,/,54X,*DENSITY =*,F1047,* SLUGS/FT®%3
2 *y /354Xy, *ABSOLUTE VISCOSITY =*,F15,12,* LB=SEN/FT*%2%,//)
AL=AL/€7.29582

ICOUNT=0

READ(S,50) MN

MN=NUMPEZR OF MACH NUMBERS TO CUMFUTE THE FORCF COEFFICIENTS CF
& PARTICULAR CASE,

PEAG(S,45) (AM(I), I=1,MN)

FORMAT (16FS, 3)

D0 1 J=1,MN

ICOUNT=ICOUNT +1

VOVUS=AM(J)

:’DEF:G.‘:’

PETA=SORT (ABS(VOVS*%2-1,))

IF(RETALLELDE) RETA=(0.5

CALL 5594

PAGE




PROGEAM

65

70

75

it}

80

85

90

95

105

MAIN

10

30
17

18

51

19

~N

52

TRACE CIOC 5600 FTN V3,0-P308 NPT=Q

AM(J)=VOVS

IF(J.GT41) GO TO 17
IF(NL.NEL2) GO TC 17
THEC=ATAN(RP (1))
THETA=THEC*57,29583
WRITE(€,30) THETA

FORMAT (1X,17HCONF HALF ANGLF =,F1n,5,7/)
CONTINUE

VINF=VOVS*AINF
RN=RHOINF*VINF/AMUINF

CALL SKINF

CALL BASEP

CALL RBRAND

IF(AL.LT.0.0001) GO TO 18
IF(VOVS.LT.1.2) CALL NORMFO
IF(VOVS«GE«0.81) GO TO 19
ICT=NN1

IF(NSHAPELEQ.3) ICT=NN2
IF(NSHAPE,EQ.5) ICT=NN2
THE1=ATAN(RBP (ICT))*57,293
IF(THE1.GE.10.) GO TO 51
CAW=0,

GO TO =

CAW=0.012*(THE1-10,)

GO TO 5

IF(VOVS.LT,1.19) GO TO 2

CALL HYBRID

GO To &

CALL TRANS

CA=CAF+CAB+CAK+CAP

CA1(J)=CA

CAF1(J)=CAF

CAB1(J)=CAB

CAW1(J)=CAN

CAP1(J)=CAP

XT=XB(NN) +RR

CALL INTEQD(ALOD,ETA,XT,ETAl,?,?)
AREF=3.14159%RREF**2
AMC1=VOVS*SIN(AL)

CALL INTERP(AMC,CDC,AMC1,CDC1,9,3)
CNV=CDC1*ETAL*AP*AL**¥ 2/AREF
CMV=-ETAL1*CDC1®AF*AL**2%XP/ (ARFF*2,¥RREF)
IF(AL.GT40.0175) GO TO 52
CNv=0,

CMV=0.

CN(J)=CNF +CNB+CNR+CNP+CNV
CM(J)=CMF+CMB+CMW+CMP +CMV
SLOJ)=CN(J)*COS(AL)=CA*SINC(AL)
CD(J)=CN(J)*SIN(AL)+CA*CCS(AL)
IF(ASBS(AL)«LT.P, 2001} GO TO 1
CMAL(J)=CM(J) 7AL
XCP(J)==CM(J)/CN(J)
CNALC(J)Y=CN(J)/ZAL

STONTINUE

WRITF(6,8)

Jars12/s72

16.20.07.
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COALRAM

115

126

L=d

MATN TRALF COT RRIC FTN VZ2,0=P30% OPT=y (9716777 16420.07.
& FOSMAT(//,93X,¥AXIAL FORCE SOMTRIPUTTIONS®,//,1%, *MACH NO&®,1LX,%SK
1IN FRICTION®, 16X ,%1ASE PRESSURL® 313X, *22FSSURE® , 14X, *PPOTRUSTONS®
2y 16X, *TOTAL®, /7)
00 21 L=1,MN
WRITE({B,3) AM L).CnFitL),Cﬁﬁi(L).Qﬂki(_J,CAﬁilg),CAi(L)
‘O”MAT(3X,F6.J,IRX,FS.Q,2QX,FE.Q'17x,F6.u,16x,56.»,17x,f6.u)
CONTINUE
WRITE(B,12)
12 FORMAT(//,56X,*FCRCE COEFFICIENTS®,// 310Xy *MACH NO+*,10X,*CD¥,
110X,'CN',10X,'CL',1GX,‘CH',1GX,‘CNAL‘,10X,'CMQL‘,1UX,’KCP/D'.//)
No 1t L=1,MN
WRITE (Fy13) AN(L),CD(L).CN(L),CL(LJ,CM(L),CNAL(L),CMDL(L),XCF(L)
14 CONTINUE
13 FOQMAT(12¥,FF.K,QX,Fb.h,ax,FB.h,EX,F&.h,6X,F6.3,6X,F6.3,8X,F?.3,
18X43F7.84)
27 CONTINUE

0

w

END

“»
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6-8

w

20

25

SURROUTINT

BASEP TRACK CAC BEAN FTN v3.0-230F QFT=3 20/12/7c

SUBRDUT
TOMRONY/
TOMMAN

InNe NLasre
TOM/RPLE) 3 X {50) )R (Z0) 4023y NSHARE Z N1 yN2,XR(225),R3(22€E)
tC1/ REF(226),B5TA
DOMMON/GEOR/NNT g NNZ 9 NN3y NGy NF Ly WELUNT %Ky NNL s 1 PRINT ) NNL A
COMMGM/GEOT/VCYS )AL g XMy Y My XINT, YTHT ,NNIA
COMMON/GEDL/ KyF yRR yRREF
COMMNON/ASF/ CAB,CHB,CHMB
OIMENSION TCP3ID(20), TXML(2D)
DQTA(TCDT’W(I),T=1,19)/.1201-12‘-,-13?,0135’-1‘02,-15‘#,.209,-219,-221
1,.?13,.211,.191,.173,.157,.1&3,.151,.11»,.10«,.095/
DATA(TXqi(I)yIzlqu)/Uo|-51-7y-5,-Ec7.93’1.0y1l05’1017102,1'37105)
16791484201 ,243,2.5,2.8,3.0/
CAAW=Q,
THIS SUSROUTINE CALCULATES BASE URAG THROUGHOUT THE MACH NUMBER RANGE
NCPRA=0,
CALL INTERP(TXM1,TCP30,VOVS,0P30,19,3)
CD3P = CP3ID¥ (RR(NN)/RREF)*%3
IF(AL.LE.0.017S) GO TQ 3
OCPRA=(,012~.0036*VOVS) *AL*57,295% (RR(NN) /RREF) **3
3 CONTINUE

CAgB= CD3P + DCPBA + CAAW

CNB=0,

cMB=0,

RETURN

END

-

(]

16.26.37,
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0r-9

10

15

20

25

35

40

45

59

SURPNUT INE

BLUNT TRACF

21

14

15

i8

CAC 6AJC FTN V3,0=-P508 OFT=3

SU3ROUTINE BLUNT
fCMMou/u{cv/PP(ﬁ>,X(33),w(?ﬁ),*z,u,NS»ALe,ui,Nz,xﬂtzes),aa(zes)
COMMON/GEOQL1/ REP(225) ,AFTA
FO%VCN/GFO?/Nhl,kNZ,HN?,NhL,NFL,hdLUNT,HN,NNI,IP&INT,NNIA
COMMON/GEO3/VOVS, AL, XM, YM, XINT,YINT ,NNI A
COMMON/GEOL /K ,F yRR,RREF

COMMON/GEOQS/ €3

CALL FDB(X(l),X(i),X(Z),X(B),X(k),x(S),#(l),%(?),R(S),R(&),R(S),
1NRB)

VOV=VOVS
IF(VOVS.LE.1.19) VvOV=1,00N01
AMU=ASIN(1./VOV )*F
IF(DRB.LE.AMU) GO TO 21
AMU=F *DRA

VOVS=1,/SIN (AMU)
3ETA=SORT (ABS(VOVS**2-1,))
J=1

TH1=ATAN(DRR)
RR=R(1)*COS (TH1)
TF(VOVS.GT.2.1) GO TO 14
THET1=27.5/57,29¢
D=TAN(THET1)
IF(D.LT.DRB) D=DRB
THET1=ATAN(D)
XM==RR*SIN(THET1)

YM= RR¥COS(THET1)
XB(1)=XM=YM/TAN(THET1)
GO To 15

YM=RR*BETA/VOVS
XM==-RR/VOVS
XB(1)=RR*¥2/XM

THE =ATAN(YM/ (XM=XR(1)))
THET1=THE*F
XM==RR¥SIN(THET1)

YM= RR®*COS(THET1)
XB(1)=XM=-YM/TAN(THET1)
RP(1)=TAN(THET1)
THE=THET1*57,295
RB(1)=0,.

XA(2)=XM

RB(2)=YM
RAP(1)=TAN(THET1)

R8P (2)=RRBP (1)
Z=SOQRT (1. +0RP¥*2)
XI=~DRPR*RR/Z

RI=RR/Z

XINT=XI

YINT=RI

XIXM=ARS (XI~XM)

NNTA=2

IF(XIXM=,001) 18,184,172
K=1

NN1=2

50 TC 15

F=1h./NOV0 %2

09/712/72

16.20.,07.
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[

n
W

70

RQ

r-q

85

175

1312

-
[N}

i6

13

T ToAgS OO &RRID FTN VI, 0=Psi8 CHT=1  08/1E/72 16420407, PAGE 2
I7(F,eTa7,) £=3,

XA =XF(2) 4, 01790V SFFNRG(Z) $(Trc/in, )% %)

"3 k=3, 150

PR(K)=SORT (RO ¥ 2 aYR(K) ¥ #2)

¥BIK+1)=XE(K) +,01/V0V FECROB(K)RLFIL, LU (THE/ 30, ) #%2
RBPK) ==X (K) /¥R (K)

IF(X3(K+1).GELXI) GC TO 10

CONTINUE

X3 (K+1)=XI
RA(K+1)=R]
RAEP(K+1) =NRA
IF(NN1A,EG.2) GO
NN1=K+1
NN2=NN1+10

K=K+1

XB(K+i)=x1
RB(K+1)=R1
RAP(K+1)=RPP (K)
IF(NFL.EN2) NNI=K+1
IF{RI.GE.RR) GC TO 99
DX=-)(I/5.
DR=(R (1) ~-2I)/s6.,

N0 13 J=1,5%

K=K+1
XB(K+1)=XB{K) +DX
RY(K+1)}=RO(K)+0R
REP(K+1)=0RE
CONTINUE
[FINFL.EQ.2)
IFINFL.EN.?2
IF(NN1A,ER.1)
K=K+1

[y=1

X2 (K+1)r=Xx(1)
RBIK+1)=R (1)
SALL FCDG(X,P,XE(K+1),?RD(Vvi)'ngo)
3ET1=B7T4
IF(RET1.AGT 1)
K=K+d
XPAK41)=XT(¥K)+739RETL*R0(¥)

T0 16

NNT=K+1
NN1=Ke+1
GO 70 39

8FT1=1,

CALL IMTEPE (XyRyX3(Ke1) yRI(K+1) 81, 3)
CRLL FLPS (X, =, XN (K+1) ,23P (K+1),N1,3)
K=K+1

TJ=Idg+1

A=Ty

05=a%C2
RET4=AFTH

IF(AETL1,G6T,1,) RET3=1,

Y3 (K1) =2XB(K) +C5#BFT1¥R3 (K)
IFOUKEL) WGTLX(NL) Y XA(K+1) =X (N1)
CALL INTERF (X, 7, ¥3(K+1),20(<+1) 01, 3)
SBLL FoP8 (g€, W3 (K1), 2P (1) 411, 3)
IO (et ) LT (X () =, 080G~ 70 47
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MR Ters COT O mEUS FTN YT g-RTs 0PT2 )

TTHT TS0
/3'5“/?$(6),>(3C)‘“’73),??,N,hSwADrywl,NZ,XW(EZQ),P?(a?b)
TOMMONZGLPL/ PRP(22E) ,PLTA

COMMON/AGEOU/ PNy MNNZ 3 INZy K g HE L b L UNT g NN HNT y TRATNT 5 NNL A
COMACNANTSN /T, JKyBT2, Sty iy PT

COMMON/DATY Y/ Y(iDD),ﬁKii“D),AF(lﬂﬁ),C(ZZE),Si(Zab},CS

D=ARS (AP (JH) =RAD{ JH=1))

XI=YBLJH) ~PETA*RI(JH)

TAU=BETAYRE(T) /(X3 {1} =X}

IFITAUWS5E.1.) TAU=0,9999990

CALL INTERP(T,AK,TAUyAKX,100,3)

CaLL IMTERP{T,,AE, AU, ASX, 100, 3)

CURWATURE SOLUTICH FOR FI®RST QRICH FUMSTION
THRQZC(JH)’BETQ‘SORT{XB(I)—XI}”Q./K.“SQ?T(?.)/PI‘SQRT(1.+TAU)‘
LTOAEX/TAU-AKX)Y *SQT (BLTA¥R I (JH) )

HALF=0.

IF(D.LT2.0001) GO TO 98

HALF=C (JH)#* 2 J*RETA/PI*5GRT (28 (JH J/FBAIN)¥SORT (2. *TAU/Z (1. +TAUII®
1001+ TEUY /TAURAE X=-AKY)

SUMSSUMTHR 2 +HALF

RPETURN

EHD

B3s12772

16420437,
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SUIPCUTINF [ISN2
’Q““fh/i?““lrP(G),X(%n),?(’1),C?,H,H§FAQC,N1,N",x&(??:).FW(FZE)
COMMON/GEDL/ RPRP(225) ,AETA
COMMON/DATL/ T(130),AK(100),AECL1LD) 47 (225),01(225),03
g COMMON/NISC/T,JUK,A12,SUMy Jky PI !
COMMON/DIS?/ SUM1,SUM2,SUMZ, SUML, SUM5,SUME
C CURVATURE SCLUTICN,
XI=XB(JH) =RETA*RE (JH)
TAU=BFTA®RB(I) / (XB(I) =XI)
10 IF(TAUWSS.14) TAU=0.,9999940
CALL INTERP(T,AK,TAU,AKX,100,32)
CALL INTERF(T,AE,TAU,AEX,100,3)
A=SORT (XB(I)=-X1)
B=SORT (1.+TAU)
15 N=2./PI*SCRT (2. )
A1=C(JH) *SORT (CETA*RB (JH) )
31=SQRT( (1, +TAU)*RB(I)/(TAU*RB(JH)))
SUMi=SUM1-A1 FAFXL . 5FL. /G *D*B¥ ((3.4TAU) *AKX=-4 4 *AEX)
SUM2=SUM2-A1 ¥A¥2 ,FD¥B¥ (AKX=-AEX)
20 SUM3=SUM3+A1 *BETA*A*2,/5,%D*B* (AFX/TAU-AKX)
SUML=SUML-A1 /P¥D*¥AKX/B
SUMB=SUM5+A1 ¥EETA/A®D/B* ((1.4TAU) /TAU*AEX~AKX)
SUMB=SUMB=A1 FRETA®¥2/A®D/B* (2% (14 +TAU) /TAU** 2% AEX=- (2. ~=TAU) /
1TAU*AKX) /3,
25 E=ABS (RBP(JH) =RBF (JH=1))
IF(E.LT.0.,0001) GO TN 99
c CORNER SOLUTION
Ae:ﬁ!#z
F=SQRT (W (JH) /RB(I))/PI
30 G=SQRT(2.*TAU) /R
IF(TAULGT.0.99Q) GO TO 2
H=1./(1.-TAU)
2 H1=C(JKH)
SUML = SUMI=H1%GL *A2¥F*B*%22G¥ (AKX~AEX)
35 SumMz SUM2=H1%2 ,¥F¥G* AKX
SUM3 = SUM3+H1%2 ¥BETA¥F¥G* (B¥¥ 2% AEX/TAU~AKX)
[F(TAU.LT.0.999) GO TO 1
SUML=SUML+HL/ (8. *BETA*23 (JKH))
SUMS=SUME 43, ¥KH1/ (8.%R2(JH) ) i

pi=-9

Lo SUMB=SUME~7 . *BFETA¥H1/ (B, %F (JH))
G0 TOo 2913 ‘
1 SUM4 = SUML+HI¥F/A2¥R*G* (AKX=AEX)
SUMs = SUMS+H1*BETA®F /A2 *H*G* (AEX/TAU=AKX)
SUMB = SUM&-Hl'BETA"Z/Ac'F'H'u'((2.-TKU"?)/TAU"Z'A;X-(Z.-TAU)
45 1/TAU*AKX)

99 RETURN
ZND
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SURRCGUTING [Ie07%
CONVUN/GEO”/QF(6),X(SU),9(ZQ),ﬁZ,N,NSHAHF,Ni,NZ,XB(ZES},QB(ZZS)
COMMON/GECTL/ PBP(225) 4BETA
COMMON/ORTL/ T(L00),AK(1L0) s AE(LLG) 4C(225),C1(2251,C3
COMMON/DISC/I,JKyA12,SUM, JH,FT
D=A8S (RIP (JH) =RRF (JH=1))
XI=XB(JHI =2ETA®R3 (JKH)
TAU=BETA*RR(I) /(X (1) -XI)
IF(TAU.GEL1.) TAU=0,9998999
10 CALL INTERP(T4AK,TAU,AKX 1G], 3}

CALL INTERP(T,AE,TAU,AEX,100, 3}

e CURVATURE SOLUTICN FOR COMPLIMENTARY FUNCTION

A=SOPT 2. *TAU*RI(JHI/ (RBIII X (1. +TAU) )

B8=CL(JHI *RETA/FI*SCRT (BETAYRE (JH))
15 SUM=SUME2 ¥ BETA®CL (UH) /PT*A% ((1,+TAU) FTAU*SAEX= AKX)

IF(D.LELD.COO1) GO TN 99

c CORNER SOLUTICN FOR COMPLIMENTARY FUNCTION

31=~C3*¥3ETA/P]

IF(TAU.GT.0.995) GO TO 1
20 . SUMI=R*SOTIXB(I)=XI) ¥4, /3. %SQ2T (2.5 (1, +TAU) ) S (AEX/TAU-AKX)

SUM2=81/ (XB (1) -XI)*A/ (1. ~TAUY * (AT X/ TAU-AKX)

GO T 2

1 SuMi=10.

SUM2==3,%C3 /(8,%-3(1)}

25 2 SUM=SUM+SUML+SUM2
99 RETURN
END

51
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0ISCa TRACT ' CJC Holu FIN V3.u=RP306 OPT=0 §9/12/7¢

SURPAUTINE NISrs
CQW“DN/G:CM/~D(6),X(§J),%(SG),CZ,N,NSFJQE,NI,N?,Xq(Zzg)yQB(225)
COMMNN/GEQL1/ PBP(225) ,3ETA

COMMON/DAT1/ T(130),4K(101),AE(100),C(225),C1(225),C3
COMMON/ZDISC/I,JUK,ATI2,SUM,JHK,PI
COMMON/DIS2/SUM1,SUM2 ,SUM3, SUMe, SUM5,SUMB
CURVATURE SOLUTICN

XI=XR(JH) -BETA®RE(JH)

TAU=BETA®*RB (1) /(XB(I)=XI)

IF(TAU.GE.1.) TAU=0.3393990

CALL INTERP(T,AK,TAU,AKX,100,2

CALL INTERP(T,AE,TAU,AEX,100,3)

A=SORT (XB(I)=XI)

A=SNRPT(1.+TAU)

N=2.%%1.5/P1

E=ABS (RBP (JH) =RBP{JH~-1))
F=SQRT (W (JH) /RB (1)) /PI

G=SQORT (2.%*TAU) /8

A2=A%*?2

H1=C1 (JUH) *F*G

SUM1=SUM1-H1%L ,*A2*R* *¥2% (AKX ~-Af X)
SUM2=SUM2-H1%#2,*AKX
SUM3=SUM3+H1*¥2 . *BETA® (B**2¥AEX/TAU-AKX)
IF(E.LT.0.,0001) GO TO 2

CORNER SOLUTICN

H2=C1 (JH) *D*B*SQART (BETA*RI (JH))
SUMLI=SUM1~H2¥A**1,5%4,/9.% ((3,+TAU) *AKX~L,*AEX)
SUM2=SUM2=-H2*A*2 ,* (AKX-AEX)
SUM3=SUM3+H2*¥BETA*A*2,/3.* (AEX/TAU-AKX)

SUM1=SUM1+4C3 #2.¥*G¥FRAKX
IF(TAU.LT.0.9395) GC TO 1
SuUM2=SuUM2-C3 /(B8.#*BETA*RB(JH))
SUM3=SUM3~2,%C3 /(84%RB (JK))

GO TO 2

H=1./(1.-TAU)

SUM2=SUM2=-C3 /A2*F*H¥G* (AKX=AE X)
SUM3=SUM3-C3 *BFETA/A2*F*H*G* (AEX/TAU-AKX)
CONTINUE

RETURN

END

16.20.07.
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SUBPQUTINE FL* (Kg X1y X2y X2y Xh yXE 3 F 1,7 2,F7,FU,FE,FX) Q 1
A1=(X=X4) B(X=XE)¥ (s BA-XZ2=X2) 4 (X=X2)¥(X=X3}®(2, FX=X4=X5)

A2=(X=X4) *(X~XG)*(2, EX-XLI=¥3)+(X=X1) ¥ (X=X2)* (2, PX=Xu=X5)

A3=(X-"X4) *F(X-X)* (2. FA=X1=X2) +(X=X1)* (X=X2)¥ (2. *X=X4=~X5) Q

5 ALz (X=X3)#(X=XE)R(2y *X=X1=XZ}4 (X=X1)R(X=X2)%(2. *X=X3<X5)
A5z (X=X3) ®*(X=XL)*(2, EX=X1=X2) + (X=X1)*(X=X2)* (2. EX~X3I~X&) Q
D12 (X1-X2)* (X1=X3)* (X1=X&) ¥ (X1-XE) c 7
D22 (X2=X1)* (X2=X2)* (X2-XL) ® (X2=XF) 0 8
D3=(X3=X1)®F (XT=X2)?*(X2=Xu)*(X3=~XE) a E]

10 Da=(X4=X1)® (Kk-X2) % (Xt=X3)® (X4=X5) 010
DSz (X5=X1)*(X5=X2)#(X5=-X3) *{XE=XL) G 11
C1=A1/D1 a 12
C2=A2/02 e 13
C2Zz=A3/N3 2 1

15 Ci4=AL/ D4 Q 15
C5=A&/05 ¢ 16
FX=C1%F14C2*F24C3%F3+CL*FL+CE*F5 a 17
RETURN a 1w
END Q 19-

-=]
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SUBPNUTINFG FOESLTX,TY,X RAELIER
ODIMENSTON TX(30),TY(ZM)
I=n
1 I=I+1
5 IFATX(I) s LE X ) GC TO 1
K=442

IF(ILLF.K) I=K

IF{IGT. (N=2)) I=N=2

CALL FOD5 (X pTXAT=2) g TX(T=1) y TXCI) g TX(T 41D, TXCI42) 4 TY(I=2),TY(I=1)
10 1Y, TYCI) g TY(I+1) ,TY(I42),Y )

RETURN

END
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SUPRUUTINT GFCM
CC”“JW/JFC“/“FIE),X<?U),?(HJ),”2,W,wirlﬂ?,M:,VZ,Yﬂ(225),Jﬁ(229)
COMMNON/GEQL/ R3F(225),RETA
"OH“ﬂN/GFCZ/Mxi,NM?,NNj,hNh,NFL,N:;LNT.HN,JN[.Ip’xNT,Nllﬂ
CQM“SN/GEC3/VCVS,QL,XP,Y”,YIN]yYINT,N’Iﬁ
COMMON/GEOQL/K 4F QR ,RRFF
COMMON/GEQS/ C3
COMMON/ICOU/ ICOQUNT
COMMCN/LEMG/RL ,ANL,ALA
IF(ICOUNT.GT.1) GO TO 3%
READ(5,1) NyNSHAFE,N1,N2,N3,NSLUNT ,NFLyNN1A,C2,ClyF,23
FORMAT(BIS,4F10,.5)
C3=C2/Cu
= TOTAL MUMRER CF FOINTS READ IN ALONG E2O0Y.
NSHAPE IS A PARAMETER WHICH DESCPIRES THE B0DY SHAPC.
NN1=NUMRER CF GRID POINTS COMPUTED ALONG FIRST OGIVE?NNZ ALONG 2ND
PORTICN CF BCCY? NN3 ALCNG THIRC PORTION AND NN+ ALONG 4LTH SLGMENT,
MAXUMUM OF &4 SEGMENTS ALLOKABLE,
N3=1 FCR CONICAL BOATTAIL,=? FOR OGIVAL 20ATTAIL. IF OGIVAL BOATTAIL
IS PRESENT THEN AT LEAST 5 POINTS MUST 3€ GIVFN ALONG ROATTAIL.
C2 IS A FACTCR WHICH DETERMINES STEP SIZE IN X DIRECTION.

POINTEC BODY

BLUNT=1
C2=0.9 AND Cu4= 20. ARE NOMINAL VALUES FOR THESE PARAMETERS.
NSHAPE=1? NOSE ONLY.
NSHAPE=2? NOSE PLUS AFTERBODY.
NSHAPE=3? NOSE WITH A DISCONTINUITY IN IT, THERE MAY 0 MAY NOT 3E
AN AFTERPODY PRFSCNT,.
NSHAPE =47 NOSE PLUS AFTERRODY PLUS BOATAIL,
NSHAPE £? NOS® WITH DISCONTINUITY IN IT PLUS AFTERBODY PLUS BOATAIL.
N1=NUMAE? OF POINTS ALCNG FIRST OGIVE?N2 = NUMBRER OF POINTS THROJGH
SFCOND OGIVE INCLUNING FIRST OGIVE.
IF NSHA®PE = 2 CR S , AT LEAST FIVE POINTS MUST 8t READ IN ALONG
EACH OF THE OGIVES, EVEN IF THE OGIVE IS A STRAIGHT LINE.

SLUNTFD BOQY

NBLUNT=2
C2=.05 AMD Cb= 1,0 ARE NOMINAL VALUES FCR THESE PARAMETERS.
NFL=1 FNr SPHEFICAL CAP? NF_=2 FNR TRUNCATED NOSE.
WHEN THE B00Y TS PLUNTFEN NSHAPE MUST 3k SITHFR 3 OR 5.
NSHAPE = 3 ,MN1A=17? BLUNTED NOSE WITH NC DISCONTINUITIES OTHER THAN THE
INTERSECTICMN OF THE CAP AITH OGIVE.
NSHAPE=Z, NNiA=2? BLUNTEN NOSE WITH A UISCONTINUITY IN THE OGIVE SO THERE
ARE 2 OGIVES FRESENT.,
NSHAPE=E&,NN1A=17 SAME A3 A3ICVE FXCFET FOATTAIL PRESENT.
MSHAPL =6y NN1A =27 SAMC AS APOVE EXCERPT ROATTAIL P2ESENT.
IF MN1A =1 4, THEN N1=1 ANU N24GFaf? 1F AM1IA=2, THEN N1,GFe5 AND N2« G:oOQ
R = RAUINS OF SFrRERICAL CAS TN CALIAFHES(C® TRUNCATED PORTION) .
lJy=1
IF(ICOUNT«5Te1) LU TO 32
WRITE(f 43L)
FORMAT(2LX,¥70NY COOSDINATES*y// 326X, %X ¥ 411X y*R*,/)
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70

75

f5

30

95

1119

N N

510

508
509

505
50h

5nz2

TRACTE car
NO 2 I=1,4N
REAN(543) X(T),R(I)
WRITZ(Fy33) X (I),4=(I)
FORMAT(20X,2F1244)
CONTINUE
FORMAT (2F15.10)
IF(NBLUNT.FQ.2) CALL BLUNT
IF (NBLUNT.EQ.2) GO TO 5
X8(1)=x(1)
RA(1)=R(1)
ITF(N1.NE,2) GO TO &
IF(NN1A.EQ.2) GO TD &
nn 508 I=2,5
RP(IN=(R(T)=R(1))/(X(I)=X(1))
TA=RP (I)
TABE=SETA*TA
IF(TABE.LT.0.94) GO TC 509
CONTINUE
XB(2)=X(I)
RA(2)=R(I)
RP(1)=PP(I)
NN1=2
K=1
RBP (1) =3P (1)
RBP(2)=RBP(1)
GO To &
D0 6 J=1,5
L=1
CALL FDPS(X,R,X(J)yRP(J)yN2,L)
CONTINUE
TA=RP (1)
TABE=RETA*TA
RBP(1)=TA
IF(N1,EN.2) GO TC 510
IF(TABE.LT..94) GO TO 503
Do 505 1=1,5
TARE=RETA*RP(I)
IF(TABE,LE.0.3%) GO TO 506
CONTINUE
XR(2)=X(I)
R8(2)=R(I)
RBP(2)=RP(I)
RP(1)=FP(I)
RB(1) =0,
2aP(1)=RP(1)
XR(1)=X3(2)=PB(2)/RP(1)
XB(3)=XB8(2)+0.01
JJ=3
JK=?
GO TO f07

CALL FUSHIX(1) g X (1) g X(2) 43X (3) 3 X (&) yX(5)y20(1)4RP(2),4,RP(3),RF (L),
1RF (5) 4FRPF)

RHAR=ACS ((1+FP (1) *¥2) ¥*1 ,E/RPF)
XR(2)=(.,025*NHCB/BETA**1,5 +XB8(1)
JJd=2
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129

1469

1L5

189
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Q

? /—_Jll,.'_ﬁ
ALL IhTfQC(V,-,ii(K),Vﬁ(&),JU,j)
CALL FRRG{X,0,XB(K)4RAP(K) yJU,J}
JZT1=RLTA

TF{ECT1,5T.14) 3FT =1,
X3(K+L)=XE(K) +RTTI®(RB(K) =~ (4n) ) *02
IF (X2 (K+1)«GF.X(NL)) GO TO 8
SONTINUZ

X3+ 1=X{N1)

RA(K+1)=R(N1)

NMNi=K4+1

NHN2=HN1+19

SALL FNPS (X% X J(K+1) yR3P(K+1) 34Uy J}
GO TO(2y17,11,12,11) ,NSRAFF
NN=NM1

ANL=X13 (NN)

IL=0,

ALA=0.

G0 TO 29

X3(K+2)=X(N1)

RR(K+2)=R (N1}

RAP(K+2) =0,

3TT1=RFTA

[F(3CT1,6T.1.0) 2ET1=1,
XB(K+2)=(7 PACTLI*RU (K42) +X3(K+2)
2R(K+3T)=RB(K+2)

R2BP (K +3)=0.

K=K+1

Tui=TJ+1

£=TJ

ro=A®C?

}1TT1=7cT2

Jus=

TE(NNLIRLEL, 2] su=Ne
1=1

B

IF (e 1ed) BET1=1.

it (K+ CETLI¥RB(K+2) + XA (£+2)
22 (K47 K2

292K

[Fix® ToX{N)) G0 TC 14

YK+
3K+ 2
NM=v 47

R EEL A

ANL=X? (MN1)

aA=0,
ALA=XB (N = XD (NNT)
HHR=MMN e 10

53 TO €7

YOIV )X )
ALK Y= (N

- nr4
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IF(PFT1,G57.1.0) fET1=1,
XB(K+2)=XB(K+2)+C3 *BET1*RB(K+2)
CALL INTERP(XsRyXB(K+3),RR(K+3),N2,3)
caLL FDDS(X,R,XP(K03),RBF(K+3),N2,J)
179 15 K=K+1
TJ=TJ+1
A=TJ
C5=A%C2
RET1=8FTA
17% IF(BET1.6T41.,0) BET1=1,
XB(K+3)=XB(K+2)+CS*BET1*RB(K+?2)
IF{XB(K4+3)4GE4X(N2)) XB(K+2)=X(N2)
CALL INTEPP(X,R;XB(K*J),RB(K&}).N2,3)
CALL FCPS(X,R,XB(K+3),RBP(K*3),N2,J)
180 IF(XR(K+43)sLT.(X(N2)-.0001)) GO TO 15
IJ=1
XB(K+3)=X(N2)
RB(K+3)=R(N2)
NN2=K+3
185 ANL=XB(NN2) +RR
IF(NFL,EQ.2) ANL=XB(NN2)
BL=0,
ALA=0,
CALL FCPS(X,Q,XB(K43),RBP(K*3),N2,J)
190 IF(XB(K+3)«LT4(X(N)=,0001)) GO TO 30
NN=K+3
NN3=K+2
GO TO 99
30 RBP(K+L)=0,
195 XB(K+4)=XB(K+3)
RB(K+L)=RA(K+3)
BET1=BETA
IF(BET1.6T+1.0) PET1=1.
XB(K+5)=C3 ¥BET1¥RB (K+L4) +XB(K+L)
200 XB(K+45)=C3/100.,*BET1*RB(K+4) +XB(K+4)
RB{K+5)=RB(K+L4)
RAP (K+5) =0,
16 K=K+1
TJ=1J+1
205 A=TJ
CS5=A*C3
BET1=8FTA
/ IF(BET1.6T.1.0) BET1=1,
XB(K+5)=CS5*BFT1*RB(K+4) +XR (K +4)
210 RB(K+5)=RB(K+4)
4 RBP(K+5)=0.
IF(XB(K+5).LT.X(N2+1)) GO TO 16
XR(K+5)=X(N2+1)
‘ RR(K+5)=R(N2+1)
215 NN3=K+FE
ALA=XB (NN3) -XB (NN2)
’ IF(NSHAPZ ,EQ.5) GO TO 13
NN=K+5
G0 TO <9
’ 220 12 X2(K+2)=X (N1)

zz-d
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Ui

RA(K+2)=R(N1)
RBP(X+2)=0.
ANL=XP(NN1)
AET1=1{TA
225 IF(RET1.6T,1.0) TET1=1,
X8 (K+3)=C2Z2 FRET1¥RI(K+2) +X0O(K+2)
XBIK+2)=02/100¥PETI¥RA(K+2) +XEB(K+2)
RB(K+3)=RB(K+2)
*BP(K+3) =0,
220 17 K=Kt
IJ=IJ+1
A=TJ
CS=A*C3
BET1=BETA
235 IF(BET1.GT.1.0) RET1=1.
XB(K+3)=XB(K+2)+C5*BET1*RB(K+2)
RBIK+3)=RB(K+2)
RBP(K+3) =0,
TF(XB(K+3).LT.X(N1+1)) GO YO 17
240 XBIK+23)=X(N1+1)
RB(K+3)=R(N1+1)
NN2=K+3
ALA=XB (NN2)~XR(NN1)
Td=1
2u5 XB(K+4)=XB(K+3)
RBIK+4)=RB(K+2)
RBP (K+4) =RBP (K+3)

£Z-1

3ET1=BETA
IF(BET1.6T.41.0) BET1=1,
250 XB(K+5)=XB(K+L)+(C3 *BET1*RB (K+4)

IFIN3.EQ.2) GO T0 20
IF(ICOUNT.GT.1) GO TO 517
SLOPE=(R(N)=RB{K+4))/ (X(N)=XB(K+4)) +1./57,293
IF(SLOFE«LY+~0.0872) SLOPE==,N872
255 RIN)=SLOPFE* (X (N)=XB(K+4)) +RB (K+4)
517 RB(K+5)I=RA(K+L) +SLOPE* (XB (K+5) -XB(NN2))
REP(K+L) =SLOPE
R3P(K+E) =SLOPE
GO Y0 21
260 20 CALL INTERS(XP(K45) ,X (N=L&) 3 X(N=3),X(N=2) ,X(N=1),X(N),R{N=4),
1RAN=3) 3R (N=2) yR(N=1),R(N) yRB(K+5))
DALL FOS(XP(K+5) 3 X (N=L) gy X (N=3) 3 X (N=2) , X(N=1) yX (N} ,R(N=L) ,R(N=3),
IR(N=2) yRIN=1) yRIN) 4RBF(K+5))
21 IF(XB(K+5) LT X(N))Y GO YO 18
265 XBIK+S) =X (N)
RB(K+5)=2 (M)
NN3=K+5
BL=XB(NN3)=-XR(NN?)
NN=K+5
271N 50 TO 29
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IF(BET1.6T.1.0) 2ET1=1,
X3(K+5)=XB(K+4)+C5*RET{*R3 (K+L)
IF(N3,EN.2) GO T0 22
Rq(K05)=RB(NN2)*SLCF?‘(XG(KOS)-X"(NNZ))
RBP(K+%) =SLOPE
G0 To 23
22 CALL INTERS(XE(K+5) 4X (N=4) p X(N=3) 3 X(N=2) yX(N=1) y X (N) yR(N=4) ,
1Q(N-3),Q(N-2);?(N-i),R(N),PB(K&S))
CALL FDS(XB(K*S),X(N-k),x(N-}).K(N-Z).X(N-1),X(N),R(N-h),R(N-3),
1R(N=2) yR(N=1) 3R (N) yRBP (K+5))
23 IF(XB(K+5).LT.X(N)) GO TO 18
XB(K+5)=X(N)
RB(K+8)=R (N)
NN3=K+E
NN=K+5
BL=XB (NN3)=XB(NN2)
GO TO 99
13 XB(K+6)=XB(K+5)
RB(K+6)=RR(K+5)
I1U=1
BET1=BETA
IF(BET1.6T+1.0) BET1=1,
XB{K+7)=XB(K+5)+C3/2.*BET1*RB (K+6)
IF(N3.EQ.2) GO TO 24
IF(ICOUNT.GT.1) GO TO 516
SLOPE=(R(N)-RB(K*S))/(X(N)-XB(KoS)) +1./57.293
IF(SLOPE+LT+-0.0872) SLOPE==-,0872
RIN)=SLOPE®* (X(N)=XB(K+6)) +R3 (K+6)
516 RB(K07)=RB(K06)OSLOPE‘(XB(K‘?)-XB(NN3))
RBP(K+6) =SLOPE
RBP(K+7)=SLOPE
GO T0 25
24 CALL INTEQS(XE(K#?),X(N-k),X(N—3),X(N-Z),X(N-l),X(N),R(N-k),
IR(N=2) ,R(N=2) yR(N=1) ,R(N) 4RB (K+7))
CALL FDG(XB(K+7),X(N-h),X(N-B),X(N-Z),X(N-l),X(N),R(N-QJ,R(N-3),
1R(N=2) ,R(N=1) yR(N) yRBP(K+7))
25 IF(XB(K+7)sLT.X(N)) GO TO 19
XB(K+7)=X(N)
RB(K+7)=R(N)
NNL4=K+7
NN=K+7?
BL=XB (NN&)=XB (NN 3)
GO TO 99
19 K=K+1
IJ=1IU+1
A=T1J
C5=A*C3
BET1=BETA
IF(BET1.6T.1.0) BET1=1,
X3(K+7)=XB(K+E) +C5*BET1*RB (K+6)
IF(N3.£EQ.2) GO TO 26
RBAK+7)=RBINN2) +SLOPE* (XB(K+7)=XB (NN3))
RBP(K+7) =SLOPE
G0 T0 27
26 CALL INT?JF(X“(K07),K(N-L),X(N-Z),X(N-?),X(N—l),X(N),R(N-A),

u9/12/72
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SURROUTINE KYRRID
COMMON/GZOM/KF(6) ¥ (30)42(33),02,NyNSHAZE,N1,N2, X3(225),%8(225)
TOMMON/GECL/ R4P(225) ,3ETA
COMMON/GEO2/NNLyANZ g N3 yNNL s NFLy MBLUNT y NNyNNI y IPRINT yNN1A
5 COMMON/GEOZ/VOVS,AL 9 XMy Y™y XINT,YINT,NNTA
COMMON/GEQL/KyF gRR yRREF
COMMON/NIS2/ SUM1,SUM2,SU43,SUM4, SUMS,3UMB
COMMON/DATL/ T(100),4K(10U0),AF(100),C(225),C1(225),C3
COMMON/DISC/ I,JKyBI2,SUM,JH,PI
10 COMMON/DIS1/J1,J3
COMMON/WAVE/CABL yCNBL yCMBLyCAWyCNW,CMK
COMMON/CPV/ CPV(225,20),JA,J8
DIMENSION PSI(225),PHI(22%),ZE0X(225),250(225),2E0(225),
1ZE0XX (225)yZEOXR(225) 9yZEQGRRP(225) 4 PSIX(225),PSIR(225),ZEOP (225),
15 2ZEOPX (225),ZE0PR(22F) ,PHIX (225),PHIR(225),B(225) ,ZE1(225),
1ZE1X(225) yZEL1R (225)
DIMENSION THET (20), THET1(20)
DATA(T(T)y1=1,99)/4015402,403,404y205,406ye079y408y009ye1090115412
1e13)01by015,0169e1734185019)0205¢219622390239424542594269427 4428,
20 202990305631, 0325¢33503054355.365¢3735e385e39,440y0b1ye42y90b3yebby
3eb5) 0By ali7yeliByelsIy450)4519052)45390549455945694579458y459,.60,
be61ye629 4639069y ub5,0669yeb79eb8yabya70ye71y.7254735.7byo75,.76,
5e7790¢785 079, 4809¢81,0829483928b,y485,08694875288y489,490y+914.92,
663350 94,495,48649.97,.98,.99/

@
0 25 DATA(AK(I),I=1,99)/3,35902,3.02571,2.83492,2,70218,2.60107,
& 1251987 ,2.4523692439L75,2,34473,2+30064L,2,26132,2.22592,2.19380,

22.16445,2,13748,2.11257,2.08946,2.067%4,2,04782,2.02896,2.01123,
3149945191497871,1.9637691.94957,1,9360891,9232491+91099,1.,89929,
41.88811,1.87740,1.8671341.85727,1.84780,1.83870,1.82933,1.821L38, :

30 51.81331,1.80547,1.79787,1.79053,1.7834341477655,1.76983y1,763kk, ‘
6147571851475111,514745219147394R,1473392,1472851,51.72324y1.71812, ) ’
71.71313,1.70827,1.70354,1.£9892,1,694L2,1,69003,1.68575,1.68157, i
8145774891,67350,1.6696091.66579,1.66206,1.65842,1.65485,1,65137, !
91.6479%,1.64461,1.64133,1.A3R13,1.63423,1.63191,1.62889,1.62593, :

35 A1.62303,1.62018,1.61739,1.,61465,1.61196,1.60932,1.60672,1.60418,
B146016851.5992251.59680,1.59643,1.59210,1.58981,1.,58755,1.58534,
€1.58316,1.58101,1,57890,1.57683,1.57473,1.57278/

DATACAE(T)yI=1,99)/1.02836,41.04970,1.00835,1.08526,1.10085,
11.115641,1.12909,1,14204,1.15433,1.16606,1.17727,1.18802,1.19835,

40 21.20828914217R6914227119142360491424469,1,25307,1,26119,1.26907,
31427672514284165142913951.29843,1.30523,1.31196,1.31847,1.32482,

41.33102, 1.33707,1.3429”,1.34875,1,35439,1,35991,1.36531,
£14370595143757591.3808291438577,14390€341439539,1.40005,1.40463,
61.40911,1.41351,1.461783,1,42207,1,42623,1,43032,1.43435,1.43827,

L5 71442164y 1.046594,1,40L968,1,4533h6,1.45607,1,46053,1,46402,1.,46740,
B1.47085,1.47417,1,47745,1,480h8,1.48365,1.L3698,1.49006,1.49309,
91.49607,1.49902,1.20192,1.50477,1.50759,1451036,1.51310,1.51579,
A1.5184%91452107,914523665,1.52621,1.52372,1.5312191.53365,1.53€07,
81.538L5,1,5L081,1,54313,1.5454L2,1,547€9,1.54992,1,55213,1.55430,

50 C1.556LE51.5585891,56068,1.76275,1.56483,1.5663291.56882/

PI=2,1+15927
T(100)=1.
AK(100)=PI/2,
AE(100) =A% (100)
55 c THIS SU3IRJOUTINE COMPUTFS THE SFCOND OFIJER AXIAL AND FIRTY
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f OPTFE SFCSS FLOW PIRTUZ IATICN VELOCITY COMPONENTS. THESE
e COMPONFNTS ZR™ THEN CO4FINeD TC YIELD A MYBRID SOLUTION.
1K<=1
IK=1
60 THET(1) =0,

THET1(1) =0,
00 47 IJ=2,19
THET1(TJ)=THET1(IJ=1) +10.
THET(IJ)=THET1(1IJ)/57.29533
65 L7 CONTINUE
17 TA=RP(1)
IF(IPRINT.NE.1) GO TO 118
WRITE(64140) VOVS
140 FORMAT(//,1X, *PRESSURF COEFFICIENTS AT M = *,F6.3,//)
70 WRITE (6,41)
41 FORMAT (7Xy1HXy 10Xy 1HR y10XySHOR/DX ,7X s 3HCP 4/)
118 TA2=TA**?2
C(1)=TA2/SQRT (1.~-BETA**2%TA2)
C CONICAL SOLUTICN , SUBSCRIPT=1
75 F11= ARSECH(BETA*TA)
F2g2= SGRT(1.-BETA®*2*¥TA2)
ZEQ(1)=(F22-F11)¥C (1)
ZEOX(1)==-C(1) *F11
ZEOR(1)=C(1) *F22/TA
™ a0 ZEOXX (1) ==-1,/F22*C (1)
™ ZEOXR(1)=1./(F22*TA)*C(1)
ZEORR(1)==1./(F22*TA2)*C(1)
C PARTICULAR SOLUTION AT TIP
I=1
85 AN=1,2%VOVS**2/BETA**2
PSIX(I)=VOVS**2% ((ZEQ (I) +AN*TA *ZEOR(I))*ZFEOXX(I) + ZEOX(I)*(
1ZEOX(I)+AN*TA ¥*ZEOXR(I)) -0.75%TA FZEQR(I)**2*ZEOXR(I)) |
PSIR(INI=VCVS**2* ((ZEO (I)+AN*TA *ZECR(I))*ZEOXR(ID+ZEOX(I)* ((AN
1410 %7F0R(I) +AN*TA ¥ZEORRP(I))=0.25%ZcOR(I)**2% (ZEOR(I) +3,.*TA
90 2%Z250RR(I)))
C COMPLIMENTARY SOLUTION AT TIP,
C1(1)=TA*(TA* (1.+4ZEOX (1)) =-PSIR(1))/F22
AR=(1(1)/C(1)
ZFOP(1)=A3%*ZF0 (1)
95 ZEOPX (1) =AB8*ZEOQ0X (1)
ZEOPR (1) =AB*ZECOR(1)
c TOTAL SOLUTICN AT TIP= PARTICULAR PLUS COMPLIMENTARY.
PHIX(1)=PSIX (1) +7EQ0PX (1)
PHIR(1)=PSIR(1)+ZEOPR (1)
100 OR=(1.+4ZEOX (I))**2+ZE0R(I)**2
CP01=24/ (1.4*VOVS**2)*((1,40.2%VOVS**2*(1,-08))**3,5 = 1,)
QR=(1.4°PHIX(I))**2+PHIR(I)**2
CPV(151)=24/(1.4%VOVS*¥¥2)* ((1.+40.2%VOVS**2¥(1,-Q7))**3,5=1,)
CPO?2=CFV(1,1)
105 IF(IP”INT.NF,.1) GO TN 119
WRITE (Ey42) XE(I)yRB(I)HRIF(I)HCFO2
112 TF(NN,FQ.,2) GC TC 3%
c FIPST CROEP AXIAL FLOW
NC 7 1=24,MNN
110 SUM=0.
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36

502
62

b&
65

€8

IF(Ieele?2) GO TO 26
J2=1=1

N0 B JU=2,4J2

XI=XB(J=1)-8FTA%*RA (J-1)
TAU=BEETA*PR (1) /(X2 (T) =XI)

IF(TAUGE«1,0) Yay=,999999g
SUM=SUM*3‘TA’ffJ)'(X%(I)-XI)'(SQPT(i.-TQU"2)/TAU-TAU‘AQhFCh(TAU))
CONTINU=

JH=NN1+1

IF(I.LE.JH) GO TC 26

CALL DISC1

J=NN1+1

XI=XB(J=1)=-BETA*RA (J~-1)
TAU=BETA*RB(I)/(XB(I)=-XI)

IF(TAU.GE.1.) TAU=0.9999989239
QUM:SUN-BETA'C(J)‘(Xj(I)—XI)'(SQRT(1.-TAU"Z)/TAU-TAU‘ARSECH(TAU))
JH=NN2+1

IF(I.LFeJH) GO TO 36

CALL DISC1

J=NN2 +1

XI=XB(J=1)=-8ETA¥R] (J=~1)
TAU=BETA*RB(I)/(XB(I)=-XI)

IF(TAU.GE.1.) TAU=0,9999993999
SUH=SUP-9ETA‘C(J)‘(XB(I)-XI)‘(SQRT(1.-TRU"Z)/TAU-TAU‘ARSECH(TAJ))
JH=NN3+1

IF(I.LEsJH) GO TC 36

CALL DISC1

J=NN3+1

XI=XB(J=1)-BETA*28(J=-1)
TAU=BETA*RB(I)/(XB(I)=XI)

IF(TAU.GE.1.) TAL=0.999993939g
SJH=SUV-8ETA‘C(J)'(XQ(I)-XI)'(SQRT(1.-TAU"2)/TAU-TAU'ARSECH(IAU))
XI=XB(I-1)=-BETA*>B(I-1)
TAU=BETA*REB(I) /(X3 (I)=XI)

IF(TAULGE.1.) TAU=0,.,999999939
TAU1=RETA'RB(I)/(XB(I)-XB(i)#PFTA'RQ(iH
IF(TAU.GE.1.,0) TAU=,9999Y9
TT=C(1)*BETA*SQRT(1.~-TAUL1**2) / TAU1
NEN=BETA* (XE(I)=XI)*(SQRT (1.~TAU**2) /TAU-TAU*ARSECH(TAU) )
C(I)=(P3P(I)=TT=-SUM)/DEN

IF(IKK=2) 62,4A3,FY4

JL=NN1

GO TO €5

JL=NN?2

50 TO £S5

JL=NN3

IF(I.LE.JL) GC TC 7

D=ABS (F3P(JL+1)=R3P (JL))

[F(D.GF.N,00C1) GO TN 63

S(JL+1)=C(JL)

[KK=IKK+1

GO Tn 7
T(JLﬁl):(RQP(JL+!)-PBW(JL))/(QTD(JL‘i)*”rTﬂ)
TKK=TKW+1

TONTINUE

16.20,07,
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(9]

[=2 IS 2N0 PQINT ON SURFACE
30 9 I=2,NN
SuM1=1,
SUM2=0,
175 SuM3=p,
SUML=(,
SUMS=0.
SUME=(,
C J=1 IS CONICAL SOLN. WHICH WILL BE ADDED IN BELOW,
175 nNO0 10 J=2,I
XXI=XB(I)+BETA*RB(J-1)-XP {J=-1)
TAU=PETA*RRB(I) /XXI
IF(TAU.GE.1.) TAU=0,993399939
F1=ARSECH(TAU)
180 F2=SORT(1.-TAU?®*2)
SUMI=SUMLI-C(J) *XXI**2* ((1.40,5¥TAU**2)*F1 =1,5%F2)
SUM2=SUM2=2 ,*C(J)*XXI* (F1=F2)
SUM3=SUM3+BETA*C(J) ¥ XXI*(F2/TAU-TAU¥*F1) ‘
SUMG=SUML=2,*C (J)*F1
185 SUMS=SUMS +2 »*HETA*C(J)*F2/TAU
SUMB=SUMB=BETA¥*¥2¥C (J) *(F2/TAU**2 + F1)
19 CONTINUE
JH=NN1+1
o« IF(I.LE«NN1) GO TO 138
LR 191 CALL 0ISC2
© J=NN1 +1
XXI=XB(I)+BETA*RAR(J=1)=XB(J=1)
TAU=BETA*RE(I) /XxXI
IF(TAULGE.1.) TAU=0.999939939
195 F1=ARSECH(TAW)
F2=SQRT(1.~-TAU**2)
SUMI=SUML4C(J) *XXI#¥2% ((1,+40.5*TAUY*2)¥F1 ~1,5%F2)
SUM2=SUM2+2+*C (J)*XXI*(F1~F2)
SUM3=SUM3=-BETA*C (J) *XXI* (F2/TAU=-TAU¥F1)
200 SUML=SUMU+2.%0(J) *F1
SUMS=SUMS -2 , *RETA*C(J) *F2/TAU
SUMB=SUMB+RETA*®2¥C(J)* (F2/TAU*¥2 + F1)
JHENNZ +1
IF(I.LE.NN2) GC TO 18
205 CALL DIsC?
J=NNZ+1
XXIT=XB(I)+RETA®*R2(J=1)-XB(J~1)
TAU=BETA®RB(I)/XXI
IF(TAUL5E.14) TRU=0,.,993933990
211 F1=ARSECH(TAU)
F2=SGRT(1.-TAaU**2)
SUMI=SUM14C(J) *XXI*®2% ((1.47,5%TAU**2)¥F1 =1,5%F2)
SUM2=SUMZ2+42,*C(J)*XXIL*(F1-F2)
SUM3=SUMZ-RETA*C(J)*XXI*(F2/TAU-TAU*F1)
216 SUML=SUML+2,*C(J)*F1
SUMS=SUMS =2, ¥BETA*C(J)*F2/TAU
SUMB=SUMAR+PETA®¥®D¥C (J)*(F2/TAL¥®2 + F1)
JH=ENNZT4+1
TF(T«LF.NNZ) 6O TO 18
220 CaLt pIsne
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18

503
504

r~

L=

c

12

J=NN3+1
XXI=XB(I)+2ETA¥RO(J=1) =X (y=1)
TAU=BETA®<P(I)/XXI

TF(TAU.GE.1.) TAU=0.999993¢Qq9
F1=ARSECH(TAU)

F2=SART(1.,-TAU**?2)

SUMLI=SUM14C (J) ¥XXI¥*¥2%((1,40,5%TAU¥*2)*Fq =4 <BNF.2)
SUM2=SUM242.,%C (J) *XXI* (F1=-F2)
SUM3=SUM3=-BETA*C (J)*XXI®*(F2/TAU-TAU*F1)
SUML=SUML442,.*C(J) *F1
SUM5=SUM5~2, *BETA*C (J) *F2/TAU
SUME=SUME+BETA**2¥C(J) *(F2/TAU**2 + F1)
XIMX1=XB(I)=-XB(1) +BETA¥RA(1)
TAU=BETA®*RB(I) /XIMX1

IF(TAU.GE.1.) TAU=0.999999299
F1=ARSECH(TAU)

F2=SQRT(1.~TAU®**?2)

ZEO(I)=SUML14XIMX1* (F2-F1)*C(1)
ZEOX(I)=SUM2=-F1*C(1)
ZEQOR(I)=SUM3I+BETA*F2/TAU*C (1)
ZEOXX(I)==1,/(XIMX1¥F2)¥C (1) +SUML
ZEOXR(I)=BETA/ (XIMX1*TAU*F2) *C (1) +SUM5
ZEORR(I) ==BETA®*2/ (XIMX1*TAU**2¥F2) *C (1) +SUMB
QB={1.4ZEOX(I)) **2 + ZEQR(I)**2
CP01=2./(1.Q'VOVS“2)'((1.#0.2‘VOVS"2'(1.-QB))"3.5 - 1.)
CPV(I,1)=CP01

PHIX(I)=ZEQOX(I)

PHIR(I)=ZEQR(I)

IF(NSHAPE ,NE.4) GO TO 503

IF(I.GT.NN2) GO TO 505

GO To S04

IF(I.GT«NN3) GO TO 505

CONTINUE

SECOND ORDER AXIAL SOLUTION.

A, PARTICULAR SOLUTION
AN=1.2%¥VOVS**2/BETA**2
pSI(I)=V0VS"2‘(ZEOX(I)*‘(ZEO(I)»AN*QB(I)’ZEOQ(I))-O.ZS“RB(I)
1*ZEQR(I) **3)

PSIX(I)=VOVS**2*((ZEOQ(I) +AN¥RB(I)*ZEOR(I))*ZEOXX(I) + ZEOX(I)*(
1ZEGX(I)#AN'R8(I)‘ZEUXR(I))-0.YS'RB(I)*ZEOR(I)"Z‘ZEOXR(I))
PSIR(I)=VOVS"2‘((ZEU(I)+AN’RE(I)'ZEDR(I))'ZEOXR(I)+ZEOX(I)'((AN
1+414)*ZEOR(I) +AN¥RB(I) *ZEQRR(I)) =N, 25%ZE0R (1) **#2% (ZEQR(I) +3 4+ *RR(I)
2¥ZEORR(I)))

3. COMPLIMENTARY SOLUTION
SUM=0,

IF(I.EQ.2) GO TO 37

J3=1I=-1

70 12 J=2,43
XI=X8(J=-1)=RETA¥3B (J=1)
TAU=BETA®RR(I) /(X3 (1) =XT)
IF(TAU.GE.1.) TAU=0.399999G30q
SUM=SUM+RETAYC1 (J) *(XR(I)=XI
1-TAU*ARSECH (TAU))

CONTINUE

JH=NN1 +1

YEA(SURT (1.-TAU**2) /TAY
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37

Ie(laleodr ) OO 1) 27
TALL NTR0Z
J=NNT +1
KI=XB(J=-1)=BETA®RB (J=1)
TAU=BFTA®*REB(I) /(X8 (1) =XI)
[F(TAU.5%+1.) TAU=0.,4993993%3Q
SUM=SUM=RETA*C1 (J) *(XR(I)~XI
1-TAU*ARSECHITAU))
JH=NN? +1
IF(IWLELJH ) GO TO 37
CALL nDIScz
J=NN2+1
XI=XB{J=-1)-BETA*RB(J~1)
TAU=BETA¥RE(I) /(XB(I)=XI)
IF(TAUGE.1.) TAU=0.99399923q
SUM=SUM=RETAYCL1(J) *(XB(I}=XI
1-TAU*ARSECH(TAU))
JrH=NN3+1
IF(I.LE«JH ) GO TO 37
CALL DISC3
J=NN3+1
XI=XB(J=1}=BETA*3 (J-1)
TAU=BETA®*RB(I) /(XB(I)=XI)
IF(TAULGEL1.) TAU=0.999993039
SUM=SUM=BETA®C1(J) * (XB(I)=-XI
1=-TAU*ARSECH(TAU))
TAU=BETA*RB(T)/(XB(I)=-XB(I-1)+RETA*RB(I~1))
IF(TAU,GE.1.) TAU=0.999993999
TAUL=RETA*RB(I)/(XB(I)}-XB(1)+BETA*RB(1))
TT=C1 (1) *AETA®SART (1., ~-TAUL®¥2)/ TAU1L
C1(I)=(RBP(II ¥ (1 +ZECX(I))=PSIR(II=TT=SUM) 7(BETA*(XB(I)~
IXB(I=-1)+BETA*RE(I~1)) *(SQRT(1.~TAU**2) /TAU-TAU®ARSECH(TAU)))
IF{IK=2) 94,9%,9%
JL=NNT
GO TQ 97
JL=NN2
GO0 1O @7
JL=NNZ
IF(I.LEsJL) GC TN a3
N=ARS(FBP(JUL+1)=R3P(JL))
IF(D.LEL0.,0001) GO TOQ 32
T1=PST(JL+1) ~PST(JL)
C2=-D1
CLOJL+1) = (PEP (JL+1) ¥ (1. 47EC0X(JL+1) ) =PSTIR(JL+1) -TT-SUM+3.*C 3/
(3,¥RB(JL+1))) /BETA
IK=IK+1%
GO T0 @3
CLEUL+1) = (PRP(JL+1) * (1 +7ECX (JL+1)) =PSIR(JL+1)=TT=-SUM)/BETA
IK=TI«+1
SuMi=r,
SUM2=0.
SuM3=]

YR(SQRT (1,.-TAU**2) /TA)

)¥(SORT(1,-TAU**2) /TAJ

) ¥(SQRT (1.~-TAU**2) /TAU

[

00 18 J=2,1
XXT=X3 (1) =XA(J=1)+FTA*RR(i-1)
TAUsRETA®2D (1) /Xx]

037.2/7<

ibel2Uel7
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IF(TAU.GE.1.) TAU=C.S99393S39
F1=ARSECH(TAL)
F2=SQRT(1.-TAy**2)
SUML=SUML-C1(J)*XXI®¥2% ((1,+0,5*TAU¥*2) *F1=1.5%F2)
335 SUM2=SUM2-2.%C1 (J) XX I*(F1-F2)
SUM3=SUM3+BETA*CL(J)* (F2/TAU-TAU®F1) *XXI
13 CONTINUE
JH=NNT+1
IF(I.LE.NN1) GO To 21
340 CALL DISCA4
J=NNL+1
XXI=XB(I)=XB(J=1)+BETA*RB(J~1)
TAU=BFTA*RB (1) /XXI
IF(TAU.GE.1.) TAU=0.999999999
345 F1=ARSECH (TAU)
F2=SQRT(1.-TAU**2)
SUMI=SUM1I4CL () #XXI¥¥2%((1,40,5%TAUY*2) ¥F1-1,5%F2)
SUM2=SUM2+24%C1 (J) *XXI* (F1=-F2)
SUM3=SUM3-BETA*C1(J)* (F2/TAU-TAU*F1) *XXI
350 _ JH=NN2 +1
IF(I.LE.NN2) GO TO 21
CALL DISCu4
JENN2+1
XXI=XB(I)=XB(J-1)+BETA*RB (J=1)
355 TAU=BETA*RB (I) /XXI
F1=ARSECH(TAU)
F2=SQRT(1,-TAU**2)
SUML=SUML4C1 (J) *XXT**2% ((1,+0.5*TAU**2) *F1=1,5%F2)
SUM2=SUM2+2, ¥C1(J) *XXI* (F1-F2)
360 SUM3=SUM3Z-BETA*C1(J) ¥ (F2/TAU=TAU*F1) *XXI
JH=NN3+1
IF(ILLE«NN3) GO TO 21
CALL DISC4
J=NN3+1
265 XXI=XB(I)=XP(J-1)+RETA*RB(J-1)
TAU=RETA*RE (I) /XXI
IF(TAU.GE.1.) TAU=0,999999939
F1=ARSECH(TAU)
F2=SQRT(1.~TAU**2)
370 SUM3=SUM3-BETA*C1(J) * (F2/TAU-TAU®F1)*XXI
SUM2=SUM2+2.%C1(J) *XXI* (F1-F2)
SUM1=SUM1+C1 (J) *XXT*¥ 2% ((1,+0.5*TAU**Z) *F{-1 ,5%F2)
21 XIMX1=X3(I)=XR(1) +BETA*RR(1)
TAU=BETA*RE(I) /XIMX1
375 IF(TAU.GE.1.) TAU=0,999999539
; F1=ARSECH(TAU)
F2=SQRT(1.=TAU**?2)
ZEOP(I)=SUM1+C1 (1) *XIMX1%* (F2-F1)
v ZEOPX(I)=SUM2-C1(1)%F1
380 ZEQPR(I) =SUMZI+C1 (1) *BFTA*F2/TAU
C TOTAL 2NN QRDER SCLN.=PARTICULAR PLUS COMPLIMENTARY,
’ PHI(I)=PSI(I)+ZEOP (1)
PHI¥(I)=PSIX(I)+2EPPX (I)
PHIR(I)=PSIP (1) +ZZ0Px (1)
. 3es AR=(1,4PHIX(T))*22 + PHIR(I)*¥p

[4%
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CEVII1) =24/ (1o L®YOVUS¥¥2) % ((1,40,2F 0VSR%22 (1 ,=]0))%%3,6-1,) !
CRU2=CiV(I,1) !
SL% IF(IPRINTL.NF.1) GO TC 9
WRITE(E,42) X3(I),~8(I1),08F(1),0PV(I,1)
330 Ly FORMAT(1X,4F4C45)
9 CONTINUE
£3 IF(ABS(AL)«GT,.3.301) GO TO 116
N0 117 I=1,NN
DO 117 J=1,109
395 CPV(I J)=CPV(I,41)
117 CONTINUE
50 T0 118
c FIRST QORJEF k0SS FLOW
116 IF(IPRINT.NE.1) GO TO 120
400 WRITE(E,L9)
49 FORMAT (//430X,16H HYRRID SOLUTION,//)
WRITE(£,51)
51 FORMAT(7Xy1HXy 10Xy 1HR 48Xy H6H THETA,8X, 2HCP,//)
120 J=1
405 8(1)=2./8FTA/ (SQRT (1. =BETA®*2%TA2)/ (BETA*%2%TA2) +ARSECH(BETA*TA))
I=1
TAU=BFTA*TA
F1=ARSECH(TAU)

w F2=SQRT(1.-TAU**2)
& 410 7F1(1)=3(1) /2. *(F2/TAU-TAU®F1)

ZE1X(1)=8(1)*F2/TAU
ZEIR(1)==BETA*U (1) /2. *(F2/TAU**2+F1)
00 53 IJ=1,1°
UB=COS(AL)* (1. +PHIX(I))+SIN(AL)*COS(THET(IU))*ZELX(I)
415 VB=COS(AL)*PHIR(I)+SIN(AL) *COS(THET(IJ) ) *(1.+ZE1R(1))
WR==SIN(AL) *SIN(THET(IU)) *(1.+2E1(I)/TA)
13=UB**24+VB**2+WB**2
CPV(1,IJ)=24/ (1.4%VOVS*®2)* ((1,+0.,2%VOVS*¥2% (1,~03))*¥*¥3,65-1,)
IF(IPRINT.NE.1) GO To 53
420 WRITE(By42) XB8{I)yRB(I)yTHET1(IJ) 4CPV(1,1IJ)
- CONTINUE
IF(NN.NE,2) GO TO 23
DO 131 IJ=1,19
0PV(2,1IJ)=CPVI(1,1IJ)
425 131 CONTINUE
60 TO 1908
23 JS=NN
00 22 I=2,J5
SuM=90,
420 J6=I-1
N0 14 J=1,J6
IF(J.G6Te1) GC TO 110
TAU=RETA*RB(I) /(X3 (I)=XB(1)+BETA*RB(1))
IF(TAU.GE.1,) TAU=0.399399090
L35 GO TO 111
110 TAU=BETA®RB(I)/(XB(I)=XB(J=1)+uETA®*RA(J=-1))
IF(TAU.5F.1,) TAU=",399993239
111 F1=ARSECH(TAUY)
F2=SQRT(1.-TAU**2)
L&D IF(JJEN.1) GO TO 107

]
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o

N=ABS (X3 (J) =X¥T(J=1))
IF(D,LT,0,0000021) GO TO 14
107 SUM=SUM=8(J)*(F2/TAU**2+F1)
14 CONTINUE
445 TAU=3ETA¥RAB(T) /(X3 (I)=-XB(I=1)+RETA*RB(I-1))
IF(TAU.GF41.) TAL=0,899933G30Q
N=A3S (X3 (I)=-XR(I-1))
IF(0.LT.04000001) GO TO 114
B(I)=(2./BETA+SUM) /(SCGRT(1,-TAU**2) /TAU**2+ARSECH(TAU))
450 GO TO 115
1146 8(I)=0.
115 SuMi=p0.
SuM2=0,
SUM3=0.
455 00 15 JU=1,I
IF(J.GTe1) GO TO 112
TAU=BETA*RB(I) /(XB(I)=XB(1)+RETA*RB (1))
IF(TAU.GE.1.) TAU=0,999999999
XXI=XB(I)=XB(1) +BETA¥RB (1)
L6l GO TO 113
112 XXI=XB(I)=XB(J=-1)+BETA*RB(J~-1)
TAU=BETA*RB (I) /XXI
IF(TAU.GE.1.,) TAU=0.999999999
113 F1=ARSECH(TAU)
L65 F2=SQRT(1.-TAU**2)
24 SUMLI=SUM1+B(J)/2.* (F2/TAU-TAU¥F1) *XXI
SUM2=B (J) *F2/TAU+SUM?2
SUM3==RETA/2.*B(J)* (F2/TAU**24+F1) +SUM3
IF(I.EG.1) GO TO 46
470 15 CONTINUE
Lk ZE1(I)=SumM1
ZE1X(I)=Sum2
ZE1R(I)=SUM3
C HYBRID THEORY
475 00 48 IJ=1,19
UB=COS(AL) * (1, +PHIX(I))+SIN(AL) *COS(THET(TIJ))*ZEL1X(I)
VB=COS (AL)*PHIR(I) +SIN(AL) *COS(THET(IJ))* (1. 4ZE1R(I))
WB==SIN(AL)*SIN(THET(TIJ))*(1.4ZE1(I)/RB(I))
OB=UR*¥24+VR**2 4 E¥*2
LB CPV(I,IJ)=2o/(1.b'VOVS”2)‘((l-*O.Z'VOVS"Z'(l.-QH))"3.5-1-)
IF(IPRINT,NE+1) GO TO 48
WRITE(B,y42) XB(I),RB(I),THET1(IJ),,CPV(I,IJ)
J 48 CONTINUE
IF(N.EG.2) GO TO 27
4LRS 22 CONTINUE
4 108 TIF(NBLUNT.EQ.2) CALL NEWT
CALL WAVE
27 CONTINUE
g RETURN
4an END

re-4
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SUBRAUTINE IRTERF(TX, TY, X, YyNyd)
DIMENSION TX(100),TY(100)
I=0
1 T=1+

5 IF(TX(TY JLELX) GO TO 1
IF(TLLELJ) I=y
IF(I.GTe(N=-2)) I=N-2
CALL INTERS(XyTX(I=2) 3TX(I=1) yTX(T),TX(I+1),TX(I42),TY(I~2),TY(I~1
1) TYCI) s TY(T+1) , TY (I42),Y)

10 RETURN

END
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SUAROUTINE INTERE(Y yK1yX2 4 X3y Xy XE yF1,3F24F34FtyF5,F)
C S POTINT LAGRANGE INTEZRPOLATION SUBXOUTINE
c X1.LE.¥.LE,XS
A1=(X=X2) ¥ (X=X3) ¥ (X=Xb)* (X=X5)
A2= (X=X1)*(X=X3)¥(X=XU)* (X=X5)
AZ=(X=X1) *(X=X2) #(X=Xb)*(X=X5)
Ab=(X=X1) *(X=X2) *(X=X3)* (X-X5)
AG=(X=X1) ®¥(X=X2)*¥(X=X3)*(X=X4)
1= (X1~X2) ¥ (X1=X3) *{X1=X&)* (X1=X5)
19 D2=(X2=X1)* (X2=X3) * (X2=X4)* (X2=XE)
D3=(X3=X1)*(X3-X2) * (X3-X4) *(X3-X5)
Dl=(Xb=X1)*{Xb=X2) * (X4=X3) " (Xb=X5)
D5=(X5-X1) * (X5=X2) * (X5=X3) ¥ (X5=X4)
Ci=Aa1/D1
15 C2=A2/702
C3=A3/03
Cu=AL4/Db
C5=A5/D5
F=C1*F14C2*F24C3*F 3404 *F4+L5%F6
20 ) RETURN
END

wm

=~}
]

w
[e )




(=]
1

w

~

m

10

15

SJYICUTING

=

SUBROUTINE NEWRAF(T7,RN,CAR,F,CF1)

THIS SU3RQUTTINE USFS NEWTCM RAPHSON MFTHJD TO SOLVE
SKIN FRICTION COcFFICIENT,

CF=0.,0025

J=0

F=C7/SNRT(CF)-ALCG10(RN*CF) +Cr

OFDCF==45%C7/ (CF¥*%1.5)-.434L29/CF

J=J+1

CFi= CF

CF=CF=-F/DFDCF

IF(CF.LE.0.,0C001) CF=0.,0001

NCF=CF-CF1

IF(ARS(DCF) =1.E=05) 2,244

IF(U=50) 1,1,?

CONTINUE

RETURN

£ND

van T2C¢ COC 6800 FTN V3.0-P208 PPT=)

FOR MEAN
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SUBROQUTINE NEWT
COWNON/S?O“/QF(B),X(KJ),3(33),92,N,NQP49€,N1,N2,XG(PZS),*91225)
COMMON/GED1/ RBF(225) ,BFTA
COHMON/GEO?/Nhl,NN?,NN3,NNL,NFL,hBLUNT,NM,NNI,IP?INT,NNIA
5 ﬁOH“ON/G?C?/VOVS,AL,X“,YM,XINT,YINI,MNIA
COMMON/GEQL/K F 4RR R EF
COHHON/HAVE/CABL,CNBL,CHBL,CAN,CNH,CHN
COMMON/CPV/ CPV(225,20),JA,J8
DIMENSION PH(20),PHI(20)
icC PLPI=(1.2‘VOVS"2)"5.S‘(6./(7.‘VOVS"Z'1-))"?.5 :
IF(NFLJEQ.1) GO TO 2
CPO0= (0.90F*PLPI=14)/(0.7%VOVS**?2)
IF(IPRINT.NF.1) GO TO 19
WRITF (B,6) CPO
15 6 FORMAT (1 X, 40HPRPESSURE COEFFICIENT ON TRUNCATED NOSE =,F10.5)
19 CA=CPO*(R (1) /RREF)**¢
CN=0,
CM=0.
CABL=CA
20 CNBL=0.
CMBL=0,
XCP=0,
CL==CA¥SIN(AL)
CO=CA*COS (AL)
25 IF(NFL.EN.2) GO TO 20
NNI=2
GO Y0 99
2 CPO=(PLPI=1.)/(0.7%VOVS**2)
CS=C0S(aAL)
30 SS=SIN(AL)
PH(1)=0,
PHI(1)=0.
IF(AL.GT.0.,0001) GO TO 9
NM=1
35 GO TO 110
9 D0 3 I=2,19
PHI(I)=PHI(I=1)+10,
PH(I)=PHI(I)/57.29583
3  CONTINUE
40 NM=19
10 IF(IPRINT.NE.1) GO TO 18
WRITE(6,8)
8 FORMAT (1X439HPRESSUPE COEFFICIENTS ON SPHERICAL NOSE)
18 X1=0.
L5 DX=(RR+XM ) /6.
4 DO & I=1,7
X2=X1-RR
R2=SORT(RR*¥*¥2=-x2%%>)
4 0O 11 L=14NM
59 A=(1l.=-X1 /RR)*%2
cP =CPO* (A*CS*¥*24+ (X1 /7R=1.) *SURT(1.-2)¥COS(PH(L))*SIN(2.%4L)
' 1+(1.-8)*COS(PH(L))**2%55%%D)
IF(IPRINT NE.1) GO Tn 11
WRITE(Ly5) X2,F2,PHI(L),CP
€S 11 CONTIMUE
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X1=X1+7X
4 CONTINUE
D=CP-CPY (2,10)
ne=n
60 N 12 I=3,NN1
X2=X8(1)
IF(X2.GE.XINT) GO TO 15
X1=RR+X2
IF (X1.6GE.RR) X1=RR
65 IF(X1.G5.RR) X2=RR
R2=SQART (RR**2-X2%%2)
DO 13 L=1,NM
A=(1.-X1/RR)**¥2
CP =CPO®(A*CS**2+(X1  /RR=-1.)*SQRT(1.-A)*COS(PH(L))*SIN(2.*AL)
70 14 (1.-A)*COS(PH (L)) **2%S5*%2)
IF(IPRINTANE.1) GO TO 13
WRITE(6,5) X2,R2,PHI(L),CP
13 CONTINUE
IF(D.GT«0.) GO TC 14
75 D1=0D2
D2=CP-CPV(I,19)
IF(D?.LE.0.) GO TO 12
SLOPE=(D2-D1) /(XB(I)=XB(I-1))
XNV= XB(I-1)-D1/SLOPE
80 NNI=I
GO TO 15
14 D1=D2
D2=CP-CPV(I,19)
IF(D2.,6E.0.)G0 TC 12
85 SLOPE=(D2-D1) /(XB(I)=XB(I-1))
XNV=XB(I-1)-P1/SLOPE
NNI=I
GO TO 15
12 CONTINUE
ag 15  IF(I.GE.NN1) XNV=XINT
NNI=I
IF(X2.GEJXINT) XNV=XINT
IF(I.GE.NN1) NNI=I-1
YNV=SQRT (RR¥*2=XNV**2)
95 TH2=ATAN (=YNV/XNV)
SH=SIN(TH2)
CH=COS(TH2)
RA= (RP/RREF) *%p
CA=CPO/2,*RA® (CS*%2%(1,-CH**4L) +,5%SS *¥pRSHENY)
100 CN=CPO®*RA*SIN(2.%AL) *SH¥ ¥4 /4,
CM==CPO/2. ¥ RA®SIN(2. ¥ AL) * (SHE®L /4, +SHE*2¥CH*¥3/5,42,/15, % (CH¥*3
1-1.))
CABL=CA
CNBL=CN
105 nHMAL=CM
CL=CN¥*CS~CA*SS
CI=CA¥CS+CN*SS
XCFP==CM/CN
20 SONTINUE
110 5 FORMAT(1X,LF10.5)
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SURRCUTINI MORNMFC
73““3”/3{7*/::(6),X('U)y%(?]),szﬂ,NSPin,N1,W2gX%(ZZE),Q“(EZS)
COMMON/GEDL1/ RBF(225) ,RETA
CO“MON/GEOZ/hhl,hNZ,NN3,VNQ,NFL,N&LUNT,NN,NNIyIP?INT,NNiA
- COMMON/GEO3/VOVS )ALy XMy Y4y XINT,YTINT,NNIA
COMMON/GEOQL/K,F 4RR,RREF
COMMON/WAVE/CABL yCNBL yCMBL yCAWyCNHyCMW
COMMON/VOL/ VOL,CAF,“NF,CMF,RN,OTA,XP,AP,VOLN
COMMON/LENG/BLyANL,ALA
10 DIMENSINN A21(106),A2(10),AM(10)4F1(10),61(10),F2(10),62(10),FA(10)
1,00&(10),006(10),007(10),008(10),009(10).ﬁ10(10),012(10)
29y011(10) 4X¥CPLAC(CLID)
OATA(Ai(I),I=1,1D’/1.75,1.82,1.9,1.q6y2.05,2.6.3-5,3.65,3.713.35/
DATA(ﬁz(I)yI=1,10)/1o9,1-%3,1.8911-95,1.97,2.15,2-55,2-““1Z-“,Z.Z/
15 ﬁATA(AM(I)gltlylﬂ)/Un,-?'.b,.ﬁg-68,.5,.QL,-97,1.05,1.2/
DATA(F1(I)»I=1,10)/049e19425¢35¢L552694755485,.925,147/
DATﬂ(Gl(I),IZI,IU)/5.35,5.55,3-613.65,3.512.6)1.75,io“6y1.35.1.25/
DATA(F2(I)3I=1,10)/049¢25,):55465,48251091¢2571e592¢7245/
DATA(G?(I)9111110)/So15’3-,6-5‘yZoZS,1.85;1.5;1-02,«95,-85,075/
20 DATACFA(I) 9I=14910)/009e591091e592492¢59309beybayBa/
DATA(DCQ(I),I=1,10)/C.,0-,C-,G.yU-,“o,3-,0-90.,0./
DATA(DOB(I) 9I=1410)/049403,4043,4059.05,40554055405,.05,5406/
DATA(DU?(I),I=1,10)/J.,-05,-113;-133,-1%3,-1“8,-15,-15,-151-15/
DATA(DDS(I),131,10)/3.,115’-161.15b,-2J7yo225)0255702b8,-Z>9c25?/
25 )ATA(DlD(I),I=1,10)/U.,.175,.23,.265,.293,.31,.325,.337,.3&,.3%/
DATA(D11(I) y1=1,10)/04940979413854169e176941869419,.195,.197,5.137/
DATA(D12(I) 9I=1510) /049409754138, 416,¢176,418645419,.195,.197,.137/
OATA(XCDLA(I)yI=1,10)/.5,.5,o3h2,-31,.4970272y-26,.2Q8y02“5)02“5/
IF(BL.GE.0.,02) GO TQO &
30 CNALNR=0.
GO 10O 2
6 IF(VOVS.GTe1.) GO TO 1
F11=SQRT (1. -VOVS**2)
CALL INTERP(F1,6G1,F11,611,10,3)
35 CNALB==G11%(1.-4.*RB(NN) *¥*2)
GO TO 2
1 F12=SQRT (VOVS**¥2-1.,)
CALL INTERF(F24G2yF1246G12,9,3)
CNALR==G12% (1 +=L*RB(NN) **2)
Lo 2 THE=ABS (RBP (NN1))
IF(NN1A,EQs2) THE=ABS (RBP(NN2))
IF(NBLUNT.EQ.2) THE=ABS(RBP(NN2))
CALL INTERP(AM,A1,VO0VS,A11410,2)
CALL INTERP(AM,A2,VOVS,A22,1C,3)
45 CNALN=-A11%THE +A822
IF(ALA.GT.0.01) GO TO 9
CNALA=D.
GO0 TO ¢
9 CALL INTERP(FA,D07,ALA,D071,10,3)
S0 CALL INTERP(FA,D08,ALA,D081,10,3)
CALL INTERP(FA,D010,ALA,D131,10,3)
CALL INTFRP(FA,C36,ALA,0061,10,3)
IF(VOVS.GE.048) GO TO 5

v=9

n0L1=90,
i 55 CALL [NTERS(VCVSyebyeBjye7,43,14,0061,0061,0071,0081,40101,CNALA)
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IF(VOVS.LT«0.6) CNALA=5,.%0051%(VOVS=0,4)
IF(VOVS,LTe0.4) CNALA=Q,
GO T0 ¢
CALL INTERP(FA,012,ALA,0121,10,3)
60 D111=n121
caLL INTERS (VOVS,.7,48,10,141,142,0071,0081,0101,0111,0121 4CNALA)
4 CNAL=CNALA+CNALN+CNALR
XCPN=ANL=-VCOLN/(3.,14159%*RREF*%2)
XCPB=XP(NN)=-PL/2.
65 XCPB=BL* (14-3.14159% (RREF¥*2-RREF*BL*AQS (RBP (NN) ) +3L*%2/3 %
1RBP(NN)**2) ) 4 ANL+ALA
XCPA=ANL +ALA/ 2,
CALL INTERP(FA,XCPLAyALA,XCP1,10,3)
XCP=XCP1*ALA
70 XCPA=ANL+XCP
CMAL==(CNALN*XCPN+CNALA*XCPA+CNALR*XCPR)
CNW=CNAL*AL
CMW=CMAL*AL
RETURN
75 END

n

-]
o
L3
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SUBRGUTINE RAAND
COMMOM/IAND/CAF ,CNPyCMB,yHN
COW“S‘J/G?QB/V(JV’S,AL,X“,Y.“.,XIN‘T,YINT,Nb.li
JIMENSION AM(15),DCAP(15)
5 UATA(A“(I),I=1,12)/3.,.5,.7,.H,.9,.95,1.1,1.2.1.5,2.,2-5,3.0/
HATA(U(AP(ZJ,I:1,12)/J.,0.,0.,.001,.0L5,.01,.0092,.0079,.0067,
1.0055,.7052,.0057
CALL INTERP(AM,OCAP,VQVS,CAP1,12,3)
CAP=CaP1*HB/0,.01
10 ONP=0,
CMP=0.
RETURN

END
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SUBRPCUTINE

SIMP T2A3E CSC 5600 FTN V3.0-P308 OFT=C (9712/72

gqa

SUB2CUTINE SI

CO““QN/,:CM/PF(S)yX(uD) R(30),C2,NyNSHAPE,N1,N2,XB(225),RB(22E)
COMMON/GED1/ RBP(225) ,3ETA

COMMONM/CPV/ CPV(225,20) ,JA,J5
COMMON/DIS2/SUM1,SUM2,SUM3,SUML, SUM5, SUMBE
COMMON/GEZ0L/X4F,RR,RREF

DIMENSION F1(225),G(225),G1(225)

00 1 T=JA,JB

A1= CPV(I,1)42.%(CPV(I,3)+CPV(I,5)+CPV(I,7)+CPV(I,9)
1+C PV(I,11)#CPV(I,13)*CPV(Iy15)OCPV(Iy17)) +CPVI(I,419)
AZ= be* (CPVI(I42)+CPV(I,4)+CPV(I,6)+CPV(I,8)+CPV(I,10)

1¢CPV(I,12)¢FPV(I,1“)*C°V(I116)*CPV(I,13))

F1(I)=0.75818%(A1+A2) *RA(I)

B1= CPV(I,1)=CPV(I,19) +2.%(,93969*% (CPV(I,3)=CPVI(I417))+. 76604%(
1CPV(IL5) -CPV(I,15))+, 5‘(CPV(I,7)-CPV(I,13))+.17365’(CPV(I 9)~
2CPV(I411)))

B2=644%(4384B81% (CFV(I,2)=CPV(I,18))+.86603% (CPV(I,4)=CPV(I,16))+
1.64279% (CPV(I,6)=CPV(I,14))+.34202% (CPV (I, 3)-CPV(I 12)))

G(I)=0.,05818% (B1+B2)*RB(I)

G1(IN=G(I)*XB(I)

CONTINUE

IF(JALNE,JR) GO TO 2

SUM1=0.

SuM2=n.

SUM3=0.

GO TO 99

JBB=JB~-1

DO 3 I=JA,JBB

H=(RB(I¢1)=-RB(I))/6.

X12=(XR(I+1)+XB(I))/2.

IF((JB=JA).LT.5) GO TO &

J=JA+2

CALL INTERP(XByF1,X12,F12,J8,J)

CALL INTERP(XP,G,X12,612,J8,J)

CALL INTERF(XB,061,X12,6112,J8,J)

Go To ¢

F12=(F1(I)+F1(I+1))/2.

G12=(G(I)+G(I+1))/ 2.

G112=(G1 (I)+G1(I+1))/2.

IF(JB.GT.2) GO TO §

F1(3)=F1(2)

G(3)=G(2)

G1(2)=24/3.%6G1(2)

G1(3)=61(2)

6112=2./3.%6112

SUMI=SUML+H* (F1(I) 44, *F124F1(I+1))

H1=(XB(I+1)~-XB(I)) /6.

SUM2=SUM2+H1* (G(I) +4,*G12+4G(I+1))

SUM3=SUM3+H1* (G1(I)+4,.*G112+61(I+1))

CONTINUE

SUM3=SUM3 +#SUM2*RR

RETURN

END

16.20.07.

PAGE




Sy-4

10

15

20

25

30

35

Lg

45

58

55

SUBROYTING

SKINF T2ACF CNC 5600 FTN Vi.u=Psg8 OPT=0  04/1277¢

2

SURPOUTING SKINF
COVMDN/GEONIQPIS),X(ﬁj),4{363,CZ,N,NSHA“E,Ni,NS,XR{ZZS),93(225)
TOMMON/GEOL/ PRP(225),R5T4
COMMON/GEORZ/NNT g MN2y NN3 p NNL, NFL s KBLUNT 3 MNGNNT , IPRINT, NNLA
COMMON/GEOZ/VOVS ALy XMy YM, XINT,YINT,NNTA
COMMON/GEOLZ K,F yRRXREF

CoMMOM/NIS2Y SUM1,SUMZ2, SUM3, SUML, SUMS ,5UMB
COMMON/ZCPY/ CPVI(225,20),JA,48
CoMMON/ZVOL/ VCLyCAF S CNFyCHMFy RNy OT A, XP, AP ,VOLN
IF(NBLUNT.EQ.1) GO TO B

IFINFLWEQ.2) GO TO 5
SUM1=6,28318*RR*YINT
SUMZ=3,14159%YINT*#2% (RR-YINT/2,)
THE=ATAN(-YINT/XINT)

SUMI=RREX¥2¥THE/2 =RR¥*2¥*STIN(THE) 72,
AB=ACOS{(RR+XINT)/RR)
SUML=SUM3¥2, /2 ¥RR¥¥3% (1, ~SIN(AB)**2)

GO T0 €

SuM1=0.

SUM2=0.

SUM3=0.

SUML=D.

CF3=0.

THIS SUBROUTINE CALCULATES THE AXIAL FORCE COEFFICIENT DUE TO SKIN
FRICTICN ON THE BODY (CDF).,

PI=3.14159

AREF=PI*RREF**?

GAMA=Z1 ., 4
THOTI=1e+0.9% (GAMA=1,) ¥ (VDYS**2/2 )
C=GAMA-1,

A=SQRT(C*VOVSF*2/{ 2., *THOTI))

B (1, +.5%C*YCVS**2) /THOTI~1,

D=SORT (B*¥#2+4 , 7 A%% )

D1={(2.¥A**2-5) /D

D2=8s1

D3=,262/(A*SORTL{THOTI)N)

D4=ASINI(C1)

C5=ASIN(D2)
CH(14424%.76) /2., #ALOGLO(TWOTI)
C7=03%(D4+C5)

RN3=RN*XB(NN)*DIA

CALL NEWRAP(C74RN3,CH4,HyCF)
TFINBLUNT.EQ.1) GO TO 1

K=NNT A

K1=NN1

K2=HNN2

KI=NN3Z

Ki4=NN&

GG 10 2

K=1i

K1=NML

K2=NNZ

K 3=NN3

K4=NNG

Ja=K

16420637
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SURRCUTINE

83

SKINFE TRACE

JR=K1

IF(UBLEQNNY JR=NN-1
CALL TRAPF

VOLN=SUM2
IFINNL.EQ.NNY GO TO 99
JA=K1+1

JR=K2

IF(JR.FOJNNY JB=AN-1
CALL TRAPE
IF{NRLUNT.EQ.2) VOLN=SUMZ2
IF{NN1ALER.2) VOLN=SUM?
IFINN2.EQ.NN) GC TO 39
JA=KZ 41

JA=K3 :
IF(UB.EQaNN} JB=NN-1
CALL TRAPE
IF(NN3,EQ.NN) GC TO 99
JA=K3+1

JBNN=-1

CALL TRAPE

S8 =SUML

VaoL=SumMe2

AP=SUMZ

XP=SUML/SUM3
COFB=CF3*SB/AREF
CAF=CDFA

CNF=D,

CMF=0.,

RETURN

END

COC 6830 FTN VY3.0-P3uE

oFT

0

ugrsies7e

16420407,
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SU3RPCUTINE

TR2ANS T2ACE CNC A6D0N" FTN V3,.0-P308 OPT=0

87

SURRCUTINE T~ANS
COMMON/SECM/RF(B) 9 X(30) 4yR(30),C24NyNSHAPF,N1,N2,XB(225),R3(22F)
COMMOMN/GEOQOL/ RBP(22E) ,RETA
COMMON/GEO2/MNN1yNNZyNN3yNNLy NFLyNBLUNT yNNyNNI, IPRINT,NN1A
COMMON/GEOZ/VOVS, AL 4 XMy YM, XINT,YINT,NNIA
COMMON/GEOQL/KyF yRR yRREF

COMMON/CPV/ CPVI(225,20) 4JA,UB

COMMON/DIS2/ SUM1,SUM2,SUM3,SUMbL,SUM5,SUME
COMMON/LENG/BLyAN,ALA
COMMON/WAVE/CABL,CNBLyCMBLyCAWyCNW,CMH

DIMENSION AM(10),CA15(10),CA2(10),CA25(10)4yCA3(10)4CAL(10)
DATA(AM(I) yI=148)/485449,.95,1491.05,1.1,1.15,1,2/
DATA(CAL1S5(I)9I1=148)/e019007290139¢177,4215,.2479¢277443/
DATA(CA2(I)31=1,8)/0e5¢03654073,.107y41449.169,4191,.205/
DATA(CA2S(I) yT1=1,48)/049e01940Lye075.098y4122y4138y41437/
DATA(CA3(I)3I=1yR)/0430eye024,.048,.073,.092,.102,.097/
DATA(CAL(I) yI=1,R)/04y00ye01,.032,4047,.055,4055,.0u4/

IF (RBP(NN)+LE.O0.) GO TO 87

CB0O=0.

GO TO 88

VOV=vOVS~-.0498

IF(VOV.LT.1s) GO TO 89

AREF=3.,14159¥RREF**2

IF (NSHAPE ,NE.4) GO TO 1

IF(NN1A.EQ.2) GC TO 1

J=NN2+1

GO TO 2

J=NN3+1

DO 10 L=JyNN

XX=XB(L)=-XB(J)

DELTA=ATAN(1./(2.#ANL))

IF(RBP(J=3)LT.RBP(1)) DELTA=ATAN(,2/ANL)

GAMA=1.4

C1=1.+GAMA

C0=SORT(C1)

C3I=VOV **2

C4t=1.-C3

C5=C4/(C1*C3)

CH=3.*DELTA/(2,.,*C0)

C7=25.,*C1*VOV **(2./3.)

C8=.5%C4/7(C1¥C3)

C9=1,25%C5%*2

C10=2.%C5/(VCV **(2./73.))*CH**(2,/3,)

C11=(C6/VOV 1 **(4,/2,)

CSQ=C7*(C8+(C3+C10+4C11)**(.5))

C=SART(CS

Y=2.%*ALA +2. ¥ XX

03712772

CcP1 SeL¥* (Y=C)/SQRT(CL*¥VOV **(2,/34))* (. 04*(Y=C)**2/(CL¥VOV **

1(24/3.))=CL/(C1¥C3))*¥,5
IF(Y.GT.C) CP1=0.
NELTA=-3AP (L)

GAMA=1 .4

S1=144+GAMA

C2=SART(C1)

£3=V0V **2

16.20.07.
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Cu=1.=-C3
C5=CL/(C1*C3)
CH6=3.*CELTA/ (2.%CN)
C7=25.*C1*VvOoV **(2./3.)
60 C8=.5%C4/(C1*C3)
C9=1,2c%C5**?
C10=2.*C5/(vovVv $%(2e/3e))%CH**(24/30)
C11=(CB/VOV ) ** (L./3,)
CSQ=C7*(C8+(CY+C10+4C11)**(,5))
65 C=SQRT (CSQ)
Y=Xx*2,
CPVILy 1)=.4*(Y=C)/SUWRT(C1¥VOV FE(2473.))% (0L*(Y=C)*¥¥2/(01¥ Y0y * %
102¢/341)=CL/(CL*C3) ) **.,5-NLLTA®%24+0P1
IF(Y.GT4C) CGPV(L,1)=CP1
70 TF(IPRINT.NE.1) GO TO 15
WRITE(6,13) XB(L),CPV(L, 1),CP1
13 FORMAT(1X,3F10.5)
15 DO 10 ¥1=1,19
CPV(LyK1)=CPV(L,1)
75 10 CONTINUE
JA=y
JB=NN
SUM1=0.
o SUM2=0.
s 80 SUM3=0.
CALL SIMP
CBO0=2.,*SUM1/AREF
VOo=voVv-1,
IF(VO.LE.0.06) CB1=CB0
85 Vi=vovs
89 CONTINUE
IF(VOVS.GT.0.95) GO TO 90
CRD=0.
GO TO 88
a0 90 CBO=C81* (VOVS=.95)/ (V1i=,95%)
88 CONTINUE
CALL INTERP(AM,CA15,VOVS4A0,8,3)
CALL INTERP(AM,CA2 ,VOVS,A1,8,3)
caLL INTERP(AM,CA25,VOVS,A2,8,3)
95 CALL INTERP(AM,CA3 sy VOVS,AZ,8,3)
CALL INTERP(AM,CA4 yVOVS,AL,8,3)
IF(ANL.LE.L4) GC TO 16
CAN=AL*(1.=.2% (ANL=L.))

GO TO 17
100 16 CALL INTEQS(ANL,1.5,2.,2.5,3.,6.,AU,ﬁi.A2gﬂ3,Ab,CAN)
17 CAW=CAN+CBC
99 RETURN
ENN
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SURROUTINE TRAFE
CO“MDN/GEDM/QP(6),X(3G),R(SQ),CZ,N,NSHQPE,Ni,N2,XQ(ZE:),R8(225)
COMMON/GEDL/ RRP(225),BETA
COMMON/CPY/ CPV(228%,20),JA,JB
5 COMMON/DIS2/ SUM1,SUMZ2,SUMZ,SUM4 ,SUMS,SUME
c THIS SUBROUTINE INTEGRATES THE SURFACE AREA,PLANFORM AREA AND
C VOLUME BY TRAPEZOIDAL RULE.
PI=3.14159
IF(JB.NEL1) GO TO 2
10 SUM1=PI*RB(Z2) *SQRT (RBU2) ¥¥2+XB(2) *x2)
SUM2=PI/3.*RB(2)**2%xB(2)
SUM3=,B%RB(2) *XB (2)
SUMG=SUM3#2, /3,.%X81(2)
50 T0 93 :
15 2 NG 1 I=Ja,J8
DX=XB(I+1)}=XP (I}
SUMLI=SUMLAPTI*DX* (REAT) *SQRT (1, +REP (I} #*2) 4R {T+1 ) *SART (L. + RBP(I+1
1)%%2))
SUM2=SUMZ+PTI/ 2. ¥CX* (RBIT) * ¥ 24RB(I+1)%%2)
20 . SUM3=SUM3+0X* (RB(T+1) +RB (1))
SUML=SUML+OX* (XBUI+1) *RBII+1)+XB{I)*RB(I})
1 CONTINUE
39 RETURN
ENT

o
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SUBROUTINE  WAVE TRACE CDOC 6600 FTN V3.0-P3u8 OPT=0 09/12/72
SUBROUTINE WAVE
CTOMMON/WAVE/CARL,CNBL yCMAL yCAW,CNW,CMW
COMMON/GEQOM/RP(6) 4y X(30)4R(20),C2,Ny,NSHAPE,N1,N2,XB(225),RB(225)
COMMON/GEO1/ RBP(225) ,8ETA
COMMON/GEO2/NN14AN2,NN2yNNL yNFLyNBLUNT yNNyNNI,IPRINT,NN1A
COMMON/DIS2/SUML,SUM2,SUM3,SUML,SUM5,SUMbE
TIMMON/CPV/ CPV(225,20),JA,JUB
COMMON/GEOL/K,F4RRyRREF
COMMON/GEO3/VOVS )AL gy XMy YMy XINT,NNIA
DJIMENSION FO(B6),F1(6),F2(6),XN(6),RN(B),CPN(6,7) 4PH(7),4,RNP(B),AM(Q

1),CPO ()
CA2=0.
CA3=0.
CAL=D,
CN2=0.
CN3=0.
CN4=0.
CM2=0.
CM3=0.
CMu=0,
SUM1=0.
SUM2=0.
SUM3=0.
AREF=3,14159%*RREF**2
IF(NBLUNT.EQ.1) GO 70O 1
K=NNI
K1=NN1
K2=NN2
K3=NN3
K&4=NN&4
GO 10 2

1 K=1
K1=NN1
K2=NN2
K3=NN3
K&=NN&

CABL=0.
CNBL=0.
CMBL=0.

2 JA=K
J3=K1
CALL STIMP
CAl1= 2.¥SUML/AREF
CN1==-2.*SUM2/AREF
OM1= 2,*SUM3/ (AREF*2,*RREF)

SUM1=0.

SuM2=0.

SUM3=0.

IF(NN1.5GC.NN ) GC TO 99
JA=K1+1

JB=K2

CALL SIMP

CA2= 2.%SUM1/AREF
CN2==2.#SUM2/AREF

CM2= 2.¥SUM3/ (AREF¥2,*RrREF)

16.20.07.
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SU3ROUTINT  WAVE

99

TRACE COC 66J0 FYN v3.0-P208 0PT=zp

SuUMi=0,

SUM2=0.,

SUM3=0.

IF(NN2.EQ.NN ) GC TO 99
JA=K24+1

JR=K3

CALL SIMP

CA3= 2.*SUM1/AREF
CN3=-2,%SUMR2 /AREF

CH3= 2,#SUM3/(AREF®2, *RREF)
SUM1=0n,

SumMe=g,

SUM3=13,

IFINN3.EQ.NN ) GC TO 99
JA=KZ4+1

JB=Kh

CALL SIv4pP

CAL= 2,*SUML/AREF

CNuz=2, ¥SUM2 /AREF

CMa= 2,*SUM3/ (AREF*2, *RREF)
CAM= CABL+CAL14CA2+CAZ+CAL
CNW= CNBL+CNL1+CN2+CN3 +CNG
CHMW=CHMBL +CML +CM2 4CM3+ CML
RETURN

END

69/712/72

lw.204.07,
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E. SAMPLE INPUT DATA SET

The sample case below is the input data cards for the improved e
5"/54 projectile®®. The Formats and parameter locations and definitions
have been discussed previously.
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F. SAMPLE OUTPUT

The resulting output for the above input data case is shown below.
The reference conditions are printed first foilowed by the input body
coordinates. The last output quantity is a table listing the indivi-
dual axial force contribution and a table listing the force coeffici-
ents.




CASE NO. 1

ANGLE OF ATTACK = «500EGS REFERENCE OIAMETER = L417FT

REFERENCE CONDITIONS

. SPEED OF SOUND = 1116,890 FY/SEC
* DENSTTY = 40023769 SLUGS/FT3
ABSOLUTE VISCOSITY = .000000374528 LB~SEC/FT2

BONY COORDINATES

.
X [
f.0000 «0828
«3950 1711
7909 w2408
141843 3188
1.5800 V3786
1.9749 287
2.3700 698
?.7699 5000
441997 5000
5.2000 +3683
AXTIAL FORCE CONTRIBUTIONS
MACH NO, SKIN FRICTION BASE PRESSURE PRESSURE PROTRUSIONS TeraL
2.800 W0274 + 0585 «1063 0.0004 19c¢
24400 .0302 «0686 »1169 040200 £ 2155
2.000 .0332 0842 L1286 G.0000 L Wbl
1.F00 . 0369 .1022 1415 0.0000 $2307
1.200 £ 0609 1227 +1569 U.0000 V3265
1.050 0426 1232 L1527 V. 00C0 . 3133
1.000 204632 1176 .0921 040000 2223
Ll 20638 <1037 0304 t.0000 1773
«ana 4G4 <0866 «6020 ve0000 $ 1549
700 0472 <0731 0.0000 0.0000 123
00 20507 » 0698 g0.0000 velCGO e i20
FOPCE CCEFFICIENTS
MACH NG, co CN cL CH CNAL cHaL XCP/0D
2.8010 L1924 0246 0230 =049 2.823 5,032 143951
Z,6ne +2158 0227 . 0208 -. 040 2,605 -4,b22 1e7703
24000 2462 . 0205 L0184 - 030 2.350 ~3.458 1.4717
1.600 12808 » 0171 0147 ~. 017 1.961 =1.953 .9357
1.20¢0 + 32056 0131 0103 -.003 1.496 ~.389 2604
1,050 +3186 0126 «0099 004 1abted 594 -+3409
1.00¢C .2530 0120 +0098 «009 1.372 978 -e7128
980 .1780 L0116 0101 011 1.332 1.301 -.9772
000 W13061 .0118 L0107 «010 14357 1.163 ~e 85610
<700 1208 «0119 . 0109 -.002 14366 ~.222 1527
W500 +1205 + 0120 U110 -, 005 1.378 926 3822
.
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