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ABSTRACT

A computer program for determining the theoretical performance of a three-
dimensional inlet is presented. An analysis for determining the capture area,
ram force, spillage force, and surface pressure force and their moment is pge-

sented along with the necessary computer program. A sample calculation is also
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LIST OF SYMZOLS

area normal to x-axis

captured streamtube area at station "Q"

captured streamtube area at free-stream conditions
cowl projected frontal aresa

cowl projected area at station "O"

speed of sound at stagnation conditions

axial force coefficient = F,/q S
Ao

ef

drag coefficient =D /qmsreF

force coefficient =F /qmsre:

&

lift coefficient =1L /anref
moment coefficient =M /qmsreflref

normal force coefficient= N /q S
@ ref

pressure coefficient = (p-p@)/q°°

drag force

force

function u, v, w

gravitational constant

indeces ) ’ ‘

indeces

moment arm

reference length

lift force

Mach number

moment = F x 1 h o

mass flow rate
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normal force
pressure
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dynamic pressure = % oV

radial coordinate

surface area

reference surface area
temperature

axial component of velocity
radial component of velocity
outboard component of velocity
total velocity = d u2+v2+w2
axial coordinate
spanwise coordinate
normal coordinate
angle of attack
spillage force angle
ratio of specific heats
flow direction

ram force angle

body force angle
spillage force angle
meridional coordinate
body force angle
density

ram forcé_angie

flow direction




Subscripts

ax

side

cone surface

indeces of mesh points
initial or stagnation-conditions
streamline

wave

free stream conditions
reference conditions
rolling monent subscripts
pitching moment subscripts
yawing moment subscripté
axial

normal

side
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INTRODUCTION

In the design of an integrated hypersonic vehicle, the various forces
generated by the airbrecthing propulsion system rust be determined and located
accurately with respect to the center of gravity to determine the interaction
between the propulsive unit and the vehicle.

The supersonic combustion ramjet engine (scramjet) has been suggested as a
possible airbreathing propulsion system on a hypersonic vehicle such as a launch

. 1 . . . . .
vehicle. The scramjet engine has three basic components: the inlet, combustion,

.- -

and nozzle. For hypersonic flight these components tend to be of sizable
dimensions with respect to the vehicle size. Therefore, the forces generated by
the scramjet engine especially those of the inlet and nozzle are also large com-
pared with other aerodynamic forces. Thus an accurate evaluation and locaction of
these forces is essential to determine the trim requirements oZ the vehicle.

In this report, the pressure and momentum integrals necessary to establish
the external forces generated by the inlet are evaluated in conjunction with a
three~dimensional computer program2 wnich determines the external flow field
using the theory presented in 3. Although the flow field analysis is inviscid in
nature, the body geometry can be corrected by adding a suitable boqndary layer

displacement thickness to the actual body.




- ANALVSTS

A typical scramjet engine installation is shown in Fig. 1. The propulsion
system is surrounded by ; suitable control volume to evaluate the integrals
necessary in the determination of the propulsive forces. The control volume
shotm in Fig. 1 assumes the captured streamline in the vehicle flov field at
station "O". That is, the streamline crosses the bow shock upstream of this sta- 4
tion.This is typical of low hypersonic speeds. At hypersonic speads, the captured
streamline may have crossed the bow shock at a station downstream of station 'O
as the bow shock is very shallow., The control volume changes not only with
flight Mach number, but also with vehicle attitude (i.e. angle of attack, yaw,
etc.). Also, here we assume the inlet is started and there is no flow separation
present on the inlet ramp. The particular inlet performance evaluzted here are
the local capture a;ea, ram force,'spillage and body surface, forces and moments.
The forces are evaluated in terms of components in the axial, normal, and side

wise directions of a body fixed coordinated system.

a) Local Capture Area

To determine the inlet's capture arez or mass flow, it is necessary to de-
termine the trace at statioﬁ>"0" of the stream surface that impinges on the inlets
cowl and sidewalls leading edges. Since the.program marches forward in the axial
direction, it is not known a priori through which initial point the captured
streamline will pass. Therefore, a number of streamlines must be traced from the

initial station. The streamlines intersecting the leading edges are then selected

or interpolated at the end of the calculation. The program has been set up to trace

streamlines passing through the even numbered index points in the radial direction

at the initial plane (i.e. J =2, 4,..., X=1, 2, 3,... See Fig. 2).




The trace of 2 generic streamline proceeds as follows. The equations o a

streamline in cylindrical coordinates are

u v \?)

where u, v, v, are the axial, radial and outflow components of velocity in
cylindrical coordinates, and the subscript s denotes streamline. To trace a
streamline which at the initial station (x = xi) passes through the grid point
(ro, eo) indexed by J,K proceed from the given initial data plane by estimating

the position of the streamline at the next calculation step i.e.

xs = xi + Ax
i+l
(1) - 4 :
rs. rs. + L u (xi’ rs. . ’es. . ) ax
1+1i’j’k ]-’J:k 1:Jak laJsk
o = g +[l Sy, T 6 )] ax
51,3,k Ts u %5,k %1,5,k -
i+1’j’k ? ’ i,J’k ? ? ? ?

where the superscript (1) denotes first iteration and the subscripts i, j, k.

denote data at the present station x, and rS es .
i °1i

The three-dimensional program then proceeds to calculate new data at the

next axial station xi,]-= X, + Ax. Given this data and the first estimazte of the
T

PREY

streanline position at the new station the end slope is determined from inter-

polated data as explained in Appencix A, The average slope betveen station x,

.

and x +1 is used to determine the location aad slopes of the streamline at the

(oY




new station. No additional iterations are tzken as the calculated step size is

sufficiently small that the flow properties do not change appreciably. The

4

.

error has been found to be on the order of 10 .

The computer program subroutine ocutlining this procedure is presented in
Appendix B. A vertical plane of syrmaetry is assumed in the program at the plano
indexed by K = 1, In this plane the program calculates only the streamwise slcpe
dr/dx and sets g = 0.

Additional streamlines are traced at a station downstream of the initial
station to insure that the cowl leading edge is bracketed by the selected stream-
lines. The additional streamlines originate at odd numbered index points in the
radial direction (i.e. J= 1,3,4,7,... for K=1,2,3,...). The station ac which the
additional streamlines are initiated is determined from the mean cowl lip radius
and the conical shock angle by using an approximate formila for the streamlines
through the conical flow. In the approximation the strezmline is a hyperbola

2 2

(Ref. 4): r = (tan ec) x2 + C where C is a constant. Selecting the constant

so that the streamline impinges on the cowl lip i.e. @ x = x_ r = R_ gives

c c
2 2 2 2 2.2 . .
r = (Rc - X, tan ec) + x tan ec. The streamline crosses the conical shock
T = X tan ew at:
B tanz e 1 -~ Canz e —l ;4
x =% 5 cow > c
tan ew - tan ec

where 6., is the conical shock angle
R is the cone angle

and Beowl is the ray angle passing through the cowl lip = Tan-l(Rclgé)




The effect of spillage is to bend the streamlines further from the conical
flow above. Therefore, this choice of initial station to trace the streamlines
will insure that some of the selected streamlines will be spilled arcund the cowl.
However, interpolation and/or extrapolation of these streamlines may still be
necassary upscreawm oi this station for oda-indexed captured streazlines that lie
near the shock wave.

Given the above set of streamlines, the boundaries of the local captured area
are determined by interpolating between the traced streamlines from the cowl lead-
ing edge to the initial station as described in Appendix A,

b) Captured Local Mass Flou Rate

Given the boundary of the local capture area at station "OY, the local captured

flow rate is determined by

A = '
1n ﬁf pu dAo
AI
o

where Aé is the local capture area at station "O" as shown in Fig. 1.
However, since the limits of integration are not known at the start of the
program and to keep track of the accuracy of the streamlines tracing procedure,

the incremental mass flow between mesh grids is calculated at every printout

station, i.e.

Am = ou AA

or

o
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where M T 1 pA8AT = % (rJ k+ T

51,k T Tt Tyee)) BTy o Ty T

(i1, 141” Ty, 107 A8

The quantity in brackets is evaluataé at thc four corner points of each grid and
the average ' is printed out at every print-out station. The total captured mzss
flow is the summation of all grids in the captured streamtube, i.e.

Jeapt,Keapt

@= ) A
3,k
This quantity can be nondimensionalized with respect to the maximum local captured

flow or can be converted intc equivalent freestream tube capture area

e

and nondimensionalized with respect to the maximum freestream capture area or cowl

frontal area, Ac.

¢) Ram Force

The ram force in general has three components: axial,normal, and side. For
zero yaw, the third component is zero due to symmetry. The individual components

are calculated from the incremental ram force in the grid and then sumred as in

the mass flow calculation.

i) axial component

the incremental axial component of the ram force is given by

&F oo = fiw o+ (p-p) 42




or AFram

. '12
EZ;..EE&il - [(1 +[;:(v/u)l+(w/u)zj‘) (%;)'- 1} *

where AA is given above.

The computer program calculates this quaantity at the four corners of the grid and
prints out the average.
The total axial component of the ram force is the double sum of all grids in

the captured streamtube. The axial component ram force coefficient is then given

by

ii) normal-component

The incremental component of the ram force normal to a plane perpendi-

cular to the vehicles plane of symmetry is given by

. v W
AFram = Amu({l- cos § - =~ sin e)
normal
or AF i .
e ormal _ yMZ P v v AA
'-‘_—_-"P = 7 y) -§ Gcosg-; Sin g
® [+ (v /u)yr(w/u)™] ®
iii) side force component
. The incremental side force component is given by
MF = piu (E'éinfe +~§-cos e) o )

side




or AFram

side - X 2
(1

T/ 5 e (i) (5 sin g + :'-11 cos e) AA
L

The calculation procedure to obtain the normal and side ram force components

coefficient is identical to the above. The totdl ram force side compenent
vanishes for zero yaw due to symmetry requirements.

iv) ram force direction

The angle which the ram force makes with the vehicle's axis is given by

e = Tan (F Ce \ ’ .

ram__ .
Mhormal axial’

and with the y-coordinate is given by

- 120 {
& = Tan (CF 7 )
ram . ram .
side axial

v) morment produced by the ram force

The incremental pitching moment produced by the ram force zbout any

point such as the c.g. is given by

N\ X=X o (+‘
(Acm ) ( ) AC ) ( T 4Cg '
q Fram ref am, ia1 ref ram

normal

where the subscript q denotes a pitching moment about the y-axis.

The incremental rolling moment is given by:

= /¥y z-2
(Acmp) (o) o - () g
Fram ref ram a1 ref ram

side

where x,y,z are the coordinates of the centr01d of the incremental area.

K
-




The total pitching, rollinz and yawing momentsare calculated by surming over
all grids insice the captured streamtube of the inlet, that is
S S
by
Mg i,k

ram ram
P>4q,T pP,q,T '

For a vehicle vith a vertical plane of syrmetry and at zero yav only a pitching
moment is produced. The computer progrem calculates only the pitching moment,

about the origin (cone tip), The distance to the center of area is used in the
calculation. The calculation is made at every print out station

vi) Point of Application

The point of application of the ram force 1s where the line of action of
.. the ram force pierces the y-z plane at station "0", This point is found by
locating the point where the ram force generates the same pitching, rolling and

yawing moments, that is:

=% - 4
CM ‘ CFram * CFram (, -
qF axial normal
- ram
CMP -7 CFram i qFram
F normal side
ram
CMF - CFram Y CFram
F side axial
ram

Only two of the above equatiomns are linearly independent. The third expresses
the orthogonality condition between the moment vector and the force vector, i.e.-

MeF = 0. Therefore only the line of action of the ram force can be found from

the above equations, i.e. _




-

(CMP T CFra )///(CFram §0
™y “axia

F 1
ram

nla?
It

and -

(CMr MR )/(CF x)
axizl rams

“ram ide

»r<?
]

for a vehicle with a vertical plane of symetry and at zero ysw, the second

equation is indeterminate. Further, selecting X = X gives the piercing point

~4

2.

d) Surface Pressure Integral

The pressure integral on the inlet ramp has three components; axial, normal,

and side components. Since the limits of integration are not known initially,

i.e, the limiting streamline impinging on the sidewall leading edge intersection

point with the surface (point A" in Fig. 1), the incremental surface pressure

integrals are calculated at each calculation step.

i) axial component

The incremental axial component of the inlet ramp is given by

f

p P axial’ °ref .Asaxw r A% Ar

where CP is the average pressure coefficient (Cp=(P-gw)/ M 2 %y P)of the C_'s at the
-] o]

four corners of the grid, and Asaxial is the incrementazl body surface area in a

typical grid (Fig. 2) AS. The total axial force is formed by the surmation
over all grids from the station "O" to the inlet's "mouth".

ii) normal comdonent

The normal component is calculated from

ACy = C, A5y

ref £y ~ (8%) (ay)




B where ASN is the incremental body surface area in a typical grid projecced onto
a horizonaal plane normal to the plane of symetry- of the vehicle

iii) side component

The side component is calculated from

ac, = cp 88 7S ¢ A5, ~ (8%) (42)

where ASS is the incremental body surface projected onto the vehicle's plane of

plane of symmetry.

iv) direction of the body surface

The body surface force direction is given by

1
(Cy/C a0

um
1l

and

1
(€g/C )

vy
il

v) moment produced by body surface force

The incremental pitching moment produced by the body surface force about

any point is given by

E). a0y e

—S8) e - (e

ref ref

* The incremental rolling moment

ACy = (i;{‘ci) (1 ) a4

P ref ref

The incremental yawing moment

X-X y-y




Total pitching, rolling, and yauving monents are obtained by summing -over all the
grids inside the welted surface from station "O" to the "amouth' of the inlet.

For a vehicle with a vertical plane of symzatry and zt zero yaw, the
rolling and yawing moments vanish. The computer program calculates only the
pitching moment at every statiocn vhere printcut cccurs,

vi) point of application cf body surface force

The point of application of the body pressure force is where the line of
action of the body surface force pierces a horizontal planme (z=0). This point
is given by locating the point where the body force produces the same pitching,

rolling and yawing mcments, that is:

ch=£ Coy = X Cy (-\— 4
CMP=§ Cy - z G e
CMr =X CS -y CAX

As before, only the line of action can be found

X = (-G + z Ciy)/Cy
q

z = ¢, + v cN)/cS
P

¥y = €, + z Cg)/Cy
P

For a vehicle with a vertical plane of symmetry and at zero yaw the second

equation is indeterminate. Further, selecting z=0 gives the piercing point x.




e) Spillage Force

The spillage force components can be calculated in 2nalogous mznner as the
body surface force except that the spillage surface and the flow properties on it
are used. However, this surface and its properties are not known a priori.
Therefore it is more conmvenient to deterrine this force by imposing the ecuilibrium
of a control volume consisting of the ram force at station 0", the body surface

force and the ram force at the mouth 'of the inlet.

The resultant of these is the

spillage force vwhich includes the side wall and covl spillage. Equilibrium of

moments yields the point of application and the moment of the spillage force.
That is, the spillage force is given by a vectorial sum of the forces acting on
the above volume:

-Fspill = Fram

+ Fbody + Fram

WOt cowl

from which the three scalar components can be obtained. TFor a vehicle at zero

yaw and with a vertical plane of symmetry only the axial and normal components

are nonvanishing and are equal to:

c =C 4+ C -+ C
F5pi11 Fram Fram "o . X
ax cowlaxial axial
c =C +C - C )
F . F F o N
~sp111N ramcowlN ram "'Q N

The pitching moments produced by the spillage force is given by

G "% - G
spi 9 qbody force 3

ram ram
_ nor _ ~ cowl




The line of action of the spillage force 2s given by

=z CF + x CF
spill ; spillax spillN

The angle which the spillage force makes with the vehicle's axis is given by

8 = Tan! (CF C )
sp111N sp111ax

and vith the y-coordinate is given by

1 c

n = ten (CFs 111 / Fspil1 )
P S p1 ax




SAMPLE CALCULATION

A sample calculation of the above forces wvas done for the inlet geometry

described in Ref. 5. The free stream Mach number was equal to 6.0 and the

vehicle was at zero angle of attack.

The streamlines in the vehicle's plane of symmetry and the projection oZf the

)
streamlines onto a plane G= 4% to the vehicle axis are shown in Figs. 3 2nd 4

respectively.

The captured streamtube at station "O" is shown in Fig. 5. The projections

of the limiting streamlines are also drawn. The ceptured mass flow, ram force,

body force, and spillage surface, directions and magnitude as well as noments are

" listed in Table 1 for this condition.

LS




RESULTS .

A computer program for evaluating the captured mass f£flow, ram, surfzce, and
spillage forces as well as their moments, and points of application for a three-
dimensional inlet design have been presented along with 2 sample calculation.

The usefulness of this tool in detormining the inlet performance and forces
and moments produced by the inlet's ramp surface is appreciated in a trim

analysis of a hypersonic integrated vehicle,
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APPLNDIX A

1) Interpolation Scheme for Properties at 2 Point Tnside a Grid. After

e

locating a point inside a mesh whose corner points are indexed by (j,k), (j+1, k),
(j, k1), (3+1, k+l), (e' in Fig. 2c) the properties at the interior poiat are

evaluated through a linear interpolation

6 -0 -
f = [ £ ( J+1 k J:E) (r-r. k)] [1 -(——:,ﬁe ) J‘!‘
LR Ve T Ty 3 1" S
[f . far1, w1 T 5y, k+1) - )J<9 - ek)
j,kr1 rj+1’ k¥l " rj,k+1 - ], k+1 ek ek

Except at the plane of symmetry where the interpolation is carried out with

respect to r only, i.e.

i+1,%" £k
£= f.k+CJ : J’ ) @ -r, )
I Lk ik 3

while for the surface streamlines (j = 1, k), the interpolation is carried out

with respect to g only, i.e.

f

11 - f
£f=£ +( Lokl l’k) (6 - &)
LE N1 &

2) Interpolation Scheme for Captured Streamlines Given the location of the

cowl leading edge piercing poiant (e' in Fig. 2¢) with a plant x = constant, four
adjacent streamlines (aa', bb', cc', dd') vhich enclose the point e' are used in the
follouing interpolation scheme -to determine the location e at the initial statioa

of the streamline passing through e'.




For any general point, the location of the point e 1s given by

e}
1

rab + Ka (rcd- rab)

D
]

e eab + Ke (ecd- eab)

where

2]
|

ap = Fa T (g 100/ (s = 1,00 (ry - 1)

Ted Te + I:(re'. rc')/(rd'_ rc')] (rd =)

]

Ted ™ e + [Q?e‘ -rc‘)/(rd‘- rc‘):l (rd -r)

1
(<o
~

Qab ea + [(rel' ral)/(rbl- rat)] (eb

ecd ec + [<re|' rc,)/(r et ral)] (ed -8.)

and Ke = (ee' - 9a|b|)/(ec|dl' ea:b.)

where ea.b. = eal - [(?el - ral)/(r T - ra')] (eb.' ea.)
ec.d. = Sc: + [(re|' rc')/(rd' - rcl)] (Gd.- GC)

in which

T iyt = Toigr = T, Was postulated.

In the present tracing scheme

8, = 6, and 8. = 64 which implies g,y = 6, = 8

and ecd =8, = ed. Therefore

B = 9, + Ke (ec - ea)_




For streamlines in the plane of symmetry 2 simple interpolation is used,

.

r =T

b a
T.‘e = ra + (rb'_ ra') (Tet - ral)

8 = 0.0 )
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APPENDIX B - ©PROGRAM LISTING ™

PROGRAM GRUMIINPUTsQUTPUT PUNCHe TAPES=INPUTTAPZS=0UTPUT
1TAPET=PUNCH,TAPES)

DIMENSION UL1(21420)¢v1(21+¢22)441(21520)
1R2(20)RX2(20)sRT2(20)+DR2(20)+DIT2(20)+RS2(20)+1RSX2(29),33T2(2D)+
2F21(21:220499) 25222342005 :F23(21920+433 ¢
2U2(21¢2 o),vo(Ple?u)vw9(21e¢0)er18(21q20’~
3EL23(21420)cUT2(21¢20)eVT2(22220)4UT2(22¢20)+5L2(21420642)4
BRSX(2) sRAL2) s FA(2¢B) sZLA(2:2)46AL2)¢G5A(2) ¢DEPIP(2)4CAPA(2)

"5G3AR(2) ELBAR(2) ¢ ZM(21420)CP(21420)

DIMENSION XPRIBE(7) +°858R(21:20)

COMMON /FIR/X3(20) REB(208+:20)¢R2P(20:20) +RBPP{204+20)+REP22(204+20)
1UUC20) o VUL20) e UL 20 0RI(20)sAXIL20 P T2(20)DRI(22}¢0%TL(20),
2RS1(20)+RSA1(20) ¢ RSTI(20)F11(2142046)sF1212142046)4Fi3(214204%)
DF1U (21020463 45L1(21420,2)+T(20)P(21),

STOLEP CUNST CTST SNy CANYa XEND DT 4DTDe X1+ VINF2,:62,634G4,35,CCP1,
4CCP2 M1, quiK.MAXﬁ VAXN  MODEIPT ¢KPT (MISHML ¢ MUl

CIMMON /Fa/S(aO)/r14/‘PPP(50)/?15/DS/F123/F(50)qu(soaeFDP(soa
1/C1/GloA0/HESH/NOPTeIDUNCH .

FAUTVALENCEIFLII{L) U)o (FL2{421 JoY1(1)) o (FLlIIBUL)011))

EQUIVALENCE(F21{1)oU2(13)e(F22(1 )4UT2(1)) s (F22(421 yov2(1)) s
1F22(421 Yo VT2(1)) e (F21(BUL) ¢W2(1)) e (F22(842)awT2(1)) 0t
2F2111261)e5L13(1) e (F22(15682)«EL231(1))

COMMON/STLIN/G1XZsRReORDXsDTOXeRPSAVeTHSAVe EYeCP+2P82R

DIMENSION URDBX{21¢20)¢ DTOX(21420)+RPSAV(21+¢20)+THSAV(21420)

1RR(21+20)

2

ICYCLE=D
yCYCLE=0
YCOWW=0

MCOWW=0 TRACE ONLY EZvEN NUMBSERED STREAMLINES
UCOoWW=1 TRACE EVERY STREAMLINE
READ(5¢1) cMINF ¢ (XPROBE{I)eI=1+5) «TCOWL

FORMAT( BF10.3)
Xc=110
XPRINT=XPROZE(1)
IPRO8E = 1

IC0=0

IJL=0

Id=8

CALL FIRST

XCOWW=XC#SORT((TAV{TCOUL) #2-TAN(RBP(141))%%2) / (TAN(RSX1(1))*x2-
1 TAN(RBP(1le1))xx2))

WRITEL(6:2) XCUWH

FORYATU//7¢5Xe% 0ID NJMBERED STREAMLINES WILL 3E STARTED AT X= %
1 E15.5/7)

6= BY4%/(G%=-1,)

536 = 2,/16=1,)

CONST = I3%GxEMINF%x%2,

1=0 o

60 70 2201 -

SJ3SEQUENT  INITIAL DATA SURFACZ (2100)
x1=%2

D0 2104 K=1,M«

RL(K)=R2(K) -
RXL(K)=RX2(K)

RTL(K)=RT2(K)

~
]




- ok

\){’?#.”.‘ﬂ'k"’!"!‘
%

5008

6008
20021

6006
6007

12

oo

999

O e ©

]

° l

0 6006 J=1,!1J - S e St T T

ARP=AP+0DR2(K)

QR(J'K)zRIP

VP2z=U2 (Je X ) %424 V2(J oK) x%24W2(JgK) %2

A=AD=GizVvP2

gu2=VP2/sA :

TH(J LK) =SAKT(EM2)

BZTA=SORT({EM2-1,)

TANALF=ABS(U2(JeK) ) /SART(U2(JaK) #%2-V2(J2K) &-2)

ELANBE(BLTATANAL= 41 ) /LEZTA-TANELF)

TEST=DX/DT=CUSTE{AP*UR(JeK) =DXxV2{JsK))/(ELAMISHSARTIU2{J e K) £%2¢
1v2{JeX)2%2))

IFC(TEST) B005« 5005, 3002

CPIJeK)=(PIRAT*AL+GY4=-TCP1)Y~CCP2

Y = DR2(K)*FLOAT(u~=1)

gEM12=EN(JeK) k%2,

P3AR(J¢K) = 1o 4+C2(Jy<)=CONST

PT23AR =PTRAT#({E412/62/(EM12+G8)) #4064 {62%(2,%6U%EM12-3,))&x(1o/
1(,10’6))

GO TO (6008,6008) NPRT

ARITE (IWe20021) UsRPeUZ2(JeKI oV2(JeK) ¢ W2LJeK) eEL2(JoKel)
1EL2(JeKe2) 1EM{J oK) «CP{JeK) s YsPBAR(JsK) PT2BAR

FORVMAT(IS.11F10,5)

CONTINUE

CONTINUE

ICYCLE=ICYCLE+L

IF{X2 +LTe XCOww) GO TO 12

Yoo dW=1

VCYCLE=MCYCLE®L

CINTINUE

GI TO (B8.3)NPRT

ARITE(H,49) X2

FORVIAT(///7+5X+%STREAMLINE TRACExeSX 132 =%:E12.5)

CONTINUE

LALL STREAM(INPRT o MJ oMK ICYCLIoMCYCLE ¢ VCOWW s OX e XCOWsUZaV2eW2eT)

IF(X2eGELT40)YNDOPT=H

-3

v o 9o ”

9 CALL EXIT T S
£\D

Cards added to original progranm
Modify these cards according to particular geometry considered




o000

aoO0O0

335

33
s4

202

13
14

35

SUBROUTINESTREAM{ YPART ¢ MU% My ICYCLE s MCYCLE 1 FC0UA ¢ DX o XCOA N 1 U2 s V2022,
17)

OIMENSION URBX(21420)s DTOX{(21¢20)+RPSAY(21420)eTASAV{21e¢20) 4
1RR(21620)vU2(21020)0V2(21420)002(21420)+T(28)+CP(21420)02%(21,28)

DIMENSION UJK(25420) 47 JKA(21,20)e FJUKMN(22:20)s DiO0T(212:20),
1 OFRAMAY (21¢20) ¢ JFRAMN(Z1420) s DNrRAMNY(21020) sCPSAV(20) +RSAVI20)
2 P3AR121+¢20) s JSLA(21420)

COMMON/STLIN/G¢X2:RR\ORDXDTOX+RPSAY,THSAYV, EMNyCP,P34R

F(EMoG)=2o/{1lo+(B=1 ) vEMIEM/2,)

IF( MCOWW <EQe 1 oANDs MCYCTLE oEQ, 1) GO TO 202

IF(ICYCLE «GTe 1) GO TD 35

INITIALIZE AT X=XI

CAX 0o
csS =0,0
CN =0,0

WRITE(6¢33D) X2 :
FORMAT(///+SXe~INLTIAL STREAVMLINES POSITIONS AT X= #4£15.5/)
DO 34 K=1,MK

WRITE(6,6001) K,T(K)

RRSAVIKI=RR (1K)

COSAVIK)I=CP (14K}

D0 33 U=2:MJe2

DRDX(JQK)=V?(J'K)/UZ(JQK)
DTOX(JoK)Z=w2(JaK)/ (R (JoK)2U2 (Je1K))

DTOX(J4K)= 57.295779 DTIX(JeK)

RPSAVI(JeKISRR{JeK)

THSAV(JeKIST(X)

YL=RR(JK)»SIN(T(X)/57,295779)
Z1ZRR(JK)*COS(T(X)/57,295773)

WRITE(G64152) JoY10Z1RPSAVIJWK) DRDOXIJeK) sRRIJeK) o TIK) 4 DTIX(JoK)
CONTINUE ‘

CONTINUE

RETURN

INITIALIZE 0DJ NUMBERZD STREZAMLINES AT X= X2

WRITE(B.335) X2

DI 14 K=1,MK

WIITE(E6001) KeT(K)

DD 13 J=1¢TJ,2

DROX(JeK)I=V2(JeK)/7U2(J4K)

DTOH{J e K)==W2(Je K}/ {RR{JKYXU2LJeK))
DIOX(JeK)= 57.295779% DTOX(JeK)
RPSAVIJK)ZRRIJK)

TRASAV(IJKY=T (K}
YI=SRR(JeK)=SIN(T(K)/57,255773}
Z1=RR(JWK)RCOS(T(X)/57.295773)

WRITE(6¢152) JoY¥Y1eZloRPSAV(JsK) ¢ORDX(JoK) ¢eRR{EJIK) o T(K) 4DTOX (LX)
CONTINUE - - - - -
CONTINUE

30 70 211

MTEY=MK=1.

IF(vCOuWY +LE. 0) 50 7O 211

USTART=1

MIND=1




4

OO0

OO0

a0

211

212

6001

70
51

-53
T0

57

61

60 TO 2i2
YSTART=2 .
VEND=2
CIMTINUE
DI 79 «K=1.MTEM
IF(NPRT.EQ.1)
1WRITE(6¢6001) Ko T(K) 2
FORVAT(/ e R o+4Tmel20 00X et THZ®4E1205¢7/48Xex Jxo3X e Y2¢10X1%2 %457,
1&RAPREV>¢8 e %00 2% ¢ BX92RTRACA 8X e tTTRACK 95X e xERROR1%9EX ¢ =ZRR0R24/)
00 78 J=NSTARTfJdeMEND
IF(RPSAV(JoK) oGEe 1000, ORa THSAV(J«K) <GE. 1000. Y G2 TO 73
IF(DTOX{JoK) oGEs 10000.,0Re DRDX{JsK) oGE. 1000.)G0 TG 78

FIRST GUESS OF STREAMLINE POSITION AT X+0DX

RPX2=RPSAVIUJ«X) +I0N(JeK)+ DX
THX2=THSAV(Je <} +DTCX(JeK) %DX
IF(K.EQ.1) GO TO 1001 ’
IF(J.EG.,1) GO TO 350

LOCATE KK AT WHICA THX2 LIES BETWEEN T(KK=1) AND T(KK)

KK=0

KK=KK+1

IF(KK «GTe YK )} B0 70 66
IF(THX2-T(KK)) S53¢353451

IF(KK .EQ. 1) GO TO 1001

LOCATE JJ AT T(K<=1)e¢ AND RPX2 LIES BETWEEN RR{JJ=1¢4K=1) AND RR{.
K{=KK=~1

JJ=0

JJ=Jdd+1 -

IF(JJ GT. MJ) GO TO 58
IF(RPX2 =RR(JJ¢KK)) 53459:57

IF(JJeEBGe ) 50 TJ 66

LI3CAaTE II AT T(KX) v AND RPX2 LIES BETWZEN RR{II-1¢KK) AND RR({
KK=KK+1

I1I=0

II=TI+1

IF(II ,G6T, MJ) GO TO 55

IF(RPX2=RR{IIKK)) 51,51¢50

IF(II «EQe 1) GO TO g5

CYALIZ(THX2=-TIKA=1))/(T{KK)=T{KK=1))

CVAL2=RPX2=-RR{JJ=1¢KK=1)

CVAL3=RPXZ2=RR(II=-1,4KK)

VAL1={U2(JJehK=1)=U2(JJ=1+KK=1))/{RR{JJsKK=1)~RR(JJ=1eKK=1))

VAL2=(V2( JUeKL=1)=V2(JU=2eXK=1) )/ {RR{JUKK=1)=RR{JJ=1¢KK~1))

VAL3Z (L2 (JJU,KX=1) =2 (JJ=1KK=1} ) 7 {RR{JIoKK=1}=RR(JJ=2 KL=1))

VVALI=(UR(1T44K)=J2¢(T1a1,KK) )/ (RI(IT4KK)<~RR(II=14KK2))
CVVAL2=(V2(I11 48K )=V2(II=1KK))/{RA(IIAK)=RR(II=2.K<))

VVALZ= (W2 (LT oXK)od2({IT=1 KK DI/ (ZR{TIIWKK)=RRILI=2 o~}
U2X2=(U2(JU=1eKK=1)+VALI=CVAL2} % (1e=CVALLI)+(UR{I =t ¢ nl=VYALL
1CVAL3)*CVALY

v2X2=(V2({JJU=1 1 KK=1)+VAL2:CVAL2) % (2 ,=CYALL)+(V2(II=2 e KK, - "YALE"
1 CvAL3)s#CvALl




350

350

1001

1060

1061

370

62
6006
162
6007

66
&7

68

78

L

WeXZ2Z(W2(JJ~1 s KK-1)+VALS=2CVAL2) % (1e=CVALL)+(W2(II-1+4K)+yVAL3

1 CvaL3)=CvaLl

IF(J NELI) 59 TD 350

U2X2=U2(1eA) v (U2 (L K+1)=U2{1+RIIZ(T(K+L)=T{KI )} *(TaX2-T(X))
VEX2=V2( (Lol )+ (V2(LeK+1) =2l eI )/ UTIK+L)~TUKIIX{T=¥2=T(X))
W2X2ZW2 (L e K)+IN2 (Lo k+2 )= 2(14K)IZITIK+L)=T(KI ) {THY2=T{<))
DROX2=zV2X2/u2X2 ‘

DTCX2=«12X2/7(RPX2+U2X2)

proxe = 57,255779«% 0TOX2
RTRAC=RPSAV(JoK) 4+ oD% X2 (DROIX(J¢4X}+DROX2)

TTRAC=THSAV (JeK)~045x0Xx{0TOX(J,K)+DTDX2)
TCST1=ABS(RTRAC&R?X2 Yy 7RTRAC

TEST2=ARS!TTRAC-T=X2 YV/TTRAL
Y1=RTRAC%SIN(TTRAC/S57,.,295779)
Z21=RTRAC%COS{I1TRAC/57,.,295779)

GO YO 62

PLANE OF SYVMCTRY

KL=1

11=0

IF(J,EQ,1) GO fO 370

I[=11+1

IF(II,6T.,MJy GO T 86

IF(RPX2-RR{II KK)) 1051,1061.,1060
IF(I1.EQ.1)G60 TO 56

CVAL3=RPX2-RRIII~1sKK)

VVALIZ(U2(LTI o KK)=UZ2(II=1¢KK))/(RRIII4KK)=RR(II=14KK))
VVALS= (W21 44K} =d2(I11=1.KK ))/(RR(ITJKK)=RR(II=1,KK))
U2X2=U2(I1I=~1,4K)+VVALL1%CVAL3

v2X2= V2(Il-1+KK) ¢ VVAL2%CVAL3
JRDX2=V2X2/U2K2 - .
IF(JoEQel) ORIX2=V2(14K)/7U2(1,K) : -
DYDX2 = 0.0

RTRAC=RPSAV(JoK) +0,65%IXx(DRIX{J(X)+DRDX2)
TTRAC=0,0

TZST1=ABS(RTRAC=RIX2 ) /RTRAC

TZST2 = 0,0 -

Yi=p,

Z1 = RTRAC

CONTINUE

GO YO(&006  5007) NPRT

WRITE(6,152) JeY1leZ2le RPSAV({J.K)DRDX2,RTRAC +TTRAC,TEST1,TEST?2

FORVAT(S5X15,7E12,.,5)

CONTINUE

GO YO 68

WRITE(S467) KAsIIsJJoJsKoRPU2,THX2¢ RPSAV(J.K) X2

FORVAT (% CAV NOT LOCATE STREAM LINE AT THIS PT.%¢5IS5¢4E15.5)

RTRAC=1000.
TTRAC=1600.
DR0X2=10G0.
0TDX2=1000. _
CONTINUE
RPSAV(JeK)=RTRAC
THSAV(JWKISTTRAC
IROX{JK)I=DRIX2
ITOX(JeK)I=DTIX2
CONTINUE




7
79 CONTINUE :

CALCULATE LINCREMENTAL BOOY FORCE AND VOMENT

OO0

IF(AMNPRTLEQe1) HWRITE(S50312) X2
312 FORMAT(///¢5Xe%x5007 FORCE CONPCONINTS AND HOMENTS UP TGO X=+4E15e5¢/

110Xs %K %9 3Xe=CAXIAL % e 3X o CNORMAL ¥ ¢S e xCSIDERSK ek Y% ¢ /)
MIML=MJ-1

MM =MK=-1

00 313 K=14MK11

R1AVG={RRSAV (£+1)+RRSAV(K)) /2,
R2AVG=(RR{1:K*1)+1R({1+K))/2,

RAVG=(R1IAVG+R2AYGI/2.

DRAVG=R2AVG-R1AYG

OT = T(K+1)=T(K)

DSAX = RAVG«DT~DRAVG /57,295779

YAYG=(DY2+0Y1l)/2.
DY2=RR(LaK+L)#SINIT(KFL)/57,295773 1=RR(LeKIFSIN(T{K)/57.295779)
DY1=RRSAV(A+1) *SIN{T(A+1)/57.295779)=3RSAV(KI*SIN(T(K)/57.295773)
OSN = DYAVLxDX
DZ2=RR{14K+1)1%«COS{T(K+1)/57,295779)=RR(1,K)%COS(T(X)/57.235779)
DZ1=RRSAVIK=1)*COS(TIA+1)/57.295779 )-RRSAVIK) *COS(T{K)/37,25577%5)
0ZAyG=(Dz2+D21) /2.
0SS8=D02AVG+0X
CPAVG=(CPSAV(A)+CPSAV(K+1)1+CP (1K) +CP(1K+1)) /b,
DCAX=CPAVO*DSAX
DCN=ZPAVG*USN
DCS=CPAVGHUSS
RRSAV(K)=RR{1:K)
CPSAVIK)=CP(1:K)
T3ARS(T(K+1)+T(K)} /2.
R3AR=R1IAVG+IRAVGE/2, )
Y3LR=RBARESIN(TBAR/57.295779) -
Z3AR=RBAR%C0OS(T84AR /57.295779)
X3AR=X24DX/2,
DCMY=XBAR*UCHN -Z8AR*DCAX
cax =CAX +0Ccax
cN =CN +0CN
CS =CS +DCS
cMy =CMY +0CMY .
IF(NPRT,EQ01) WRITE(6¢320) K CAXeCN(CS+CMY
320 FORMYMAT(SX+15.4E13.4)
313 CONTINUE"

C  CALCULATE INCREMEINTAL MASS FLOW RATE, RAM FORCE, PITCHING “MOMENT

IF(NPRT.NE-1) RETURN
DO 301 K=leMK
00 302 J=1l+MJ
SA=SART(L e+ (V2(Je ) #x24UW2 (JeK)x=x2) /U (JK)222)
DJK(JIR)I=ZEM{JeK)/SORTUF(EM{JIK) e 5)I2P3AR(JeK) /SO
FIKA(JIK) = (1e+6*IM{JeK)~%2/S0/S2)%PBAR(JeK) =10 - -
FIKN(JIKI= (GHEM(Jo K} ¥%2) /SI/STP3ARCJIK)I®(V2{JeK)%=COSIT(K) /57,253
1779)=w2(JeKYESIN(T(XK)/57,295779))/7U2(J 1K)
302 CONTINUE
301 CoNTINUS
00 303 K=1¢MK4l
SJM1=0.0




'

304
303

300

314
310

330
331
305
306
307

308

309

“311
80

SUM2=0.0
SUM3=D.0 -
SJiu=0,0
SUM5=0.0
D3 33% J=1leMJvl v i
DJKAVG = (UDJALJeK) + JUK(J+LaK)+DIK(JsKL1)+0UK{J+2 4 K+1)) /5.
FUABAVE(FUAR{ U oK) #FUKALJ+1I 1K) +FUSA(J o K+1 ) FEUKA(IL L 4 K41) ) 7%,
FUKMAVS (FJAN (JaK) +FJIKY (Ur L oK +FJAN(J g K+L ) +FIKN (U1 (K+1) ) 7%,
RLAUG = (IN(JeKI+RR(UeK21)) /2,
R2AVG=(RR{V+1¢K)+RR(J+1K+1) /2,
RAVG=(R1AVL--R2AVG) /2.
DRAVSES R2AV5G~R1IAVS
=7 (K+1) =1 (K)
OAJK=RAVE£UT~URAV3/57,295779
SUM1=SU"1+0A UK
OLA{JeK)=SUML
SUM2=SUXN2+UJKAVG %2 IAJIK
DURDT(JK)=syv2
OrRAMA=FJUKAAV+DAUX
SUM3=SUYS+UFRAMA
DFRAMAX(JvK)=SUN3
DFRAMMO=FJAMAVAEDAJK
SJUME=SUMY +DFRAMND
OFRAMN(J oK) =SUMY
RIAR=RIAVI+DORAVG/2,
T3AR=(T(K+1)+T(K))/2,
Y3AR = RBAR%#SIN(T3AR/37.,295779)
Z23AR=RBAR%COS(TBAR/DT7.295773)
SUMS=SUMS+X2xJFRAMND-ZBARLOFRAMA
DUFRAMY (J4K)=SUMS
CINTINUE
CONTINUE

WRITE(6,4300) (KeK=1,M4AM1) -

FORMAT(///+5X+=TA3LE OF INCREMENTAL MASS FLOW RATE,./ 5Xe12110 7
DO 31i4% J=1levJdhil
WRITE(64310) Jo(DWDOI(de)vK-lanMI)
CORVATIOX15,12E10.3)
ARITF(0.3SU) (K e KZ1M<M1)

VAT(//77+5% e »INCREMINTAL AREAS.IN MESH GRID%®4/:5X41211047)
DD 331 J=1leMJdMl
WRITE(6¢310) Je(DELA(JoK) o K=3 ¢rIKML)
WRITE(E¢305) (KeK=1eM4M1)
FORGAT(///¢5RKexAXLAL COMPONENT OF RAM FORCE%4/e¢5X41211047)
D0 306 J=1.vd4l
WARITE{EW310) Je (D= RAFAXIJeK) o K= lg’flKHl)
WRITE(E«307) (KeKZ1o1K{M1)
FORVAT(///¢5Xe~NORMAL COMPONENT OF RAM FORCE#¢/e5X¢12110¢7/)
CJ 308 J=1l4MJ4l
RITE(64310) Jo (DFRAMN(J K] 9 K=1¢Y%KM1) .
WRITE{DH¢309) (ReKZ1014M1) .
FORMAT(//7¢5Xe#MOYENT PRCDUCZID BY RAM FORCE%*¢/¢5%X¢1211047)
DO 311 g=slevdul o
JAITZ(64310)  Jo {INFRAAY(J4K) ¢ K=1,MKML)
RZTURN
£\0

J
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TABLE 4

VTN 00

10
1t
12
13
14
15

1
6.504E-03
1.324E"02
2,019E~02
2,730£-02
3.,479£-02
203602
5,030C~02
5,840E~02
6,672C~02
7.5276£~02
A, U05E~02
9,305£-02
1,024E£-01
1.,1172-01
1,21hE-01

17
18

20

" Free oXrenm tube

" Kn\e\' model ctale Axt alove coordivate s

L]

1,313€-01
1, H15HE-01
1.519C-01
1.,625€-01
1,733E~01

L1214

“INCREMENTAL AREAS IN MgSH

2
69‘&5"“"—"’05
1,313L-02
2,004E.02
2,717t.02
3,46536.02
}.e_l ll'.-()?
n,992L.02
5,79%L.02
6G,6210L.02
7.470t.02
H,30M31b-02
9,235L.-02
1,013t.01
1.,109t..01
1.,205EL.01
1,30HL-01

1.00'ML~01
1,507t-01

1.,612E-01

er1o (iN
.5 .
6e565E~03
1,295Cc-02
1.276E-02
2,579E-02
3,4008F-02
q 01516“02
By, I921E~02
5,7120.-02
6,526M~02
7.3626£-02
8,220E-02
9,100E~02
1,0000-01
1,093E-01
1,187F=01
1.,2840-01
1,383C-01
1,4850L-01
1,5806=01

1,/20E-0111,594€-01

012
0.0

L 6189 + .080
AN

4
6.275E-05
1,276£-02
1.,947€.02
2,6H0E.D2
3,355E.02
h,091E.02
t,0850L.02
5,630L-02
6. 132F~02
7.256C.02
0,101E-02
8,969E.02
9,058C.02
1,077€-01
1,170E-01
1.°66£.01
1.563Cu01

JUGIELDL
1 565E-01

2) T STATION ‘0"

5
6,200E-~03
10262E-O2
1,925C~02
2,611E~02
3,318C~02
4,0u7C-02
4,79712-02
5.569E~02

©o36nL=02

7.179E£-02
8,017C-02
8,076L02
9,7157L-02
1,066C-01
1,158C-01
1,2530~01
1,3506-01
1,449C-01
1,550E-01

1,669E~ o;jj. 655E~01

o .‘J‘

“aléqq' 4’669
,0l506 L 065
PR
](/e)(z)

Xz 6,00 TN

6
60154E‘03
1.253€£-02
109116“02
2,5920-02
3029”C"02
"’oOlEE"O2
4 ,763E-02
59530E”02
69319[:"’02
7.129E-02
7.961f.02
8.015E~02
9.,690L-02
1,059E~01
1,151C~01
lo2uHE=0L
1.341E€-01
10“39C°01
1.580C0+-01

105”2E'01.
=, 6184
=, 080t

—_—
L6975

¥ &{ gymm(‘.)‘fl.(l\) S'I(’c

I+

n

th




TaBLE 4
Nl =

-y
>

=
T
m

CO~NQAUMEGNNM

U PN
LY=o

14
195

CB“*%'

OF INCREMENTAL MASS

1
2.012g~-01
4 ,129E-01
6,260E-01
8,436E-01
1,06GE4+00
1,293€+00
1,523€£400
1,750€100
1 996E£+00

0 2D9E100
2., 486E:100
2 738E:+00
0 JILEXDD
5 2HNEL00

3.5?0C&00

16
17
18
19
20

3,787E+00
4,058E400
h,331E:00
h,606E+001¢
4 ,883E+00

. 352 ...

2
2,031r~01
h,110t-01 ¢
6,235E£.01
8,405L-01
1,002E£400
1,200E400
1,517E£400
1,749E400
1.985:400
2,225t :00
Pot7TLEFDD
2,722 :00 2
2,976F 100
%,2596,00
5., 09/L400

5,7628500,

'l,OJ]&;OO
L S302E 00
u,H75t 400

!
1
|

'

FLow\
3
2 001e~01
OJUF 01
6 1595 -01
0.301E-01
1,049E£400
1.272C+00
1,497E+00
1. 7?6F+00
1. )59C+00
2. 196L§00
2 150[+00
"&“E+00
? )5Jf+00
5 190F +00
lu8C+00
a./09EI00
J7UFYOO
)vorvoo
4 309C+00

RATE

o, 0)0t+oo\u,lsoc4oo

A5TS

0.0

i [ (%) G

4
1,947C-01

3,951E-01 3

5
108906’01
LON1E..01

6,007F-01 5,049C-01

A, 111E.01
1,026E£400
1,245E£:00
1,467C+00
1,692C:00
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