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PROGRCSS REPOLT

MAY 1, 1976 = JULY 31, 1976

SONIC BOOH RESEARCH

During this period we coupleted our numerical program for the sonic boom
analysts including the asymmetric cffect due to 1ift near the vertlcal
planc of .,umetry. Several numerical exawples were computed. The results
were presented at the third Aeroacoustic Conference in July (Two coples of

ATAA Preprints No. 76-587 are attached).

The program and a nunerical example were dellvered to the contractor. A
description for the usage of the program is prescnted n RYU Report AA/76~11
entitlied "Numerical Program for Sonic boom Analysis-Honlinear With Aéymmotric

Correction Due to Lift, by Fanny Kung. (Two copies are attached).




/- .
i—!——d—-‘
b
'\
S,
— ]
]

HUAERICAL PROGRAY FOR SOHIC BOXA ARALYSIS*
« NONLINEAR UITil ASY:i3TRIC CCRRECTION DUE TO LIFT

Fo KUNG**

DEFARTMENT OF APPLIED SCIENCE
NEW YORK UHIVCRSITY
HEW YORK, NER YORZ 10003
YU/ ART6-1]
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ABSTRACT

A computer pragram for CDC 6600 is developed for the noplinear sonic boom
analysis inc1ﬁding the asymuetric effect of 1ift néar tha vertical planc

of symaetry. The program is writlen in FORTRAN 1V language. This progran
carries out the numerical integration of the nonlinear governing equations
froam the input data at a Tinite distance from_the ajrplane configuration at
a flight altitude to yield the pressure signitude at ground. The required
input data and the forwat for the output are described. A complete program

(1)

Tisting and a samplie calculation are given in the Appendix.

-

* This rescarch is supported by KASA Grant Ro. H0L-33016-119
i Rasearch Scientisi, Departuent of Applicd Scicnco
(1} Appendix wil) be forwarded upon reguest,
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' LIST OF SY:BOLS

local spred of sowd In ft/sce,

specd of sound at {1ight altitude

cutuolng and incoming characteristics in the plane ¢ = o,
shock shape, X = 1(F, )

32.2 .. ft/uec?

altitude In ft.

reforence tength (say the body length) in .
local Mach nuuber

flig  Mach number

pressurc Increment from ambient value In Ibs. /ft?
radical distance/l

gas constant

entropy

Ssh/R = entropy induccd by shock wave/R at ¢ = o
(%h/ﬂ)w¢ at ¥ = o

axial velocity radial and clrcumferential components in ft./sce,

flight velocity = ", ag in ft./sec,

uw¢/U at w 0
V$W/U at ¢ = o
ww/U at 0 =0

temperature in “Rankinc
axial coordinate (horizontal)/L
vertical coordinate/L

flight altitude in ft.
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List of Symbols (Cont!'d)

the half cune angle of the equivalent body in degree
shock angle with the flaw dirvection ahead of the shock
ratio of specific heat = 1.4

flow inciination with x-axis

Kach angle

Prandt] Moyer angle

meridian angle, ¥ = o is the vertical plane of symuetry
below the alrplane

the undisturbed value along the sawe streamline

partial derivatives

T
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QUTLINE OF THE NUMFRICAL FROGRAM

The basic equations and the justifie as for the approximations in the

asymiietiric effects for this numerics’l progrom were described in vef. 1, 2,

The numerical annlysis deals with wine variables, M, 0, v, gsh’ s Vs Wy Y

@« )

anhd Ssh as functions of %, © in the vertical plane of symustry ¢ = 0, .0

first Tour variablcs are the variables in the quasi-symnetrical analy«is
(ref. 1) and the vemaining Tive variables, which are the circumferential doviva-

-1 N
tives, u /U_, v;',}w/Um U s (ym)¢$/L and (ssh)wmlﬂ at v = o, reprusenting the

g
asymietric variables (ref. 2). The nine governing equations for those fwn

sets of variables are coupled weakly through one variable W,

The iterative procedure for the numerical integration of those nine equaticus
begins with Lhe assignment of the value ﬁ. The four equations for the four
variables ¥, @, Fm, §sh are determined in the same manner as in the axi-sym-
metric calculations (ref, 1). The location of the ne grid point X, roand
the values M, @ are given by the characteristic cquatiens with a curved ¢!
Tine segment. The values for Fm and gsh are obtained by integrations along
the stream Tine.  We will then proceed to compute the asymuetric variehies.

U and v will be determined by the integration of the equations along ¢ oand ¢

W, y,, and Ssh are obtained by the integration of the cquations along the

stream Jine. With this new W we continue to the next cycle of ileretion untit

convergence,

Similar iteration scheme is employed for the shock point as described in

ref. 2.

Since the asywietric computations can be censidered as the detevitinalion o3

the value of w in the ouasi~usymaetric coupuietions. The gencral schourn or
| _ ;

the computation from the initial data to the finel pressure signature & rownd
. o _




will be the same as that for the axi-symuziric computations:

The calculations proceed along successions of €7 Tines with index I, Aloug
cach ¢ Tine, it will compute the new bow shock point and then the charag.

teristic points with index J until the Tast ¢* Tine with index Jpax OF the

¢ 1ine from a input data point. Then we proceed to the next € line with I

increased by 1.

o . . . o
When twa € lines 2ross over, an emboedded shock is Tormed. ' The intener KS is

assigned in the order of shocks Tormed. For cach erbedded shock, its location

- —

J along the €~ Tine is denoted as J(KS). In each sweep aloag a C” Tine, when O

equals J(KS) we call the subroutine for cmbedded shock point (EMSHICK) instend

of ¢7 - ¢ (CPCM) subroutines.

Whenever a shoclk front or a C+ 1ine cuts across the ground (F = Y/L.) the valuos

on the ground level are obtained by Tinzar interpolation. The pressure sicua-

ture includes the reflection coefficicent 1.8. UWhen the grid point from the

last c* Tine 1s below ground, the computation ends.

The program contains four main subroutines: (i) " and bow shock [CPSHI,

(i1) ¢" and C™ [GPCM], (i11) Formation of shock [FSHOCK] and (iv) embedded

- shock [EMSHOCKT . It dogs not have a subroutine for the intersection of two

shocks lherefore the program will stop when two shocks do intersect.
i

The input definition will be discusscd in Table I; the forinat for input data

appears in Table II, and the descripiion of output will be in Tab]e I11.

We will discuss briefly how do we control the step sizes and prepare the in-

put data.
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' CONTRUL OF STEP SIYES

-

The step size is controlled by inequaliti , in Lhe radial distance beivoen

two adjncent bow shock points:  Far<Cy for re g
- -l E L L2
P -r<QCr Tor ry< r ¢ vy

and Y =P <Gy for ro< ¥’

In this program we have vy =1 C; = 0,04 v, = 100C, = 4. Therefore
the upper bound Tor the sicp sizes dncreases Tinearly from 0.04 at v =~ vi= 1

to4atvrer, =100 ahd then remains cqua’l to 4 all the way to the ground.

A change in step size and in the rate of increment can be made hy changos

in the values of €y ¥, and C, provide that it is continuous, i.c.,

Y Fg = Gy,

When we want to use different control functions we should change the control

. . . , , , + .
equatiens inthe main program and in the subroutine for C and shock (Crsi).

3




‘At each point we input %, M, 0, &, §sh’ Uy Vo Wy yo and §

[P
Yot

PREPARATICH OF INPUY DATA

The input data along ¥ = v will be obtalied from experincatal data e

Q
from the full three dimensional anitlysis near the airplane configuraliva.

) L] M .
ol For Ll

bow shock we input in addition the shock angle £. It should be ohserved
that not all the input data arve independent of cach other,  For exempic:

at bow shock, B, = F  while S, and M are related to 0 and roand S,

sl
is related to y_. Mhen the input data are vead from the data cards, we get
IUCAL = 0

If we intend to compute or modify some of the input data by some equations
we set | |

IVCAL = 1

and make the nodifications from Statement no, 107 to Statcewenl HNo, 3805, .

In our sample calculation, the input data will Tirst be prepared from an
axf~symmetric computation of an equiva?ént symietric body to v :.Fo' There-
fore we have 0 = v = y = gsh = 0, Sincey = Y/L - P cos ¢ ve have Qm_ = Vo,
IT we set TUCAL = 0,_the prassure signature wiil be that of a synmotric hedy
with asymmetric effect due to the two dimensional atmosphere layer only and

the difference from the pure axi-symneiric calculation is very smoll.
1

We set JUCAL = 1, as in the sample calculation and then proceed to coupute

the asymmatric tevus u, v, w, § . and y - from the lincarized theovy of an
assigned 1ift A pibution (Ref. 2). Since the Teading edge of wing is
so located. that the characteristic Vine hits i = P, at % = 6.85 in the plane

™

P = o lying behind the bow shock, thz bow shock is sti11 sywnatric with Ssh = )

and y_ = ¥_. Only the inpui data of u, v and w for ¥ > 6.85 are chionged

.

y




by the formulas for the special 1ift varietion in Fig, & of ref, 2. for a
different approximation theory or a different Tift varietion those cquations

should be vevised, (Statcaent No, 170-2408),

Finally, we want to point out that we hive includud the data heyond the bedy

in order Lo yield the tail shock at ground. In the sumple caleulaticn ve

use five body lengths, An estimate of the Tength on the safe side con be
obtuined Trom the Tength required in Lhe real atmaspheric progra bases in

WUhitman's theory,
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TABLE 1

INPUT DEFINITIONS

Ho ~eemee Y O FHaht altitude in L.

Rl e L peference Tengih (say the body Jength) in L.
XKD s Mo, flight Mach nuaber

CRB  ~—— R, radial distance of initial data Vine/L

TEST R |

TEST IM 7 not used In this prograu

TEST X

XXKKK1 =-mn O1 )
}"21 Trmmem— F'] )
KR2 e~ V2

KXXAXZ, wormimm :ﬁ constants in the control of sicp size

=) ) . .
TUCAL { all input read from data cards
£ 0 some input data compute frow Tormulas for cach
special cases '

ISTOP e maximum number of € line, for ISTOP use
. a large nuaber, say 1000 to go to the ground.

for detai] information along I*th ¢™ line, set ISTQP =1%

T y , altitude in ft.
1T s Ts, teaperature in °R
1 .

R number of HH table (input card 5). In this progran
I use numbor = 63, In case the altitude is greater
than 120,000 Tt. Ve can increase this table by chanting
the value of NUMBE.

Wy Prandtl Mayer angle
ZBHM e~ M, Mach number
IUMBE  —— Number of entrice in YV table (input cord GY.  In tnis

program I use IUCGE =172, In case the fach nuabor s
greater than 8.5, the fable has to be increcsed oned sn
does Lhe value of TUMBE.

]
n'!u
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RR remer T,
THETHE e,
XMKM e M,

RINRIN == T

o
SRSR =-——  §,
W eme— Y,
VE —— &
WG e W
WY
7]

SS ST sshs

BIGXTEW —~— X
EPSTEH = E

gt

SBIRKK =~ kK
SBIR ——— &y )

At i
|
i
i
o
i
g, ——

numher of embedded s@nck

g, of the cwbedded shock

g , of Dow shock

axial coordinate (horizontal) /L.
vertical coordinate /L.

low inclination with x-axis.

Tocal Mach nuniber

value of + for o stream line far upstream

entropy due to shock wave (s)/R

UW/Um aty= o0
Vql l[l/ Uu: at ¢ = o
Wy /U, aty= o
ymw/Lat¢=o

(ssh)¢¢/n at ¢y = o0

used in the special example for creation of
asyimmetric data with IUCAL = 1,

i e

o — - ——




CCard 1

Card 3

Card 4

Card &

card 7

Card 8

XX (

1)
(1)
)
)

- KR(2
w(2

TABLE 11
INPUT DATA FORAAT

(4F 10.5)
HO, XL: XXHO, CRB

(3F 10.5) fnot being uscd, put a
TESTR, TESTIM, TESTX  blank card)

(AF 10,5)

XXXKXKL, XXXXXZ, XR1, X¥R2

(415)
IUCAL, ISTOP

(2F 10,5)
BH(1) T1(1)

' _
HH(HOMBE)  TT(NUMBE)

(10X, 2E 20.8)

Yy (1) MM (1)
Vv (2) ZH(2)
: i
YV ( IUMBE) ZMMM( TUMBE )

(5%, 15, £20.10)

MAXBOY , DELTA (not being used, put a blank card)

(15, E15.8)

KS, BETT
{4E20,9) B
BIGATEM, © EPSTEM, SBIRKK, SEIR

(36 20.9/ 10X, 3£20.9)

THETHE(1)  xems(1), RIrRIu(l),  SRSR(1), BET
» VE(1) W {1}, (1), - 55(1)
THETHE(2),  XMNH(2), RINRIN(E), SRSR(2)
VE(2), W 2) YY(2) 55 (2)

PP
LB R
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TABLE 111

The output for this program is divided Into twe parts. The Tirst part con-
tatns a tabulation of the Input paramcters to the program together with
three Input tables, HH vs. TT3 WV v.s. ZHMM; and the input table of %,0 M,
‘;w gsh‘ with the given radius (CRB). The second part first contains with
table of J, ‘h ’ !\\;, \:I-, '\)‘m, {gsh which will be the values of the input data

if IUCAL = 0, In case IUCAL # 0, the values will be recalculated (sec
remarks in the preparation of input data) and the recaleulated values of ﬁ,

L3 L

V, W, ?m . gsh will be shown in the table.

Along each € characteristic line (1 =1, 2,...). the daia of bow shé)ck, first
point of CtC" after the bow shocl, the polnt of the formation of shock, and
theembedded shock whenever it ispresent will be tabulated. |In case the

same | of bow shock appears twice, that means the control In the step size

is activated in the bow shock calculations (sce remarks In regard to the step

size control). The output format is as follcws:

Bow shdck | =
X; FT 07 Movl S B
n no ooy
JUAX 0 voow oy ch
Cpem  J .=
]
X 0" H re Ssh
LTI Vo PR
uvw Yoo B
Shock FORMED at J = KS =
" . - TP ‘o
X’ Feoer We el JSha B{ks)
i vow ¥y %
ua a a yma sh
A : a
-i.\)-

r— S




F SIORK FORMED chsely 9 , S o
?(a ra On Ha % g Ssha e
* n %' I " lgl
tla a Na.l Yma sh
a
- . P - XMCAL
% Moo rd S5 Uowrr
TV W Voo
“b b b Vel shy
REMARK: Subscripts a, b for points ahead and behind the shock,
XMDEFC and XMCAL are the difference of Hbus computed from
the shock equations and from the characteristic eguations.
EMSHOCK J = s KS =
X Fa O Mg Sy P
I A A T
ua a a y¢a sha
o, M T Sshb '-ifr
N, G o e
b Vb b Veoby sh,

When the calculation reaches to the ground, all the data will be inter=

polated, The output format is
EMSHOCK

REACH ground.......cpcm
cpSH

' . —
X 0 M Fe Ssh Ap
WV ow Y, Seh (na)
. L)
REMARK: hp = n - P in Ths./sq. ft.

A = p = p, for embedded shock only
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