NAL TR-1065

ISSN 0389-4010
UbDC 533.6.011. 3
013.2

IR O T TR AL

TECHNICAL REPORT OF NATIONAL AEROSPACE LABORATORY

TR-1065

R A T 2l SRR O =R oo ko
JEEHE DGR

MR = & - B HEH Z2 - % g X

1990%5H

WL %2 T W B R R Ar

NATIONAL AEROSPACE LABORATORY

This document is provided by JAXA.



RABEREE I EEFER D =Rt kD
I F R NFEDOR "

W R = B

# B B

b b - S ik

Calculations for Unsteady Aerodynamic
Characteristics on a 3-D Lifting Body in Subsonic
Flow Using Boundary Element Method

Mitsunori YANAGIZAWA, Toshiyuki MORITA and Shigefumi TATSUMI

ABSTRACT

A boundary element method of unsteady compressible potential flow around lifting bodies

having arbitrary configurations and harmonic oscillation motions has been developed using Green’s

function. Morino described the form of the integral equation relating the perturbation potential and its

normal derivative. The purpose of this paper is to present a new paneling and derivative technique

which can be applied to any complex configuration for evaluating the derivative of unsteady velocity

potential on the surface. Numerical results for a wing-store model are presented and compared to

experimental results in a subsonic flow. Good agreement has been obtained between the two.
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REDUCED FREQUENCY O.B
CrA MACH NUMBER 8,12
RE NUM. 2.BE+6

REDUCED FREQUENCY 0.8
MACH NUMBER 8,12
RE NUM. 2.BE+6

et

i (] 4
1 { 1

2 .4 b .B 1.

AXIS OF ROTATIDN

° B.E.M. WITH STORE
B.E.M. WITHOUT STORE
° EXP. WITH STORE

¢ EXP. WITHOUT STORE

°

AXIS OF ROTATION

[+

B.E.M. WITH STORE

¢ B.E.M. WITHOUT STORE
° EXP. HWITH STORE

EXP. WITHOUT STORE

°

K24 BHEEMFRE (Cma, Cmq)

BRE TR OERE#S EIRICETEESE X, =
0.0& L, BBICEITIEEE % X,=1.0& LT[0l
HMOMNEOKME L THLEBBRBEKRDI, <
v N M=0.12, FERITRPE E=0.8D55DF
L EWIRE Cma &L BLEBMIFRE CmgEKD,
X24ic7m L 7z, RIEMEOEIFA M Xo=0.405T
H5b. CmaBIXU CmglbitERMEEL-BLT
WA EDG B, BRILIRBEASNS OSSR
< 0.2 3EEFLOELIIX LT CmaidfREmIC
ET 20KEVEE k=0.8TIIRK24iICTRT &9
I ZRERINCELT 5, C OBRHIZEER#E SR
DR E—- FicEey FrrE759807
DZ2DE— FPEEBINIERENSHOEH
WTERBIGAVWECATROBYBEDN T — 4
Y DSEBINCEAL LIS T ED Dot 3
i3 ERTIRBEIC T 2 BLEBAEERL K
LDTH 5,

4.4 Doublet Point & & D8

X253 BIEAT B 40% I B 1F BIEEFEE D
% Doublet Point &) & &Kk & O HB AT - 1
HbDTH5B, K25aid Xo=0.0D &, xDOEFRH
THb, 4C, IRELE 0% L TREDEERL
TVWBEDOBBETH B, 4C° BRI OHE T
TIEDETH 5, K25b i3 X,=04 DEEZDFEN
D[MTHY, 4C,” BRIBOFMITRHDOETPR
AREEILI > T B, K25¢ T Z0BEHTIE S
<13, 4C," DRLE20% X DRIAZTHD
BERLALEILE > T3, ZasDMEEILH
HEbitkbnTED, Doublet Point & DX
ICIRIEEIBN L EDah -1,
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%3 BHERIEKICXHSZENHRBEFRBORERE

WA (deg.) | BRTTIREE | BUE (m/s) | ENRTF 4 72 R | FrEY T
0.0 0.882 30. 0.2693 —0.3274
5 0.0 0.656 40. 0.3054 -0.3510
7 0.0 0.523 50. 0.2416 —0.3991
é 2.5 0.879 30. 0.3005 —0.3161
4 2.5 0.654 40, 0.3187 —0.3317
2.5 0.518 50. 0.3091 ~0.3647
0.0 1.136 30. 0.1530 -0.3293
5 0.0 0.847 40. 0.2009 —0.3606
; 0.0 0.672 50. 0.2207 —0.3699
7{: 2.5 1.135 30. 0.1534 —0.2933
Y] 2.5 0.848 40. 0.1759 ~0.3251
2.5 0.671 50. 0.2403 —0.3439

,Jl| REDUCED FREDUENCY O.8 .|  REDUCED FREGUENCY 0.8
DCP Il MACH NUMBER B.12 DCP W MACH NUMBER B.12
5 pdl| AXIS OF ROT. X/C=0.8 8.pl AXIS OF ROT. x/C=8.8
1
4.8
-1#‘
T
R 1 11 12 i ‘I4 i .16 i 58 i 11'
1 X/C
4.7
| ° DOUBLET POINT M. | ° DOUBLET PDINT M,
| © PRESENT B.E.M. | ° PRESENT B.E.N,
+ -+

X 25a

Doublet Point & & D H#E (X, =0.0)
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REDUCED FREQUENCY 0.8
MARCH NUMBER 8.12
AXIS OF ROT. X/C=8.4

REDUCED FREQUENCY 0.B
MACH NUMBER B.12
AXIS OF ROT. X7C=8.4

—4.8-" —4|B::
| ° DOUBLET POINT M. 1 ° DDUBLET POINT M,
| ° PRESENT B.E.M. | ¢ PRESENT B.E.M.
X25b Doublet Point # & D (X,=0.4)
1|l REDUCED FREQUENCY D.8 .|  REDUCED FREQUENCY 0.8
DCP 11| MACH NUMBER B.12 DCP | MACH NUMBER B.12
5.0+ AXIS OF ROT. X/C=1.8 5 pl PXIS OF ROT. X/C=1.8
! +
4.0+
T
vl -[‘ i
- L ol
-4.Bf -4.04
| ° DOUBLET POINT M. | [f DDUBLET POINT M.
| © PRESENT B.E.M. 1 PRESENT B.E.M,
T T

X125 ¢

Doublet Point & & DK (X,=1.0)
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2RICEBCBEEEEINEBAEREEH

THE LAFEOGHEECHEOFME 21T - 12

DT, UTIEHT 3,

O #EFERRPTEYF Ve 2— FTERERHL
T3 EZDIEEETENHUMIREER Rk
ST,

@ FEFRICBY 2ERHBEPL T ORBED
HEHFEEZHOS T LT

® ZRaMED N NZIALREFEROBEE T
WD FEEZ B,

@ FEFRENAMEERTHLLLDEL
EMFEFLRDON B,

(® Doublet Point &7 FHDERE OHE L
TEAULEL,

ARHEICEDRBIL T 075 LOBERYERL

o JEREE LT, ASBREY v 7 &2 =% -

v MVEDHERIRENH S L O SIEER RIS

BEBTAERERFEO 70 /5 L EEELT

TEHREC b BEATE S, ZORNMBLT s

LOBRFICEIZRY 7 b 2 THEKRISHD

ENEF, MOHEHROFE MLV ERL 1

1)

2)

3)

4)

)

6. BEXW

Morino, L ; Steady, Oscillatory and Un-
steady Subsonic and Supersonic Aerodyna-
mics-Production Version (SOUSSA-P1, 1)-
Volume [, Theoretical Manual, NASA CR-
159130 (1980)

BARE, 3r24  BARKELE-VE
Frific & 2 S EKD RGBT ERN, BRFESR
SR 52-473C (H61) p.310

MR=%, FHEZ, £ BX;BREXRE
L& B 2BIEROIEEFZENAR, HTT
BI& X} SP-8 (1987,11), p.91

oiEE BE # £ EX,; ASEEY
HEMEBROIEFZENIHEEORRE =%
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Ueda, T. and Dowell, E. H. ; “A New So-
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7)

8)
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AM—HE, BIR=F ; EHRERICBI 2E
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H
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10) Morse, P. M. and Feshbach, H. ; Methods
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Co. Ine. pp.834-856

7. iC =2

A, As SRR E g HEOBE NS b

v

a b, c N7 b, K3 EABR

a, b, c : ZIRK DO RE

Bh s BN ERE

C : Bk

Co  BERER

Cp : EHERE

Cr R/ IID XY b

Che : EHNREEEE

Cps D AF v =N T OETIRE
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1821 BEFEITERT L v LRD Green B
FEEFERT V¥ + VifiD Green A IIRAOBE L THZ 6N 5,

2
VZG—LZ.{:;T?: O0(X— X4, Y= Ye, 2= 24, t—ty) (A.1)
(A.2)

EIRET, G=0

T ZIC 5 id Dirac @ delta BB TRORZHET 5,
[[fFadvde=[[[[ F(x, y, 2, £)8 (x~xa, y=3u, 2= 2., t~t.) dxdydzdt

=F (X4, Ya, 24, ts) (A.3)
(A1) ROEFTHOBEDBREIXRATEZ SN 5,

-1
G:mﬁ(t—t.-{-ﬁ) (A.4)
it
rg=[(x— %) + A2 {(y=y4) 2 +(2-2,)° 1] (A.5)
1
0= g7+ Mo (5= 22)) (A.6)

TH 5, (A.4) Rid Galilean E|AEH N THEON S, FHIEIMNEIEZERBOC &,
18 2 Green OTE

(WABEOLORLZEMVEEZ DL, O VRVK VBLUERAR VW iIKL->ThHD S B ERRER
W eYIBZEMA R, LT, fABMEREEXERT 5,

VIATIY, E(x,y, 2z, t)=1 (B.1)

Vs +Vy N T =0 (B.2)-
EDQREGILRE, BB Ve+Vy TEKINERA S :2EZ, ZORA%

S(x, y, 2, t)=0 (B.3)
L4 %, BEEIIBKRD 2 DDA SEIL - TV B,

Zp ; Ss(x,y,2t)=0 (B.4)

2w 3 Sw(x,y,2 t)=0 (B.5)

S l3PEEXmAEEDLL, SyREAABEED T, ,
()T Green BB GAEL, T ADNRKIEBLLbDOERT L ERAMNE SN S,

1 d° 1 d°G
G'(Vzgo—;;—z d;ﬁ ) -¢-( VZG—;ZEZT)ZGF—W (B.12)

motEER, §74bb,
F-(afPb)=Fa-Fb+alf?b
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d ¢ dby_dadb %
dt dt dt dt dt®

FAFAELTB.12)HKIEF

d, .d
7-(GPy gom)——a Gdf goTt—) GF- g6 (B.13)

(B.1R)RDOLEIC EZRL, HRITTHEAEIT I LIROKRICIE %,
JﬁjE[V-(GVgo—ngG)—é dit( G%—;aj—f—)] dvdt =@E(GF—¢5)dudt (B.14)
wic, HERN%*gLd5E
i{ Egdv = Ivﬂgdu
Lichs» T, (B.13) RIRBRAXD X H it VERIDHE T B,
[dt jﬂ[V (Gl q)VG)f— dt(G—— ——) ] dv=- ﬂﬂE GF—¢d) dv (B.15)

F72, g (doo)=0i0x L TROBEBAKILD,

ag o0y — — 0O}y =
kT 5, dt = g(°)—g(-=°)=0 (B.16)
H— dv = ﬁgn ido= ﬁgax 7o (B.17)

FEEOXY bV ait DT,

ﬂ] V.adv = ﬁa-nda = ﬁ a. | Vsl do (B.18)
12 [ [
n= “'Zi' (B.19)

RIEIPEARDER N7 VT hH DB, YR lb oRERDEE EIEE T 5,
(B.16) 5 (B.18) RAFAWT, (B.15) RB & HLIKBE A 5N 5,

Hj [ s (GPp — P G)—— U aS(Gdt Zf)]% dt = [LI]E(GF—;aa)dudt (B.20)

R, FEfEHET v v v VRO AFRERICH G B Green DEHETH B, Dirac D delta B OEZEZH W
T, (B.20)RA2EF4 2L, KAMBBSH 5,

U~ o
ER)g (B, )= [ [75-(0Pp—pr ) -5 25 (622 90) ] L ay

+ jﬁj EGFdvdt (B.21)

BEEDZAE D Green BAEUIIT (A4) LD

-1

G: 477.""9

Op (B.22)
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zZic
g=0(t—t,+8)
RiT, (B.21) & (B.22) A» 5,

4rE(R)e (R, t.)=— |§f [Vs-qu—————]—aal—-dt
p 1 U2ds 8 ,1 do
+_£ﬁ[73'7<§)”326_x§;'(?,{)] P05 dt

+_£§[Vs.l763—g§g—i Z‘Z” ] 50)_1; icé‘;, dt + ]!] F;lﬂ—du

F 7z,

7552”220‘70

ddy_ aa(,
T (1 U )

(B.16) 7> 5 (B.20) AKX W IRA MBS 5,

© - 0s do~ 1 d
4 B(R)¢ (R, 0) == [ (Pero 550 90) oy

¢ Jflrsr (- G55 (D ey

as 0x dx

jﬁ[vs -5 22 (14U 5= )]jﬁaa?;:[ Hﬂjp_dv

T, — ORI L TIRADED I,

oc

ﬁﬂ ]?_gd”d‘ ﬁ[ﬂelpﬂ

865 1 ~ 3f 16 do
Hﬂfjf‘vd vit == $150 1 174

it [ 1P t=t, -0 KRNI BEERLTY %,
5, [ =0 1o

) :;}ﬁ—zvﬂ + Mo (x—x,))

(B.24) VT (B.21) BxokicETBEH I N 5,

U. o 1
4xE(R)p (B, t)=— §f {Pslrp1?- S 22 [S2 b —

¢

1 Uwasa 1 g do
+ g{Vs.V(r al 8x8x< ,3)}[('0] [Ps |

3 9 |
s - S E(rn D)) 55 ”i - IyFrl?dv

[

© BHFETEFETRD Green B

(B.23)

(B.24)

(B.25)

(B.26)

(B.27)

(B.28)

(B.29)

(B.30)

(B.31)

(B.32)
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(B.27) ATHBMA 2 FILT 5 LEFROBEIREIN S,

, 08 0p 1 do
4rE(R) ¢ ﬁ[Vs a—xé)x ]rﬁ | Ps|
1 0s 0
flrr - s () ey (B.33)
@ FERFFFHD Green BAKKL
FRFRTIE, kA TREN B,
1
4nE(R)g(B)=— §Vs PoL “7 l+ ng (L )90“7 [ng;du (B.34)

182 3 Galilean T

X#Kk9) 2542 LIEEFERT Vv v LD Green B 215 %1Cid, GalileanZE#HEZHWV 3, (C.1)
RDOEHUHRRDIEEERT Vv v VIROSFER L CIEXET S

P - (- U 9=Qx, 3, 2, 1 (C.1)

G, —BRIKBEEINEBERE 6,7, (1 £ T 5 LEEEBEREDOBFEETY Galilean K13

x=¢(+U.t, y=7, z=(, t=r (C.2)
WIZE RS

E=x—Ust, 1=y, (=2, 7=1 (C.3)
L1325, '

mad,

9 _6 9o _9o o6 6 9 _0 ., 0 (C.4)

98 9x’ o7 o8y o 07 or ot ox
THEH,5, (C.1)RBROEICERS NS,

9% 3% 0% 1 9%
662 6772 61’2 aﬁ arz —13 (f: /B C; T) (05)
it ly (6,0, 1)=Q¢+Uxt, 7, ¢, 7)

(C.5) ROBI X100 LV RARD L HIKEZ 5N,

9 (€u TanCur )= o I ST 110 dE dnde (C6)
it

p=[(E-€.)" +(1-1,) +(C ()T ©.1)

[161°=[55) re (C.8)

CHROBEEZ1:5 (C.6) RAETDEH x, y, 2, t TEDT,
x1—x,=6 €, AUt —7,)=¢—¢6,— Mp
Y=XEN,
z—z,=(-(,

t—t*zr—r*:*ﬁ=—a% (C.9)
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(CB XEEEL TzOHEHRI

E-¢f=ax—x +Mmp=—— (x—x,F Mory)

,BZ
N=T=Y Y.
{(—{,=2—2z,
0o
T—r*:t—t*:—E:—- 00/9 Lrlg+Mx (x X )f——“@ (C'lo)

LK

p={(x—x)" +8°[(y=y,)" +(2—2,)2 ]}'"
5, BEEOGEREELDLE, M<11ip5,

Mol x—x,1<rg (C.11)
(CA1N REAVT (C.10) ROEHEDREA IF ¢4 &

F%[rﬂiMw(x—x*)] (C.12)

COHRDFE1XE (C10)DHE 1K, (C.12)XEHVT,

—%[rlgiMm(x—x*)] (C.13)

C.13) KB EMD +HEBBOSNDIEDAKILT 5, it > THEEROBEOFEHEIL

X—Xx,= % [(x-=x)Et Mery]— M.

1

E-¢, :'/—9‘2'[(12 x,)+Merg]
T=N,=y—Y,
{(—(,=2—2,
-1
R AL A CEERI R (C.19)

COEBREIBBRAE (x,, y,, 2,, t,) DEBRICBVT, (COREEFTOILES. LIAoT,

¢ (%0 Yas 20 ) = HI—IB e dEdndc= [ — [Q]t . ,,lJldxdydz

e e
= [y ppe [Q) dxdydz (C.15)
Tz
[Q]":[Q]Mr,, =Q(x, y, 2, t,—0) (C.16)
THY, JIIEBO Jacobian TRATEZ SN 5,
_0(x, ¥, 2) _p M=(£-¢,)
=56 10 P) (C.17)
gl =2
0
(C15) RIZIBEEDBE D Green BAEMBRKNTEOLEIND T L ERT,
— —1 .
Gfma(t t,+0) | (C.18)
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