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An Approximate Method of Estimating the Aerodynamic
Interference between Bodies.
By

Ryuma Kawamura and Hirofumi Konpo

Abstract : The present study deals with the problem of aerodynamic interference
between parallel bodies with the intention of establishing simplified methods of estima-
ting aerodynamic characteristics of a rocket with auxiliary boosters around a main
one. Flow field around a combination of three bodies with their axis placed parallel
in one plane is obtained by the use of the slender-body theory. Formulas of calcula-
ting normal and side forces on the body combination are obtaind as functions of the
angle of attack, the bank angle, the body diameter ratios, and the relative distances
between bodies. The results of the theory is compared with those of wind tunnel
tests for a three-body combination and fairly good agreement is obtaind between them.
It is pointed out that the present method can easily be extented to combinations of
more than three bodies and also that normal and side forces on a combination with
four bodies symmetrically located around a central circular cylinder are estimated to

vanish regardless of the bank angle.
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— b g2 —2abr g?+r5t)] {a¥(ab—r?)2(b* —r5?)} Isin 20 (36)

PlEicX, 1IKRTLIBMU £ SHs, BMAXAFIICH LEEFRIC 3 kR
NOENTWEEENSYIH (P) 002 LT, —BICP B~V IA (d=1-0 THZSh
5.) EM-T0BEE, fEATAHAHELS L U * 4 VIREDOFTHEERE TR L THEK
LU TREE, @8RETO®ERS Cr, MAGKRK Cr 8XU a=0° K3 2B HEREK
84 Crne, BAOBRKESR Cro« BRATEZONS.

Cn=(Cn)u+(rs/ru)* {2(Cn)s+(Cn)s(Ku(s)+ Kn(u, 5))} €))
Cy=(Cn)s(rs/ru)*(J u(s)+J 5(u, 5)) (38)
Crna=(Cra)u+(rs/rm)*{2(Cna)s+(Crna)s(Knucrr+ Ks(u, 5))} (39)
Cya=(Cna)s(rs/ru)*(ru(s)+J 5(m, 5)) (40)

i,
Ku(s)=ru’rs*/(a® —ry?)?+2rulrs?/(a®+ry?)?+[67M*[a® — ru*r 5*(2a°
—ru?) {a¥(@®—7u?)} +2ruPrs?(2ai+ru?)/ {a*(a*+ru?)?} Jeos 2¢  (41)
Ju(8) =[6ru/at —ru’rs¥(2a® —ru?)] {a*(a®—ru?)?}

+2r1Pr5%(2a% 4 ru?)] {a2(a24-ru?)?} Isin 2¢ (42)

e,
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' Ka(u, B)=754/(b*—r5?)2 — 2ru*r g} (6% —2ab+rp?)/ {(ab—r 52)2 (b2 — r8%)}
+[2r1?/a®+-8r 2 [b? — 1 g (2b% — 7 52)) {B2(B2—r %)%}
— 27 u?rg*(2a2b? —b%r g2 —2abr g* %)/ {a*(ab— 7822 (b2 —r5%)} Jcos 2¢
| 43)
J8(u, 8) = [27y?/a*+8r % (b2 — r g4(2b2 — 7))/ {b¥(6* —r5%)?}
—2ru?r 5207 — br g — 2abr g2+ r54)/ {aX(ab— 78%)%(6* —r5%)} Isin 2¢
(44)

4, EBEEOHE A
%Smﬁ?iiﬂ,iﬁ%@%%ﬁ%ﬂ&émmmmfﬁ%%ﬁﬂ@~@ﬁﬁmomt
MEFHBENAETROBESEENE [7] BIUBEERDR[8] CREEAFT- -,

==

60

604

3 500 , 580
] 1080
s X 5
ﬁ 30—~ 15—
? °
i S S
o 0‘1_03_0_4_ ° o $=0000 10 e
20 o x =45 = o)
~ =9 =
-
s & xfUmkERE L, 5 —
= : o b o =0
Z TR ——-H#EEME -2 + =90
< IV O B §§ x%gmw S -—- HEEME
: H h"n g 0
10 ; - L2 R 0.5 10 15 20 Z5
e ! | 3 M
b ‘ L Ty A
%!.T+»+ i~ -5
Pa ADEE-A__A_A_.{. . ‘. +,
‘ : 1 E +-4—‘1:«{- +
0 1.0 2.0 3.0 ~10 o A ot L
X 6 X 7

@6u&ﬁﬁ%ﬁ@ﬂ%vvnﬁwﬁbﬁbt§®f,m¢amf%bt%®ﬁx4ym
w%ﬁﬁﬁﬁﬁbtﬁ%T,7—Xﬁ$m?®ﬁ%uﬁ@hmﬂath4VWW&7~X
2 B DEEERMSE—cH 57,5, L/D MWHBIREKR & < 125 L% D FAT R4 (2 3 &
AEERNCEBLZEZ2 1005 [9], 1213 Crna)s=(Cra)u &%z 51 3. [¥6 DEEREE
fumﬁﬁﬁfe(ha@@uC@ﬁﬁmvvnﬁfuéﬁagwaM@?,mwﬁﬁf

This document is provided by JAXA.




692 R R FHEM AR AR BT1% £35

15

X
10 e xx x|
=
o
3
5
5
b3 ¢:45
----- ®xE
0 0.5 1.0 1.5 2.0
M
X 8

D Cna DEDOREMBMEELTL0 (M=1.2 pERICHAY) 2Ib, B9 Rickh, v
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(41) KB LU @3) RickthiT, ~N v 7BIEkETAHII K 2EHKE LT Keos2¢ @
ETHLNEDT, ZOHEIF ¢=45 0L & 0, ¢=0° DL& K, ¢=90° pn&& —-K &
O, "0 BIUN L4 DEED Crvae DERE LLKFNERSIEVL. Th
CDEEERBICOVTRLAEBOBRTTHE. RT7iIckhid, ¢=0 & 45° D:xDfE
DEDHM ¢=90° & 45° LOEDEIDHETAEEI B> TEVHEFRIZ LV ERVZE
S

—%, B8I3 ¢=45 KHBF % Cra vy " BEIEHLRLEBDT, B9 K& (40) &
EHNBE, p=45 L&D Cra DERRTICEY % ¢6=0° XUV W0 L5 DLxD
Cre DEDELELVEZTTHS. RTLENBARKTEE, K7D ¢=0° £ 45° D Cua
DEDEDEF IR 8D Cra DELIFEAE—H L THEYD, COAKBLTREREERD
FUBEERLTNS. BB, NhABRTRULODODBHEEMET, 6=90° DEEEBRVTEE
CREREL-HLTVWEEEZLS.
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1. KAFECTERAULAZEIBAEMICE > THHEAMICEToERERAHA LE2#HER
NBELNT-.
2. T—REZREBIAXL LD ZEATEASFEERBFICLTESIGEUK B ER4E
UxB3.

3, CCTﬁthﬁﬁ%ﬁﬁm;n&,N27Eﬁ9m@a%¥%&ﬁﬁﬁmméw,
i3 G.N. Ward 2330k (10] <7 HMEAE T 2940 CL, Cr ARk IR E
HRTEYEFERLEZ S.
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