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Cylindrical Boundary Interference on Virtual Mass of a Sphere
By Nagamasa KoNo

‘Various kinds of interference take place when a dynamic test of a non-lifting body is con-
ducted in a wind tunnel. One of these is dependent on virtual mass, and can be evaluated from
potential theory. In order to clarify the virtual mass increment by cylindrical wall interference,
the flow field induced by a single doublet locating at an arbitrary point in a cylinder and
having its axis oriented parallel to the axial and radial direction and normal to both directions
was solved, and closed surfaces were sought by transforming the field to an uniformly
translating system. Then the virtual mass was calculated from the kinetic energy, The
results were compared with the case of a free field. When a body is placed on the cylinder
axis, boundary interference appears both as surface distortion and virtual mass increase:
the former is not serious unless the radius ratio of the body to the cylinder does not exceed
0.5, but the latter is remarkable. Results when the body is off-centered at 0.3 radius from
the cylinder axis showed complex behaviour depending on the orientation of motion.
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ARSI CERE-THEHPELNS, THDB, Pt
OEB4A

(3.39

2‘]0( Zoylp )

Pro¥= 5:':] mg 2P P2+ 22) "% Jo( Ao,s0)dP

(3.40)

[ep(pr+2) 350 R0apddo =emi0 (3.41)
OBEAANS L,
Do~ Pro*= S:zp(puz*)'%Ju(zo,sP)dp (3.42)
a—o ETBE

D10=010* (3.43)
%9 5o
i LT 9t OBA
had -uzl,s « Jl(ll.sp)
X
Gut=cos0 5 1 20 it} I s
a
x So,og(p”rzz)'%.h(zl,,p)dp (3.44)
Lish
[ oo+ 50 pddp=e s (3.45)
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LBBARELD
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TdHbo
B3 f(1) © Dini ORBEROKSHREDO LA
S:z%f(z)d% (3.48)
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05
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AN

RADIAL DOUBLET

W\ )

IR ¥ |

01
o1 02 O3

04 05 06 07

o8 09 10 11 Z

X 7 RKG it o TN ZEET O8PPSR HE
T 5 OB MEOE

£l e, HBEL s THRIABLEDLNIOD
R HEBBNESIRELL 2, COERIR U B
MEWNEE, TS, BlEBSKE0REELS,
Uk L3 LBOEEILI D, BREEES
DHME, Thbb, RICES CEBbrE. Th
SO U HBRMOFEIRED, b EFHLIKYD
22 ENTX B, T1bb, axial doublet PB4,
HONE 20 252 TCINPBERENL 50 FEE U
% (4.2 R oKD, 4.1 REHTT=0 %R
T 2L BEBE R & W3R 5. F 72, radial doublet
OHA (3.35) RLVEROME o ICHET EE
43K, Runge-Kutta DFH BT Q.2)RN AW EEAL K
WRLERT I ENTE S, ChOO#REZLT
K6, M7 icRd. HIFEOEA, FE5K 0.6 &
b, BEOEA, $0.5 XhRXxWESEENET
D, BRI[REBBKE BB E8bD B, T, &K
BICHIGT 3 —BEEOK X IRBHLBALHET
2EWMELESNICIES T B,

wic, COMEOREEEELRDAIcHOHhD
WhOBH T AVF—2EHET 5. 4054, Akl
RHEEEHICOLTBERXNFRTH 5 D THEOHhEE

p=f(2) (6.1)
TH5 215, ﬁiﬁ)lx;v#—, T i
o o0 ,. MU? .
r=—2% S@EdS———z (5.2)
TH5L o5,
@ds ( dp )pdzda 5.3)
on dz

&35 7¥, axial doublet D4
e __w

dz  ve—U .4
&b
T'= —ﬁpDS:q)Up % dz (5.5)
Lob A
M= "Z” S:@P%dz (5.6)
g 7z, radial doublet DH 4,
%i’_: '“’; Y G.7)
&b
=—-pDS S ®,y-o- U cost 0pdfdz
= “‘TTPDSO U@,y-00dz (GR.)
W2 iz
M= "f]” S:(D¢,0sz (5.9

HEZELR8 KRT, HTHEIIARHERCET S
FEAL B AT COBER, TabbHAMEOERN
DY} EOHLEERL, HBREKBEHBOEATHICX
AN LEHEEAOREEABRKET 2EATRLL
bDTH %0 K& VBASHILZ LK radial FATRZ
RTEBRI=ZRTERIOKRELMELNL TS, T
W AR RORTBERI L TORNDOTYRD
SHETHB, $1 axial doublet & radial doublet %
HEB$ 5 L axial I3BAH radial WEE & D THEY
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AXAL DOUBLET

9 P WiEZ 31T % axial doublet 2 & B
# (p=0.3)

KELIL T D, Thid axial 2EEBSL HHF B
DEEBATZTITNBET EERT,

ZEEFHAEE LICSOBAK DN T el
el &L, BLOHERTUELEOWTRI D UNEE
R®, COHTHURBMERE W TRAEREE
Blto CO—HLLTO=03 K _EEBTFEbE,
ehzZhliEE AR (axial), HEHA (radial) B&

€ 10 p¢ Wiz 2 radial doublet 24 %
Fikk (0'=0.3)

tiirrtrng

NORMAL DOUBLET
B 11 pe WiEiZF i+ % normal doublet iZ & %
wi# (0'=0.3)

UHEIEAT 550 (normal) i ZEERFOEAHIH
WTHBIBEDRERIONTENS, M9, 10k8LT
11 & 2=0.5 KK B 2 HfESEic EE B EA O %
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TART. axial WHE, FIBKHERROEOLIE
UCThAB—BMcE i moRhsEZl LT 5, &
7o, REOENLY =0.3 DEZARALND. T
RICH LT, radial MBAR HEFRAOKOL S
L, RUAOEERAONE L. LML 0=0.12, ¢
=r OBHEHRBOEPNEAEN %, normal KHFA
BR12IcabhsCEK 0=0.55 T v,=0 &1 b,
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BYEEET 0.3 OB BRI DWTEHE:
h, s B0 REERCH U TERTHRE
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X1 ARTCELSEAZBG 1oBE L L EMoAH
DR ARDOY MA B HRIKEBARSBICONTHEE
BO%2T8H. & & EORIIROBERIC L DAE#

Ix=8msml
(A1)
h={ cos 22
(A.2)

L= S;ZOS Az
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HI1A ® & B
Lo ToEsMcERI LS, bbb

Ko(2)=e¥*1Go(42) (A.49)
K/ (z)=—eh=C+iG,/(42z)  (A.5)
L(2)=c %*4].(i2) (A.6)
L'(2)= —e¥=+Di],/(iz) (A.D
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hi= g Cet—enie) 20 7 R Gt
— Jp(i20)G 5 (i2a)} iAd(id) (A.8)

=317 Si et J”%P §[Jp'(11a)Gp(i,2p)

—Jp(idP)G ' (i2a)}iAd(GA)

me—-lzi Jp(ilp,)

— J,(iAP)Gy (iAaD} iAd(id) ] (A.9)
=—217 § c-"% U (Aa)G(A0)
— Jp(A0)Gy/(Aa)) dA (A.10)

7222L, (A.8) Rho {n} ANBERTH I L2

Jo(—2)=(—1)"J.(2) (A.1D)
—Ja’(—z)=(—l)"Ju'(z) (A.12)
Go(—2)=(—1)"Go(2) (A.13)
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—G/(—2)=(-1)’G,"(2) (A.10)
KOO THB. 72, (A9 kb (A.10) #&
CEERMEMDBRADEAIC DNTORKSIZ

lime ™[ # 10 (A.15)

LD, RBEAEZBIZEARDONTRKROLS 1
BRI

J.,<z)~<iz "/r(p+ D (A.16)

2@~ £2)” / FGu+1)

722l HW()=—-N(2) (A.17D)
BIU

Go()~Inz 7277 L G/(2)=—G(z) (A 18)

Gu(z)~—~é—11(v)(%z>—u w>0)  (A.19)
Gu(z)»;—ur(u)(%z)“(””(u>0) (A .20)
HRNT
TP’
lim 7,—’,}% (U Qa)Gp(A0) —Jy(A0)G (Aa)) 2

iy _24POP {_P(Ha)”"_l I'(p)
w0 p(RP T\ T(p+1) 2 (34P)?
(3200 1 pI'(®)
T+ 2 (Ma)ﬂ“

}z*:o >0 (A.21)

}Lngm{ ZalnP+ AP(2a)~ }22=0 p=0
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ARICLT (A.2) &b
z -2zi Jo' (G207 ’
= ey ? iy Wy G0
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=_S =321 1y 524G + - 5 e[ 1 1idd(GR)
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#9350 72 (A.3) &b
e et
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=5 et o s+ L et 3aciny

(A.23)

i

21
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(A.10), (A.23) BXU (A.24) DIMEEREMC
BEPALONDS. ChHOEESERE Jy(A)=0
ORELTHE LI —ROBABET 2. Lo,
BHOERICLY

Ii= == 337y )Gy’ (Rp.s) Ty (3.5
XZP,,e"‘P””/Jp"(Zp,,a) (A.25)
12:—::—' sé Jp’(lp.spl)Gpl(Zp.sﬂ)Jp(Zp.sP)

X Ap,se” 22 J " (2p,sa) (A.26)

Izi=~— ‘Z— s-EI qu(RpHJPOGpHI()pH .sa)

XJp+1(2p+l,sp)e—zp""*z/']pn'(zpﬂ,:a)
(A.2D
ERBe U, Zps i3 Jp'(Ra)=0, 2py1s 2
Jp11'(Aa)=0 OROBHPS s BHOLDTH 3.
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