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Calculation of Apparent Mass by Boundary Element Method

Ryozo IsHIWATA and Takashi KAWAGUCHI

Abstract

It is important to analyze apparent mass of a body which has unsteady motions in a fluid. It
is applied to oscillated, accelerated and decelerated bodies in a fluid as well as ones placed in an

unsteady flow.

The authors have developed a calculation method for apparent mass of an arbitrary shaped
bodies by means of the Boundary Element Method. The apparent mass is numerically integrated
from velocity potential distributions on a body fixed in a uniform steady potential flow, because
the potential distributions of unsteady flow are similar to those of steady one.

The remarkable points of the present method are as follows:

(1) apparent mass is calculated from steady potential distributions on a body ;

(2) apparent mass of an arbitrary shaped body can be easily calculated, if no circulations

exist around it ;

(3) the method can be applied for a body near walls by means of suitable boundary

conditions ;

(4) it takes not so long time to calculate an apparent mass.
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Fig.1. Flow around a body.

#§4 B-14 (1990)
L AUEIFHIEFEROBEDOHREN LR —TH D,
YiEEb ) DERBEREHE LA WEE 0 LD,
CHATEFZOWTE 2, MEH AT &
5%, ALIAUEAFBRIFNXELTED, 22T
BENOYERERTHEEAIHL 0 L b,

Db & &b ki@ < SEERERMED 3kA D
B & s,

F=g "¢ % naa )

AN INE B X B EEL TV B,

2.2 {ThEENEHFE

A WEBFEEERT v v L ¢ 13— HICZE”
FERE (x, v, z) L[ ¢ OBETH 505, FFEF OB E
CLBEREET Vo v LIRSS 2 & 2 F
ALTUTO L et mEREYEHT 5,
FFFig20k 51, RdLVYBEEYEE U=10D

U=1

= O

$, (x,y.2)

U=1

x

Fig. 2. Uniform flow around a fixed body.
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Fig.3. A body which moves in a stationary fluid.
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Fig.4. A body which moves with uniform

acceleration in a stationary fluid.
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Fig.5. Control volume
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(a) 3-dimensional

(b) 2-dimensional

Fig. 6. Boundary elements
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Fig.7. 2-dimensional body
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(b) details about a cylinder

Fig. 8. Boundary elements around a cylinder.
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Fig.9. Velocity potential distributions on a cylin-
der in a uniform flow.

10d
7 /,
& control
= \ surface
NVN\\vg !
Emot.ion
” Y

Fig.10. A cylinder which moves parallelly with
two parallel walls.
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Fig.11. Apparent mass of a cylinder which moves

parallelly with walls.
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Fig. 12. A cylinder which moves vertically against
a wall.
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Fig. 13. Control surface.
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Fig. 14. Apparent mass of a cylinder which moves
vertically against a wall.

B hrfERy Fig 14 w4, M/ (ord*/4) &, L/
dPKE< kB on 1KLL, L/d 05 1zE-
QIZONEBICE KT S LR IR,

LLEoRHEGIO X 512, AGTEHEREREGOS
2HEBEZHT LI L T, BELHELEOTHMEC
LICHTEAZ LML LT, 1o, EEHIK
PRI LT ARGFTEFEIFEDTH 5,



BRERKICL D AMEREHE G- ) 13

4. #®

FEHAET V2 v VRN DORITER» DO A INE
EXHETAHEYRHER L, KTBEFEOR L ok
BIROBY TH B,

(1) BEET v+ AThE—ERFT5120 T/
MEENRDBI D,

(2) BREZEXYBVAZ LI Y RALELTEN
Ehh, ERETHETE S,

(3) ikt bh ERYHEbLRVIRD, TEHEC
#wHTXB,

4) BREKHOEZHICL > TEEEEDTEHELRD

Bhéo

D

2)
3

4)

X 73

Morison, J., R., et al., Pet. Trans,, 189 (1950), p.
149.

KIGFHHE, WA, ==, (1982), p.127.
Brebbia, C., A., The Boundary Element Method
for Engineers, Pentech Press Limited, (1978).
e - Hb - BRER, BEREREAL, BRLE,
(1980). 3) OFAER,




