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Unsteady Hydrodynamic Forces on a Lifting Body
(1st Report, Oscillating Wings)

by Yusaku Kyozuka, Member Tsutomu Hori, Member
Wataru Koterayama, Member

Summary

A numerical method has developed to analyze unsteady hydrodynamic forces of 3D lifting surfaces
of arbitrary planform, in which velocity potential is expressed by the doublet distribution over wing
surface and the wake. The wing surface is divided into a number of meshes and the strength of the
doublet on each mesh is assumed to be constant which makes numerical calculation simple. The wake
is also divided into strips of semi-infinite length and the strength of the velocity potential within the
strip is assumed to vary with x downstream. Velocity potential on wing surface is obtained by the
solution of a set of simultaneous equations. Comparison of lift coefficients with existing theories show
good agreement in steady and unsteady problems.

Experiments for some rectangular and triangular wings were carried out, where the steady lift with
angle of attack and unsteady lift in heaving oscillation were measured. Triangular wing of aspect-ratio
of 2 shows good lift characteristics in wide range of angle of attack. Unsteady lifts for whole wings
generally show good agreements with linear theories within present experiments, but some nonlinear
effects due to dependence of the velocity of uniform flow appeared in added-mass coefficients at low
reduced frequency.
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Tablel Comparison of Steady Lift-Curve Slopes
Cro DY Present Method Cra
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0.25 0.3915 0.3916 0.3916 0.3916
0.5 0.7727 0.7734 0.7735 0,7733
0.75 1.1302 1.1320 1.1322 1.1312
1.0 1.4563 1.4597 1.4602 1,4580
1.5 2.0132 2.0207 2.0216 2.0168
2.0 2.4619 2.4724 2.4741 2.4680
3.0 3.1309 3.1408 3.1445 3.1405
5.0 3.9567 3.9445 3.9525 3.9636
10.0 4.8976 4.8210 4.8356 4.8828

LTW3 ZENBroTn5,3X3BLIRRI—FAAEE A
RUBROSEEEELTVEY, Ay yaDHEEER
ZEREDEIEAZVL SPORADKER, 7—-F, X
NRYTHABE b2 IV — 2 VEPC L2 IOBRROERE
52 Twi:OTHEEDHEDLTH IERAL,
Table 1 DER %22 £ IXIDDENODVTHIHFHECR
BW—EERLTWLDIER, EEBRHCOVTIRAS), (20)
D5

L=20U7 [ :dn [ pox

=200 [ gulc, dn=—pU* [ (ndn (2D

CE->TEELTOMA % T2 k<, ROBER»OHE
BEHEsh LD EFEZ O N D,
Fig. 4 i3, XEOFEFHNOHERE IOV T Ay Y

log{(Err)

- W R

X
I

| DU S T

-
o
T ‘,[,"IT"llll
g

1

Damping

Added-M
TN
“\H

T T

U

il
T

...1 I T I
T T T

4431t { AN I ]
LEE LS T YT

2 l]og(N) 3

Fig. 4 Accuracy of calculation as a function of number
of meshes (R 1 wing at £=1.0)

TEHSNDTINEERK Cr LEEFRBN X o7,
i, Lawrence DIE L DHNRESEHAETEREL .
Ay¥aBEIR, N DL Ca—-FABL ANV FRA%2E
SEL, N=18 $THEL., ZOHER2A2 L 10XI0T
BERBEODWTR IBUTOEEL > TW 52, 40
HERECRI%BEDOEEXEATVS, XAy ¥ afnH
DFEEEEDEVH THEVBERPIEDL DT, (TNEE
FREBERBSRREORE L 2 2 BYI R BEAMEN D
DZ 3N, SER INM LERL e of, EEE DR
R, BEDZTNEERENRLRVOT, BEOFWER
BILEDBREITIEE  DERE L 52 ThER 50D,

SFRE DO TERFRE» SEFD R v ¥ 2 THETE 3,

3. EBREOLE - EE

3.1 #HEENE JURBRAE
Fig. 5 ® X 5 T AMKZISRIEH RO BIFAME (G
FIERWE BXd=15mx1.3m) TAHEE FiEkHD
SRR o, BRI Fig.6 DL I REREL=
ARMSFhZTN2EET, EX10mmD7 27 Y VIEE
TUTHW/, Table 2@ sDFBEHRTRT, BEIZ
THEZNLU TKETH 60 cm OB IcB»h, =5
Lo THENEFEL 1. EBIX, —HFROHE%E 0.5,

Forced Oscillation
Mechanism

N Load Cel

il
T
l
l])

c
600

|1

Model

Velocity Meter

Fig.5 Experimental arrangement

NI | -El ectronic Library Service



R1

300 —>=

T

The Society of Naval Architects of Japan

AR b 3 EEERAEITC DOV T 47

R2

12

e 00—

300—>

Fig.6 Model wings

Table2 Principal dimensions of wings

R1 R2 T1 T2

Chord  (m) 0.3 0.2 6.4 0.3
Span {m) 0.3 0.4 0.4 0.6
Area (m?) 0.09 0.08 0.08 0.09
Aspect Ratio 1.0 2.0 2.0 4.0
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Fig.13 Added-mass coefficient of R 1-wing in heaving
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Fig. 22 Added-mass coefficient of T2-wing in heaving
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Fig. 23 Damping coefficient of T2-wing in heaving

oscillation
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Fig. 24 Comparison of 3D-function of a rectangular
wing with Theodorsen function in heaving
oscillation
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