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Abstract

An unsteady numerical method. callt"<1 tlte qlla.si·\'Oflcx.lallicr method (QVU,1j.

to calculate aerod)'namic {on:cs on oscillatin~ willgs is illWSlill;i\lt'tl And <\I'plil'tl lel

the problem of oscillating foil propulsion. It is based on lilt· \·orlclt·laUire-nlethllll

(VLM). The method was formulated for prediction of acrod)'nalllical dlaraclt'ristil'M

of a non-planar wing with arbitrary shape in unslclldy harmon;" molion. Hil,;,,,l

on three dimensional (3 - D) unsteady lifting surface thl'Ory, the IllclhOtl ha.~ ht't'll

(Icsigncd to handle irregular wing shapes of bolh pll\nar and lIoll-plamlf wiu,lls ;lIul

\0 work with low II.:lpl.'Cl ratio foils. A computer program WM wriUen for the pn"

diction of propulsion features of a harmonically oscilla~ing hydrofoil. This Clunpnll'r

program was checked by comparing present results with existing jlllhlislll'd rl'sll!ls

for some given planrorms. The computer program i. CII.1l1l.ltlc uf solving Ul1stl~.,<Iy

three tlimer...ional. non·planar rigid foil propulsion problclll~.

Convergence of the QVLM implemented compul.cr progra.m and Cll(J tilm~ 1I.rl~

discussed. The advantages and disadvantages of the unstclIody QVLM mclh(xl, ;m,1

the improvement of the numerical approximation in the inlc&ratioTl of the \Ill~b'a,ly

kernel fundion were investigated.

Propulsive features or three fast swimming animals were invcstigalal. TllfC'l!

cetacean's flukes were studied by use or calculations o( the propulsive elliciency

and mean total thrust coefficient. These three (llllt swimmers were: fin whale (11111.

aenoptera physalus); white·sided dolphin (Lagenorhynchus aculus); and white wh1l.11:

(Ddphinaplerus leucas). Fin whale's flukes have the highest aspect ratio (G.I) alltl

moderale sweep angle (31°); while-sided dolphin's flukes have the highest leading

edge sweep angle (4~) and lowest aspect ratio (2.72); and while whale's flukes have



lIIoderatp. aspect ratio {J.25} lind the lowest sweep angle (28.i').

Calculation lind comparisons were made for three cases: predictions of propul

~i\'l: efficiency and thrust coefficient of the planforms of th~ cetaceans "ersus an

atJvanc~ r<ltio, J; the e!feels of changes in pitching &Xis positions and in phase angle

(pitch leading heave) on those pr~dictions; relations bet.....een the leading edge thrust

rodliciCllt and mean total thrust coefficient of the flukes.

It was found that fin whale's flukes had the highest propulsive efficiency in a.1I

rllSC~, when the IlCa\'c amplitudp. h was laken as the corresponding to lhese flukes'

rnot chord length. The propulsive efficiency from white-sided dolphin's flukes was

higher than that from white whale's, though the plan form of the white-sided dolphin

had a lower a.o;pect ratio. Over lhe complete range of the phase angle from 0° to

arJOO. only the lin whale's tlukes predicted positive thrust. The flukes of white

~i(lL-d dolphin lind white whde produced neglltive thrust for pha..~ angle between

100" 'l7rP and 14rP· .... 3400 at the reduced frequency k =0.75 re~pectively; and

IiSo 3,100 at the reduct'd frequency k = 0.15 only for the flukC!i of white-side

tloillhin. When the root chord length was to be taken Il:I reference length and the

reduced frequent)· k was small, it was found that the variations of the efficiency and

tllfllst were small. It was also found that the best propulsive efficiency and smallest

lhrusl coefficient occurred at about same phase an!le position, and vice versa.. The

best propulsive efficiency was found when the pitching axis wa.:; placed al 0.6, 0.7, 0.8

root chord position for the flukcs of white whale, fin whale and white-sided dolphin

rt~pcctively.

Thc recommcnded shape of man-made oscillating propeller in marine engineering

appliutions was a.lso discussed.
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