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Prediction of Hydrodynamic Forces and Moments Acting on a Body of
Revolution by the Method of Surface Vortex Distribution

Seung-Il Yang*

by

- Chang-Sup Lee*
Abstract

+ Chang-Gu Kang*

The hydrodynamic lift and moment acting on the bodies of revolution with pointed-end were
calculated by the surface discrete vortex method. It was found, by direct computation, that the
lift normal to the on-coming flow can be generated by introducing the shed-vortex to the unless

otherwise purely potential model. The value of the destabilizing moment, which is called Munk

moment, is reduced by the shed-vortex model, resulting in better agreement with the existing

experimental values.
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Zhehat Wl g ol
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4= Theodersen(1}, Abbott and von Doenhoff{2],
Brockett{3, Giesing and Smith(4], Bk - ZEq@
#2575 59 497437 deod, 344 A
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%
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A of 315}
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AA st eFEAdY FEA4dwe GF2 Y. 2y
AzRE AF A gHe 4ud A/ E stAH, o
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I F24E ATWE Welsl, AAAA Y o
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oF dri A Eeled, ubFel “‘3}"4 234 27

t2g dAEE Bolsle $4 58
vl gheh. zev B Hol4 o F

=

HAF

A

Yo

r\ﬁ

= A3 2ol ¥ moky weE ZE BAG 54
Q o,

gt 24w

e AdA @

TAE E Y 4 Y7 Wl ol
AR 2E olHG EAY ma A woro] 37
A wshstr) WEel FAHHA 2 FAR] Yen
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A&k 339 EA A &
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= <
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Fig. 1. Coordinate System
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Fig. 2. Two Typical Section Profiles of a
Streamlined Body
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Fig. 3. Pictorial of 3-D Body to Illustrate Basic
Singulaties
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@

A7NA, v B2 23R, ot AdFHY
xFFolx, 12 W AHojolH, NJe FwE s49
Ageleh y—zH e Hd LEE HA cosined EH
% Al e, sAAYg APl A "elel
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Fig. 4. Illustration of Discrete Vortex Elements
and Control Points on a Body
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(m, ) A A Aol $718% FEoITh #uad (m,n)
WA Ao AN EASoz Fate 24P A4 H (unit
normal vector)o]th. F&x 98 ~ (bound vortex) 7A
2= X NIX (NJ-D)A, 5 (trailing) 2 o8 = A
L 2x NIXNJA ololA EAl Zrle] $xd HA S
BoE 20 ALE BF 2xXNIX CxXNJ-1)A 7 "t
A FEFrod s AFE AddY AF 2XNI
XNJ 2eh 84 gAw, nesrdd 2EPHL o] F
o] o] FAlE dANA "ot oA z—2FHel T
o 29 gAAL o Fedr) AEd 40T =
Sl x0 MSEE 2xNIZF At

podl~ gxo 2 mAANAE vorticityd] BE

W o] gkEsolol gk, 2lA AFReHE Sad
g o ZAAdAY Eolor Rodast 1}
e 2o o AgFe] 00] Hojof deh o =7
oz ¥y ()M ZARAA FFE L & (trailing
vortex)d] A& T¥ 4 94} (Fig.5)
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Fig. 5. Illustration for the Conservation of Vorticity
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Fig. 6. Bound Vorticity Variation for the Linear
Approximation
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EHEAN $2xE Roewro NYt g4 AAH
H EAEHAY FEEEZE ALE Y3, o2y
B Bernoulliyt g 4-¢ At 83sle] Ede) F&2t: b,
P, & 7% 4 A He, olF AEFozn ¥ Fo
E4olE Mx +8 4 ot

f Puds

= [Paxuds (10)

71 A, r& YANA Ew g+ (surface element) 7}
Ao fAM ol AXY s mLAES FHAH F
Aol g 4HFAY 93F F¢¢ F& At

4. HAHD 3 DE

4.1. B]Y¥H FH 2 A At(Calculation of
Non-Lifting Body) 2 1§
33k uloky Ex dQuHe Aoz F(sphere)
3 YA (ellipsoid ¢ 5 F ¢ ol & Ei &
Zldo] 2o o3 4 &7 “—7‘13}7] W o] M
SHA 2xdo A E FJsted H&8A o] 8H
9

4 9k 2A, F9 AF FY HAAY HAEE
Vie o8 2ol 34T

Vi=1. 5U\/1 ( ¥ (D
o714, e F2 w7olrt.

F gAY JFHFEEE V.ol 43 (numerical)
3 &+ A (analytic)sf o] A=t Fo] Table 1o ulzH
o dlew, FHAG Co AAEL Fig.7d 4 Eo
Az gk, olw Kutta-Joukowski A ele] 2ja zs}
A Eo] o Yt BEES FE 00 5He, =
o~ Fxogge dol4 g AEINI HErd a#0°
Aol s A4 v A5 22 9 5’::2}4 W o
utFf et s 3o} el Ev Qo) ehs AE el

ujekd 3o Fwla] o 24 prolate spheroid® &
+ 4tk o] Ed = #A9dH ES4do] F A 2
Awt Gzel e Ayl o3 Munk w1 E7 4
Aot el &

gt A 4

Haj 2A
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Table 1. Comparison of the Results for a Sphere
Calculated by the Discrete Vortex Method
(NI=4, NJ=8) with Analytic Solutions

z/2a ViU . Relati{ve
Analytic* | Numerical Error (%)
0. 4619 0. 5740 0. 6097 6.21
0. 3536 1. 0607 1. 0330 —2.61
0.1913 1. 3858 1. 3531 —2.36
0. 0000 1. 5000 1. 4935 —0.43
—0. 1913 1. 3858 1.3531 —2.36
—(. 3536 l 1. 0607 1. 0330 —2.61
~0.4619 | 0.5740 0. 6097 6.21

* Analytic Solution V,/U=]. :’\/1-(.%.)2

-——— Analytic Sol.

o000 Numerica! Sol.
(NI=4,Nj=8)

Cy 1.0 \
0.0}28 \ 82 /22

Fig. 7. Pressure Coeflicients for a Sphere

2 2+ 2
Tt =1, axb 12)
prolate spheroid”} A &) Fyd LH¢ & A
F, F a=0°¢ AF, WA g A" ml Al

Aol RASE Ve o83} 216
_egnlU ( a—2 \1/2
V=B () (13

_ FENE o o

A, e—\/l_(_a.) o] &,
_( e _ 1 1+e \!

g1_<1—62 71" —e) ot
Foll W& A QD 4 A g
Al Zul 7k 0.5 prolate spheroid7} 7 a=0°2 A=
T d A 44 A g AHAE= Vst
Table 2o, t# A4+ C,7t Fig. 8 22t 2R3 gl
o, AAuel @& Munk 2$=1E% Table 3¢ 2
gz 9t Munk 2 ¢elEx %iﬂﬂ +£35A4 B A
2OMES 57 W Zo o] o] HL4E F 2aA
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Table 2. Comparison of the Results for the Prolate
Spheroid(a=0°) Calculated by the Discrete

Vortex Method(NI=7, NI=8) with
Analytic Solutions
VU
x/2a
Analytic Numerical
0. 4619 0.7719 0.7144
0. 3536 1.0820 1. 0256
0.1913 1. 1600 1. 1206
0.0 1.2100 1.1418
-—0.1913 1. 1600 1.1206
—0. 3536 1. 0820 1. 0256
—0. 4619 0.7719 0.7144

Analytic Sel.

ooo Numerical Sol.
(NI=7,N]=8)

£.0 7 . -5l %, 2a
\ . .

Fig. 8. Pressure Coefficients for a Prolate Spheroid
(b/a=0.5)

Table 3. Comparison of Munk Moments of the
Prolate Spheroid(a=5°) Calculated by the
Discrete Vortex Method(NI=7, NJ=8)
with Analytic Soluions

M/
bla: k k,
Analytic Numerical
0.1 0.0207 | 0.9600 | 0.8584x107® | 0.9134x107®
0.2 0.0590 | 0.8950 | 0.3056x107% | 0.2936x 1072
0.3] 0.1054 | 0.8259 | 0.5926x107% | 0.5467 %107
0.4 0.1563 | 0.7619 | 0.8855x 1072 | 0.7982x 107*
0.5] 0.2090 | 0.7020 | 0.1126x107* | 0.1004x 107!
0.6, 0.2658 | 0.6530 | 0.1274x 107 | 0.1127x 107!
0.7 0.3230 | 0.6075 | 0.1274x107* | 0.1135% 107!
0.8 0.3812 | 0.5674 | 0.1089x 107 | 0.9947 x 1072
0.9 0.4403 | 0.5318 | 0.6773% 1072 : 0.6770x 107®
M= = e km'a

m'=m/bpl®. non-dimensionalized mass
k1, k2. added mass coefficients
(1 for axial, 2 for transverse motions)

KEEHMEFIE F20% % 15% 19835 34
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Fig. 10. Model of Free Vortex Shedding
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—0.5 0.0 0.20 0. 0833
—0.45 0.0277 0.25 0.0812
—0.40 0. 0408 0. 30 0. 0781
—0.35 0. 0522 0.35 0. 0707
—0.30 0. 0613 0. 40 0. 0603
—0.25 0. 0686 0.43 0. 0508
—0.20 0.0743 0.44 0. 0470
—-0.15 0. 0784 0.45 0. 0423
—{0.10 0.0812 0. 46 0. 0367
—0.05 0. 0832 0.47 0. 0297

0.00 0. 0841 0.48 0.0210

0. 05 0. 0845 0. 49 0. 0090

0.10 0. 0845 0.50 0. 0000

0.15 0. 0843

length /=5.980m
center of buoyancy: z/I=0.036
Fig. 11. Airship ‘AKRON’ Offsets
c, 1.0
a = 0°
0.8 ¥ —oe
J ‘s
u.f

-n.a -0.1 0.0

BR— -« FHB - EER

o ostel o] P& AR A (free vortex) 7t &
H(E, deddel 4 ez w4 5 gl
2w f29 A4 2k Fig.9% e §4qw,
ol2 & =42 Delta winge]i} low aspect ratio wing
Y A9 vt 2 2olA & Fig 103 2o] z—y
W Aete EAe FoPPeoz¥y H2H5E
=233 &9t

Fig. 1001 A ¢} 722 AFu e ro fzeo 2
HY GHEZE WAL G B g o®
of obvjet melEciE w3l JFe vk, oleld
4 HAs) Sete] 48437 ge ‘AKRON
ARd Al FAAL4E FPsigdod, o 49
F9E ¥ offset& Fig. 1lo] BoIx s 9(17].

wA, 97 a=0°¢a ‘AKRON’ 4#9f otgf&xo
AAAR AP A} wlaso] Fig.12¢] Eoixm
deh @H, F7 a=6°Ls] ARROEH 20 f3o]
AeHe] FH Lz Fig. 13¢] =A =0 gz, e
Gl HHfA AfHoHze F2¢ zeEP oWy
¥ EE7t Fig. 4o A =0} gtk o odEz B
H AfFReE A0 §20] gl Z¥MoEo AL o
He 243 4z ZeElEs} ARED 24 £23=5
gh, AHftEoEl o fEol " A FHo] WA
st A RE¥HPES FasiA =] AR §E5A e
AEE BoiF = 245 g o2 3 @4 Mandel
(18Jo] AAAM oz 4% v glos], o gate] o3
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