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K]U |wQ w O};|t CUO x@ |rwvQ@ xrO=at ltmx@ xm |m}t=v}O |RQt \QW
%R= CU= CQ=@a OwW|t p=ta= xQiL

@'
@s

=
p1 + � (5)

"CU= |R=UxQiL OOa � u; QO xm
�� OwW|tv GQ=N sUH w xQiLK]U R=|v=} QHI}y ��|m}D=tv}U|RQt\QW

%sUH K]U |wQ sy w OwW|t p=ta= xQiL K]U |wQ sy
@'
@n

= �nx (6)

%OwW|t p=ta= CqO=at p}tmD |=Q@ R}v QiY X=N Q=W \QWZZ


S

@'(x)
@n

dS = 0 (7)

VwQ l} =@ w xOW xO=O x}rw= TOL u=wvax@ xQiL pw] w pmW VwQ u}= QO
'|R=UxQiL OOa w =yu=owO '=yxtWJ CQOk pt=W 'xr�Ut CqwyHt Q}PB Q=QmD
|R=UxQiL OOa =} CaQU l} QO R=UxQiL u} QDy@ uDi=} |=Q@ "OwW|t x@U=Lt
|HwQN u=wvax@ xQiL pw] w xr�Ut |xO=O u=wvax@ |R=UxQiL OOa O}=@ 'XNWt
?}DQDu}= x@ &CU= xDi=} Ow@y@ jwi VwQ 'hOy u}= x@ uO}UQ |=Q@ u}=Q@=v@ "OW=@ u;
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lJwm |r}N =yv; |R=UxQiL OOa 'Qo}O CQ=@ax@ "CU}v q=@ |r}N =yx@=DQB u}=
0 1 � � � 0 15 xOwOLt QO |R=UxQiL OOa Q=Okt j}kLD u}= QO =Pr w CU}v

"CU= xOW xDiQo Q_v QO
"Ov=syt |r}N R=UxQiL pmW p}mWD QO w2 w b2 'b1 |UOvy |=yQDt=Q=B
|ak=w R=UxQiL l} |R=UpOt |=Q@ w OwW|t u}}aD Z3 Q=Okt x@ xHwD =@ b2 Q=Okt
0 � b2 � Z3 |xOwOLt QO u; Q=Okt xQ=wty TB "OW=@ u; R= QDlJwm O}=@
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%R= Ov=CQ=@a R=UxQiL u} QDy@ ?=NDv= |=Q@ =yQDt=Q=B u}= C=Q}}eD |xOwOLt TB
0 � b2 � Z3

0 � b1 � 1
0 � w2 � 2 (13)

x@=DQB |UOvy |=yQDt=Q=B Q}=U "Ov=xOW Oa@|@ R=UxQiL Q]k x@ C@Uv =yv; |t=tD xm
|x@=DQB l} |=Q@ =yQDt=Q=B u}= "Ov=xOW ZQi C@=F OvwW|t xOy=Wt 2 pmW QO xm

%R= Ov=CQ=@a |OQ@ Q=m
Lcone = 5; Lcyl = 30; Rcyl = 0 9; � = 37 750

l} |=Q@ =yR=UxQiL R= |a}Uw |xOwOLt 'R=UxQiL |UOvy QDt=Q=B xU Q}}eD =@
Q@ |vD@t xm |RQt u=tr= |xt=vQ@ \UwD w xOt; CUO x@ XNWt |R=UxQiL OOa
"CU= xOW pL OQ=O |}q=@ Q=}U@ |}=Qoty CaQU w CU= u} Qo 3 x@DQt p=QoDv=
CU= |R=UxQiL xv}y@ R=UxQiL "OwW|t x@U=Lt (CD) x@=DQB pm |=UB ?} Q[
OW=@ xDW=O =Q |Q=Wi |=UB ?} Q[ u} QDsm 'XNWt |R=UxQiL OOa l} QO xm
QHvt w Ov=WwB@ =Q x@=DQB R= |QDW}@ K]U =D Ovm O}rwD |QDnQR@ xQiL pw] R}v w
x@=DQB pm |=UB ?} Q[ pk=OL u}=Q@=v@ "OwW |QDsm |m =m]Y= |=UB ?} Q[ x@
R= u=v}t]= |=Q@ "s} Q}o|t Q_v QO w2 w b2 'b1 |=yQ}eDt R= |a@=D CQwYx@ =Q
xv}y@ R=UxQiL x@ l}ORv pm |=UB ?} Q[ |=Q=O xm R=UxQiL u}OvJ 'xrY=L G}=Dv
R=UxQiL u} QDy@ 'C}=yv QO "Ov=xOW pL R}v 6 3 Cv�wri Q=Ri=sQv ltmx@ Ov=xOw@

"CU= xOW ?=NDv= |OOa |R=Ux}@W w |RQt u=tr= VwQ ltmx@

EL@ w G}=Dv "5
CWB |xOQDUo |R=UxQiL |=Q@ |OOa VwQ QO |D=@U=Lt |xm@W uOQmR} Q QF=
"CU= xOW |UQQ@ 0 12 |R=UxQiL OOa QO w QDt|Dv=U 5 `=aW =@ lU}O
w 20 '15 '11� lU}O `=aW Q@ xQo hrDNt |xR=Ov= Q=yJ =@ '\@DQt |=yxm@W
O=OaD V}=Ri= =@ OwW|t x_Lqt 6 pmW QO xm u=vJ "CU= xOW xDiQo Q_v QO �26
|x}=B Q@ "OwW|tv xOy=Wt G}=Dv |wQ |}x_Lqt p@=k Q}}eD '20 R= V}@ x@ =yxQo
?U=vt |xm@W u=wvax@ 'lU}O `=aW Q@ u=tr= 20 =@ \@DQt xm@W 'xar=]t u}=

"CU= xOW xDiQo Q_v QO |OOa VwQ R= xO=iDU= =@ |=y|R=Ux}@W |t=tD |=Q@
u=} QH |R=UpOt QO |OOa w |RQt u=tr= |=yVwQ CkO |UQQ@ |=Q@
[19]OwHwt |@ QHD G}=Dv =@ VwQ wO u}= G}=Dv '=UB ?} Q[ |x@U=Lt w |R=UxQiL
'|R=UxQiL OOa ?ULQ@ xQiL pw] C=Q}}eD G}=Dv 7 pmW QO "CU= xOW xU}=kt

"|RQt \}=QW "4 pmW

"R=UxQiL |xUOvy |L=Q] |=yQDt=Q=B "5 pmW

R=UxQiL |R=UpOt "3
xOW j@]vt =yv; Q@ |vLvt l} xm \=kv R= |O=OaD \UwD R=UxQiL |xUOvy
CU= xOW xO=iDU= Q} R |wtyU |vLvt R= j}kLD u}= QO "OwW|t |R=UpOt CU=

[19]%�5 pmW�

Z(�) = (1� �)2Z1w1 + 2�(1� �)Z2w2 + �2Z3w3
(1� �)2w1 + 2�(1� �)w2 + �2w3

(12)

%u; QO xm
Z1 = (�b1; 0); Z2 = (�b1; b2); Z3 = (0; 0 5)

w1 = 1; w3 = 1
x]kv Qy |vRw ?} Q[ w3 =D w1 w 'pQDvm \=kv Z3 =D Z1 \=kv xrO=at u}= QO
|x]kv x@ |vLvt pmW w2 V}=Ri= =@ "OvDUy |L=Q] |=yQDt=Q=B b2 w b1 "CU=
|t}kDUt \N x@ |vLvt pmW 'QiY CtU x@ w2 Vy=m =@ w OwW|t l}ORv Z2
|R=UpOt =Q |]wQNt R=UxQiL w OwW|t p}O@D Ovm|t pYw Z3 x@ =Q Z1 xm

"Ovm|t

R=UxQiL u} QDy@ ?=NDv= VwQ "4
%R= Ov=CQ=@a xv}y@ R=UxQiL ?=NDv= QO syt |=yQDt=Q=B

&x@=DQB |rm |=UB ?} Q[ %CD
&|R=UxQiL OOa %�

"|vRw ?} Q[ w R=UxQiL |UOvy |=yQDt=Q=B %w2 w b2 'b1
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|R=UxQiL u=} QH |=Q@ |R=UxQiL OOa ?ULQ@ =UB ?} Q[ C=Q}}eD 8 pmW QO w
'OwW|t x_Lqt xm u=vJ "CU= xOW xU}=kt |@ QHD G}=Dv =@ 'lU}O CWB xOQDUo
|x@U=Lt QO =yVwQ u}= C}r@=k R= |m =L OQ=O OwHw G}=Dv u}@ xm |@ wN j@=]D
|wQ Q=Wi ?} Q[ C=Q}}eD 9 pmW QO u}vJty "CU=UB ?} Q[ w xQiL pw]
Qy OwW|t xOy=Wt xm u=vJ "CU= xOW xU}=kt [20]OwHwt |@ QHD G}=Dv =@ xv=wDU=
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xO=iDU= p}rOx@ |RQt u=tr= VwQ QO "Ovvm|t |R=Ux}@W CkOx@ =Q ��0 30 Q=Wi
OwW|t xO}O |Q=Wi V}=Ri= xQiL |=yDv= QO 'xQiL |=yDv= QO xO=U uDU@ pOt R=

"OwW|tv xO}O |OOa |R=Ux}@W QO xm
|R=UxQiL OOa l} QO R=UxQiL u} QDy@ ?=NDv= |=Q@ OW QmP QDV}B xm u=vJ
|x]@=Q l} \UwD �9000 OwOL� R=UxQiL |O=} R O=OaD 'x@=DQB XNWt CaQU =}
|RQt u=tr= xt=vQ@ \UwD =yv; pwL |�RH |R=UxQiL u=} QH w xOt; CUO x@ |wtyU
10 |=ypmW QO 0 12 |R=UxQiL OOa |=Q@ G}=Dv u}= R= |WN@ "CU= xOW pL
u} QDsm |=Q=O xm �1 pwOH� R=UxQiL Ciy G}=Dv u}= u}@ R= "OvwW|t xOy=Wt 13 =D
"OvwW pL R}v Cv�wri Q=Ri=sQv \UwD =D CU= xOW ?=NDv= OvDUy |rm |=UB ?} Q[
|xU}=kt |=Q@� |Q=Wi |=UB ?} Q[ 15 pmW QO w xQiL pw] 14 pmW QO
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1 2 0 35 0 3 5
1 4 0 35 0 29 6
1 8 0 35 0 28 7

Cv�wri Q=Ri=sQv w |RQt u=tr= VwQ R= xO=iDU= =@ xQiL pw] |xU}=kt "14 pmW
"� = 0 12 QO 1 pwOH QO xOWx�=Q= R=UxQiL Ciy |=Q@

Cv�wri Q=Ri=sQv w |RQt u=tr= VwQ R= |Q=Wi |=UB ?} Q[ |xU}=kt "15 pmW
"� = 0 12 QO 1 pwOH QO xOWx�=Q= R=UxQiL Ciy |=Q@

QO xm u=vJ "CU= xOW xU}=kt sy =@ =yR=UxQiL u}= |=Q@ VwQ wO u}= �QDj}kO
|tm |RQt u=tr= VwQ R= xOt;CUO x@ |xQiL pw] OwW|t xOy=Wt 14 pmW
|[a@ |=Q@ "��3 =D 2� CU= Cv�wri Q=Ri=sQv R= pY=L |xQiL pw] R= QDnQR@
u=O@ u}= w OyO|t x�=Q= =Q 5 R= QDsm |xQiL pw] Cv�wri Q=Ri=sQv =yR=UxQiL R=
|x}L=v |wQ xQiL uOWxDU@ "OwW|t xDU@|]wQNt |x}L=v |wQ xQiL xmCU=vat

|=yb1 QOw2 |vRw ?} Q[ x@ C@Uv x@=DQB pm |=UB ?} Q[ C=Q}}eD "11 pmW
"|RQt u=tr= p}rLD \UwD xOt; CUO x@ 'b2 = 0 25 |=Q@ hrDNt

|=yb1 QOw2 |vRw ?} Q[ x@ C@Uv x@=DQB pm |=UB ?} Q[ C=Q}}eD "12 pmW
"|RQt u=tr= p}rLD \UwD xOt; CUO x@ 'b2 = 0 3|=Q@ hrDNt

|=yb1 QOw2 |vRw ?} Q[ x@ C@Uv x@=DQB pm |=UB ?} Q[ C=Q}}eD "13 pmW
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"�2 pwOH� � = 0 1 QO

OOa QO |mU}O R=UxQiL =@ xv}y@ R=UxQiL |xr}Uwx@ xOW p}mWD |xQiL 20 pmW
|mU}O R=UxQiL OwW|t x_Lqt xm u=vJ "CU= xOW xU}=kt 0 12 |R=UxQiL
|=UB ?} Q[ |rw Ovm|t O}rwD 'xv}y@ R=UxQiL x@ C@Uv 'QDs}N[ w QDOvr@ |}xQiL
uWwQ Qw]x@ ẁ[wt u}= "CU= |mU}O R=UxQiL R= QDsm xv}y@ R=UxQiL =@ x@=DQB |rm
=@ hrDNt |R=UxQiL O=Oa= QO R=UxQiL wO |=UB ?}=Q[ u; QO xm 21 pmW QO
?} Q[ xm |r=L QO 'OwW|t xOy=Wt xm u=vJ "OwW|t xO}O 'CU= xOW xU}=kt sy
CU= QDW}@ |mU}O R=UxQiL R= |tm xv}y@ R=UxQiL =@ x@=DQB |m =m]Y= |=UB
xH}DvQO xm CU= |mU}O R=UxQiL R= QDsm |r}N xv}y@ R=UxQiL |Q=Wi |=UB |rw
"CU= |mU}O R=UxQiL R= QDsm |yHwD p@=k Qw]x@ R=UxQiL u}= pm |=UB ?} Q[
u}= "OQ=O xv}y@ R=UxQiL u}}aD QO |tyt Vkv |Q=Wi |=UB 'OW xDio xm u=vJ
|mU}O w xv}y@ R=UxQiL |wQ Q=Wi ?} Q[ `} RwD u; QO xm '22 pmW QO ẁ[wt
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"OW Oy=wN O=H}= |O=} R |Q=Wi |=UB OwW xDU@ x@=DQB |]wQNt VN@ |wQ xQiL
|m =m]Y= |=UB w QDnQR@ |xQiL pw] xm OvQ=O OwHw R}v |Qo}O |=yR=UxQiL
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1. partial cavitation
2. Supercavitation
3. conformal mapping
4. Tulin
5. Perturbation
6. Riabouchinsky
7. Lourant
8. Chebyshev polynomials
9. interior source method
10. volume of 
uid
11. Lagrange multiplier
12. boundary value problem (BVP)
13. Green's third identity
14. sources
15. dipoles
16. Laplace
17. source ring
18. dipole ring
19. Secant
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