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B C@Uv R= pkDUt wQOwN uRw OwW ZQi Qo = p=L "Ov=xOW xO=O u=Wv 10 pmW
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uQ=kDt p} wiQ}= `]kt =@ p=@ l} R= pOt |O=@ wQOwN QO 'Ovm|t u}}aD =Q wQOwN
CU= |}xvwox@ KQ] u}= "CU= xOW xO=iDU= ?ka pUm = KQ] |=Q@ NACA0012
Vv=tm |wQ}v R= j}raD sDU}U R= xO=iDU= |=Hx@ =D xDW=O |a=HDQ= C}Y=N xm
R}v =Q j}raD sDU}U |xi}_w wQOwN u}= ?ka pUm = `k=w QO "OwW xO=iDU= pUm =

"CU= Q=OxOya

Qw=DWo Q=Okt T=U=Q@ wQOwN p}wiQ}= |L=Q]
xOvv=OQoCU=Q

QDq=@ ?=DW x@ uO}UQ Qw_vtx@ uRw uOQmsm |rY= hOy '|O=@ wQOwN l} QO
xm =Q O=@ |wQ}v R= |W=v Qw=DWo xm OW=@ |}xR=Ov=x@ O}=@ wQOwN uRw xD@r= "CU=
pUm = |ivt |;Q@ |wQ}v w uRw `k=w QO "Ovm |FvN 'OwW|t wQOwN |vwoS=w Ea=@
p@=kt QO xOvv=OQoCU=Q Qw=DWo l} wQOwN |Q=O}=B ^iL Qw_vtx@ 'wQOwN ?ka
wQOwN |L=Q] QO Q_v OQwt syt C=mv R= |m} u}=Q@=v@ "Ovvm|t O=H}= |vwoS=w Qw=DWo
|wR=@ 9 pmW [3]"CU= wQOwN sQH OL=w QO QDW}@ xOvv=OQoCU=Q Qw=DWo O=H}=
=Q wQOwN ?ka pUm = |;Q@ |wQ}v w uRw |wQ}v R= |W=v xOvv=OQoCU=Q |=yQw=DWo
j@] wQOwN |vwoS=w QwLt pwL xOvv=OQoCU=Q Qw=DWo 'T=U= u}= Q@ "OyO|t u=Wv

%OwW|t x@U=Lt 17 |xrO=at
MR = W � (1�X)� B

2 � cos 
 + FLA � B
2 � cos 
 (17)

%O};|t CUO x@ 18 |x]@=Q R= 
 |x} w=R u; QO xm
tan 
 = B

2A (18)

Q@ sQH RmQt C}akwt w
�
A
B

�
wQOwN ZQa x@ pw] C@Uv |O=@ wQOwN l} QO

x@ xHwD =@ "OQ=Po|t Q}F-=D wQOwN |vwoS=w QwLt pwL uRw |wQ}v R= |W=v Qw=DWo
Qo}O CQ=@ax@ w 'O@=}|t Vy=mX Q=Okt |Dkw 'C@=F AB C@Uv l} QO 17 |x]@=Q
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DQt
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"wQOwN p=@ R= |}=tv "14 pmW

14pmW "CU= xrtL |x} w=R?ULQ@ p=@ QF-wtK]U|]N?} QkDAPW =yv; QO xm
QDl@U xJQy |=Q@ p=@ u}= "OyO|t u=Wv =Q |O=@ wQOwN �p} wiQ}=� p=@ R= |}=tv

"CU= xOW xDN=U u@ Qm Q@}=i VmwQ =@ Q@ wvY ?wJ TvH R= uOW

=yMQJ ?=NDv=
CyH hqN QO xm |@v=H sw=kt |wQ}v O=H}= Q@ xwqa |O=@ wQOwN l} |=yMQJ
QO =UB |wQ}v u}= "OvDUy R}v |wQ}v OHwt 'O};|t OwHw x@ wQOwN |@v=H CmQL
Qw_vtx@ "OwW|t Qy=_ sw=kt |wQ}v l} u=wvax@ wQOwN CmQL |m}t=v}O CqO=at
"OwW|t x@U=Lt x}v=F Qy QO MQJ VNQJ Q=Okt '=yMQJ |=UB |wQ}v |x@U=Lt

%O};|t CUO x@ 25 |xrO=at R= VNQJ u=R}t u}=
PRS = VL

� �DW (25)

Ctw=kt ?} Q[ uDi=} u}vJty '?ka w wrH |=yMQJ RPS |x@U=Lt R= TB
xOW O=H}= pm sw=kt |wQ}v 'CU= Cw=iDt |NQJ Qy Q@ xm (SW ) =yMQJ |WDre

%OwW|t x@U=Lt 26 |x]@=Q j@] wQOwN |=yMQJ \UwD
RDW = SW � (RPSFront + 2�RPSRear) (26)

l =m]Y= |wQ}v xm CU= |=xvwox@ |O=@ |=ywQOwN QO =yMQJ ?=NDv= Ov}=Qi
?} Q[ uOw@u=Um} ZQi =@ "OwW|t wQOwN VRer R= `v=t =yv; \UwD xOWO=H}=
x@ 27 |x]@=Q R= =yv; \UwD xOW O=H}= l =m]Y= |wQ}v '=yMQJ |=Q@ l =m]Y=

%O};|t CUO
Ff = �� FDown (27)

"|vwoS=w Qw=DWo |wR=@ R= |}=tv "12 pmW

%O};|t CUO x@ 19 |xrO=at R= 12 pmW j@=]t |vwoS=w Qw=DWo "CU= sRq
MF = FLip �H (19)

%O};|t CUO x@ 20 |xrO=at R= w CU= |vwoS=w |wQ}v hQat FLip u; QO xm
FLip = Fr sin 
 + FS cos 
 (20)

p} wiQ}= pw] u}=Q@=v@ "OwW MF > MR xm ODi=|t j=iD= |t=ovy wQOwN |vwoS=w
R= "OW=@ lJwm u; \UwD xOW O=H}= |vwoS=w Qw=DWo xm OwW |L=Q] |}xvwox@ O}=@
xrtL |x} w=RV}=Ri= =@ 'OQ=O OwHw u=} QH |Oa@xU C=QF= xm|y=vDt p=@l} QO|iQ]
|}=kr= |=UB |wQ}v '|@Uv O=@ CyH QO wQ}v u}= |xir-wt xm O};|t OwHw x@ |} wQ}v
x@ 21 |x]@=Q R= OwOLt p=@ l} QO pm |=UB ?} Q[ "�13 pmW� OwW|t xO}t=v

[5]"O};|t CUO

CD = CD0 + CDi + CD0 + C2
L

�AR
(21)

QiY |xrtL |x} w=R QO p=@ |=UB ?} Q[ CD0 'p=@ Q_vt C@Uv AR u; QO xm
p=@ Q_vt C@Uv O}=@ |}=kr= |=UB uOQmsm |=Q@ "CU= p=@ |;Q@ ?} Q[ CL w 'xHQO
V}=Ri= p=@ pw] 'p=@ R= C@=F QDw \N l} QO Q_vt C@Uv V}=Ri= =@ "O@=} V}=Ri=
xJQy Ea=@ w xO=O V}=Ri= =Q |vwoS=w Qw=DWo |wR=@ 'pw] V}=Ri= u}= w O@=}|t
|xR=Ov= Vy=m 'Q_vt C@Uv V}=Ri= |=Q@ Qo}O VwQ "OwW|t wQOwN uOW QDQ=O}=B=v
lQLt |wQ}v Vy=m w p=@ QF-wt K]U Vy=m Ea=@ R}v x=Q u}= "CU= p=@ QDw \N
|}=kr= |=UB ?} Q[ O}=@ p=@ |L=Q] |=Q@ u}=Q@=v@ "OwW|t u; \UwD xOW O=H}=
p=@ Q_vt C@Uv '|R=Uxv}y@ R}r=v; R= xO=iDU= =@ "OwW xv}y@ Q_vt C@Uv =@ x]@=Q QO
QO NACA0012 uQ=kDt p} wiQ}= p=@ `]kt "OwW|t 2 4 'pOt |O=@ wQOwN QO
R= '`]kt u}= |=Q@ xrtL |x} w=R ?ULQ@ ;Q@ |vLvt ?}W "CU= xOW xDiQo Q_v

[6]%O};|t CUO x@ 22 |x]@=Q

CL� = CL
�� �0

� 2� (22)

|oOv=t=w |x} w=R w �0 = 0 'CL� � 5 62 'NACA0012 `]kt |=Q@ xm
?} Q[ u}}aD |=Q@ |@ QHD |x]@=Q R}v |oOv=t=w |x} w=R R=TB "CU= xHQO12 OwOL
%Ov};|tCUO x@ 24 w 23\@=wQ R= p=@ |=UB w ;Q@ |=ywQ}v [6]"OwW|t xDiQo Q=m x@ ;Q@
FL = 1

2�V
2
ACLAPW (23)
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2
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=Q]360 QO VNQJ C}r@=k w OvQ}PB|t u=tQi xr=v=mQ=yJ |} w}O=Q |xOvvmpQDvm l}
xOt; CUO x@ =yQwDwt wQU |=Q@ pt=m |R} Qxt=vQ@ R= TB C}r@=k u}= "OvQ=O =Q xHQO
"O@=}|t Vy=m |i=[= Tm@ Q}o Q=mwR=U l} =@ wQU QwDwt wO Qy |HwQN QwO "CU=
|x} w=R Q}}eD QDCL=Q pQDvm Qw_vtx@ xm CU= 30 |xrO=at T=U=Q@ QwO Vy=m u}=

"OQ}o|t Q=Qk xO=iDU= OQwt wQOwN u=tQi w |RmQt p=@
!2
!1

= N1
N2

(30)

T=U=Q@ =yv; |L=Q] xm |O}t;|rB |xO=U |=yOvOMQJ R= To@ Q}o Q=mwR=U QO
s=mLDU= u}= "CU= xOW xO=iDU= 'xOw@ xOvO |xW} Q QO |WtN �Ctw=kt� s=mLDU=

[7]%OwW|t x@U=Lt 31 |xrO=at j@=]t |WtN
Se = 2T � nG

10KvjNm3 (31)

CUmW =}|@=QN R= |Q}owrH |=Q@|L]U s=mLDU= Q_v R= =yxOvOMQJ R}r=v; Qw_vtx@
[7]%CU= xOW xO=iDU= 32 |x]@=Q R= xOvOMQJ |=yxOvO |L]U

Ses = �Cp
r 2T � nG

10kvIN 2m3 (32)

|O=@ wQOwN QO xOW xO=iDU= |=yTm@ Q}o w QwDwt wQU Q=mwR=U R= |}=tv 17 pmW
"OyO|t u=Wv =Q pOt

|U=W |L=Q]
x@ |m}t=v}OwQ}; |=ywQ}v p=kDv= w uRw ptLD Qw_vtx@ wQOwN |U=W ?U=vt |L=Q]
xO=iDU= |r=NwD p}DU= p}iwQB R= |U=W |L=Q] |=Q@ "CU= C}ty= R�=L '=yMQJ

"wQOwN p=@ w u=tQi pQDvm |=Q@ Tm@ Q}o w QwDwt wQU Q=mwR=U R= |}=tv "17 pmW

"wQOwN |U=W R= |}=tv "18 pmW

"wrH |Qt}rB MQJ "15 pmW

"|O=@ ?w}D =@ ?ka |m}DUq MQJ "16 pmW

28 |x]@=Q j@] w CU= |O=@ wQOwN QO u}}=B x@ wQ s�=k |wQ}v FDown u; QO xm
%O};|t CUO x@

FDown = W + FLA (28)

O=H}= |m}t=v}OwQ}; Ov};Q@ |wQ}v Q} wYD '|O=@ wQOwN Q@ OQ=w |@v=H |wQ}v |iQ] R=
CUO x@ 29 |x]@=Q R= xm CU= wQOwN |[Qa CyH QO wQOwN p=@ \UwD xOW

%O};|t
FS = FL cos(�) + FD sin(�) (29)

xm ODi=|tj=iD= |t=ovy VRer sOa "OwW|t wQOwN |@v=H VRer Ea=@ wQ}v u}=
QO |@v=H VRer |wQ}v |x@U=Lt R= TB 'pOt |O=@ wQOwN QO "OwW Ff > FS
Om \UwD |WRer |wQ}v |xv}W}@ uOt; CUO x@ w O=@ |Qy=_ w |a}@] C=yH s=tD
R= =yv; \UwD xOWO=H}= l =m]Y= xm Ov=xOW ?=NDv= |=xvwox@ =yMQJ '|D=@U=Lt
?}DQDx@ 16 w 15 p=mW= "Ovm |Q}owrH umtt Cr=L u} QD|v=QL@ QO |@v=H VRer

"OvyO|t u=Wv =Q pOt |O=@ wQOwN ?ka w wrH MQJ R= |}=tv

wQOwN |rQDvm |=yQ=mwR=U
|=Q@ 'CU= u}WvQU uwO@ ẁv R= |O=@ wQOwN xm u}= x@ xHwD =@ |rQDvm |=yQ=mwR=U
u}= R= |O=@ wQOwN p=@ pQDvm "OvQ}o|t Q=Qk xO=iDU= OQwt |RmQt p=@ w u=tQi pQDvm
|Dw=iDt |=UB w ;Q@ |=ywQ}v 'xrtL hrDNt |=}=wR QO xm CU= C}ty= R�=L ^=Lr
w QwDwt wQU Q=mwR=U R= 'xrtL |x} w=R ?U=vt pQDvm Qw_vtx@ u}=Q@=v@ "Ovm|t O=H}=
pt=m C}=Oy Qw_vtx@ 'wQOwN |wrH MQJ pQDvm |=Q@ "CU= xOW xO=iDU= Tm@ Q}o
\UwD =yQwDwt wQU u}= "CU= xOW xO=iDU=Tm@ Q}o w QwDwt wQU Q=mwR=U R= R}v wQOwN
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|O=@ wQOwN |xvO@ |m}t=v}OwQ}; ?U=vt KQ] '=yv; Q@ OQ=w |=ywQ}v ,=@k=aDt w =yv;
CaQU `} RwD "OyO|t u=Wv =Q wQOwN u}= |xvO@ R= |}=tv 19 pmW "Ot; CUO x@
|=UB |wQ}v "Ov=xOW xO=O u=Wv 21 w 20 |=ypmW QO ?}DQDx@ xvO@ u}= Q=Wi w
%O};|t CUO x@ 35 |x]@=Q R= OwW|t Qy=_ wQOwN CmQL CqO=at QO xm xvO@
FDB = 1

2�V
2
FCDBAPB (35)

&CU= p@=kt |=wy u=} QH p@=kt QO xvO@ |xOW Q} wYD K]U pm APB u; QO xm
"O};|t CUO x@ O=@ pvwD R= xO=iDU= =@ xm CU= xvO@ |=UB ?} Q[ R}v CDB

|O=@ |=ywQOwN CmQL |x} Q_v
s}_vD =@ Ovv=wD|t xm Ovm|t O}rwD |}=UB w ;Q@ |wQ}v 'O=@ VRw QF= Q@ |O=@ wQOwN p=@
w |a}@] O=@ Ov};Q@ xm |Qy=_ O=@ [9]"OvwW p}O@D lQLt |wQ}v x@ p=@ CyH ?U=vt

"wQOwN |xvO@ KQ] R= |}=tv "19 pmW

"x}v=F Q@ QDt 5 O=@ CaQU QO xvO@ CaQU p}iwQB "20 pmW

"x}v=F Q@ QDt 5 O=@ CaQU QO xvO@ Q=Wi p}iwQB "21 pmW

VJ}B p@=kt QO wQOwN Ctw=kt Q@ p}DU= ẁv u}= pmW|a@ Qt p}iwQB "CU= xOW
R= 'VJ}B w VtN p@=kt QO R}v xawtHt pm Ctw=kt uOW QDW}@ |=Q@ "O}=Ri=|t
VwH |xr}Uwx@ C=a]k "OwW|t xO=iDU= |rY= p}DU= wO u}@ QO p}DU= xa]k OvJ
|}=tv 18 pmW "OvwW|t pYDt sy@ 'OQ=O |}q=@ Q=}U@ Ctw=kt w CkO xm uwoQ;

"OyO|t u=Wv =Q wQOwN |=Q@ xOW |L=Q] |U=W R=

xvO@ |L=Q] w |R=UpOt
=y|QD=@ 'wQOwN u=OQo |=yQ=mwR=U R=C_i=Lt Q@ xwqa '|O=@ wQOwN |xvO@ |xi}_w
p=mW= l}t=v}OwQ}; x@ xHwD =@ "CU= wQOwN sw=kt |=UB |wQ}v Vy=m '=yQwDwt w
CtUk "OyOVy=m =Q =UB |wQ}v |O=} R OL =D Ov=wD|t |]wQNt pmW '[8]OQ=Ov=DU=
Q=mwR=U R= C_i=Lt u}vJty w V}=OH uDN=Ov= Q}N-=D x@ |=Q@ O}=@ R}v xvO@ |wrH
'pY= wO u}= uDiQo Q_v QO =@ "OwW xDN=UxQ}=Os}v |oOt;Q@ l} pmW x@ u=tQi
|R=UpOt R= TB =yKQ] u}= R= l} Qy "Ot; CUO x@ xvO@ |=Q@ |irDNt |=yKQ]
CaQU `} RwD uOQw; CUO x@ Qw_vtx@ Fluent |D=@U=Lt Om R= xO=iDU= =@ '|Oa@ wO
|=ywQ}v R= |a} QU u}tND xm GRr Q}e p}rLD R= R}r=v; u}= QO "OvOW R}r=v; 'Q=Wi w
pmW u=wD|t p}rLD u}= R= xO=iDU= =@ "OW xO=iDU= OyO|t x�=Q= =Q sUH Q@ Q=PoQF=
CaQU `} RwD R= xO=iDU= =@ sw=kt |wQ}v uOQmsm w Q@q=@ |wQ}v uOQmxv}y@ |=Q@ =Q xvO@
|=k@ CqO=at pt=W 'Qrw= CqO=at pL GRr Q}e |=yu=} QH |=Q@ "O=O Q}}eD 'Q=Wi w
QO u=} QH s} SQ '|O=@ wQOwN sm CaQU x@ xHwD =@ "CU= |QwQ[ 'Qw=DWo w sQH
|xrO=at =} sQH |=k@ |xrO=at "OW xDiQo Q_v QO =}=B w s=Q; s} SQ l} 'p}rLD u}=

%CU= u}vJ |oDUw}B
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@Xi

(�ui) = 0 (33)

|=k@ CqO=at "CU= xOW xDiQo Q_v QO QiY |w=Ut |v=tR CQ=@a p}rLD u}= QO
%OvwW|t u=}@ 34 |x]@=Q |rm CQwYx@ R}v CmQL xR=Ov=
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(�uiuj) = � @p
@x

+ �gi + Fi (34)
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=[Q= |oDUw}B |xrO=at w O};|t ptax@ |tQH |=yu=} QH w Q=Wi w CaQU Q}O=kt
=Q sm =L CqO=at '|rQDvm sHL VwQ R= xO=iDU= =@ Fluent |D=@U=Lt Om "OwW|t
l} Qy |=Q@ sm =L CqO=at u=}@ pt=W VwQ u}= "Ovm|t |Q@H CqO=at x@ p}O@D
|=k@ j} Q] u}= R= w OwW|t =RHt CqO=at x@ QHvt xm 'CU= |rQDvm |=ysHL R=
|=Q@ xm CU= |QwQ[ xDmv u}= QmP "OwW|t =[Q= x}=B pQDvm sHL |wQ C}tm Qy
CN=U Q}e |FrFt |=ypwrU pt=W |=yxm@W R= 'xvO@ |Oa@ wO |xUOvy |Ov@xm@W
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u}@ |x} w=R u; QO xm CU= |Dr=L |OL Cr=L 'CU= xOW xO=O u=Wv 23 pmW
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Ovm ẁQW �xHQO 90 R= QDnQR@ |a}@] O=@ |x} w=R� |Dr=L u}vJ QO =Q OwN CmQL
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"OwW|t p}O@D lQLt |wQ}v x@ p=@ \UwD xOW

90 R= QDnQR@ |a}@] O=@ x}w=R |=Q@ p=@ |=UB w ;Q@ |=ywQ}v Q=Owtv "24 pmW
"xHQO

"O=@ CyH hqN QO wQOwN CmQL |xwLv l}D=tW "22 pmW
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O=@ |x} w=R |=Q@ CmQL ẁQW |x]kv QO p=@ |=ywQ}v C}a[w R= |}=tv "25 pmW
"xHQO 90 =@ Q@=Q@ |a}@]

"xHQO 90 =@ Q@=Q@ |a}@] O=@ |x}w=R |=Q@ p=@ |=UB w ;Q@ |=ywQ}v Q=Owtv "26 pmW

pOt |O=@ wQOwN V}=tR;
'|UOvyt |=yR}r=v; w =yx} Q_vT=U=Q@ QwWm QO Q=@u}DUNv |=Q@|r} wiQ}= |O=@ wQOwN
C}kiwt =@ ,qt=m 'hrDNt \}=QW QO wQOwN u}= CmQL "CU= xOW xDN=U w |L=Q]
|O=@ wQOwN l} QO q=@ OQmrta 'OW xQ=W= R}v QDV}B xm u=vJ "CU= xDiQo s=Hv=
"CU= |a}@] O=@ CaQU x@ C@Uv q=@ |@Uv CaQU w jr]t CaQU x@ uO}UQ
|Q}oxR=Ov= 'CU= wQOwN pQDvm w |L=Q] |ovwoJ u=}@ Q=DWwv u}= hOy xmv; p}rOx@
Q@ |Q=PoxLY CyH |W}=tR; u=wvax@ u; OQmrta u}}aD Qw_vtx@ wQOwN CaQU
xO=iDU= p=D}H}O GvUQwO R= 'wQOwN CaQU VHvU |=Q@ "CU= xOW s=Hv= |L=Q]
O}=@ GvUQwO QoTL xm CU= ?}DQD u}= x@ GvUQwO u}= OQmrta |xwLv "OwW|t
xm Q=@ Qy "OwW ?Yv wQOwN MQJ R= |YNWt `=aW QO w =@ Quy; l} |wQx@ wQ
u=} QHl} =@ Quy;|U}]=vet u=O}t |=kr= p}rOx@ 'OQPo|t =@ Quy; p@=kt R= QoTL
Oy=wN Ci=} QO |m} QDmr= OQ@ l} \UwD xm OwW|t O}rwD QoTL QO |m} QDmr=

sQ=yJ w pyJ |xQ=tW �h} QW 133



|r}
wiQ}=

|O
=@wQ

OwN
pOt

l}
pQDv

mw
CN

=U'
|L

=Q]wQOwN ?ka pUm = |;Q@ |wQ}v :FLA
wQOwN ?ka pUm = |=UB |wQ}v :FDA
=yMQJ |m}t=v}O l =m]Y= ?} Q[ :�

wQOwN pm uRw :W

wQOwN ZQa :B

wQOwN pw] :A

?ka pUm = QwLt R= pkF RmQt |xrY=i :X

xOvOMQJ |=yxOvO x@ xOQ=w Qw=DWo :T

u=v}t]= ?} Q[ :bG
=yxOvO O=OaD :N

xOvOMQJ pwOt :m

pw=OH R= pwYL p@=k |@ QHD ?} Q[ :j

pw=OH R= pwYL p@=k |@ QHD ?} Q[ :kv
p}O@D C@Uv w =yxOvOMQJ Q=Wi |x} w=R R= |a@=D :I

|v=UWm ?} Q[ :Cp
=yQwO O=OaD :!

s�qa CUQyi
wQOwN CaQU Q=OQ@ w |a}@] O=@ CaQU Q=OQ@ u}@ |x} w=R :'

wQOwN CaQU Q=OQ@ w |Qy=_ O=@ CaQU Q=OQ@ u}@ |x} w=R :�

p=@ xrtL |x} w=R :�

wQOwN |rw] QwLt w p=@ QDw \N u}@ |x} w=R :�

|a}@] O=@ CaQU :VT
wQOwN |rw] CmQL |x]U=wx@ xOW O=H}= CaQU :VL

|Qy=_ O=@ CaQU :VA
p=@ Q@ OQ=w |m}t=v}OwQ}; Ov};Q@ |wQ}v :FA

wQOwN lQLt |wQ}v :FT
p=@ hQ] R= wQOwN Q@ xOQ=w |@v=H |wQ}v :FS

wQOwN Q@ OQ=w pm sw=kt |wQ}v :RD
p=@ |;Q@ |wQ}v :FL

p=@ |=UB |wQ}v :FD
xvO@ |=UB |wQ}v :FDB

CWwv=B
1. pitch
2. yaw

`@=vt
1. Khayyat, M. and Rad, M., \Land Yacht Aerodynamic

Performance", Proceeding of the 13th Annual Interna-
tional Conference on Mechanical Engineering, ISME
2005, Isfahan, Iran, 17-19 (May,2005).

2. Eppler, Richard. \Airfoil design and data", Springer-
Verlag (Berlin), (1990).

3. Marchaj, C.A. \Sailing theory and practice", Adlard
Coles Limited, London, (1907).

4. Richards, P.J.; Johnson, A. and Stanton, A. \Amer-
ica's cup downwind sails-vertical wings or horizontal

parachutes?", Journal of Wind Engineering and Indus-
trial Aerodynamics, 89, pp. 1565{1577, (2001).

5. Torres, G.E. and Mueller, T.J. \Low-aspect-ratio wing
aerodynamics at low reynolds numbers", AIAA Journal,
42(11), pp. 865-873, (2004).

6. Harry, J.G.; Bullivant, W.K. \Tests of NACA 0009, 0012,
and 0018 airfoils in the full-scale tunnel", naca-report-
647, (1939).

7. Dudley, D.W. \Handbook of practical gear design", CRC
Press, (1994).

8. Hucho, W.H. \Aerodynamics of road vehicles", Butter-
worth, Boston, (1986).

9. Yoo, Jaehoon; Hyoung Tae Kim. \Computational and
experimental study on performance of sails of a yacht",
Ocean Engineering, 33, pp. 1322{1342, (2006).

10. Stephens, O.J. \Guides to the approximation of sailing
yacht performance", 9th CSYS SNAME, (1989).

11. \NALSA NEWS FLASH-new landsailing speed record"
ivanpah dry lake, primm, (March 15, 2005).

sQ=yJ w pyJ |xQ=tW �h} QW 134


