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"CU= V}=OH ẁQW |x]kv u=ty

Siavash.Kabirian@aut.ac.ir
ajahan@aut.ac.ir

|OOa |R=Ux}@W 'DBD |=tUqBlQLt 'p=ai u=} QH pQDvm %|O}rm u=oS=w
"|}=W VwQ 'V}=OH pQDvm 'u=} QH

xtOkt "1
p=kDv= Ow@y@ w |DwY |oOwr; Vy=m 'VwWet u=} QH C=QF= Vy=m w |Q}owrH ';Q@
|=yu=} QH w O=R; |WQ@ |=yu=} QH QO Q=R@= u}= OQ@ Q=m "OQm xQ=W= CQ=QL w sQH

"CU= xO}UQ C=@F= x@ xQ=w}O l} \UwD xOW x]=L=
x@ 'CUy R}v|m} R}i w |OQmrta |=yC}OwOLt |=Q=O =ylQLt u}= R= xO=iDU=
C}OwOLt xOW =kr=CHCaQU uwJ q=@ ROrwv} Q O=Oa= =@ |=yu=} QH QO p=Ft u=wva
OQ@ Q=m sOa p}qO R= Qo}O |m} "CU= xH=wt |OQmrta CqmWt =@ OQ=O |m} R}i
|U}]=vetwQDmr= C=W=WDe= O=H}= x@ QHvt q=@ S=Drw xm CU= u}= DBD |rta
'xv}tR u}= QO |i=m C=k}kLD Ow@v w q=@ u=v}t]= sOa p}rO x@ xH}Dv QO "OW Oy=wN

"CU= xO=Di= j} waD x@ Q=Ou}WvQU p}=Uw |wQ =yQ=R@= u}= V}=tR;
xrtH R= "CU}v R=}v |rQDvm |=yxkrL w |HQ=N u=wD `@vt x@ p=aiQ}e pQDvm QO
K]U |wQ xQiL O=H}= w n =Rn} R |=yQ=wv R= xO=iDU= x@ u=wD|t u; |=yxvwtv

p=}U u=} QH Q=DiQ QO x=wNrO C=Q}}eD O=H}= |}=v=wD R= CU= CQ=@a �u=} QH pQDvm�
|OQmrta =} |m}t=v}OwQ}; h=Oy= x@ uO}UQ |=Q@ 2p=aiQ}e =} 1p=ai CQwY x@
<=kDQ= |=Q@ VqD w l}t=v}OwQ}; R= xN=W u}= |=yC}r@=k R= xO=iDU= XNWt
p}=Uw |iQYt CNwU |xv} Ry QO xHwD p@=k |} wHxiQY x@ QHvt Ov=wD|t 'u;
s}y=wN R}v |QDl =B CU} R \}Lt 'CNwU hQYt Vy=m =@ u}vJty "OwW |}=wy

"CW=O
R= |RQt |x}q Q=Po QO Q}N-=D x@ u=wD|t u=} QH pQDvm |=yOQ@ Q=m u} QDsyt R=
|wQ}v Ow@y@ w =UB |wQ}v Vy=m 'V}=OH QO Q}N-=D 'VwWet Cr=L x@ s=Q; Cr=L

pw�Ut xOvU} wv �
"1398 5 2 VQ}PB '1398 4 26 x}LqY= '1397 10 15 Ci=} QO %M} Q=D

DOI:10.24200/J40.2019.52342.1493



"""|
rQDvm

OQm
rta

|wQ
Q@h

rDNt
pt=w

aQF
=|U

QQ@CUOu}}=B w CUOq=@ QO u; C=QF= w xOW xO=O Q=Qk VwWet w s=Q; |=yu=} QH =@
|Q}oxR=Ov= ?wQB =@ |RQt |x}q CmQL "OW |UQQ@ u; R= QwO |xrY=i QO w lQLt
O=O u=Wv G}=Dv "OW |Q}oxR=Ov= 6 5m/s w 4m/s |=yCaQU QO |RQt |x}q
"OyO|t CmQL =Q |RQt |x}q lQLt '|}=tUqB lQLt CyH uDiQo Q_v QO uwO@
l} x@ QYLvt VwWet |RQt |x}q |wQ lQLt C=QF= xm OW XNWt u}vJty

"CU= |}=tUqB lQLt CUOu}}=B QO CUQO XNWt |x}L=v
|=}=wR QO =m =v 6 |QU |=yp} wiQ}= |wQ xrtL |x@r u=} QH V}=OH pQDvm G}=Dv
R}v p=DU= |x} w=R R= Oa@ xHQO 8 =D xr}Uw u}= R= xO=iDU= =@ O=O u=Wv q=@ |xrtL
V}=Ri= w pt=m Q=Wi |@=} R=@ x@ ,=D}=yv Q=m u}= "CU= xO}@UJ K]U x@ Rwvy u=} QH
p} wiQ}= R= |Qw@a u=} QH CaQU "OW QHvt =UB x@ ;Q@ |wQ}v C@Uv QO �400
333000 =D 77000 u}@ u; ROrwv} Q OOa w xOw@ Q}eDt 30m/s =D 10m/s R=
|=ylQLt xm Ow@ u}= =yV}=tR; u}= |t=tD ?r=H w XNWt |xH}Dv [11]"OQ=O Q=Qk
�OvW=@ xDW=O =Q u}}=B |=yCaQU QO u=} QH Q@ Q}F-=D |}=v=wD Qo = |DL�AC |}=tUqB
uwJ "OvyO|t CUO R= |yHwD p@=k OL =D =Q OwN |}=v=wD ROrwv} Q OOa V}=Ri= =@
V}=Ri= Ea=@ ROrwv} Q OOa V}=Ri= '`HQt pw] w R=o X=wN uOQm ZQi C@=F =@
\UwD xOW p=ta= |xv=mD x@ C@Uv u=} QH CaQU uOW QDnQR@ =@ "OwW|t CaQU
Qw_vt x@ |QDt=Q=B C=ar=]t "OW Oy=wN QDsm w QDsm u; |}=Q=m '|}=tUqB lQLt
u}= \UwD xOW O}rwD |wQ}v uOQm xv}W}@ Qw_vt x@ |}=tUqB |=ylQLt |R=Uxv}y@
[11]"OvDW=O xQ=w}O l}ORv xOW =kr= CaQU |wQ |D@Ft Q}F-=D xm xOW s=Hv= =ylQLt
xm OvOQm pqODU= 11pwUm =t CqO=at R= xO=iDU= =@ [12]u=Qo}O w 10u=RwU
O=H}= |m} QDmr= u=O}t CQOk w Q=@ |r=oJ R= |a@=D =tUqB \UwD xOW O}rwD |wQ}v
x@ xOW uiO OwQDmr= QO =tUqB `} RwD j}kLD u=ty QO "CU= lQLt \UwD xOW
|@ QHD C=ar=]t |x}=B Q@ ZQi u}= "OW xDiQo Q_v QO |Uw=o `} RwD hYv CQwY
l} R}i x}=B Q@ lQLt OQmrta |R=UpOt |=Q@ xv}y@ pOt l} pOt u}= "CW=O Q=Qk

"Ow@ u;
13TmwDU= � Q} w=v CqO=at QO =Q |tHL |wQ}v CQ=@a [13]12V}=v}i wCrwy;
l} R}i T=U= Q@ Q=m u}= xJQo = "OvDiQo Q_v QO x=J =} xtWJ Q=Okt l} u=wva x@
|}=tUqB |=ylQLt R= xO=iDU= |}=Q=m =t= �pwUm =t CqO=at� Ow@v lQLt |ak=w

"OQm C=@F= =Q p=ai u=} QH pQDvm |=Q@
"OQ=O OwHw |irDNt |=yVwQ '|}=tUqB lQLt h=Q]= u=} QH |R=UpOt |=Q@
u=} QH x@ u=} QH Q=Po x@ w xOw@ =}=B=v |xO}OB l} u=} QH V}=OH C=P uwJ
|OOa |R=Ux}@W =} 14nQR@ |=yxr=@vO |R=Ux}@W =yvD 'OQ=O |O=} R \=@DQ= xDiW;
[14]16u=Qo}O w p=@U} w "Ovvm|t pL =Q u=} QH Q=DN=U K}LY Qw] x@ 15s}kDUt
|}=yu=} QH pL |=Q@ |vt[ nQR@ |=yxr=@vO |R=Ux}@W R= xO=iDU= xm OvO=O u=Wv
|}=tUqB |=ylQLt R= xO=iDU= w �p} wiQ}= |oOv=t=w ,qFt� nQR@ V}=OH xr=@vO =@
|}xv=}=Q ^=Lr x@ DNS w LES |=yVwQ =t= "OQ=O |rw@k p@=k G}=Dv 'u; |wQ
TmwDU= � Q} w=v CqO=at R= u=wD|t QD|rm C=ar=]t |=Q@ "Ov=xv} RyQB w Q@u=tR Q=}U@
|i=m CkO R= u; |=y?=wH xm OQm xO=iDU= �RANS� 17ROrwv} Q |Q}o\UwDt =@

[15]"CU= Q=OQwNQ@
u}kkLt \UwD hrDNt |W=WDe= |=ypOt w RANS pOt R= xO=iDU=
p} wiQ}= |wQ |}=tUqB lQLt C=QF= [16]u=Qo}O w lQwm "CU= xOW |UQQ@ |O=} R
xO=iDU= =@ j}kLD u}= QO "OvOQm |UQQ@ v2�f |W=WDe= pOt =@ =Q NACA0012
;Q@ |wQ}v |vLvt Q@ u; QF= p} wiQ}= |xrtL |x@r l}ORv QO |}=tUqB lQLt l} R=
?} Q[ '|}=tUqB lQLt R= xO=iDU= R= TB "OW |UQQ@ hrDNt |xrtL |=}=wR QO

"Ci=} V}=Ri= xHQO 4 ;Q@ ?} Q[ |xv}W}@ |x} w=R w �15 ;Q@ |wQ}v

|}=Q=m u}}=B ROrwv} Q O=Oa= QO xm |r=aiQ}e pQDvm VwQ CU= umtt "OQm xQ=W= sUH
"OyO@ CUO R= =Q OwN |}=Q=m ROrwv} Q OOa V}=Ri= =@ 'OQ=O |@ wN

|xkrL l} w u=wD `@vt l} x@ p=ai pQDvm QO 'p=aiQ}e pQDvm hqN Q@ CUQO
XNWt V}B R= |xDUO wO x@ =Q p=ai pQDvm |=yVwQ u=wD|t "CU= R=}v |rQDvm
=}=B CQwY x@ |OwQw |SQv= R= pw= VwQ QO [1]"OQm |Ov@s}UkD 4Q}PBVvm =w w 3xOW
u}=Q@=v@ "OwW|tv |yHwD u=tR QPo |] QO u=} QH Cr=L x@ w xOW xO=iDU= =}=B=v =}
u=} QH pQDvm "CU}v |R=}v u=} QH QoUL x@ w Ow@ Oy=wN R=@ Q=Ot |rQDvm |xkrL
|=yQ}eDt |Q}oxR=Ov= w xDU@ Q=Ot |rQDvm |xkrL l} R= xO=iDU= =@ swO VwQ QO

"OQ}o|t CQwY u=} QH
u=} QH |wQ |Q=PoQF= |=Q@ |U}]=vet =} |m} QDmr= |wQ}v R= =ylQLt |NQ@
l}t=v}OwQO}y QO w 6RDvQwr |wQ}v R= 5|U}]=vetl}t=v}OwQO}y QO "Ovvm|t xO=iDU=
Vkv Ov=wD|t 8pwS V}=tQo u}vJty "OwW|t xO=iDU= 7urwm |wQ}v R= |m} QDmr=
=wy |=Q@ xD@r= xm OW=@ =v=UQ |m} QDmr= ^=Lr R= Ov=wD|t p=}U "OW=@ xDW=O |tyt
|=yVwQ R= xO=iDU= =@ |rw 'O=O Oy=wNv MQ xO}OB u}= wH OQ=Ov=DU= \}=QW CLD
x}rND x@ u=wD|t p=Ft u=wva x@ "CW=O |�RH =} pt=m |=tUqB u=wD|t hrDNt
`=wv= R= V}=tQo u}vJty "OQm xQ=W=[5]|}xkQH =} [4]|Uwk '[3]|W@=D '[2]9=vwQwm

[8]"Ow@ Oy=wN |DQ=QL =} [7]|QR}r '[6]GwtR} Q
q=@ S=Drw u=O}t l} R= xO=iDU= |m} QDmr= l}t=v}OwQO}y |=ylQLt C} Rt
Q=}U@ lQLt |L=Q] u}=Q@=v@ "CU= u; =@ u=tRsy |wQ}v p=ta= w =tUqB O}rwD |=Q@
OU |x}rND R= "Ow@ Oy=wN R=}v x}PeD `@vt l} w OwQDmr= wO x@ \ki w CU= xO=U
|=Q@ |m} QDmr= l}t=v}OwQO}y lQLt l} u=wva x@ u=wD|t �DBD� l} QDmr=|O
%OQm xQ=W= Q} R OQ=wt x@ u=wD|t =yQ=R@= u}= |=yC} Rt R= "OQm xO=iDU= u=} QH pQDvm

CN=U |oO=U �
u}}=B |R=Ov=x=Q |xv} Ry �

lQLDt |=yVN@ OwHw sOa �
`} QU |Q}PBVvm =w �
sm C} R=Q=B |=UB �
sm |SQv= hQYt �

|=Q@ u; OQ@ Q=m w �DBD� |}=tUqB lQLt ẁv u}= |wQ |O=} R Q=}U@ C=ar=]t
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