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|DavY x=oWv=O |R=o u}@ QwD x=oW}=tR; QO OwHwt |QwLt u=} QH u}@ QwD QwDwQ w
"CU= xOW G=QNDU= h} QW

Ct=N[ `} RwD Q}}eD |=Q@ "Ovm|t Q}}eD |R=Uxv}y@ Ov}=Qi QO xQB Ct=N[ `} RwD
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%OwW|t h} QaD 1 x]@=Q j@=]t

�n =
KX
k=1

Wkfk (x) (1)

xm CU= pmW `@=wD O=OaD k w '[0 w1] u}@ Q@tm \N p=tQv C}akwt x u; QO xm
OwW|t u}}aD |R=Uxv}y@ sD} Qwor= QO xm CU= |vRw ?}=Q[Wk "OwW|t xO=iDU=
s=Hv= C=ar=]t QO "OwW|t O=H}= O}OH |Oa@ wO |=yp}iwQB =yu; Q=Okt Q}}eD =@ w
GvB� |vRw ?} Q[ xO O=OaD w xO=iDU= hrDNt pmW `@=D Q=yJ R= [17w16]'xOW
|=yQDt=Q=B u=wvax@ �|Wmt K]U |=Q@ ?} Q[ GvB w '|Q=Wi K]U |=Q@ ?} Q[
w VwQ |}=Q=m '?U=vt pmW `@=wD ?=NDv= =@ "CU= xOW xDiQo Q_v QO |R=Uxv}y@
7Qvo =w pmW `@=wD R= xr=kt u}= QO "Ovm|t Q}}eD |R=Uxv}y@ |x} wQ |}=Qoty CaQU
u}= [17]"OW xDiQo Q=m x@ =yp} wiQ}= |R=Uxv}y@ QO Q=@ u}DUNv xm OwW|t xO=iDU=
`@=wD u}= OQ@ xm u}= x@ xHwD =@ "Ovvm|t O=H}= q=@ ?w=vD =@ O=} R ,=D@Uv C=Q}}eD `@=wD
Ct=N[ u=wD|t C@Ft |vRw ?}=Q[ =@ OwW|t pt=W =Q C@Ft w |ivt Q}O=kt
|L=Q] |=yQ}eDt |xvt=O `@=D u}= ?=NDv= =@ xH}DvQO "O=O V}=Ri= =}Vy=m =Q p}iwQB

%OwW|t |iQat 2 |x]@=Q QO Qvo =w `@=wD "O@=}|t Vy=m
f1 (x) = [� + sin �]

�
� sin2

�
�
2
�

fk (x) = sin (k�)
k�

+ sin [(k � 1) �]
�

; k > 1 (2)

xOy=Wt 2 pmW QO Qvo =w pmW `@=D GvB "CU= � = 2 sin�1 (
p
x) u; QO xm

x�=Q= 3 pmW QO QwD=DU= =} QwDwQ p}iwQB Q@ |UOvy C=Q}}eD s=Hv= |x} wQ "OwW|t
CQwYx@ |}=OD@= |xrLQt QO |Q=Wi K]U w |Wmt K]U C=YDNt "OwW|t
|=yuRw '|R=Uxv}y@ Ov}=Qi Q=QmD R= xrLQt Qy QO "OwW|t xO=O xt=vQ@ x@ |vDt p}=i

"OwW|t RwQx@ l}DvS sD} Qwor= QO Wk

|Q=Wi K]U =} |Wmt K]U Q@ C=Q}}eD p=ta= C}r@=k R= xDi=}xaUwD Q=Ri=sQv
p=ta= K]U wO Qy Q@ C=Q}}eD xm |Dr=L QO "CU= Q=OQwNQ@ K]U wO Qy Q@ =}
Cr=L u}= QO "CiQo Q_v QO Q@=Q@ =Q K]U wO Qy Q@ |r=ta= C=Q}}eD u=wD|t OwW|t
[23]"OwW|t ^iL Q@tm \N |x}rw= pmW w CU= QDsm |R=Uxv}y@ |=yQ}eDt O=OaD
|=yQ}eDt O=OaD 'OwW xDiQo Q_v QO |Q=Wi w |Wmt K]U wO |=Q@ C=Q}}eD Qo =
p}iwQB R= Cw=iDt |}=yv p}iwQB Q@tm \N Cr=L u}= QO "OwW|t Q@=Q@ 2 |R=Uxv}y@
QwD=DU= |xQB h}OQ |R=Uxv}y@ |=Q@ swO VwQ R= Q[=L Q=DWwv QO "Ow@ Oy=wN x}rw=
|xQB h}OQ |R=Uxv}y@ |=Q@ |L=Q] |=yQ}eDt O=OaD xH}DvQO "OwW|t xO=iDU=
CU= �|Q=Wi K]U |=Q@ OOa 5 w |Wmt K]U |=Q@ OOa 5� OOa 10 'QwD=DU=
p=ta= |Wmt K]U Q@ C=Q}}eD 'QwDwQ |xQB h}OQ |R=Uxv}y@ |=Q@ xm |r=LQO

"OwW|t

xDi=} Q=DN=U |D=@U=Lt |xm@W |xOvvmO}rwD "2"2
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"xDi=} Ow@y@ w
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l} QO |R=Uxv}y@ Ov}=Qi w |UQQ@ xm@W R= pL pqkDU= "OW xO=iDU= |QwLt u=} QH
xO=iDU= =@ |R=Ux}@W Q=R@= |HvUQ=@Da= "CU= xOW s=Hv= XNWt OQwNQ@ |x} w=R
|DavY x=oWv=O |R=o u}@ QwD x=oW}=tR; QO QwD=DU= |xQB h}OQ V}=tR; G}=Dv R=
h}OQ |=Q@ w OYQO 1 5 QwDwQ |xQB h}OQ |=Q@ Ow@y@ Q=Okt "OW s=Hv= h} QW
x@ G}=Dv x@ xHwD =@ "CU= Q_v OQwt OQwNQ@ |x} w=R QO OYQO 3 0 QwD=DU= |xQB
OwW =QH= |}x]kvOvJ |R=Uxv}y@ 'QwDwQ |xQB h}OQ OQwtQO CU= sRq 'xOt; CUO

"OwW|t O=yvW}B Q[=L j}kLD |xt=O= QO |aw[wt u=wvax@ xm
QmWD w Q}OkD

u=vmQ=m C=tLR w h} QW |DavY x=oWv=O |WywSB Cvw=at C}=tL R= u=oOvQ=ov
"OvQ=O =Q |v=OQOk w QmWD p=tm |R=o u}@ QwD x=oW}=tR;

s�qa CUQyi
&(m2.s�3) |oDiW; |SQv= pqLt[= %e

&pmW `@=D %f
&hOy `@=D %F

&(m2.s�2) |oDiW; |W@vH |SQv= %k
&xOW xO=iDU= pmW `@=wD O=OaD %K

&Q@tm \N Q@ Owta CyH QO V=WDe= %n
&(kg.m�1.s�2) l}D=DU= Q=Wi %P

&(kg.m�1.s�2) pm Q=Wi %P0
&|R=Uxv}y@ |=yQDt=Q=B '|vRw ?}=Q[ %W

&p�w=� = |m =m]Y= CaQU %u�
&Q@tm \N p=tQv C}akwt %x

&(m) pmW `@=D OQ@ %y
"�u�y=� = Q=w}O `@=D %y+

|v=vw} s�qa
&x} w=R %�

"C=Q}}eD %�

=yT}wv Q} R
&|OwQw %in

&x}rw= Cr=L %org
"|HwQN %out

"xrtL |x@r |x}L=v QO xDi=} Ow@y@ w x}rw= QwD=DU= |xU}=kt "20 pmW
"QwD=DU= w QwDwQ |xQB h}OQ CL=Ut |xU}=kt "2 pwOH
C=Q}}eD OYQO CL=Ut |UOvy QDt=Q=BCL=Ut �`@ Qt QDt|r}t�

�� 64 x}rw= QwDwQ
2 0 65 3 xDi=}Ow@y@ QwDwQ
�� 591 x}rw= QwD=DU=

1 3 599 xDi=} Ow@y@ QwD=DU=

|Q}oxH}Dv "5
|R=UxJQ=Bm}\NpmW Q}}eD x@ u=wD|t 'u}@ QwD |=yxQBpmW Q}}eD |=yVwQ xrtHR=
pmW Q}}eD 'Qo}O pw=ODt VwQ "OQm xQ=W= |Oa@ wO |=yp}iwQB pmW Q}}eD uwO@ u;
|xUOvy O=H}= "OW xO=iDU= xr=kt u}= QO xm CU= xQB |xOvR=U |Oa@ wO |=yp}iwQB
"CU= |R=Uxv}y@ sD} Qwor= QO |U=U= s=o QwD=DU= w QwDwQ p}iwQB R= |Oa@xU w wO
QO |R=Uxv}y@ OvwQ QO u}@ QwD R= |Oa@xU w wO |xUOvy O=H}= 'xDi=} xaUwD Q=R@= =@
=@ 'Q=DWwv u}= QO "CU= u=} QH u=O}t |R=Ux}@W Q=R@= R= pkDUt w xOw@ Q@ Q=m Q=}DN=
u; Q=mOwN \=@DQ= w xUOvy Q}}eD |}xv=}=Q |xt=vQ@ l} w l}DvS sD} Qwor= R= xO=iDU=
"CU= xOW O=H}= hrDNt |=yC}r@=k =@ |R=Uxv}y@ sD} Qwor= l} 'T}Uv= Q=Ri=sQv =@
"OwW|t C}=Oy u; |xv}y@ Q=Okt CtU x@ |R=Uxv}y@ sD} Qwor= QO |vRw ?}=Q[

=yCWwv=B
1. MATLAB

2. CFX
3. ANSYS
4. stagger
5. perturbation
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6. Camber
7. Wagner shape functions
8. periodic
9. free slip wall
10. Hub
11. Shroud
12. incidence
13. shear stress transport
14. interface
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