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Qo}O =@ xU}=kt QO QDsm |=yxv} Ry w ' ẁvDt pt=a Cq=}U w hrDNt O=a@= QO |L=Q]
uwi}UwtQD '=}=Rt u}= "O};|t Q=tW x@ xr}Uw u}= |=}=Rt R=|WN@ 'CQ=QL p=kDv= p}=Uw
QmP |=}=Rt [4]"Ovm|t CQ=QL p=kDv= p}=Uw Qo}O R= QDxiQYx@ w QDO=tDa= p@=k =Q
|UOvyt |=yOQ@ Q=m R= |a}Uw h}] QO uwi}UwtQD R= xO=iDU= G} wQD Ea=@ xOW
'|O}WQwN |=yumtQo@; '4|vwi}UwtQD |=yQr} w@} Q Ov}=Qi CavY '|t}W pFt ��
QO `} QU |Q=mlvN |=ysDU}U '|}xDUy |=yx=owQ}v '|W}=tQou}tR |=ysDU}U
u}@ QwD xQB |Q=mlvN '|m} QDmr= u}W=t QwDwQ |Q=mlvN '|}xDUy QwDm =Q |=yxDUy
[3]"CU= xOW ��|m}vwQDmr= p}=Uw |Q=mlvN w|}=tQo |=yxOvvmwUl} =} =yOw}O w
l} %CU= CtUk Q=yJ pt=W w |wkrL uwi}UwtQD |awv 'R=ilD uwi}UwtQD
?Yv |Owta CtUk wO w 'q=@ CtUk QO OQU `@vt l} 'u}}=B CtUk QO sQo `@vt

"=yv; u}@ Q=N@ w `}=t p=kDv= |=Q@ OQU w sQo `@=vt |=yx}L=v u}@ xOW
|UQQ@ =Q =yu; C=YNWt w R=ilD |wkrL |=yuwi}UwtQD |O=} R u}kkLt
uwi}UwtQD CQ=QL p=kDv= |=yxYNWt Q@ Oa@|@ |=yQDt=Q=B Q}F-=D K} QWD "Ov=xOQm
w u=} QH s} SQ 'CQ=QL p=kDv= Q@ p=v=m hrDNt |=yxUOvy QF= |UQQ@ [5]&?Qwt

p=kDv= QO q=@ Q=}U@ |DQ=QL |}=Q=m =@ p=L u}a QO w xO=U Q=}U@ |}xr}Uw uwi}UwtQD
hm QO p=}U QNDU= l} =@ s�=k w lR=v |}=tQo |xrwr l} uwi}UwtQD "CU= CQ=QL
xOta VN@ xU x@ u; uOQm =RHt 'uwi}UwtQD |=Q@ h}YwD VwQ u} QDy@ "CU= u;
OQ=w 'OQ=O Q=Qk VN@ u; QO `}=t QNDU= xm '1xOvvmQ}N@D CtUk R= =tQo "1 %CU=
q=@ CtU x@ Q=N@ "2 "Ovm|t p}O@D Q=N@ x@ =Q u; QO OwHwt pt=a p=}U w OwW|t
u=} QH 2xOvvmOQU hQ] x@ l}D=@=}O; CtUk u=}t R= Qw@a =@ w O};|tQO CmQL x@
`}=t "3 "Ovm|t =yQ =Q OwN u=yv |=tQo w OwW|t u=a}t Q=N@ VN@ u}= QO "O@=}|t
u=ty |va} u}}=B hQ] x@ x@P=H |wQ}v QF= CLD '=yxQ=OH |wQ xOW p}mWD h=iW
|rwtat uwi}UwtQD 1 pmW QO "OwW|t pt=m xNQJ w OOQo|tQ@ xOvvm Q}N@D VN@

[1]"CU= xOW xO=O V}=tv
[2]=yuwi}UwtQD OQmrta Q@ Q=N@ � `}=tlQDWtpYi sQHp=kDv= wVvD QF=|UQQ@
u}@ sQH p=kDv= u}vJty w lQDWt pYi |WQ@ VvD uDiQo Q_v QO xm O=O u=Wv
?} Q[ wCrU=v OOaVy=m u; p=@vO x@ w h=iW `}=tCt=N[V}=Ri=Ea=@ =yR=i
CQ=QL p=kDv= |=Q@ CU= |}xr}Uw uwi}UwtQD 'Ck}kL QO "OwW|t CQ=QL p=kDv=

pw�Ut xOvU} wv �
"1393 3 31 VQ}PB '1393 1 24 x}LqY= '1392 9 4 Ci=} QO %M} Q=D



"""V
wQR

=xO
=iDU

==@
uwi

}Uw
tQD

OQm
rta

|U
QQ@w |L=Q] PIV VwQ =@ ?U=vDt |a=O@= uwi}UwtQD l} 'Q[=L VywSB QO

xOvwQq=@ CtUk wO w CU= |r}]DUt uwi}UwtQD u}= `]kt "CU= xOW xDN=U
13Tqo |UmrB R= uwi}UwtQD QO u=} QH |UQQ@ Qw_vtx@ 'u; |xOvQw; u}}=B w
K} QWD |Oa@ CtUk QO u; |=y|oS} w w uwi}UwtQD C=}�RH "CU= xOW xDN=U

"OwW|t

|y=oW}=tR; uwtR; QDU@ "2
14�SPT� R=ilD uwi}UwtQD sDU}U R= xO=iDU= =@ 'VywSB u}= QO =yV}=tR;
xOW `=O@= w |L=Q] 'u; |wQ PIV VwQ |xO=iDU= Qw_vtx@ xm 'xDiQo CQwY
QO |rm Qw]x@ "CU= xOW x�=Q= 1 pwOH QO xNQJ |rY= O=a@= "�2 pmW� CU=
xO=iDU= �OvW=@ Cw=iDt TvH Q_v R= Ovv=wD|t xm � p=}U wO xOW xDN=U uwi}UwtQD
w 'O@=}|t u=} QH uwi}UwtQD |rY= Q=Ot QO xm �?;� |rY= pt=a p=}U %OwW|t
Q=yJ R= QDU@ u}= "CU= pt=a p=}U R= |}=OR=tQo V=xi}_w xm xOvvmlvN p=}U
"1 %CU= xOW p}mWD �R=ilD uwi}UwtQD |rY= CtUk Q=yJ� |r}]DUt p=v=m
=Q xOvvmQ}N@D |=tQo ?; "16xOvQw;u}}=B "4 'xOvvmOQU "3 '15xOvwQq=@ "2 'xOvvmQ}N@D
u=} QH R= |m} QDmr= u=wD "Ovm|t ?PH 'OwW|t |W=v |m} QDmr= |=yCvtr= R= xm

"OwW|t x@U=Lt =yu=tr= S=Drw w
xDN=U |Ut |=yxkQw R= 'CQ=QL p=kDv= Ow@y@ |=Q@ �xOvvmQ}N@D� CtUk u}=
CQ=QL hqD= uOQmxv}tm |=Q@ w 'x}@aD xOvvmQ}N@D p=v=m uwt=Q}B =yCvtr= "CU= xOW
"CU= xOW xO=O u=Wv 3 pmW QO CtUk u}= l}D=tW "Ov=xOW |Ov@?; CkOx@
u=wD u}=Q@=v@ &CU= xOW xO=iDU= C=w 500 |m} QDmr= Cvtr= Q=yJ R= ?; Q}N@D |=Q@

"Ovm|t Q}}eD Q=mOwN QwD=tQwiUv=QD |xr}Uwx@ 'C=w 2000 =D QiY R= pm

"R=ilD uwi}UwtQD l}D=tW "2 pmW
"|y=oW}=tR; QDU@ |UOvy O=a@= "1 pwOH

�cm ?ULQ@ =yxR=Ov=� pOt |UOvy C=YNWt
35 xkrL `=iDQ=
30 xkrL ZQa

5� 5 xkrL |rN=O CtUk
25 sQo CtUk pw]
25 OQU CtUk pw]

"�xr}Di uwO@ |}=tQo |xrwr� |rwtat uwi}UwtQD l}D=tW "1 pmW

?; x@ Ot=H |=yxQPwv=v uOwRi= |@ QHD |UQQ@ [6]&uwi}UwtQD |xNQJ |Q=O}=B=v
|OOa |=yVwQ =@ |v=wQ}W pR=vt hkU uwi}UwtQD |UQQ@ [7]&pt=a p=}U u=wvax@
u}= |xrtH R= [8]|@ QHD G}=Dv =@ xrY=L G}=Dv |xU}=kt w PIV VwQ R= xO=iDU= =@ w
Q}F-=D u}}aD |=Q@ [9]xDiQo s=Hv= |=yV}=tR; |xar=]t R= TB "CU= xOw@ =y|UQQ@
XNWt 8�Ku� xRO}rD=Dwm w 7�Bo� Ovw@ '6�Fr� OwQi '5�We� Q@ w Oa@|@ O=Oa=
C}akwt |=tQo x@ xv}W}@ |=tQo C@Uv =@ |}x]@=Q I}y Bo w Fr 'We O=Oa= xm OW

"OvQ=Ov (Qmax=Q90) s�=k
xrwr |xQ=w}O |DQ=QL C}=Oy w xNQJ ?}W pFt |irDNt |=yQDt=Q=B u}kkLt
|}=yp=Ft [10]"OvOQm xar=]t '9R=i lD O=R; VOQo xNQJ |wQ '|@ QHD CQwYx@ =Q
VOQo |=yxNQJ |Q=O}=B p}rLD QO OwOLt <=RH= |OOa |=yVwQ OQ@ Q=m R= R}v
|=y?}W QO uwi}UwtQD |UQQ@ =@ u}vJty "CU= xOW VQ=Ro [11]R=ilD O=R;
|r}]DUt |wkrL uwi}UwtQD |=Q@ CQ=QL p=kDv= w u=} QH |=yxYNWt [12]'hrDNt
u}= x@ w OvOQm VQ=Ro PIV w 10 LDV |=yVwQ R= xO=iDU= =@ =Q R=ilD
4 2 x@ OQoDa=U xHQO 3 6 R= uwi}UwtQD |x} w=R Q}}eD =@ xm OvO}UQ xH}Dv
"OwW|tv xOy=Wt |Q}oxR=Ov= CaQU Q}O=kt QO |v=OvJ Q}}eD OQoCa=UO=B |xHQO
|=Q=O uwi}UwtQD CQ=QL |xrwr l} s�=O OQmrta [13]'|OOa |R=UpOt =@ u}kkLt
"OvOQm |UQQ@ pt=a p=}U u=wvax@ =Q R113 w R11 |xOvvmlvN wO R= |]wrNt
|wkrLQ}e w |wkrL |}x@ Q[ |}=tQo |=yxrwr QO CQ=QL p=kDv= |UQQ@ u}vJty
u=yv |=tQo |xrO=@t Q@ |vD@t ,=DOta CQ=QL p=kDv= xm O=O u=Wv 11�PHPs�

[14]"CU=
|=Q@ |QR}r VwQ l} 12�PIV� C=QP R= xO=iDU= =@ |HvUCaQU VwQ
w |}x_Lr CaQU |=y|Q}oxR=Ov= w x@U=Lt QO xm CU= u=} QH |R=UQ=mW;
VwQ u}= |Q}oQ=mx@ QO u=kkLt "OQ=O OQ@ Q=m Cq=}U QO u; x@ \w@ Qt |=y|oS} w
R= |m} "OvwW wQx@ wQ |DNU w Vr=J u}OvJ =@ CU= umtt =yuwi}UwtQD |=Q@
"CU= uwi}UwtQD pN=O uOw@v C} -wQ p@=k 'uwi}UwtQD QO |DN=vWQwv CqmWt
=@ h=iW uwi}UwtQDCN=U '|Ov@?; CqmWt u}vJty w O=} R |=tQo p=kDv= p}rOx@
Ov=WwB|t =Q CtUk u; |xDUwB uwi}UwtQD |xNQJ QO Q=N@ "CU= x=Qty |DqmWt
Q=N@ x@ p}O@D sQo |x}L=v QO ?; |Dkw ?}DQDu}O@ "OwW|t u=} QH uO}O `v=t w
Ovvm|tv p=@vO =Q Q=N@ u=} QH w Ovv=t|t |k=@ x}L=v u; QO xOvvmp=@vO C=QP 'OwW|t
|=yVywSB seQ|ra "CU= Q=N@ R=i R= QDnQR@ xOvvmp=@vO |xQP |r=oJ =Q} R
lOv= =yu; |wQ PIV VwQ OQ@ Q=m |=Q@ =y|UQQ@ 'uwi}UwtQD XwYNQO xOQDUo

"CU=

12



"""w
Qi|

vt -wt
=[Q

OtL
t'x

O=R|
ivL

s=QO
B

"R=i lD uwi}UwtQD OQU `@vt l}D=tW |=tv "4 pmW

"|y=oW}=tR; QDU@ "5 pmW
R= 'xOW xO}r=oJ `}=t "OwW|t xi=[= 'QNDU= u}= x@ w OwW|t xO}r=oJ Q=N@ "OvOW
xm |Owta xO�=R "O@=}|t x=Q 'xOvQw; u}}=B CtUk x@ w Ovm|t Qw@a |r}]DUt xQiL
|Q}owrH 'xOvQw; u}}=B CtUk x@ Q=N@ OwQw R= CU= xOW x}@aD xOvvmOQU |=yDv= QO
\wrNt 'xOvvm p=@vO C=QP w `}=t R= |]wrNt =@ 'xOW xO}r=oJ `}=t u}= "Ovm|t
VwQ u}=Q@=v@ w OQ=O|t xov OwN QO =Q xOvvm p=@vO C=QP 'VwQ u}= =@ w OwW|t

"OwW p=ta= '`}=t sr}i |wQ Ov=wD|t 'PIV

'PIV VwQ uOQ@ Q=m x@ w u=} QH |m}DB= C=Oy=Wt |}=v=wD uDW=O Qw_vtx@
xDN=U 'h=iW |r} Qm = |=yxW}W R= 'uwi}UwtQD xOvQw; u}}=B w xOvwQq=@ |=yCtUk
QmP x@ sRq "OwW|t xO=iDU= pt=a p=}U u=wvax@ ?; R= 'V}=tR; u}= QO "Ov=xOW
"Ovm|t u}t[D =Q 19|}x}q u=} QH 'QwUv=Ovm |=yDv= QO |r}]DUt xQiL xm CU=

"Ovm|t p}O@D |}x}q u=} QH x@ =Q 20|}xQ]k u=} QH |va}
x@ 'xOW xO}r=oJ `}=t CU= xOW xO=O u=Wv '4 pmW QO xOvvmOQU l}D=tW
xOvQw; u}}=B "OwW|t C}=Oy u}}=B x@ 'xOvQw; u}}=B xQ=w}O R= 'x@P=H |wQ}v p}rO
ZQi l}D=@=}O; pmW x@ xm CU= Tqo |UmrB |=yxkQw =@ |r}]DUt p=v=m l}
VR=OQB |=yVwQ R= Ov=wD|t 'CaQU p}iwQB u}vJty w sr}i Ct=N[ "OwW|t
C}r@=k =@ p=D}H}OCaQU QB u}@ QwO\UwD =yTma "OwW x@U=Lt PIV w 21Q} wYD
x}@aD xOvQw; u}}=B w xOvwQq=@ CtUk wO Qy QO xm x}v=F Q@ s} Qi 1200 |Q=OQ@Uma

"CU= xOW xOQw; 5 pmW QO |y=oW}=tR; QDU@ Q} wYD "CU= xOW xDiQo 'xOW

"R=ilD uwi}UwtQD |xOvvmQ}N@D l}D=tW "3 pmW

CU= u; j}=a CtUk 'xOW xDN=U uwi}UwtQD |=yCtUk u} QDsyt R= |m}
"OQ}o|t s=Hv= u; |wQ PIV VwQ |xr}Uwx@ xOW s=Hv= |=yV}=tR; |t=tD xm
"OwW Q}PBu=mt= |Q=OQ@Tma C}r@=k =D OW=@ h=iW ,=t=Rr= O}=@ CtUk u}= xH}DvQO
"CU= xOW xO=iDU= Tqo|UmrB |=yxkQw R= CtUk u}= CN=U |=Q@ p}rO u}tyx@
CtU x@ |Owta |xO�=R l} Ovm CmQL xOvwQq=@ CtUk R= =yvD Q=N@ xm u}= |=Q@
xi=[= xOvQw;u}}=B VN@ x@ Q=N@ OwQw R= |Q}owrH Qw_vtx@ 'xOvvmQ}N@D |xOvQw;u}}=B
|xW}W |rN=O xHw CU= umtt 'Ovm Qw@a xOvQw;u}}=B R= Q=N@ Qo = "CU= xOW
O=H}= |DqmWt PIV VwQ R= xO=iDU= QO Ov=wD|t u}= xm Ov=WwB@ =Q xOvQw;u}}=B

"Ovm
u}=Ck}kL QO "OwQ|t q=@ 'CU= xOWj}=a|@ wN x@ xm 'xOvwQq=@CtUk R= Q=N@
|=yxYNWt wCU= uwi}UwtQD xOvvmOQU w xOvvmQ}N@D |=yVN@ u}@\@=Q 'CtUk
CtUk "OwW pY=L 17|m}DB= VwQ |xr}Uwx@ Ov=wD|t CtUk u}= QO 'Q=N@ |i}m
'RmQt sy |r}]DUt p=v=m wO R= xm 'CU= xrwr w xDUwB |DQ=QL pO@t l} 'xOvvmOQU
'|HQ=N VN@ QO OQU ?; w Ovm|t Qw@a |rN=O VN@ R= Q=N@ "CU= xOW xDN=U
'�TM� QDtwtQD |xr}Uwx@ OQU ?; |HwQN w |OwQw |=y=tO "O};|t QO VOQo x@
OwW|t s}_vD '18|rQDvm Q}W |xr}Uwx@ '?; |tHL u=} QH MQv "OwW|t |Q}oxR=Ov=
|=tQo Q=N@ 'CtUk u}= QO "OwW|t |Q}oxR=Ov= 'xOW GQOt QDt=DwQ l} |xr}Uwx@ w

"OwW|t xO}r=oJ 'CaQU x@ w OyO|t OQU ?; x@ =Q OwN
u=mt= 'xOvvmOQU w xOvvmQ}N@D |R=iwO u=} QH QO PIV VwQ uOQ@ Q=m x@ '=twta
Q=N@ xm CU= u}= 'pmWt u}rw= "Ovm|t O=H}= =Q nQR@ pmWt wO =@ uOW xH=wt
OwOUt =Q u}@ QwO O}O u=O}t w OwW xO}r=oJ 'xW}W |rN=O K]U |wQ CU= umtt
QO xm xOvvm p=@vO C=QP '?; x@ C@Uv QDW}@ |r=oJ p}rO x@ 'pmWt u}twO "Ovm
C=QP I}y 'Q=N@ xH}Dv QO w OwW x=Qty Q=N@ =@ Ovv=wD|tv 'OwW|t xO=iDU= PIV

|D=k}kLD QDU@ |L=Q] QO '|Qw;wv u}OvJ 'VywSB u}= QO "OQ=Ov |}xOvvm p=@vO
xm Ow@ pmW u}= x@ KqY= u}rw= "CU= xOW p=ta= 'CqmWt u}= Q@ x@re |=Q@
pmW x@ 'V}=tR; `]kt QO Q=N@ w `}=t u=tRty Qw[L R= |Q}owrH |=Q@ 'uwi}UwtQD
|Owta xO�=R l} 'xOvvmQ}N@D Ovv=ty 'KqY= u}twO "CU= xOW xDN=U |}xkrL
'xOvQw; u}}=B CtUk x@ Q=N@ OwQw R= |Q}owrH Qw_vtx@ 'xOvvmOQU VN@ |=yDv= x@
x}@aD 'xOvvmOQU |rN=O VN@ u}}=B QO xOvvm p=@vO C=QP w ?; QNDU= "OW xi=[=

13



"""V
wQR

=xO
=iDU

==@
uwi

}Uw
tQD

OQm
rta

|U
QQ@

"|ki= uwi}UwtQD x@ \w@ Qt G}=Dv "7 pmW
|RmQt \N QO |QwLt CaQU Q=Okt PIV VwQ R= xO=iDU= =@ Qw_vt u}O@ "OwW|t
|@O Q=Okt '|RmQt \N pw] QO |Q}op=QoDv= =@ TBU "CU= xDWo u}}aD uwi}UwtQD

"OwW|t x@U=Lt uwi}UwtQD QO xDi=} u=} QH |tQH
|=tQo COW x@ C@Uv =Q uwi}UwtQD QO xDi=} u=} QH |@O C=Q}}eD 10 pmW QO
x@ OyO|t u=Wv pmW u}= xm Qw]v=ty "CU= xOW xO=O u=Wv uwi}UwtQD x@ |OwQw
w CU= R}J=v uwi}UwtQD QO xDi=} u=} QH p=}U u=R}t '|OwQw |=tQo u}}=B Q}O=kt |=R=
GQ=N x}L=v 'x}L=v u}= (Qin < 500 Watt) OW=@|tv |Q=m\}=QW QO uwi}UwtQD
QO xDi=} u=} QH |@O u=R}t '|OwQw u=wD V}=Ri= =@ "CU= xOW |Q=Pot=v 23|L=Q] R=
=@} QkD xm (500 < Qin < 1100 Watt) x}L=v u}= "O@=}|t V}=Ri= uwi}UwtQD
"OwW|t xDio uwi}UwtQD 24|Q=m x}L=v 'OQ@|t QU x@ \}=QW u} QDy@ QO uwi}UwtQD
Q}}eD Qo}O 'Oa@ x@ u}= R= |OwQw u=wD V}=Ri= =@ CU= QmP x@ sRq u}vJty
\}=QW x@ uwi}UwtQD qta w OwW|tv xO}O uwi}UwtQD |Q=m \}=QW QO |UwULt

G}=Dv "3
PIV VwQ "1"3

|Q}oQ=Qk x} w=R xU |=R= x@ w hrDNt |=yCr=L QO uwi}UwtQD |wQ Q@ =yV}=tR;
x@ xt=O= QO p=L "CU= xDiQ}PB s=Hv= �Owta 'xHQO 45 '|ki=� uwi}UwtQD hrDNt

"s} R=OQB|t G}=Dv xQ=@ QO EL@ w |UQQ@
Q=Qk |ki= CQwYx@ u; OQU w sQo `@vt xm CU= |vwi}UwtQD '|ki= uwi}UwtQD
Tma |O=} R O=OaD "OQ=O Q=Qk q=@ QO OQU `@vt w u}}=B QO sQo `@vt u}vJty w OvQ=O
u}}=B sr}i CaQU p}iwQB uOQm XNWt |=Q@ 'uwi}UwtQD xOvQw; u}}=B CtUk R=
R= TB "xO=O u=Wv 6 pmW QO Tma Q=yJ 'xvwtv |=Q@ CU= xOW xDiQo 'xOvQw;
xDWwv Om \UwD =yTma u}= 'xv=}=Q QO =yv; \@[ w R=}v OQwt |=yTma uDiQo

"OvDiQo Q=Qk p}rLD w x} RHD OQwt 22?rDt Q=Ri= sQv QO xOW
xR=Ov= =D OW xDiQo Q_v QO |@=} R=@ w wHDUH xQHvB |=Q@ |irDNt |=yxR=Ov=
xr�Ut pL Ow@y@ Qw_vtx@ |}=yv |=yK}LYD u}vJty "OwW ?=NDv= =yv; |=Q@ xv}y@
x}rm s=Hv= R= TB "OvwW hPL pL xvt=O R= |k]vtQ}e |=y?=wH =D 'O}OQo s=Hv=
CtU CtUk QO CaQU Q}O=kt "Ov};|t QO 7 pmW CQwYx@ G}=Dv 'q=@ pL=Qt
QDt}Dv=U 2 5 |@} QkD CaQU |=Q=O w q=@ CtU x@ |ki= uwi}UwtQD j}=a CU=Q
\UwD Cr=L u}= QO uwi}UwtQD R= |HwQN sQo ?; |=tO u}vJty "CU= x}v=F Q@

"CU= xOW VQ=Ro O=Qo}Dv=U xHQO 25 =@ Q@=Q@ GvU=tO
QO p}=t uwi}UwtQD |wQ Q@ xOW s=Hv= |=yV}=tR; x@ \w@ Qt G}=Dv xt=O= QO
\N |wQ u}ov=}t CaQU "OwW|t xOQw; 9 pmW QO Owta uwi}UwtQD w 8 pmW

"CU= x}v=F Q@ QDt}Dv=U 1 2 'p}=t uwi}UwtQD CU=Q j}=a CtUk |RmQt
"CU= xOW s_vt=v |ki= uwi}UwtQD x@C@Uv u=} QH u=O}t 'p}=t uwi}UwtQD QO
O}}=D Cr=L u}= QO =Q uwi}UwtQD xOR=@ Vy=m R}v xOvvm lvN ?; |HwQN |=tO
xHQO 23 =Q xOvvm lvN ?; |HwQN |=tO 'GvU=tO p}=t uwi}UwtQD QO "Ovm|t
|ki= uwi}UwtQD x@ C@Uv u=} QH u=O}t 's�=k uwi}UwtQD QO "CU= xOwtv VQ=Ro
|HwQN |=tO "OQ=O OwHw |DWoQ@ w CiQ CQwYx@ u=} QH w CU= xOW QD s_vt=v
|=tO 'GvU=tO s�=k uwi}UwtQD QO "Ovm|t O}}=D =Q ẁ[wt u}= R}v xOvvm lvN ?;
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21. image processing
22. Matlab
23. o�-design Region
24. operational situation
25. saturation region
26. thermal boundary layer

�References� `@=vt
1. Faghri, A., Heat Pipe Science and Technology, Taylor

and Francis (1995).

2. Hana�zadeh, P. and Nouri, A.,\The e�ect of shear stress
of liquid-vapor interface with and without Mass Transfer
on thermal performance of a thermosyphon", Amirkabir
Jourbal of Mechanical Engineering, 41(2),pp. 55-62 (in
Persain) (2010).

3. Bieli�nski, H. and Mikielewicz, J. \Natural circulation in
single and two phase thermosyphon loop with conven-
tional tubes and minichannels", J. Heat Transfer - Math-
ematical Modeling Numerical Methods and Information
Technology, 19, pp. 475-496 (2011).

4. Kandlikar, S.G. and Habsberg, S. \Review of literature
and a preliminary experimental investigation instabili-
ties in an R-11 thermosiphon loop with applications in
microelectronic chip cooling",ASME Heat Transfer Di-
vision HTD, 115, pp.7-13 (1989).

5. Payakaruk, T., Terdtoon, P. and Ritthidech, S. \Corre-
lations to predict heat transfer characteristics of an In-
clined closed two-phase thermosyphon at normal operat-
ing conditions", J. Applied Thermal Engineering, 20(9),
pp. 781-790 (2000).

6. Khodabandeh, R. and Furberg, R., Instability, heat
transfer and 
ow regime in a two-phase 
ow ther-
mosyphon loop at di�erent diameter evaporator chan-
nel", J. Applied Thermal Engineering, 30, pp. 1107-1114
(2010).

7. Huminic, G., Huminic, A., Morjan, I. and Dumitrache,
F. \Experimental study of the thermal performance of
thermosyphon heat pipe using iron oxide nanoparticles",
J. Heat and Mass Transfer, 54, pp. 656-661 (2011).

8. Chami, N. and Zoughaib, A. \Modeling natural con-
vection in a pitched thermosyphon system in building
roofs and experimental validation using particle image

19



"""V
wQR

=xO
=iDU

==@
uwi

}Uw
tQD

OQm
rta

|U
QQ@

velocimetry", J. Energy and Buildings, 42, pp. 1267-
1274 (2010).

9. Shiraishi, M., Terdtoon, P., Chailungkar, M., Ritthidej,
S., \E�ects of Bond numbers on internal 
ow patterns of
an inclined, closed, two-phase thermosyphon at normal
operating conditions", Exp. Heat Transfer, Vol. 10, pp.
233-251 (1997).

10. Misale, M., Devia, F. and Garibaldi, P. \Some consid-
erations on the interaction between the 
uid and wall
tube during experiments in a single-phase natural circu-
lation loops", Proceedings of the 3rd Iasme/Wseas Int.
Conf. on Heat Transfer, Thermal Engineering and En-
vironment, pp. 128-131 (2005).

11. Ambrosini, W. and Ferreri, J.C. \Stability analysis of
single-phase thermosyphon loops by �nite di�erence

numerical methods", Nuclear Engineering and Design,
201(1), pp. 11-23 (2000).

12. Kuhlman, J., Sivanagere, S., Gray, D. and Guf-
fey, S.X. \LDV and PIV velocity results in a ther-
mosiphon", ASME JSME Joint Fluids Engineering Con-
ference (2005).

13. Shokohmand, H. and Hassani, A. \A numerical model-
ing of a variable conductance thermosyphon by use of
a binary mixture", IJE Transactions A: Basics, 15,(4),
pp. 373-382 (2002).

14. Sha�i, M.B. and Faghri, A. \Analysis of heat transfer in
unlooped and looped pulsating heat pipes", Internationa
l Journal of Numerical Methods for Heat & Fluid Flow,
12(5), pp. 585-609 (2002).

20


