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Abstract
This project aims to investigate numerically the natural convective

characteristics for a system with a cabinet containing arrays of Il[- V

photovoltaic cells. Furthermore, efforts are performed to explore the
enhancement of cooling performance of the cells by using fins. The
temperature distributions and flow structures in the cabinet and
surrounding area are solved simultaneously. The influences of the heat
generation rate per a cell (Q), heat conductivity of metal plate wall (k,,),
heat conductivity of electrode layers (k.), number of fins (Ng), and
surrounding temperature at region far away from cabinet (T,) are
examined. Results show that, for the system with 160 photovoltaic cells,
the difference between the hot spot temperature of the system Ty and T,
is 92.6°C as Q=10W, k,, = 166.9 W/m-K and k.= 280 W/m-K. This

temperature difference could reduce to 69.7°C with the installation of fins

N¢ = 180. In addition, the maximum difference in hot spot temperature is

about 64°C for Q=10W, 26.3 < k,, < 166.9 (W/m-K) and 100 < k. <

280 (W/m-K).



PIB- R R F AR R E R PAL o 2 H T 98%i ik
R Er  BREGHE R BERFFIARTTF o AT AN
Ben g o SBR R - 2 L hgrEa BB R R
bR RATR RO FE LY AR D LGS - AR e o
i3 HCPV * B3 b ER B LT EFant 5B ] » & 33T
HFRFELEE L 2R RDLAR > et HCPV < B T ¥ e -
FHRAZAATREAZEA > FPLRIPE A B o T RS
SHER RIS T RIS EoKuo AR NAR
PracAT g ere B A4 B 2 1000kW 2 R A S B Ay kst e
%%ﬁ?%%ﬁﬂﬁiﬁiﬁﬁi’%wa‘H?%%% { § %
AR EAK O B G AE

B
(;;
fy
>
wh
=K
(S
&
il
i
|
5
@

.
;&\
é..
]
A-
N
=3
sl
J--
A
3* -
o~
_\_\_
*@1
£
—
Q
o
>
NG
_&

AR AR EER DR E AL AR R E o AL 2 BEE



kg R dofe ok D kb dre i 0 0 B AT R
IR R o &mn?AHHWMﬂﬁ VER AR e 8 g%aﬁ
gp £ * %‘- I E Jj’f&r'g =3 ":’:—:4 ’ 12 gsaa if %1 m&‘ﬁ}i& 6]

WHESEAMLAEREFER 2R TR 2HEHETH
Bt R E A -

AR B A f A BRI BT A ERd SHEaTE
Ay 4R BE2 D A PELRESETES o AHBN TR AL
I NEFAF O REXENBE R o Ke 2 RIEG 2 25
AR OL > PN IR R A TALZ BE S B 2 LR
B AL R B BB AT LD AP ARG TG TR
AR AL S AP Y 2 R AR RLE  REHI R
BEEFT BT 3FIFAY ”ﬁ AP § % 9% 3 oHeindel % 4 [7

8] I o f BedF 31 3x3 LA IR £ 57| chT 5 £RITAEA, R ap AR
¥HoL R AR o # T 3-D #0747 JE ¥ Nussel Number '+ 2-D i3] &0
B oRm oo Bk k B <3 3 FF2-D £ 3-D 23] #73E i) e Nussel
Number z_4p $+3& £ - 3% 5% o Tou ¥ A [9]4= Tou = Zhang[10]:
Bt A B FE AL oA REIH N LR R 0 T B A RS
Pk & R B 3x3 A ehT G FURSTIIASp RN AE o Dias
o Milanez[ 114 % &2 A5 R 2 G # kG F XL 182 BT o fuker
sldz 2 A o F A B E AR R 4T - Bazylak[12]4] % #kciE
AT RS ARG XK 4 BT kP R AL  Ju e Chen[13]
FoRy REVESLE R 0 X EF S5 BARITLE D R AT
WA o Liu 3 A [14]41* ficie > 288t 2 B3P - % 230 A 2
T e B RPN B S P R @



TR AT BER AP R RSP 0 KD
P77 % MR R iE 20% o Sathe fr Joshi[15 ~ 16]04 #iciE & 2 FF it 28
PAeg DB A LRI MRS 2 B S R BE SR T R
BREm P ABE R EEHT R BRE ORI e B P TR R
AR RET > SR ERLBERF D 28% -

b iferd Rdeeh Y BRH LSS DERS FRALE S

e Cheng[18]% A A 7 & F #h- BiFF ¢ F i S+ 420
e BT IEF T RFINA RS AR REH @
FEm R R AR KRB AR T3] o Gan[19]F1*F P E A4 F iy
FHFEFRRF e Pw AR T FRERAHT A DERDPE -
LATREB T 2T 2 e o e P kgt 2 o Chapman
AJ20] 0 F B2 NIRRT E R EE R~ R AG e B oIR8
AR BBMER > BRESE VBT ORERE e o
"4 o Jonsson ¥ Moshfegh[21]/4 7 B ™ N 4F 34 7 I 88 A 2 408 6
P ARG T RS ol Y = AR g Y o 4L
e s e A4 A R R B R R X s - R
BB BREETRRE YR RPN T TG R



# 110 Yang fr Peng [22] #-T & 4| &2

lv

Fliedldcdidt » B4 - 42
oot g T s PR B e Al P R m . B
% &om 55 £ Al ehE @k & & o Yu fr Joshi [23]3 4 B S¢S
- I A DAL EERIER Y 2 X RLF R
|2 ATRET o N REEEN NI FHBAREELT B P
FGR AT 0 B RAIRE S A R B R F otk o
Huang % A [24]1f B2 = 5% &8 5 B 088 » 2 2ORKC
B R 2 R ) RGP SR
FhRe S R REDRB R D 5 AT G R E %
BRI AP REORMN F§iPHARSEFIEAEFRT > ¥ 2 A G
Vi 83% ey oo e BTV HA E 91%sc E o Bar-Cohen
[25]¢r Bar-Cohen 3 4 [26]4 B[4F 34T 45 A 7 At 68 & & FIH 3] 508 of
oo T4 Ry BAF R Bt endc i3 1Y 3K 3 - Arquis and Rady
[27]F1* BB A 478 F k2 > 38 0 AR E S R TRRE R b

2 AREIR BN BRI R TSN DY 5 oock

A

(Finned surface effectiveness)+* # 5 ¥ B & 4% - Nada [28] t— %£2)
Floe A ET £ 2 RRE R RRCRE Y > P sk
B ¥ 24 47 ,g'(%lb ffg] AR TR RN T ]:'Ié?m%" [ L i

X
FRORBIETHETBREAEFIEHE £ B3 £ & 55 - Dialameh

V0]t kTR P K S BEARCRE Y - B F R TS
$iE 0 EE AR D a5 e R R B E 0k BRI

5 5
ﬁﬁ%@@ﬁ%*ﬁ%ﬁﬁﬁﬁﬂﬁﬁﬁﬁ%@ﬁ&’aﬁ%@
PER B R ORI R D G & S A B o Mobedi fr

Sunden[30]#7 7 &2 @ * 17 =¥ X 3| EF k4

__,__l



BH R BERDEY  BENT Y BE R Sl
P BReni B RO RS €5 S R o Yakut[31]#F R~ &3
i 4 Fr R 2 A e Fua i i o Chen % 4 [32]4 4 7 % CPU a4

BE RN - TRRW R REG 0 VAR R AR F e

\\

Bk A X BB H[F 1 45](GaAs) » > = 3
(-V) 4 > 28 T WP LR EEF R 2 - 0 7
POELE AR EE R SPIER > BB XA B
Fod MERNHEIN S NE BT HE - FH BT EE
2B AR S AR AR DR RH I mE A ¥

é

PERARGEE, £ H

ﬁ\

-

BEp B R BFE 2 AT EH >
PR BEBIFEE AR ¢RI o R TR AR - 7
vy AP R BT 2 BRI B TS gz MR 3
AL G ez BB E e g R meHE o U e
Bk R 2 T iTH 5¢m§;f§m ol AP H o EF o VRS
“kﬁ?‘ﬁﬁia"ié B AR AB S E R
BRZPED AR T FIRIED B0 FHORE P YRR
AP R 2 SR R K A o



FoELaER
AP HEEHBE S ORGSR FAIE LA A A
BEm Pl EFACRAAZ B EZ p AR 2L RE @

i@ R o d A g ™ ERG AT L R Flt
)} 3

EFEREFHLIBT YRR RE  FH AT EERA
17 2 4+ 32 CEE Y B R S B S AR

AR HRE 0 A B AT
- PR

F-5378 HCPV < B § % 2 Bt s 23234 £ 2
EABRA SRR I IR3 T B 1 A kR T
N A R L

24 4 %ﬁwméoifﬁﬁﬁﬂiﬁﬁiﬁﬁﬁ*%?%’

FITNS
=
o
(S
v
F
L8
nd
R
=1

Mo R hRIPIE RS REATEEEY o FlE A AL B Xy

SEe R B FRE AL ET 40 BRE B 14 RS T

G100 BHCE - Bl 4 S AcEEE T HCE G 40 B 2 180 B A

Blfe B B o ZH R AT RGO e B ATR R -

- PR

= oA e g ik e
APEEHARE Y LXK LA F BT ek FER

B R RA BRI o SR L A 74T

FokgEe e e E A A R N RS U2



BIRHC A BT ERG S ACHE P il £ 5 AR o $PTIREEZ R
B BRI HFZZAELET T @ﬁ@m’vﬂﬁmemmﬁw,
LIk AL 2N % = & Navier-Stokes = #2358 f5 it de T o

LT Sl i 2

ML LW (1)
ox 0Oy 0z
X g > 475t
2 2 2
p[u_w_wﬁjz_@wa;ﬂ;ﬂ“ @)
X 0z ox ox By 822
Y& & > 750
2 2 2
plud LG iR oY oY OV (3)
ox  dy oz dy ol ot P
Z# & > 23t
2 2 2
pua—W+V@+wa—W=—@+ 8W+8w+aw (4)
ox oy oz oz NP &2
i B AR
oT ot oT o’T  o°T  8°T 5
pcpungV—ﬁLwa—zkf 2+ 2+ > (5
0y z ox dy oz

o’T  &T  &°T '
h(2+ + J+ Q =0 (6)

AP EEG ~ B EZ TR D AR
0°T o°T 0°T
2 + 2 + 2

0x oy 0z

= 0 (7)



&=
=
=
N

I

SR HE-GF o AM-AMLAG s 2 2
BRI ™ R LR R R R B

p=p,, u=v=w=0, T =T,

LR FEABTA LR

u=v=w=0,T, = T, oA, _ kT
m koo

TR TS F H AR 2R G
oT, k, OT,

Tb:T %:k_PéTP
""" 0On , On
m RSN R G

T k
Te:Tﬂ)’ 6 C:_fbanb
on k, on
ﬁ”Pi}gl”j‘E/{%ﬁﬁ"%’#liﬂ‘i
W vew=0, T =T, oT, _k_fan’
on k, on

)
S
o
Ny
L
~
o0
v
A~
[E—
W
\./
Agv%m

10

(8)

9

(10)

(11)

(12)

(13)

(14)

(15)



(=) 2977 A —FMZ2 A—7 9 (interface) » iF & % #

B g @ sdaiEe o

7

i

ERFEER S AF S TRBET R 2 BPELG T A

() &~ P o PRILFT Lo 35 o

I /r”?’bﬁ@' ok g £ m)%“K;%

\fﬂb
}

u__ an 16
q =-k, 5 (16)

SRR AR LA R G A Z S b T SR E L3t

- 1 J' C,/2 "

- 17
q', 2 (17)

,L%kﬁg,@}%w ~ A ;J&&?H@Jg\,‘}, B X3 @ﬁfﬁij’g%@ii7

2Ly %

Al "=

— 1 C./2
L " 18
i (Cx /2) J. 0 ( )

~+ v #B ~pe k& HCPV s A2+ "f’%?b%-r’f?‘r Fod
2o x—fa’tﬂg.]v}%‘r w2 b%ﬁi%.}'}’?’ » HCPV #ie f4m 2z # 3

l}‘i?ﬁ& ]ﬁa“%‘_’% ;\4 » 11 & f’]‘%;%/ﬂfig o l:E"L,E—_ %:Qﬁ';:mﬁi:ﬁjl;’#‘



Bt 2 AngE e AP E BMA SIERE Y BT AT T
P ABTARAL FQ) BB FEIND - A BTA LT
%L%Q%ﬁﬁ@yﬁﬁﬁ%ﬁﬁiﬁﬁﬁﬁ%h%”ﬂ*%ﬁ

B (T,) * éﬁaﬁﬁzﬁﬁmwﬁ LaofF B oerg S B & 13
VAT AMCESE R AR TR RE RS | ¥ SHKE

#EEP

CHEDZERE

#2-% & * ESICFD-ACE+it {7 #c /& Hob A 47 22 e 2.4 * 4
"URE & i RS 485V 1B (7 347 1 (Discretization) » F * & 4 A
(Pressure Base)i# & 2 Bl w2 R4 2 R ML L PR 2 42
oo B AN AR AT B 0 AL EE LR -
Fe b h i REFZE > I EHET P LIEL 3 E o AT 2 E
H-#% &_i¢ * Patankar[33]#7# ! 2. SIMPLE( Semi-Implicit Method for
Pressure-Linked Equations ) ;# & ;* 12 2 Van Doormal £ Raithby [34]
#r % 41 22 SIMPLEC (Semi-Implicit Method for Pressure-Linked
Equations Consistent) ;& & ;# > SIMPLEC ;% & /% #_% SIMPLE ;% &
AT o AR Y S AF R N KRR g5l
XY Z#E3ENARS FHE o

AT R FAGERY IR B LT RG] BT DR
H? TR RATREE T Y RS R E S RARRE T A
R o T R R R E RS WGy 0 BB IR R]
FRgias o Y A LR EET R S F PR g% o
AP R AMESVEFRNPBFERE > AN R A

R AT AERE A AP OEG SHERORTAZ T RS

12



PELTIRB IR BB P LR HRE AT TR

4 b BB R ORI R SR AT A2 3 E % Tou and

Zhang [10] > % Bazylaketal [12]2 % 4p % - K o d P F AR 2R

(w

_yﬁ
&)
W
%

PIEE BN BT Z BB R R RS2
FTHERE O FNE-HBEFAL AFFIBFDTS R FAH BN 2

2

13



B P CEmAs FE AHN LARANHEET LHFE B

R E N RS2 RS R E B EARR o = AR AP

??ﬁﬁﬁﬁﬁﬁﬁiﬁ%?%ﬁgwﬁﬁﬁéfﬁﬁ’ﬂ$
FERFTLZI D ARG FELITE TR KGR E @

Foo AT R B AP 4o T o

- AP EAESE S

SRRV ARG Mz k22 &' % b (limiting case) > B 5 & =

Mgz T LB BRI FRE TG 2 REEG J &R

(- )F#EDRE
AT E AN REAE B AR EEARE S § flHRa)
SFERENRTFN L Hc B 6 2B T AW Cxk=7.5 Ny=6,

\

Ke=6300 Fm™ 5 % F 3§ fI8pF2 B2 2058 - v 512 @ 6(a)
f-B) 6(b)> % % 18 Ra 7€ 103 4 3] 107> (7 T3 £ B H 4c 10 )
T RATE T L iRl o 2D 0 E A B
BB AARAPFES R L FIRRBRT S F R B
g o APEITE 6(c) 0 % B OTIEE <P WIS ¢ %Y
feAf R e AW A IR B R e H ORI 0 A E R
W2 PG P® > TP A ISR BT EE DL o

&ﬁ&ﬁﬁ%&’ﬁ7@ﬁﬁ$Rmﬂf%’?U%ﬁE%@%ﬁﬁ

14



TRIGER VTR ERBR kehg > BETFL ARG 2+ RG M
REEH O TER A RBBEE O T ANA PR END A 2 Rle B
FIob R o vt 52 B 7(a)fr B 7(b) > B 7(a) % B REE T(b)w = mA T
TG R T I Ao P il At RS ST o KR 3T M IR
TAEARE > TEATARL S BB RSP S a7 e
AA BN G B8 5t Cx=7.5 N, =6, K,=6300 " %7 F 7 fli#k
PLEBD ARG e~ TEe 2 @F AL REAF o B 8T
AR ARINTLRGRANEG T EF L FHELILAG 2
L RlH o AT A RAF s frack o B 8(b)2 8(c)EE T 0§ F Ik
HbeP o Ao 2 Bl &5 A& 0 @ EF LR g {ldc #1542
g4 ST LAR B i i o

()™ & &2 F#MED PP

AP TRFFEFNIREDERZ FRABED FE ARSI
HoHP Cx 2 NpA B2 mhg Pt LR 2 FAKED - B
92 B 10 A~ % % ¥ Ra=10" 2 K=6300 =T > % r Cx 4r N, P2
n AL Z B ARE o Bl 9(a)9(c)F T i m P I8E IR
Bl Q@)% 7 » il ¢ ™ pMAE LS B Ee /i ™+
2R Bk R ot B 9(a)-9(c) ’?Ifuéi%ﬁt Cx 2 NpF* >
Hipmp 2 winFd 2 B84z 70 FHIIHSHEERpEH
2o T arA p Cx % Ny ¥ n ig—t*ﬁi_ﬁ %% égs o

g

N~

GEERAT G B 10 TR P INEERGE - BERY T O
B SR wERYATHE Y MR LRGN BT
At E A AR E o R 10(@)fr 10(b). * Bt o *‘é&'
Cx% NpPF» EEHE RS €4F o d Bl 10(c)” #IM > Lis® p 0

15



W6 AP 01 ePIFA] BIR A T OLE IR Cx 2 Ny B0 H P R
%3 PR
A BEES G oB 11 5 A Ra=10" 2 K.=6300 {27 % f Cx fr

Ny FFERT > L W® Rg ~ Bld ~ T8 2 @ F|=t xbélcxé'ﬁé}’é? o

B ()7 > &b BERRDEEF A BB | EF2 A
B E R o od LT FIR R E M ME L o ¥
B 11(b)f=@ 11(c)» ¥ 14 M Cx 2 Ny ¥ # @k k2§ 4 eh

B i

%2 5% Cx=75,Ny=6> %% Ra fr K™ > % b % 62
BABER Oyod 29 TR A F6]¢ 0 Oy A Ra
2K PFEiE > f B iR AREFS A FiT7 vy - BER
Boopt b Kep i) B BB T hE A L g8 4% Ra=10" 2 K
=1000 PF > MBS BBIE R LR G5 28% o § K 34 pF o
Fla A B BE g e o n RBIBEERE M o § BT JlHKD
1000 = Ker =< 6300 PF > 7% %67 BZHE R B < £ 8 95 26% -

SNz ARRA SRS

(- )E £ g P

AETEAFEH I FRAL FH ARSI ORE W12 52 %
FEEvP » k. =280 Wm-K, k,=166.9 Wm-K, T,=27C > =% % £
A2HQLERPEEEAATHJ B 12)7 7 UER AT B

R R T R ORI EE G N 0 P B

16



d A g
2 m

EHEI LT

5o

VR ARE QN A,

%P T B R WA R RE A

R VRE =y %-SURrE P 0
2 1200)7 B E F R TR AP R
wp R DIF g i {0 R

FIEAH D FRE L
Bl 13 2 72 b3 # 2
FRAEBIHER

HHg ¥

-4
E

-430‘:}

*\6‘5—:‘{5

(= )ic#u it & #icp oh
BFHEF LB T G
B 14 5 % k.= 280 W/m

e

N =%

o K~k =

b Y-

R
g,

f 5 #cp pFo

17

B2 S

mm.@i“"‘k:@ 100C >

£

FE? ﬁrl[a;/i\,épl":"“

bR R T R

C o R 12(a) i B
e~ §
= &
BE g 4 oo b i@ 12(a)
WERS §HLLAF - L

PR §EFRAES

;"1? o ¥ j‘eﬂﬁ—w@"

| 1

B b nds o T4 b i

FERATE D BT
J:JF;B-

K’]‘é'\ 151 oM e

i
a3
{s

SRR 2 (L) A B
}3 “'KA:\ 4‘%%\?; x;i;%. ‘\ ;
IR BB

B 13C)7" " HFREFHRE

o Tgvfe IR H §

v

"=

OB P8 R SRR B
166.9 W/m-K ~ T.= 27C %

PR

e ¢
\Q

(RS &

.

Blod B 14(@)2 (b)F &% Kt

AR E:;rs*ﬁ AT B

ﬂg {QF‘ mrIi )

BTEEG N RlE R SRR A

v
e

RN



)
—

=k

o ¥ FHAG R OERRE X EEF LT T B 2
H(L)RIZ f5 )@ "E 1L o pboeh 5 H
RN S %%é@’3“¥$%ﬁ¥&ﬁﬁ’ﬂﬁﬁﬁﬁﬁm
BE o BT % AT
RERREASFTRGES o

23975 2ARQ F NeFFo ST A RABRERFEFI
FAREAET,=27C Mo Q=10W [/n™ » A% it 3 chs g
B TuidFl 119.6C 5 F5 BT » &% 8- 1340t ¥ Ne=40 2 = B

0 0 > #ERAE Ty 5 105.7C 2

96.7°C » A W]}t K% gt F g B 14C2 23 C o 4 4 5% 4
REREEFA0CHLE, A3 LR LR ¢4 RERHK
13C P> 2 kbl BRE R A E 9 13C -
(Z) #EP ’F.‘rmﬁ 0

]

?,fé'?%t‘l“’f f(%ﬂ N; =1

AFETEFHFEA BT AT B 2 £ 0 di(k)? 8™ &
BHREm 2 £ B EGERE)FEDR RBEREKERTRAR(CERTH)
’%E’ FOEFIRAIIENRRERF IR L 5 L Q

=10W, T,=27C @ kyand ke ? I P > = 5 3% S BE R %1 52
d AP RRET Yk Ok GEFCRBRLERAS 0 LAY
FapEBEPr 263 < k, < 1669 (wm-K)2 100 < k. < 280

(Wm-K)>» B3 # 2 #EEREE* 485 64C -

NI ]
AP EAHHPE D P EF LSS GLIM- V BT A D
Feo MHRIE S AR R B RS > MR g R YRS 2 AT

Rk o MBT R A RTRR RS GRS

18



B AL EA UEGERE AP TR F BT RA L F
(Q)~ ™z #dE Gk, T¥ Tk BE (k) &~
BN)2 PR ER(T)E Sl P 27 2 EHRE F A =
CHMEZHRERAANLSEEFRFN AR LA PA SRR
7 o0 Op e Ra 2 Ky PFEHE > 7 BB RARHFS bhiig
LAy - BERB . by Ko O FRRT SRR L ¢
B4 o % Ra=10" 2 Ke=1000 P> #FRHFE A HLEFRLE Y
5 28% ¢ % Kep H4epF > FIZ AF DR GE LB > @ R AR
BYEM o g FEF fldka 1000 = Ko = 6300 BF > %7 % 6] 7 8k
HEABRAABENE 2% bz B AATHERET > MW P 1
#4160 BT P2 k5 F Q=10W ~ k, = 166.9 W/m-K ~ k. = 280
W/m-K pF > ke fghdrob oo B A4 iE 92.6°C 5 B % EAcha v
Ne=180 %8R AL 7 % 1 69.7C = * ¢t » § Q=10W @ 263 < k,, <
166.9 (W/m-K)~100 < k. < 280 (W/m-K)> H #28L8 B2 £ < £ B
% 64C -

AP FEF DML EE D WS A WP AR RE D T (Energy:
SCI&EI) % W% §is# 3t € & — k/ (FDTT 2011:Bali Indonesia)» p =

LERY - [y BNl ) PR RE Y T 2 Bt g o

19



By

l.

Kuo, C. T., Shin, H. Y., Hong, H. F., Wu, C. H., Lee, C. D., Lung, 1.
T., Hsu, Y. T., Development of the High Concentration III-V

Photovoltaic System at INER, Taiwan, Renewable Energy, Vol. 34,
(2009) pp. 1931-1933.

. Park, K. E., Kang, G. H., Kim, H. 1., Yu, G. J., Kim, J. T., Analysis of

Thermal and Electrical Performance of Semi-Transport Photovoltaic

(PV) Module, Energy, Vol. 35, (2010) pp. 2681-2687.

. Royne, A., Dey, C. J., Mills, D. R., Cooling of Photovoltaic Cells

Under Concentrated Illumination: a Critical Review, Solar Energy

Materials & Solar Cells, Vol. 86, (2005) pp. 451-483.

. Sturm, J. C., Wilson, W., Iodices, M., Thermal Effects and Scaling in

Organic Light-Emitting Flat-Panel Display” , IEEE J. of Selected
Topics in Quantum Electronics, Vol. Issue 1, pp. 75-82, Jan/Feb,
1998.

AR R R BRI ASZ BT > WY &1 F

Bk 1 f2AT A L 2, 2000.
M2 > LED ft #air e 2 R A X FHE IALH
* > 2004,

. Heindel, T. J., Ramadhyani, S., Incropera, F. P., Laminar Natural

Convection in a Discretely Heated Cavity: I - Assessment of

Three-Dimensional Effects, ASME J. Heat Transfer, Vol. 117, (1995)
pp. 902-909.

. Heindel, T. J., Ramadhyani, S., Incropera, F. P., Laminar Natural

Convection in a Discretely Heated Cavity: II- Comparisons of

Experimental and Theoretical Results, ASME J. Heat Transfer, Vol.

20



117, (1995) pp. 910-917.

9. Tou, S. K. W., Tso, C. P., Zhang, X. F., 3-D Numerical Analysis of
Natural Convection Liquid Cooling of a 3 x 3 Heater Array in
Rectangular Enclosures, Int. J. Heat Mass Transfer, Vol. 42, (1999)
pp. 3231-3244.

10.Tou, S. K. W., Zhang, X. F., Three-Dimensional Numerical
Simulation of Natural Convection in an Inclined Liquid-Filled
Enclosure with an Array of Discrete Heaters, Int. J. Heat Mass
Transfer, Vol. 46, (2003) pp. 127-138.

11.Dias, T. and Milanez, L. F., Optimal Location of Heat Sources on a
Vertical Wall with Natural Convective Through Genetic Algorithms,
Int. J. Heat Mass Transfer, Vol. 49, (2006) pp. 2090-2096.

12.Bazylak, A., Djilali, N., Sinton, D., Natural Convection in an
Enclosure with Distributed Heat Sources, Numer. Heat Transfer, Part
A, Vol. 49, (2006) pp. 655-667.

13.Ju, Y., Chen, Z., Numerical Simulation of Natural Convection in an
Enclosure with Discrete Protruding Heaters, Numer. Heat Transfer,
Part A, Vol. 30, (1996) pp. 207-218.

14.Liu, Y., Phan-Thien, N., Leung, C. W., Chan, T. L., An Optimum
Spacing Problem for Five Chips on a Horizontal Substrate in a
Vertically Insulated Enclosure, Computation Mechanics Vol. 24,
(1999) pp. 310-317.

15.Sathe, S. B., Joshi, Y., Natural Convection Arising from a Heat
Generating Substrate-Mounted Protrusion in a Liquid-Filled
Two-Dimensional Enclosure, Int. J. Heat Mass Transfer, Vol. 34,
(1991) pp. 2149-2163.

16.Sathe, S. B., Joshi, Y., Natural Convection Liquid Cooling of a

Substrate-Mounted Protrusion in a Square Enclosure: a Parametric

21



Study, ASME J. Heat Transfer, Vol. 114, (1993) pp. 401-409.

17.Gray, A., Modeling a Passive Cooling System for Photovoltaic Cells
under Concentration, ASME-JSME Thermal Engineering Summer
Heat Transfer Conference, Vancouver, (2007) CANDA
HT2007-32693.

18.Tsay, Y. L., Cheng, J. C., Thermal Interaction and Chimney Effects
on Natural Convective Cooling Performance of Heat Generating
Blocks Mounted on Board in a Two-Dimensional Cabinet , Numer.
Heat Transfer, Part A, Vol. 55, (2009) pp. 866-87.

19. Gan, G, Effect of Air Gap on the Performance of
Building-Integrated Photovoltaics, Energy, Vol. 34, (2009) pp.
913-921

20.Chapman, C.L., Lee, S. and Schmidt, B.L., “Thermal Performance of
an Elliptical Pin Fin Heat Sink”, Tenth Annual IEEE Semiconductor
Thermal Measurement and Management Symposium. IEEE, (1994),
pp.24-31.

21.Jonsson, H. and Moshfegh, B., “Modeling of the Thermal and
Hydraulic Performance of Plate Fin, Strip Fin, and Pin Fin Heat
Sinks — Influence of Flow Bypass”, Inter Society Conference on
Thermal Phenomena. IEEE, (2000), pp.185-192.

22.Yang, Y.T. and Peng, H.S., “Investigation of Planted Pin Fins for
Heat Transfer Enhancement in Plate Fin Heat Sink, Microelectronic
Reliability”, Vol. 49, (2009), pp.163-169.

23.Yu, E. and Joshi, Y., “Heat Transfer Enhancement from Enclosed
Discrete Components Using Pin-Fin Heat Sinks”, Int. J. Heat Mass
Transfer, Vol. 45, (2002), pp.4957-4966

24.Huang, R.T., Sheu, W.J. and Wang, C.C., “Orientation Effect on

Natural Convective Performance of Square Pin Fin Heat Sink”, Int. J.

22



Heat Mass Transfer, Vol. 51, (2008), pp.2368-2376.

25.Bar-Cohen, “Least-Energy Optimization of Air-Cooled Heat Sinks
for Sustainable Development”, IEEE Transactions on Components
and Packaging Technologies, Vol. 26, no.1, Mar. (2003), pp.16-25.

26.Bar-Cohen, Bahadur, R. and Iyengar, M., “Least-Energy
Optimization of Air-Cooled Heat Sinks for Sustainability-Theory,
Geometry and Material Selection”, Energy, Vol. 31, (2006),
pp.579-619.

27.Arquis, E. and Rady, M., “Study of Natural Convection Heat
Transfer in a Finned Horizontal Fluid Layer”, Int. J. Thermal
Sciences, Vol. 44, (2005), pp. 43-52.

28.Nada, S.A., “Natural Convection Heat Transfer in Horizontal and
Vertical Closed Narrow Enclosures with Heated Rectangular Finned
Base Plate”, Int. J. Heat Mass Transfer, Vol. 50, (2007), pp.667-679.

29.Dialameh, L., Yaghoubi, M. and Abouali, O., “Natural Convection
from an Array of Horizontal Rectangular Thick Fins with Short
Length”, Applied Thermal Engineering, Vol. 28, (2008),
pp.2371-2379.

30.Mobedi, M. and Sunden, B., Natural Convection from a Thermal
Heat Source Located in a Vertical Plate Fin, Int. Communication in
Heat Mass Transfer, Vol. 33, (2006), pp. 943-950.

31.Yakut, K., Alemdaroglu, N., Kotciglu, I. and Celik, C., Experimental
Investigation of Thermal Resistance of a Heat Sink with Hexagonal
Fins, Appl. Thermal Engineering, Vol. 26, (2006), pp. 2262-2271.

32.Chen, P. L., Chang, S. F. and Hung, Y. H., Thermal Computer-Aided
Design of Heat Sinks for CPU Cooling Applications, The 17th Int.
Symposium on Transport Phenomena, Toyama, JAPAN, 2006

33.Patankar, S.V., Numerical Heat Transfer and Fluid Flow,

23



McGraw-Hill, New York, 1980

34.Van. Doormaal, J.P. and Raithby, G.D., Enhancements of the
SIMPLE Method for Predicting incompressible Fluid Flows,
Numerical Heat Transfer, Vol.7, (1984), pp. 147-163.

iz~ ?j' -?f,_,‘%’y{,ﬂ’!

by THTAER

C, EFZmE BT 2EE /e

Ck aTF]=f™LE - /o

& BWEER
Cy e 3 B
c, wwm R

day, “SHR P AFEX w2 FEE
d, SHATE AFELRL D w2 BE
exiy w12 2a0E R
eyip Wi 12 293 R
€12 wihk 1% 20%R

fy  Ao#ig e AEF R

24



BeRE S TR
SRR T 2 R
€4 it B

A B BE G

THREADBR G

TRk Bk

SeRE S W

HEH T E Gk

A& E ki

Bw R G 2 A PR EGE

= [F R e Hic

Ik

R

ke

S #c

Ik

25



Pr

QH

Ra

£ FZBEA 5 (p-pw)(praii/cs)

FEE B v/

EBEBTELBAEL S

WHEB A G 2. & T
B ;}'13'9: ’ gBQCy/(afkfvf)
R

B i R

£

EFF KT S 5 R ucey/ o

EFxLE v iE B vea

£ T Bk x/ey

26



Pt

Oy

Vr

FHEER
AERR
A g F TR S

% F #OLE G

I 3
£ 5= R K (T-Te)/(Q/ky)

27



RIENEE S E AL & = S g R S

Fixed Parameters

Variable Parameters

Fluid: Air

Cabinet: ¢y = 1331mm, ¢, = 210mm, ¢, =
548mm, t,, = 3mm, t, = 3mm, ky, =
166.9 W/m-K, k, = 0.21 W/m-K

Photovoltaic cell: Ny = 40, b, = 6.7mm,
by, = 0.16mm, b, = 5.5mm, by
=8.5mm, b, = 4.15mm ky 60
W/m-K

Substrate: sy = 25mm, sy = 0.25mm, s, =
15mm, ks = 25 W/m-K

electrode layer 1: e, = 6.7mm, ey =
0.24mm, e, = 5.5mm, k. = 280
W/m-K

electrode layer 2: e = 25mm, ey =
0.24mm, e, = 15mm, k. = 280
W/m-K

Arrangement of photovoltaic cell

Modules: dy; = 119.5mm, dy, = 87.5mm,
d,= 110mm, dy = 59.75mm, d, =
58.5mm

Fin: f, = 3mm, f; = 6.7mm, f, = 5.5mm,
fy = 40mm, k= 166.9 W/m-K

Heat  generation rate per each
photovoltaic cell: 5= Q <10(W)
Heat conductivity of conduction layer :
100=ke =280 W/m-K
Heat conductivity of metal plate wall of
cabinet: 26.3=<K,=166.9 W/m-K
Fin number: N¢= 40, 180
Arrangement of fins:
For N¢ = 40: fy; = 126.5mm, f;, =

119.5mm, f,; = 1183mm, f,, =
59. 15mm, fzr = 6568mm, fxs =
66.25mm

For Ny = 180: fy; = 126.5mm, f,, =
119.5mm, f,; = 24.58mm, f,, =
3mm, fys = 66.25mm
Surrounding temperature at region far
away from cabinet: T,,= 27, 40("C)

2 2~% Cx=75,N=6> &% ¢ Ra v Kpfin™ > 7 I R 52 B B
F2L8 & Oy
Ra | Rar Block 1 1313:1(2 Block 3
1000 0.15997 0.15039 0.13505
10° | 2000 0.15075 0.14436 0.13341
6300 0.13578 0.13341 0.12903
1000 0.10460 0.09689 0.08161
10" | 2000 0.09038 0.08860 0.08047
6300 0.08301 0.08137 0.07816
1000 0.04448 0.04422 0.04272
10° | 2000 0.04242 0.04218 0.04007
6300 0.04174 0.03972 0.03747
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# 3. ¥ k.=280 wm-K; k,, =166.9 wm-K, T, =27C B> % Q%
Nek] o SR # #EE R YR

Tu(C)
Nf — -~ -~
O=5W O=8W O=10W
0 78.5 101.85 119.6
40 70.6 90.4 105.7
180 66.8 85.2 96.7

Table 4 ¥ k. =280 w/m-K; ky, =166.9 w/m-K, T,,=40°C F > 7 F Q

ENe bl SR BEER R

Tu(C)
Ny QO=5W Q=8W Q=10W
0 91.6 114.9 132.8
40 83.4 103.4 118.7
180 79.8 98.2 109.7

Table 5 § Q =10W, T,=27CP*, 2 F ky % keX 0] BT » #58

B R
Tu(C)
Ky ke = 100 ke = 200 ke = 280
166.9 120.0 119.8 119.6
52.6 158.2 150.1 143.0
26.3 183.3 1773 1723
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(c) Ra=10°
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0,0551 -
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(a) Cx=5.0 and N, =4

e

(b) Cx=7.5 and N, =6
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B 12 2 FE#EOMB2ZERvE2BAATEH #7¢ k = 280
W/m-K, k, = 166.9 Wm-K, T, = 27°C, (a) 0= 5W, N; = 0; (b) 9=
10W, N; =0
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k. = 280 W/m-K, k,, = 166.9 W/m-K, T, = 27°C, N;= 0, % (a) Q=
5W; (b) Q=8W; (c) Q=10W
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Bl 1S 5 7 oAl dcE il P 8P PP ™ T B g P Rl o iR R A
TR HY Q =10W, k. =280 W/m-K, k,, = 166.9 W/m-K, T, =27C,
(@) Ng=0; (b) Ng=40; (c) Ng= 180
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