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Abstract

It is essential to know the flow characteristics at the risers of Flat-plate solar collector
for optimum design. For flat-plate solar collector, it is difficult to experimentally study
the effect for the number of riser in the collector for the economic problem. So, this study
‘was performed to show the flow characteristics of flat-plate solar collector with the
number of riser using commercial code FLUENT 6.0. The base collector size is chosen with
2 m” as 1m by 2m in this study, the mass flow rate was estimated 0.04 kg/s using the
mass flow rate of 0.02 kg/s per collector area for the certificate test. The number of riser
is selected 4, 6, 8, 10, 12, and 14. Through the simulation, the conditions with the risers
of 10 or 12 is shown as the optimum design conditions for conventional flat-plate solar
collector considering lower pressure drop and more uniformly distributed mass flow rate
for higher heat transfer rate without considering heat transfer.

Keywords @ H#& Fd7](Flat-plate solar collector), X (Riser), A4 (Number of riser)
F8IZ=(FLUENT), #5524 (Flow characteristics)

;(_])uoéz]_ 20071,,:] 8_é 701 QA]—%E%]_Z]— . 2007“1‘1 9%_ ]-902T
HAA AL+ 213w (doctorkjb@kier.re kr)

Journal of the korean Solar Energy Society Vol. 27, No. 3, 2007 143



2EH 91/ HBY HDY AB5d g2 SEEA i FAHH AP

1549 597 A8 S Bdlo 47 208 23ete AL

AREARQL Holuh A A HollM EgtElsirt. &

AP =zt (Pa) 3t 719 Ao it AA s 2 2E31)

o[ Fo)A UA| go} theket MgEol digh AE

.M 2 AR FIsld e ozl U Aoz ddt
Hr}

AAA FHAd HIE JE7E 479 T35 =3 JE7) AAS A RlsEA (1
old] AAH o A A& Telw EFF] F ATY IOl ) AT Sl WA, 7 A F
Bow FAHNA Ut o e ARHE HE XY fE Fujg) okEE Tl Oig M
stefets, S shte] #wo g slo] Hx A FAAM HE7Y F2 F2o dig A7 2ag
e o AU 8 2 glon e 72 AFog
2kl A A ZPA0R FFaS 44 32 A mebA, E AFoM 9 o]l FLUENTSF 22
g = & Aol AE4AEE 01%6}0:1 fAste HAS] fFEXTS

AWZ Ve Huy 7dr)9) 2B IS
A 72 3l 0.56 m x 1.1 me AE7)2 A
sl 21 B3 2FAA GADd AES
St o1& B3 HHE FYr|o A #o| wjdo]
L7l d5Es S
o}, oot g ] ;ﬂ = T SA5k] £ 19 F

A }_7401] [L}..._
@A) oA oam Hog ;ﬂ.% = A A
G719k 712AQ AelE B .
Jv BRY g 2‘%7191 A SlolA,
W4 39719 2718 Agetn U 303 A2
o 4718 ARsloof g}, T} 2)He] 7]

2 AR 98 283 A\Be) Ty AThe] 2=
a2]a w3 wel ddo] AALS 35t =)

g ARste AL 4t w8 ge g ) o
ohA, FE A #HY A= FeFo R AAEn

Wil e T 7|9 A2Y71E u8 s
o Aste Ao vigAlsit}. o|gA A7)} 4
FE I YA A B 2AF Al it} o]

€ Hell Aoz ddo] HEVE Az A

144

)& Aot} B AL o) ¢33}
o] %‘j“’aﬂ?lo A7)E ¢ 2 m°E f'ﬂﬂﬂ ENMW A
59 49710 del 448w gle 1Y) 2
3, T 25A8, 19431 2| T
fog Adedr. s x|wol
10, 12 2 1490 oz, BE AL
%“— N 2 LA HE
Al ALHE e gdedd 2
0.02 kg/s 2 HE ?:*0121 0.04 kg/s(+%
16) 2 1gsiltt. 3t 79 S (ReP) & #
Asl7] Yt 7l 3 1.0G(0.04 ke/s) =
ated, 0.5G¢}F 1.5Gol| tisiM % AlLHS 435}
ole] A3E H st

Ooom;&f”

2. WY IO K2 TX

|

=

2 ALrle T 1948} o] 3
Bl Fae] AWl Yk de Ao ABow
4] gtk ABe A 278 Foo I
Aso] glek. dAl Feld AEE BB o

393
2

4 1d719 A= F 2 m*(1.0 m x 2.0 m)
2 T 2FAR g3 AL 8A TV =
A ALt Ut

SIEIZ0ILIRISS ==& Vol. 27, No. 3, 2007



*_Q —
E
@g__vf-’rﬁ]ﬁ%
d8 1. BEd Y| JE9x
3. R M
g%ﬁé 3 <E719] *n'ioﬂ/ﬂ GEEAN AL

£ olgdle] MPHAL, r
gt
A9E 248 B fEoR s &5
T WHNE F7] 99 RehE T 2545
RUE A g3fclof shA)uk rﬂrxmg Gzl
el f59 A4S AAE 9ol Bi 2
T A&7l 55RE B A /‘}Oﬂ M+ k-e9] RNG &
9 olgadnt. 47 SEzAe G Yl

o] I+ 24588071

9| ghez At Adts s

ATt AAZAL 74 7 fdsle SR o
A3 &7 AAZHEL outflow THLE A|A

sttt

ag 2. siME Qe 2m® 3712 FYy| HA X Mesh

3.2 & 34 A=

(1) Al#pd mE 554

2 At AL-g AT ol mhE Yot =
TAbololl Mo} tEed 44 O3 33 Zrh
0.5G, 1.0G, ¥ 1.5G E5oA x&57}) 1270
QA Aol 7P v EHEd S e ALt
of H&H EE A distd FU dF

o 15 QE A7) STVt 2 S
THAA 9 Reg= W37} QIR A d7} 27}
gof wet 7} X]l*i—J g2 A =,
olo] Wt ReF = HaetA €}, oA 2 x|
AM Rer7t AasiA S ga&Adol 1h4s
Agk, Ao SR Qs fedo|7t 71
© A Wolvt, wekA A#EE 124 7= ¢
= 01 ettt 1470 A=rt HE 12719 H)

Sl Redis 27 42SpT §52018 F7)e

Journal of the korean Solar Energy Society Vol. 27, No. 3, 2007 145



2EH ¢ / BBY ALY A5 e §

A3l o] FrtskA B (a8 49 )
ool WE A # Ho Red T Z FX)
3500
A
00 | A A
_ A
2500 |
' A
20 [ @ . A
) . .
9 10 ¢ °
m
1000 | ] N
[ u » a |
[ |m05G|
001 ‘QIOG'
' A5G
0 .
4 6 8 10 12 14

SER

38 3. X0 mE AYI| AET el

Aol whe A ¥ 3 £¥x= I8 59 2
o A7t T7Vel wfe} s E 4Tl g g
o 22ja A#
et dEe 7 4 5 3o ) s
25.0 %+2.0 %, 6709 B 16.7 %+2.3 %.
8 7B+ 12.5 %+2.5 %, 10709 A$&
10.0 %+2.7 %, 127491 4% 8.3 %+2.7 %,
14749 %= 7.1 %22.9 %014tk

1200
. ®0.5G
00 | A OI.OG’
415G/
[l B —
= A
L
A
g 800 A A A
=
=
2 °
g
;o .
o4 ¢ L V'S ¢
=
B 400
=
3 [ |
u
u u m ™
200
0
4 6 8 10 12 14

A

38 4. X0 T X[ H0f Res

146

7b 27490 Wt BF Aol

30.0%

250% | *

— 20.0% }

bH |
ak [
W 15.0% }

)

RNy

5.0% I

0.0% L

SE

8 5. X[E=0ll ME A 7 X

e

mebd, S Had JE7| ZuldM e H#F A
Hre HE] 48 AP 18 o 1094 12
N A=Y AR et o2d Adre &
A EFAA 7P del A&t de 7ol
= 3t

(2) 2 Q85 FEEH
2 ARz §5EAS ey 98k ¢
# QPANRE WMES Ro 2o] dol, A%

o] 47§91 A$el= R1, R2, R3, € R4ZE AH
sH Tt
0.29
0.27
T 025
&
g 02
5 [
2 oz |
s
0.19 | I
: —8—0.5G
017 | _:_:z
0.15 L

Rl R2 R3 R4

a8 6. 40 X2ruMe] X2 wetk BE

elEiZUILIXISte] ==& Vol. 27, No. 3, 2007



020
0.19
0.18 |
o017 |

0.16 }

015

0.14 }

Mass flow rate ratio -]

013 §

0.2 | r_‘—ﬁ-SG
i - 10G
011 g i;'*‘“UG

0.10 k

Rl R2 R3 R4 RS Ré6

T8 7. 670 XiZ=roiMe| X2 wEf BX

D7) 4, 6, 8, 10, 12, D 14719 790
7 A S8 2y 186, 7,8, 9, 10, 2 1
2 113 2o] Jehgoh

.16

0.15

0.14

0.13

Mass flow rate ratio [-]

0.12

011

0.10

Rl R2 R3 R4 RS R6 R7 RE

O3 8. 874 KizcofiMe] X2l wEt BX

015
0.14
0.13
0.12
0.11
0.10

00 }

Mass flow rate ratio [-]

0.08 |

007 | —8—05G
: -4 10G
0.06 [ —-&-—15G

0-05 L L L L L i3 L _—
Rl R R} R4 R5 R6 R7 R RS RIO

33 9. 1071 X|BroiMe] X2 72 BX

015

: |- 106

0.13 | [;'_‘ -—1.5G!

012 |
011 F
010 |

0.09 |

Mass flow rate ratio [-]

0.08 |

007 ¢

0.05 L L L Il Il ! L L b L L —
Rl R2 R3 R4 RS R6 R7 R8 R9 RIO RIl Ri2

22 10. 1270 XZ=eolMel AT 78 BX

012 |
1
010 |
= 008 |}
9 [
S
8
E 006
=
[w]
.
2
= 0.04 i
—m05G
0.02 - 10G
|- &~ 15G
O.W 2 1 1 1 1 N 2 § 1 H

Rl R2 R3 R4 RS Ré6 R7 R8 R9 RIORII R12 RI3 R14

38 11, 1470 X|E=rolMe] Ri2HE 73 2X

8 12049} o] A|#57F 107091 7
2 e AN FERTE Q7o)
7Pk AR dET dEmAPE AlY
Ve, 7olA] doldss g8 ksl
of QeI Zpeko] ZHAshHA & o
date A SoAEt Al F7IsH €0 viA|
o o JF 7RE AT oAl AT 4E

Journal of the korean Solar Energy Society Vol. 27, No. 3, 2007 147



20 ¢ / B3 AL719 Adrd bg 554 dig

AaH AT

7 QA AY A e

1600 §
- 1
A WO05G In |
1400 | N [J0.5G Out
i A . N ¢ 1.0G In
1200 | A © 1.0G_Out
. A A
; A A A15G In
- 1000 | @
2 : . A A A 1.5G Out
o 3 ¢ A A
=)
p 800 Fo © * 4 A
3 [ v * A
600 | A
L o * . .
i O O [ ] - ¢ o
a | n
i O O [ |
200 “ a O
0 r

Rl R2 R3 R4 R5 R6 R7 R8 R9 RIO

38 12. 1070 XZrolMe X2y &7 AHRE

i@ 9 REEYL FuEd 49 Foe}
oFF RS & 4 Atk Th £ 7o) Aap)
3% 6~117 o] A

o] Belstsich
(1) 398 B¥d 997] 2719 o) BgHE
BAG FYAN 71 A FPEAS

= AR 292 e e A9

d

148

= ok 1094 127) A= Aoz AAFU

-t} ol E ABrE 7|E Ao E A2

1950 AEr) M 9] A Fe} u)- FARE
£ ¢ F Ut

(2) ABre} 73 2 24 235 AT Y
ZT7AY GHEEE o] oz Al
AN )23t o] 249 dFEXE V)
Z a3 Azlel & dAFgE & 4+ AUt

(3) HAY ejdd A7) e A5 &
Aol EAGE 1A ¥ Ao, A
7 FolA 7Pg REEHAA 7 AL frEol
zan o|Z FAozZ o HLE FTlehe
IEA dy9] fF EXE Yehidd

S

E d7e duixidelsde] drRRlees 3
HAE. (FA S 2006-N-S002-P-02-0000)

37 E s

2, G, 7Rl fAlg e, 1994.
A. Duffie and William A.

Beckman, Solar Engineering of Thermal
Processes, pp. 275, 1980.

et 2OlILIRIEkS] ==& Vol. 27, No. 3, 2007



