F40% 5545 ¥ 6 # 2 L £ X & 3 4 Vol.40,No. 4

201044 A JOURNAL CF UNIVERSITY CF SCIENCE AND TECHNCOLOGY CF CHINA Apr- 2010

N EE Y5, 0253-2778(2010)04-0363-06

AR S — 1L ARPHRE
N E R RFAAVEIUAR

Zhk.-F NI KM fFE R
CREFREHA A AR R TR R 20 A I 230027)

WERET AFHUGEEA U RKARAERE A% X ARH A TERX. 2 45FY
A RIR TARAE X fo o ot L F BEBR AT I 69 e HOK TAERE K 41232 37  A o) A AY T/ X 5
AHEET HRARBSEHGTHBER T AT T ETHE ML REA. 2 LTI RBE TEHEX
T AP EBERRL S CALRBERMAHT. ARTURFRBE KBRS 227.1°C, &
GMA KRBT AARBTRERKIERXT, AL CBEMESHT AEAERAEHA
54.8%0, KIafFHAEE A 4.32 MJ/m”.

KA. 5 AR KB R IEE B A KR ah RIZ: R HOK: o
hE4EE ., TK511+. 2 YERFRIREG. A doi:10.3969/j.issn. 0253-2778. 2010. 04. 006

Numerical study on a dual-functional
building integrated solar collector

LUO Chenglong- JI Jie; SUN Wei» HE Wei, PEI Gang

(Department of Thermal Science and Energy Engineering, University of Science and Technology of China, Hefei 230027, China)

Abstract: A novel system of dualfunctional building integrated solar collector is proposed- The system can
run in two independent modes: passive space heating in cold days and solar water heating in hot days-
Dynamic numerical models have been established to investigate the performance of the system in the two
operating modes- Results show that when the system works in the space heating mode, the indoor air
temperature reaches the maximum value of 27-4 C, with the maximum value of ambient temperature
being only 2.8 C: when working in the water heating mode under given simulation conditions, the
thermal efficiency of the collector is 94. 8%, with the solar heat gains being 4. 32 MJ/m”.

Key words : dualfunctional solar collector integrated with buildings; passive space heating; water heating?

thermal efficiency

WCRS F 8. 2009-04-02; 4&[E] H £, 2009-06-11

EEUH . BER B RRER4E (50876098, <~ —F H KR H (2006B A AO4BO4 ) v [l b AHFFE K e (863) 13l (2006 AA05Z412)
IR

EEEN . Bt 5, 1983 454t 4. BF5E 510 KPHAERH (ST AE - E-mail . xxlong@'ustc- edu

BRSEE . ZA WL/ R Email. jijie@uste-edu- cn



364 FEAFHRAKFFZR

% 40 %

0 5[5

TERPHRER W B o A LT EL R SR A 2R 5%
W Trombe 1% Z 451, Xt Trombe 35 £ 45 #E47 Mot
f & 4 Trombe 55 R4 f#JAESE Trombe 551
FE B — 4 ) 0T 48 tH A9 BT AL AR Trombe 3 5
G L R R 4 JB R AE 8 T B Y Barra-
Costantini R4 45 X R 55 A 8 HANRIF 5%, HEE
TAEEF Y HORBHRE (L B AR A& J& (BT AR AT
TE—SEa) B o 3 - — Mok, 7242, KREAREfitBE
RG] LIRS Hh 5 2 R R 75 5K (BAEEE HUC 75
BEBE R BRI B 2 RFHRE LR R O U Z.
RS R B T RGE AT
T HLK B BE 2R B2 22 96 09 A7 15 5 1 i S04 # )
S AEBHAE R RK R 5 d T RBHAE K &
GRS TR BRI A AR R i B
tE BRI 3 s R BH REFAR A B A A HE A P
KR B RN, P 5 oAy 5 38 1) A - [ B I 5 K BH R
K K R S ROK R G — L R IR PR
2RI . K BHRERK RGEAE A R TR X Y F B
KA A EE 2 R G 2 R T 3 &R 8 T VE A AU
R ARG % )y SN R G TSR T S
FUFME BT TE 5, T H 5 2 8 570 o i A
TCI R 75 K 5 - R I X6 K BH R i $oK R g4 T
St KPHAE R BRI HE S PR 1T X R AR
AT DA DA 58 22 G0 286 T 1SR TSR 31 ) J2 ToU
TN 1 (0] /8, I H 22607 M o RS s 60
{EX T #OK R G AR A2l T 2 B [ Bk 45
FRA i e

Hofip ek LA_ETRLEE oA 4R T SRR — AR
FHAE DAL AR R G5 1% R G0 1T LR Fl L
TARRER 2 — B3R R TAERE R 8 HUK TR
X FEAE P AT U B BN & 28 . KRG LIS
Kl TAERERIZ T 0= N s R % < 75 A 4E M B
WIRFRE 2 R HOK TR DL (it
A I RK 1 FR G0 AT LAk G B Y K FH BB B 3
K% 2R G AT H 2 5yt O ST R il 29 o HE T
F4) T . 171y EL3AE ] DA R0 B R PR B SR i A= TR HUK.

FERTEALR) S AL R PHRE DU S e &
G MTR AR, A S0 BN T R G AE P
TARRA A S G & 12 Bt SRR, I DL S
LSO 73 BT T RGAEPITD AR
B R BB -

1 RGEEHIFIIRE

HEF—RORBHRERUS SR R ot LR AR
FEHU7 ] R — AR B RE X S i b |
TR EROKAT IR TR S, 20 11 2 5
L SEF AR B RE XU S A B R A R &
A AZ A BT » TR R A S~ Al R TS 1Y i T
ity 1= SO TS JH O3] e P A A R A B e
XA R ER B — Rl N 98 14 22 ) B =S 1) 3

#wh [
KA |
Wn%
535 h 1L s
KR !

11

B 1 S5gEi—a& 4t RPARER E#ER
REEMEIE
Fig- 1 South view of the dual-functional solar

collector integrated with building
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Fig-3 Back view of dual-functional solar collector
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Fig-5 Simulated result of the indoor air temperature,

and measured data of ambient temperature

and the incident solar radiation on south wall
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Tab-1 The detail design of the dual-function solar collector
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Tab-2 Structure parameters of the facades in hot-box
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Fig-6 Measured data of the ambient temperature

and the incident solar radiation on south wall
(April 25, Hefei)
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and lower in water tank

4 ik

FERTHTAL SRR R B BE DU R 1Y
PP TR A0 IS T H45 A 1 S 5T
EAEPH R, T LS TR S HO SRR
BT RGAEPRE R PERE -

() RGLIB 3R g TAERE RS T7R Xt s [A]
TR S m B B R R TE48 U 2%
TR R 4 K3 o 13.8 °C & ik 3
27. 4 °COM IR R IR 2 RPN 2.8 Cogm B
#56.7 C.

(1) BB SR AEvk BRI TIERA R &
GeAr R AR 7 SO KU e R 5 oRRH H B %
I T AR UL - X R R G KPH B a6 AR &t
ARFEL A I B3k o] AT 45 25 s Al {1k 9%, 2R 498 A i .
T 4 R

(D) ZE IR TARBE R 2E25 B BSRAET
BTSSR S RN 54. 820, KBTS #
MR 432 MJ/m”-

&k (References)

[ 1] Akbarzadeh A. Charters W W S, Lesslie D A-.
Thermocirculation characteristics of a Trombe wall
passive test cell[J]- Solar Energy, 1982, 28, 461-468.

[ 2] Zalewski L, Chantant M,

Experimental thermal study of a solar wall of

Lassue S, et al-

composite type[J]- Energy and Buildings, 1997, 25
(1), 7-18.

(F#% 405 )



LR

AR BH RSB L RIAMAEE Ni 2R E B 405

Lett, 2001,78(4),419-421.

[ 3] EdenJ G, Park S J- Microcavity plasma devices and
arrays: a new realm of plasma physics and photonic
applications [J]- Plasma Phys Control Fusion. 2005,
47, B83-B92.

[4] Ostrom N P. Photodetection in silicon pyramidal
microdischarge [ D ]- Urbana, Illinois: University of
Ilinois at Urbana-Champaign. 2004.

[ 5] Wen Li: Zhang Qiuping, Xiang Weiwei: et al- Design
and fabrication of the microplasma reactor for maskless
scanning plasma etching [ C ]//Proceedings of the 4th

Nano/ Micro
Engineered and Molecular Systems- New York: IEEE,
2009,577-580.

[ 6 ] Buder U von Klitzing ] P. Obermeier E- Reactive ion

IEEE International Conference on

etching for bulk structuring of polyimide[J]- Sensors
and Actuators A Physical, 2006,132,393-399.

[ 7] Exan. wiErs. a4 e KT 6l E F o s HoR
[J]- e 57, 2001,23(1),68-73.

[ 8] sihte, BRDUifg, il A, 55 # B BORHI1E 4 8 Bk
FeHAE MEMS B [J]- 2 Sk oA, 2005, 30
(12),15-18.

(9] &%, BRVuifg, {1, 3. 728 Kl # & J8 VR 92 2L
MEMS LZH i BE[]]- FFEHA, 2005, 30(12),
12-14.

[10] Groth S Kriiger P. Wildermuth S et al- Atom chips:
Fabrication and thermal properties [J]- Appl Phys
Lett,2004,85(14),2 980-2 982.

[11] Jiang W, Ahn J, Xu F L,et al- Fabrication of a low
operating

voltage  diamond  thin  film  metal

semiconductor metal photodetector by laser writing
lithography [J]- Appl Phys Lett. 1998,72(10).1 131-
1133.

[12] SRR, BAEAE, T T, 5 WEFE TN SR S Ho A e 1Y
IE0I]- Heb bt 2008, 41(2) ,57-59.

[13] BROBLL, T, B bE, 5. AZSZIAE [P L 21 e i PERE
R EHAER S TZHR VA [I]- Shaes K 2005, 36

(2),431-433.
[14] Franssila S- # i T 5w [M]- db 3. 27 Tk
7. 2006.

(157 e B8R T ke, 45 AL Au DSV 1 20 55 Fe R
JE[1]- B2 R S A SR 2005, 25, 112-114.

[16] @b, 2 . SR BOR B [ M ]. 138, % FL 2
Bk 1996.

(E#% 368 )

[3] 75 %6k, Fi 91, %. % PV-Trombe 319525
1] oPEBLEHA K. 2006,36(1),319-354,

[ 4]JilJie: Yi Hua. Pei Gang. et al- Study of PV-Trombe
wall installed in a fenestrated room with heat storage
[J]- Applied Thermal Engineering. 2007, 27, 1 507-
1515.

[ 5] Buzzoni L, Dall Olio R, Spiga M- Energy analysis of a
passive solar system[J]- Rev Gén Therm, 1998, 37,
411-416.

[ 6 ] Ciampi M. Leccese F, Tuoni G. Ventilated facades
energy performance in summer cooling of buildings[J]-
Solar Energy. 2003, 75, 491-502.

[ 7] Kreider J F. Keith F. Solar Heating and Cooling:
Active and Passive Design[ M ]- 2nd ed- New York:
McGraw-Hill, 1982.

[ 8] Matuska T, Sourek B. Facade solar collectors [J]-
Solar Energy. 2006, 80, 1 443-1 452.

[9]Chow T T, He W, Chan A L S, et al- Computer
modeling and experimental validation of a building-
integrated photovoltaic and water heating system [J]-
Applied Thermal Engineering, 2008, 28, 1 356-1 364.

[10] Ji Jie; Yi Hua: He Wei, et al- Modeling of a novel
Trombe wall with PV cells [J]- Building and
Environment, 2007, 42, 1 544-1 552.

[11] Duffie J A, Beckman W A. Solar Engineering of
Thermal Processes [ M ]. New York: Wiley-
Interscience, 1980.

[12] w b5, B oCEe. AR [M] deat. S5 8 F R
%1, 1998.



