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Development of passive solar window with variable thermal parameters

JIA Jikang, SI Peng fei, RONG Xiangyang , SHI Lijun, YANG Zhengwu
(China Southwest Architectural Design and Research Institute Co. , Ltd. , Chengdu 610041, China)

Abstract: Aiming at the contradiction between the high total solar transmittance required by the passive solar
window for solar heat gain during the day and the small heat transfer coefficient required to prevent heat loss at
night, a passive solar window with variable thermal parameters was developed to achieve a step change in the heat
transfer coefficient U and the solar heat gain coefficient SHGC of the window. WINDOW and THERM software
were used to simulate and optimize the thermal performance of the window, and the thermal performance
parameters under different glass combination forms, window frame profiles and window frame ratios were given.
The simulation results were verified by third-party testing. The results show that the relative error of simulation is
about 4% , which can meet the accuracy requirements of engineering applications. For passive solar window with
variable thermal parameters (G3 glass system), when the window sashes are opened during the day, the SHGC
increases to 0. 69, and the solar radiation entering the room increases by 82% , which means that the solar heat gain
is effectively increased. When the window sashes are closed at night, the U is reduced to 1. 66 W/ (m* + K), which
can effectively reduce the heat dissipation of the window at night.

Key words: passive solar energy;building heating;solar window ;solar heat gain coefficient
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Fig. 1 Construction of passive solar window with variable
thermal parameters
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Fig. 2 Solution flow of window calculation model
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Tab. 1

WESH

Glass parameters

WL /4
e KmaEy o MR

P2 U EatR mmsR
W/(m - k) BHE Ty
T, E1/E2
W B 1.0 0.771  0.884 0.840/0. 840
Low-E B 1.0 0.642  0.857 0.068/0. 840

x3 ERRHHELREH
Tab.3 Boundary conditions for heat transfer

coefficient calculation

SUR LS ZH
EWNERRE T, 20 °C
EHERIRE Tou —20 °C
E X AR REL b 3.6 W/(m® - K)
EHNH TR REL e o 16.0 W/(m® - K)
T HE B A I A R L A 8.0W/(m® - K)
ELETBUE. U ARtk L Y- 12.0W/(m* - K)
NIRRT T 20 C
EANP TSR E Tonon —20 C
ENEAE TG 0 W/m?

PR 2R G0 30 G R T HE B0 A% P R B0 B AR
THERM #pF it 5, Hw ) 1 HE it 2 4 T A6t
RINE 3 PR, BEASH WINDOW it 253 it
H)E SN THERM &4, HFEEARE PR,
KM Z PSR EHE, SRR YiES
oA 2 Prow. UL 5 A 0 B R e G ) 7 B
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Fig. 3 Node section of window frame
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Tab. 2 Thermal properties of different window frame materials

2 B
WEMA EAERM R #mEs
a) b 4%
5 A4 et EPDM A5
SHRAH A
160 0.25 0.25 14. 3
(W/(m - K))
R E 0.2 0.9 0.9 0.2

2.2 EMERRERIGIE

ZER I O Ul {BR 1. 24 W/ (' - K),
AEFNTSAAEEEREE U, KB R G D %GR
Z2H U, H&EAME, B4 RHAEFELNEX )RR
TG HET S B RIE R, B A () THHE Uy ol
2.29 W/(m’ - K), B4 Uy H 1. 74 W/ (m?
- K), Bl 4(b)&HE U, fEh 2.32 W/(m® - K),
PN % U,y 1.75 W/(m® - K). HE& P ASFEGR
PRl gt SR o AR A G R U, & 1.66 W/
(m* « K), BERESAWE S Frx. =80
LR X 7= U, HRSEI 4580 1.6 W/(m® -
K)'U i 6 iR, LRk 4 %.
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Fig. 4 Isotherms of typical window frame nodes
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Fig. 5 Temperature distribution of the whole window
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Fig. 6 Third-party testing of window heat

transfer performance
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B, S 2 B R BH AR S NN, R A SR A
B, WA, A= NIRRT )
WETF . SRR T & P B PEREEAT AL 7.

BARIRSF 1.5 mX 1.5 m, i+ R 5 AR
Cot 30 1) 7 B 3 5 B P T SRR ) (JGITI51-
2008) 3k 4%, &P R B F LR KR S,
SHGC i+ Rk 4 Bros.

*4 SHGCiIHEMLFREH
Tab. 4 Boundary conditions for SHGC calculation

BUESS LS 2
ERNEWEE T, 25 °C
BN RIRE Tou 30 C

ERX R REL b 2.5 W/(m® + K)
FAMF IR REL Do 16 .0 W/(m* - K)
E NP ERSRE Toi 25 C
AP FRSRE T o 30 C

IR BH % 5 BREE 500 W/m?

HERILE R IFE 5 i, WEBIFEN, SHGC

B 0.69, BEN A K BH 4R 5T 4 P 8200,
[y, FAHEEL R 0. 31 FEAIRE 0. 16, FEAR 1 & HE Xt
R BHR ST 0 IE AR N, R T T & Z KM
REFIH. WTUWOGE ST L Toofh 0.47 M3 % 0. 74,
nl ARy S A B M RE AR, N T B SC T,
FU, BEEE 1.66, 5 Low-E 3¢ 5%} b i 41 4h 5
SHe R R R AR, R R E A KRN
B AT, WK AR NSRRI A, [
Low-E BRI al WOGH) @S ik, 5 T fRIS1E
0.47, HZEH K HIAESE P A 7 J L BE fRIIE—E A
®5 BAPRREBSITIATEAEEE

Tab.5 Window performance under different operating conditions

pNEEES
R U I3
T g U o KR
W/(m® - k) B T
SHGC
FW ., AhERE 0.31 1. 66 0.38 0.47
T B, 0.16 5. 30 0. 69 0.74
KA SR

3.2 EEBREEANE P EER NS
H T 14 i [ 4P 45 44 0 RE 3 55 R 62, B LU
XL AN WA BT T RE R R U BL, b s B 5T
PEVESMR . Low-E BHE . HABRAE, Ak
I 5 FhI RS R G BEAT XS LALLM B B0
ARG ME 6 Pron, Hep Gl kil b2 97 5
&, KA TSR R &I
®6 HBAFHRFHEIX
Tab. 6 Typical glass system form

%5 B RGP/ mm
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G5 6B +41 =R +6Low-E+0.2 HF)Z+6 FEH
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Fig. 7 Comparison of window heat transfer coefficient os
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Fig. 8 Comparison of solar heat gain coefficient and
daylighting performance of windows
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Fig. 9 Comparison of heat transfer performance between

aluminum alloy and GRPU window frames
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