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Numerical analysis for the optimum design of a triple-glazed
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Abstract

The fluid flow and heat transfer characteristics of conjugate forced and natural convec-
tion in the triple-glazed airflow window, where the outer air passes through a space con-
trived between the interior and exterior window panes, were studied numerically by a finite
volume method for the elliptic form of the Navier-Stokes equations. The investigation fo-
cused on the influence of window geometry, ventilastion rate and solar energy on the tem-
perature, velocity distribution and thermal performance of the airflow window. The compari-
son between the triple-glazed airflow window and the enclosed triple-glazed window was
also made to evaluate the effect of buoyancy upon which the thermal performance of the

window depended.
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Air Glass Table 3 Specificat.ions of the t-riple—glazed
Conductivity, (W/mC] 0025 0.756 airflow window used in calculation
Density, o [kg/m’] 1.240 2550 Aspect Ratio(W/H)
Specific Heat, C,  [J/kg.C] 1005 754 0.03 { 004 | 005 | 0.10 | 0I5
Kinematic Viscosity, v [m?%/s]| 1.414x10°° - Width, W [m]] 0.027 | 0.036 | 0.045 [ 0.06 { 0.135
Prandt] Number, Pr 0.712 - Height, # [m]} 0.09 | 0.09 | 0.09 | 0.09 | 0.09
Absorptivity, A - 0.139 Space, S [m]]0.0045| 0.009 | 0.0135 [ 0.036 |0.0585
Reflectivity, R - 0.789 Thickness, ¢ [m] | 0.006 | 0.006 | 0.006 | 0.006 | 0.006
Transmissivity, T - 0.072 Clearance, C[m] | 0.005 | 0.005 | 0.005 | 0.005 | 0.005

Table 2 Numerical conditions of the triple-glazed airflow window

Reynolds Number
100 300 600 1000 1500
Inlet Velocity, U, [m/s] 0.1414 0.4242 0.8484 1.414 2.121
Room Temperature, T, [c] 22
Ambient Temperature, T _ [C] —1.2
Solar Insolation, 7, [W/m?] 10, 400




714 3% JAZel AHEAE

vz Auzyeel 9 #5 2bsh: 39
nelth 99 9717 fARe ERets B 3]
o HER AH(Qu/Qu) e BTl BEFE

HFEdEAFe

%_/}:}sl

F7hR wrgol AW RFE S
Yot Wl o el shke B kst
Ao vehdrh. o 2o Hgen Fast
7b dAg AR e 10904, AxrAzst
AL vud A% M2 F dH e e & 7
c}.

32 REX YU 2EF

30 ux rlr

Fig.4¢} Fighe 8714 3% H4E39 3@713(1?
e), & Re=3000]31, [,=10 W/m?*Q Ao *
Aol wolo g Wule H(W/H)7 0-03,

0.04, 0.05, 0.1, 0.15¢1 A9 3 §-53 2 £
S e S Zh2) el ey, Fig.6& o] Ao
20
l: Present
P Exact
10F T T G/ |
C\}’? 0 (Qroom™+Qams + Quir)/ Again /~Qars/ Qgar
o | |
-10 \\\\%
I
*2(‘\3;‘ - 55[5 ‘‘‘‘‘‘ \‘Obﬁ 500
Re
(a) I,=10W/m*
0.5 1
Present
£xact I
T 0/ Qo

LLa gy

7500
(b) 1,=400W/m*

Fig.3 Comparison of calculated heat fluxes with
exact on 0

A% FAHA AT 491

gk £ Jepd Ao, eldlA {5 4
WEe Ased W/H7 0.03 2 0.049

1
— I~
AL o= nadlt Y %E(recirculation flow)

o] WAt FH ofF FRRES 7] Yeh
A 1 fFEERE oot vay ﬁat& 528

EhiE e & 5 Atk EEgolA Bd W/H}
4845 SR} 2 Hed, o FUw
Reynoldssell thafe] AlMte Aol v]elst], &
e W/Hd #ees et ddizes
A depdoh wety W/H7F eas 91—‘?—
FElBE e AgRsy a7 vad A
7} Wl 97] dEdo] F Aoz o ol?lt}. ld
L W/H7E 00591 Bg-ollie delol 4 f2%
FRHAF Rl b elA R fAPE e
A Bt 545 FolEn, R nT
7h A3 ek A%e vebdoh @3 W/H7
013} 01590 el B o+ #od 33

(a) (b) (c) (d) (e)

Fig.4 Streamlines for [,.=10W/m’ and Re=
300 at various aspect ratios;(a) W/H
=0.03(¥ ....=0.0056, & .,.= —0.0002),

(b)y W/H=0.04(¥,..=0.0057, ¥.,.=—
0.0003), (¢) W/H=0.05(¥,...=0.0063,
¥.=—00007), (d) W/ H=01(¥ .=
0.0080, ¥ ,.n=—0.0033), (e) W/H=

= —0.0054)



492

Fig.5

Fig.6

HEA 2719

(a) (b (c) (d) (e)

Velocity vectors for I,=10W/m? and Re
=300 at various aspect ratios;(a) W/H
=0.03, (b) W/H=0.04, (¢c) W/H=
0.05, (d) W/H=0.1, (e) W/H=0.15

(a) (b) (o) (d) (e)

Isotherms for [,=10W/m* and Re =300
al various aspect ratios;(a) W/H=0.03
(6 nan=0.517, 0 mn=0), (b) W/H=0.04
(0 wan=0.601, 4 ,.,=0), (¢) W/H=0.05
(8 ,..=0.636, () .n—O), (d) W/H=0.1
(6 na 0640 0 win=0), (e) W/H=0.15
(6 pi=0 )

AE& A FolFv HIE bR ojnie A
= oA el Tl vERd enge Ak
Ao g e, F ool3te] 2Rl of o

A by,

i
2
.y
I
2
0 2
r_

o Addhel ofd el 5
AEE 3% S e AAe flge sy,
ol Fr]4 AAAE xE e o) Qlolrl 2 v
FOR AR 5 W) WEelth WX WwE 3%

i B4 2] el diadow
W/H=0.12 HAFa] i3t fFuz 9 exzo
Fig.7¢]l vepigith. Fig7(a)s [,=10W/m<l
Ao ek Adog glgdo] o3t ko] a2 g
7) ufoll @)t R R el gkl Mol 21ed
& e fulE 4o s 180° Ay mokw)
fAFEEA Ltehob, w238k Fie o) Alo) k] A
og dAdde o A B Fig i =

400W/m*Q) ZAg-of s §%4 2 &nyog 9
7ol =& 9% & ]io B A 5 Sltbe] ©

wAh Ey) e R2 Aduiel o o
& WA 63 9] 4}':‘} Aol &y, Wy el
B A A Ao vl ofsln ApykiEo A
= 7kl Tr‘r]‘—’] ».‘?;L:/} A ercrc) by E
of e Al ubgFo) Aol BAHE yhaket 4= 9)
o},

Fig.8& duje 35 e g La(W/H
Halo)] whe ¢]v] AEHE dAgko] 10W/m? |
400W/m*?) 1% o] Ueldl Aolu}. ankzl
o oY) AEACHYg) e [ =400W/m*s] 45
7 I=10W/m’Q) A3} o] 274 vhejvrel oo
Huk W/HZY 0.05(5-2) 7728 13.5mma)) olst
ol A - A By W/H 3 /}6" ’% M S
A%e Holup 21 olae] WSlel K TL ha Fo
/‘]9} Qle A oir vhebebel, whaka] M odiroe] o)
it e WalE 3 49 xolo] Gl 7k o
ek 0.045~0.05 41am sk Aol vhib #Hsh
O

Rodkchyich 8 g 3% }}o‘g ol 1 @)
1

_4\
\
2
2
X
“—:—'1

7]



714 3% WAl A

It

(b) 1;=400W/m?*

(a) [,=10W/m*

Fig.7 Streamlines and isotherms of the enclosed
triple-glazed window for W/H=0.1;(a)

¥...=0.0089, ¥,,=0, 4,,,=0.925, 0 ,.
=0, (b) ¥,.=0.0134, ¥, .,=-—0.0017,

6 wan=1.979, 0 nn=0

214 st b 9] dide] %“01 oE A
}6}711 vehdsd, ole fvldl m&E o5 Rl

& ol Mel B HEol %APB‘} Al ekt
qu‘}Oﬂ v datg gekec

34 falziz sslel WE A

Fig9(a)= 714 3% Hd#e l
2NW/H) Wstel] whe )y g
2! 7’°°ﬂ thate] Yepd Fol
= W/H=0.05 o|&el <
# a‘-ri—i- wAs 7tk AEgE
o] H9lell e s 2o} R}

vhERdTE o]21d A& Reynolds =7} #He:
2 #A5A e, Reynoldsszb 2 2%

1500) el felzt4, & W/ el wslof o
dgFo] obs wAl el 58] Felte, W
/H=0.05 o]42] gdo|| = Reynolds4=7} 600,
1000, 15000014 271 d&Ho] He| HAlstA L}
ElL} Reynolds4=5 Z7lAIAS o)) @420 v

7 ol Ok 2 P A 111 —y =1 —
o4 7FAaE] A ¢ Ao g o &3 9

e e

I =10W/
'1‘i'°ﬂ*l 9]7]
Aol Al W/H7}
Holm, 1 o)Ak
At 7ol A4

= r},\.

H

Ou.

ol

HAAIE A =S A 493
30
le=10W/m?
B 5 \ t /m
£ A
oI
= 3
] 20)7
S
15
E' —_—
bo(lﬁJ_;x_LJ OIOQSJJ; 140 d 1\(:). . 315
W/H
(a) I,=10W/m*
120, —  — -
[ \ L =400W/m?
E 1100 \
~ 3
Z \
£ \
I
I 100
E N
o oL S R R

(b) [,=400W/m*

Fig.8 KEffect of pane spacing on the ambient
heat loss of the enclosed triple-glazec
window

Reynolds—;;y} 2 790

Aol fFuzt 7 =
S7h8he ’o’f%}% Kol ol& frejxtze] #Ad4
el FWelA 22k fgol 2 Al
ubs d@upi kv Fig9b) e Ak felzt
2] Wglell wpE oly] &S [=400W/m#sl 4
Sl thatal vhehd Flelch. o] o thet 9]
d;l: Ho] Ao slRAow [=10W/m?l 7%

BN 5 S S Aie R B R A= 151 PR R = RE -1 Od”k:?z%

LZIO\/V/!THOJ ASnrl Wsrl g Aow HW
oL}, A4 dslke 1=10W/m*Q) A$-xuc) ot

FAsHE e ¢ A

35 |2 psjol o2 Qs
S1A ARy Folee ﬁm sl s

o] whep L



494 AEA 2719

25¢
20F
E I
E L
¢ 10F
sf
;LI T A S
o%0 505 010 815
W/H
(a) I,=10W/m?*
150
H *>eesee Re=100
r ——— Re=300
- +wsrs Re=800
- L ——— Re=1000
= 100 0 e Re=1500
~ -
= |
[
o |t _
I 50F N —
O%OL AAAAAA ‘()"Olsl“llf‘ 0410 J O 015
W/H
(b) 1,=400W/m?

Fig.9
ent heat loss of the triple-glazed airflow
window.

dgol Waw s wFol At Wl o8 K2
24 B THOHE felPe A2E, felY E

A L Frlel 4 Fol M

s
i)
=
X
$ 3
o
o
lo

Al ho] A UrkH F7)e] {0 F Myt =
t}. $7)%, = ReynoldsFe] #Male] w 97 4
=48 *ab%yu# Fig.103% 2t} 8o d Re=0
ol Ao Re—09l Z7io 2l WaH® 32 Y

de] A ARe} FAS e dEbAch Fig
10(a)E I,=10W/m?Ql A9 thgt Reynoldss
o] Walef W& 9|y] dEHE L}EM Zoz duk
X*Oi 97l dEde fEid, & W/ HW 4%
£ BY 323 Reynolds$=7} %/};}OH el A
o}ﬂl Fageh Clepv 9y] EEde W/H=0.1
o]4be} groll Al Reynoldsg=o] #ialel] whi} 7o W
37 glo] Msed k& Jebdth oeigh fé?‘z}
Fig.10(b)oll A & | I=1

1l

Effect of Reynolds number on the ambi-

30

,
oeseo W/H=0.03
e W/HZ0.04
_ —— W/H=0.05
g iR
% =
<4
10
OO +
(a) I,=10W/m?*
150
L
r oeeeo W/H=0.03
s W/H=0.04
= s W/H=0.05
£100 W/H=0.10
~ b N e /H=0.1
z
£
e
130 S Tme
F
O llllll 3 § U S SR S T [T S B RSN
500 1000 1500
Re

(b) I,=400W/m’

Fig.10 Effect of pane spacing on the ambient
heat loss of the tripe-glazed airflow win-
dow

A FAH vebdoh 2y o] HSole
Reynolds7} izt Z7ysld W/H7Y 255 9l7]
dEHo] gl Fvlske 73%% Rdi= ¥
whRo g ghrgkol We AL 3
=2} 9|77t iz %*& ‘19.:? %‘Xéff& Adex
E $EliMeE 3x 24 nrl
otz o] B Z o) %3&4 2l 77}*] LhERG
ETH HAe] felztze] W/H=~0.050]2kaL
i, Reynolds%z, <5 37|8to] o= A7} 7}
QI 1/\}514 B Adgv)

- 1"1 mE
X

uR

B

Qck. g/l <l

E0e 99 P d9Be] BRE Aot
=0t %—Ll?}' %%‘-6& ok 2l Ay Ble] 4

oty Wl ol B Alsdlel wg
1E8g el ]

- BEA Quent U ol EA

e e,

L o e S T O T A A §
1%
=
30
o

. B2
&=
X
et
N
‘

o
ica
o}
lo,
oy



374 3% JdAe

o

al

A
=)

Al

il

495

Table 4 Total heat losses of the triple-glazed airflow window and the enclosed triple-glazed window

(W/H=0.05)
(Unit : W/m)
I | Type of Window Reynolds Number
[W/m?] 100 300 600 1000 1500
10 Enclosed Triple-glazed 35.4 76.3 137.6 219.4 321.6
Triple-glazed Airflow 30.3 65.6 124.5 205.6 307.6
400 Enclosed Triple-glazed 116.2 157.1 218.4 300.1 402.3
Triple-glazed Airflow 100.2 120.7 169.9 246.0 345.5
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