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Numerical Analysis of Optimum Air-Layer Thickness in
a Double Glazing Window
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Department of Mechanical Engineering, Seoul National University of Technology, Seoul 139-743, Korea
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ABSTRACT: Double pane window system, in which an air layer with a finite width is filled
between glasses, is used in order to increase the insulation efficiency. In the present study,
a conjugate heat transfer problem of a double pane window system has been studied numer-
ically in order to investigate the effect of an air layer on the heat transmittance of the
double pane window system using a finite element method based on P2P1 basis function. In
this study on the conjugate heat transfer of a double pane window system, numerically pre-
dicted Nusselt numbers with or without conjugate heat transfer effect have been compared
with an available existing empirical formula. It has been found that a Nusselt number from
an existing formula for an enclosed space is different from that obtained from the present
conjugate heat transfer analysis mainly due to the effects of a very high aspect ratio and
conjugate heat transfer mechanism. Furthermore, it has been shown that the numerically es-
timated optimal air thickness of the double pane window system with conjugate heat trans-
fer effect is a little bit longer than that obtained without considering conjugate heat transfer
effect.

Key words : Conjugate Heat Transfer(¥3% €73 %), Double Pane Window(®]Z %), Optimum
Air-Layer Thickness(8% ¥71& F74)
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Fig. 1 Geometry and boundary condition for a
benchmark problem.

Table 1 Comparison of Nusselt number

G. : Relative error
Present Choi
Ra results Deva}(}}) et .al'® [m 100%
Davis
10° | 1118 1118 | 1143 0.022
10° | 2246 | 2243 | 2264 0.169
10° | 4525 4519 | 4530 0.124
10° | 8830 3.800 0.343

Table 2 Comparison of the maximum verti-
cal-velocity

Present | & P@| Choi Relative error
Ra Vahl o | | Fresent” Dok
results Davis® | €t .al ‘ P l*‘°°%
10° | 3688 | 3697 | 37% 0.241
10° | 19589 | 19617 | 19.801 0.139
10° | 68200 | 68590 | 69.020 0.562
10° | 220.680 |219.360 0.604
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system.
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Table 3 Comparison of heat flux for isothermal boundarv condition

(Isothermal) | 2788 | 1394 108.7

3 [mm)] 3 6 9 15 18 21 24 27
Ras 12x10° | 9.4x10° | 3.2x10° | 7.5x10° | 1.5x10° | 2.5x10* | 4.0x10" | 6.0x10" | 8.6x10°
Emp.""

112.1 112.9 113.9 114.7 115.2

q
[W/m'] Present

Study 279.1 139.3 94.2
(Isothermal)

66.8 66.8 67.9 70.3 71.3
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Table 4 Comparison of heat flux for conjugate heat transfer analysis
8 [mm] 3 6 9 12 15 18 21 24 27
Ras LIx10% | 9.0x10* | 29x10° | 7.2x10° | 1.3x10° | 2.4x10* | 3.8x10* | 5.7x10° | 8.1x10°
Emp!'"
q (Co’r‘,‘wgm) 266.2 132.9 103.6 103.9 106.6 107.1 108.3 108.9 109.4
[W/m ﬂp{gsg,gﬁjg;t‘gy 2692 | 1345 | 905 | 719 | 654 | 640 | 643 | 651 | 667
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