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Analysis of the Optimal Thickness and the Heat Transmission for the
Triple Glazing System with Vacuum and Carbon Dioxide Gaps
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Abstract

Advanced glazing systems with excellent heat transmission values (Ug-Value) have been developed to reduce the energy
consumption and the greenhouse gas emission. This study proposes a triple glazing system consisting of gaps with a
vacuum and a carbon dioxide gas layer which is one of greenhouse gases. As a fundamental stage, this study is focused
on calculating the optimal glazing thickness and the Ug-Value via a computer simulation, Therm & Window package. As the
results, it was presented that the optimal thickness of the proposed triple glazing system is 22.2 mm, and the Ug-Value is 0.273
W/m?K. If this glazing system is to be applied to buildings, it could not only reduce building energy consumption but could
also contribute to the treatment of carbon dioxide gas which is one of greenhouse gases.
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Table 1. The Advanced Glazing Systems Introduced in the
Previous Studies

No. Type Main purpose (%g/_r;?.h;z)

1 Multi-layer glazing Insulation 0.70

2 Suspended glazing Insulation 0.28

3 Vacuum glazing Insulation 0.24

4 Electrochromic glazing h::;i;t:;n 0.62

Insulation
5  Photovoltaic glazing shading 1.10
Energy Supply

6 Aerogel glazing Insulation 0.40

7 PCM glazing Insulation 0.50

8  Self-Cleaning glazing Ii;;lltlei:zlnce 1.20
S AR w4t ke AAE B AR 48]
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Fig.1.The Structure and Characteristics of the Proposed Triple
Glazing System
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Fig.2.Heat Transfer Process to Calculate the Heat Transmission
(Ug—Value) in the Triple Glazing System
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Fig.3.The Triple Glazing System Designed by the Simulation
Tool

Table 2. The Simulating Cases by Changing Thicknesses of Glass and Carbon Dioxide Gap

Thickness of glass (mm)

* C: Case 1 2 3 4 5 6 7 8 9 10
1 C.1 C.13 C.25 C.37 C.49 C.61 C.73 C.85 Cc.97 C.109
2 C.2 C. 14 C.26 C.38 C.50 C.62 C.74 C.86 C.98 C.110
3 C.J3 C.15 C.27 C.39 C.51 C.63 C.75 C.87 C.99 C.111
4 C.4 C.16 C.28 C.40 C.52 C.64 C.76 C.88 C.100  C.112
5 C5 C.17 C.29 C.41 C.53 C.65 C.77 €89, C.101 C.113

Co, C.6 C.18 C.30 C.42 C.54 C.66 C.78 C.90 C.102 C.114

(rgn?;) 7 C.7 C.19 C.31 C.43 C.55 C.67 C.79 C.91 C.103 C.115
8 C.8 C.20 C.32 C.44 C.56 C.68 C.80 C.92 C.104 C.116
9 C.9 C.21 C.33 C.45 C.57 C.69 C.81 C.93 C.105 C.117
10 C.10 C.22 C.34 C.46 C.58 C.70 C.82 C.94 C.106 C.118
11 C.11 C.23 C.35 C.47 C.59 C.71 C.83 C.95 C.107 C.119
12 C.12 C.24 C.36 C.48 C.60 C.72 C.84 C.96 C.108 C.120
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Table 3. The Thermal and Optical Characteristics of the Glass
for the Triple Glazing System

Type Clear glass
Thickness 3mm &
Conductivity 0.14 W/m - K)
Ty 0.362
Ty, > 0.362
Solar radiation :
Rsol, ] 0.553
Rwl’ P 0,543
T vis, 1 0.652
T vis, 2 065 2
Visible rays :
RW-S' I 0.260
Rm,y 5 0,288
E,; 0.038
Emissivity -
Emi& 2 0 760

o =x
4 AFEOH A3 9 Be) (Pilla)e] BH @ 22l
el
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L o] 9]
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Table 4. The Characteristics of the Vacuum Gap

Thickness 0.2 (mm)
0.1332 (Pa)

0.107 (W/m’ - K)

Pressure

Gap Heat Transfer

RS WA[6L7] Q)8 AE HP(Support Pillar)7F 28
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Table 6. The Characteristics of the Edge Sealing Material for
the Carbon Dioxide Gap

Type Circular
Support pillar Radius 0.2 (mm) Type Material Height Conductivity
. (mm) (W/m-K)
Spacing 30 (mm) . i
Super spacer Flexible EPDM 5 0.18
standard form

Table 5. The Thermal Characteristics of Carbon Dioxide Gas

44,010 (mol/g)
0.7808

Molecular weight

Prandtl number

Conductivity coefficients 0.00037(W/m - K)

Viscosity coefficients 0.00000116(kg/m - s)

Specific heat coefficients 558.8(J/kg - K)

“ EPDM: Ethylene Propylene Diene Monomer

Table 7. The Characteristics of the Edge Sealing Material for
the Vacuum Gap

. Width Hight  Conductivity
Type Material (mm) (mm) (W/m - K)
Solid Indium 0.2 15 83.7
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Table 8. The Boundary Conditions for Inside and Outside

. Width Hight  Conductivity
Type Material (mm) (mm) (W/m - K)
Indoor 20 1.2 9.1 -
Outdoor 0 472 21.2 558
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A oliksbeka 7RO A STt whE B HSE 1
oA, B 2 Al olileleta: 7kASo] FAVE STt
s R0l FASV sk RS ugth et
oj4tabekAa —4 FAZE 10mmel Aol A BkF-E a4 gfglo
TEYFOR HatE = S UElh o]%, ojitaigta
A7t F7HEolE Etstal GER-aS A9 #stE A ¢
mmoﬂ/ﬂ Ilmm=z %ﬁ}ﬂ
2 HAN e A
ZRlE A}, whebA 01”
= 10mmEz Z2Ask= 20|

o
gquss

. olitsket

o}L o

r

-

>
frF

kg fr s

0.34
“lmm -<+2mm
033 +3mm >4 mm
™~ Ug-Value Patten
032 *5mm —6mm
= ©-8 mm
031 r
% —10 mm
E 030 r
>
1029 ¢ Stable condition
028
0.27 Changing Point i
inthe 10 mm |
0.26 1 1 1 1 1 1 1 1 E 1 !
1 2 3 4 5 6 7 8 9 10§ 11 12

CO2 gap (mm) beeeee

Fig.4.The Changes of Ug—Values by Changing the Thickness

of Carbon Dioxide Gas

Table 9. The Ug—Value (W/m? - K) by Changing the Thickness of the Triple Glazing System

Thickness of glass (mm)

* C: Case 1 2 3 4 5 6 7 8 9 10
1 0.321 0.320 0.319 0.319 0.318 0.317 0.316 0.316 0.315 0.314

2 0.315 0.314 0.313 0,312 0,312 0.311 0.310 0.310 0.309 0.309

3 0.309 0.308 0.307 0,307 0.306 0.305 0,304 0,304 0.303 0,302

4 0.303 0,302 0,302 0.301 0.300 0.300 0.299 0.298 0.298 0.297

o. 5 0.298 0.297 0.297 0.296 0.295 0.295 0.289 0.293 0.293 0.292
gp O 0.293 0.292 0.292 0.291 0.290 0.290 0.284 0.288 0.288 0.287
(mm) 7 0.288 0.288 0,287 0.286 0.286 0.285 0.280 0.284 0.283 0,283
8 0,284 0.283 0,283 0,282 0,281 0,281 0.276 0.280 0.279 0.278

9 0.280 0.279 0.278 0,278 0,277 0.276 0.273 0.276 0.275 0.274

| 10 0.276 0.275 0.274 0.274 0.273 0.273 0,272 0.272 0.271 0.271

11 0.276 0.275 0.274 0.274 0.273 0.273 0.272 0.271 0.271 0.271

12 0.276 0.275 0.273 0.274 0.273 0.272 0.271 0.271 0.270 0.271
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