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Thermal Bridge Effect of Unidirectional Cutting Vacuum Insulation Panels

ZHAO Hongkai, WANG Zongcan', XU Yan
(School of Materials Science and Engineering, Jilin Jianzhu University, Jilin 130119, China)

Abstract In order to improve the universality of the application of unidirectional cutting vacuum insulation
panels, the emphasis is on the research of its thermal insulation performance, and the thermal bridge effect is
proposed to be studied. In this paper, the concept of linear heat transfer rate is used as the benchmark to evaluate the
thermal bridge effect. By using the method of theoretical analysis and establishing a mathematical model, the
thermal bridge effect of the unidirectional cutting vacuum insulation panel is analyzed. According to the steady heat
transfer boundary conditions, a heat flow transfer model is proposed to analyze and calculate the thickness of the
barrier film and the total thickness of VIP. The experimental results show that the thickness of the core material and
heat conduction, the thickness of the barrier and heat conduction, the size of the VIP and the gap between the splices
all affect the thermal bridge effect. The heat conduction and thickness of the core material are improved, the heat
conduction and thickness of the barrier are reduced, the heat conduction and thickness of the medium filled in the
splice joint are reduced, the VIP size is increased, and the thermal bridge effect is weakened. In this paper, the
effective thermal conductivity of the unidirectional cutting vacuum insulation plate with or without thermal bridge
effect can be increased by 42%, thereby realizing the efficient utilization of the unidirectional cutting vacuum
insulation panel and increasing its thermal insulation performance.

Keywords One way cutting vacuum insulation panel, Thermal bridge effect, Linear heat transfer rate,
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Fig. 1 Schematic diagram of thermal bridge effect. (a) VIP

overall heat transfer, (b) VIP edge area heat transfer
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Fig. 2 Heat transfer diagram of the vacuum insulation plate
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Fig. 3 Preparation process of unidirectional cutting vacuum insulation panel. (a) Diaphragm suction molding, (b) filling core material,

(c) core material compaction, (d) flat film hot pressing vacuum pumping, (e) splicing unidirectional cutting vacuum insulation

panel side view, (f) unidirectional cutting vacuum insulation panel
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ment analysis
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Fig. 5 Model building. (a) Basic model, (b) grid division
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Fig. 6 Schematic diagram of thermal bridge effect of different diaphragm thickness. (a) 0.1 mm, (b) 0.2 mm, (c) 0.3 mm, (d) 0.4 mm
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Tab. 3 Calculation results of linear thermal conductivity for

different diaphragm thickness

i AW AW S W)
(m'K) (m-K) (m-k)

1 0.019 0.42 0.1 20 0.180x1073

2 0.019 0.42 02 20 0358107

3 0.019 0.42 0.3 20 0.534x107

4 0.019 0.42 04 20 0.707x10~
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Tab.4 Calculation results of linear thermal conductivity for

VIP total thickness of different unidirectional cutting

g WAV mm 8p/mm Wi
(m-K) (m-K) (m-k)

1 0.019 0.42 0.2 5 0.935x107

2 0.019 0.42 02 10 0.616x107

3 0.019 0.42 02 15 0.453x107

4 0.019 0.42 0.2 20 0358107

5 0.020 0.42 0.2 10 0.608x1073

6 0.021 0.42 0.2 10 0.601x107

7 0.022 0.42 0.2 10 0.594x107

8 0.023 0.42 0.2 10 058810~
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Tab. 5 Material physical parameters

g R (kg/m’) SIEE (W (mK))
B A 220 0.005
R 1.29 0.023

A S 7F BRL G W HE 1Y I 2 BH B AR P R R B
I RS, SRS PRl o0 B S ) o0 B A
WP — P, BT I B A BT RSl 20
mmx200 mm, M A% R 528 200 mmx200 mm [
PN N T IRIEDHE R AN B A, TR
BTGB B BRI GT, DL s a iR 22, R Ehd
SRR B R . ARSI I T S e B NER 6
Fs o

it
H

xo6 KWKE

Tab. 6 Experimental apparatus
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Tab. 7 Thermal conductivity measurement data

AAE SRR
FE THMUC TRBUC R /mm (W (mK))
1 35.05 15.05 10.2 0.0055
2 35.05 15.03 125 0.0059
3 35.02 15.05 113 0.0057
4 35.01 15.02 135 0.0061
5 35.03 15.01 10.2 0.0054
6 35.02 15.02 1.7 0.0056
7 35.02 15.01 115 0.0055
8 35.02 15.03 12.8 0.006
9 35.03 15.02 12,6 0.0061
10 35.01 15.02 135 0.0068
11 35.02 15.04 14.6 0.0065
12 35.01 15.03 15.8 0.0071
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