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Thermal conduction(TC) in Porous 
material  

Components of VIPs  

Thermal mechanism of VIPs 

TC in porous material  

TC by solid frame 31% 

TC by gas 48% 

TC by radiation 21% 

 British ICI（Imperial Chemical Industries) research report 2005 2015/10/8 
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When we take use of VIPs, We mainly focus on: 

Light、thin and tolerance 

Economical and environment protectiveness   

Long service life  
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The impact of the barrier Barrier laminates  

Thermal insulation  Vacuum keeping   

Thermal bridge  Gas & vapor permeating  

Inner air pressure  

Effective thermal 

conductivity  Service life  
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2. The effective thermal conductivity of VIPs  
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2. The effective thermal conductivity of VIPs  

2.1 Additional increase value of thermal conductivity caused by permeation of gases 

gg

mB

g

ge

pd

Tk








2

0

,
2

1


，

VIPCCVIPAA

VIPCVIPAtot

COTROTRAOTROTR

CGTRAGTRGTR

)5/()5/( 



)(
)(

0

0

,

0

00

g
m

e

airtot

e

mggg
pp

T

T

V

GTR

V

T

T

ppQp

d

dp





p

GTR
Q tot

g






 e

iniairtotm

VT

ppGTRT

inig epppp 0

0, )(

00 )()(






])([

2
1

)(

0

0, )(

00

2

0










e

iniairtotm

VT

ppGTRT

inig

mB

g

g

epppd

Tk









，

 Gas transmission rate (GTR)             Oxygen Transmission Rate (OTR) 
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2. The effective thermal conductivity of VIPs  

2.2 Additional increase value of thermal conductivity caused by permeation of vapor 

Moisture Vapor Transmission Rate (MVTR) 
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2. The effective thermal conductivity of VIPs  
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2.3 Effective thermal conductivity prediction model of VIPs 

With the time going under a certain boundary condition, while the                           W/(m·K), 

the VIPs can be defined failure and the corresponding time     is so called service life of VIPs.  

About the service life 
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3. Composition and property parameters of barrier laminates 

3.1 The composition of barrier laminates  

AF 

MF1 MF2 
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3. Composition and property parameters of barrier laminates 

3.2. The physical parameters of the barrier laminates  



2015/10/8 

4.The results and discussion 

4.1. The simulation results and discussion  

Assumed that the VIP service 

environment is standard 

atmospheric pressure, the mean 

temperature, 24℃, the relative 

humidity,50%, The theoretical 

prediction of the three VIPs with 

the different barriers is shown in 

Fig.. 
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4.The results and discussion 

 4.2 The testing results and discussion 

Aging test in high temperature 

The setting temperature was 70℃ and 

the relative humidity, 80%. And the 

setting condition was keeping for 30 

days.  
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4.The results and discussion 

 4.2 The testing results and discussion 

Aging test in high air pressure 

The initial temperature in box was 25℃
，and relative humidity 50%.Then the 

box was pressured to 800kPa, and the 

condition was kept for 30 days.  



2015/10/8 

5. The optimization methods to prolong the service life of VIPs 

5.1 Raw materials  

The core materials with the high porosity and no gas releasing are the ideal 

raw core for VIPs.  

Core materials 

The thermal performance, anti gas & moisture permeability, gas releasing property, 

mechanical intensity , sealing performance, environmental protection and fire 

prevention are all factors shoud be taken into consideration . 

Barrier envlopes 

The categories, quantity of getter and desiccant should be based on the core 

materials, barriers, gas permeability and gas releasing.  

Getter and desiccant 
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5. The optimization methods to prolong the service life of VIPs 

5.2 pre-handling process and transportation & installation crafts 

The authors take the process of 

vacuum alternating heating method 

to pre-handle the core materials.  

The protection from mechanical 

damage should be taken in the 

transporting and installation 

operation.  
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5. The optimization methods to prolong the service life of VIPs 

5.3. Nesting barriers to enhance anti gas permeability  

The normal barrier envelopes always 

contain two pieces. Nesting barriers 

design was developed by authors and 

effectively envelopes are innovated to 

prolong the service life.  

Core material layers are separated into 

several independent chambers. the gas 

permeating from the outmost chamber to 

the second chamber is slim or negligible. 

the out chambers can protect the inter 

one from mechanical damage. 
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        There should be one aluminum layer existing in barrier laminates. 壹 

       The barrier laminates, can also cause thermal bridge effect. The thickness of 

the aluminum layer(s) should be decided by the application conditions, the system, 

and the service life of the unit. 

贰 

       The real temperature, air pressure, relative humidity, imported into the 

mathematics model, can be used to predict the real service life. 

叁 

         The service life can be prolonged by the raw materials selection, the 

improvement of manufacturing, transportation and installation craft, nesting 

design of barrier envelopes, outside protective layer(s), and so on. 

肆 

6. CONCLUSIONS 
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FURTHER BUT NOT THE EDN  

What we can do  
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FURTHER BUT NOT THE EDN  

We  have applied VIPs into   

特种冷藏集装箱 
箱式活动房 

热水器 

地暖工程 管道保温 

华银大厦 

家用电器 
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FURTHER BUT NOT THE EDN  

We got 5 patents 



2015/10/8 

FURTHER BUT NOT THE EDN  

We are reported by  
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FURTHER BUT NOT THE EDN  

We are also awarded by  
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