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Development of Slim and Translucent Vacuum Insulation Panels
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Part1- Investigation on Core Material with Structural Calculation and Heat
Transfer Calculation and Trial Production of Vacuum Insulation Panels and
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Abstract

This study aims at developing the vacuum insulation panels (VIPs) with small thickness and light transmittance to
contribute retrofitting insulation for existing buildings. The authors are focus on producing the slim and translucent
VIPs with vacuum layer which hold by spacers. Firstly, the outlines of vacuum layer type VIPs were introduced. Next,
the structural calculation was carried out as a mechanical analysis to determine the specific array of spacers to pillars
supported type. Then, the heat transfer model applying the one-dimensional calculation was developed to predict the
insulation performance of VIPs. After that, the authors conducted an experiment applying the guarded hot plate method
in order to verify the apparent thermal conductivity of VIP according to the set pressure. The result showed that the
apparent thermal conductivity was less than 0.1 W/(m * K) and was enough low. Finally, the VIPs with different core

materials were trial produced and the apparent thermal conductivity were evaluated by the heat flux method.
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Figure 1 Concept diagram of the VIP application to buildings
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Figure 2 Outlines of structure analysis for the pillars supported VIP

Fo

o,
i Tmin
= S S S R *
L H _-_____‘__1 w | il ] @
it
Fmin Tmax ur T
Only atmospheric pressure Py Only elastic effect

Figure 3 Outlines of structure analysis for the pillars supported VIP
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Figure 4 Calculation results of maximum deflections
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Figure 5 Schematic of heat transfer through a double plate unit
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Figure 6 Calculation conditions for core materials
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Table 1 Calculated conditions
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Figure 7 Thermal conductivities according to pressure
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Figure 9 Calculation result of overall heat transfer coefficient
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Figure 10 Schematic of the guarded hot plate method

Table 2 Experimental results obtained by GHP

Pressure A up d, | AGup R, Ayp
[Pa] [MmW/(m*K)] | [(m**K)/W] | [(m**K)/W] |[mW/(m*K)]
0.1 2.9 1.45 0.21 5.1

1 3.6 1.17 0.17 6.5
0.05
——1D calculation
0.04 F =——1D calculation (Only vacuum layer)

4 Experiment

z
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2 002
=2
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Figure 11 Thermal conductivities obtained by the guarded hot plate
method and one-dimensional heat transfer model
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Figure 12 Manufacturing process of VIP specimens

IR THY . WSO &~ TR ERET B4 side
BB, AERORED IR TIL, BT L D7 B £ O (12 )
UM ERB7 TR E L CREITFBRDN,. ZAUCHOWTIEEH% O —— Silica evaporated PET (12 pm)
HalE L 15, PET (100 )

WRIC, Figl7 (R & 5 ICBYREROER A, — T Outside
M7 LA AR ORI o7 3 b LTz, 5 oA - ot | Ypropyiens

F D, Case2, Case3 (2R NTId, HFEEREIT 1~5 Pa FLAE F Cl
JESHTWAZ &AMz 5, Cased |2\ TR EBGHETE

Figure 13 Composition of gas barrier film

TRV NS IREMRER G5 Z LN TE T, ZhuT
Fig18 (TR D ITRMEL =350 VIP ([ZBW Tk E 7 4 v Chamber
AOMEL TV B ERIFHHEET AVOSRMEL D H/ SN LR, _ Sample
HEERRTIE SN TND A v ¥ a eIl L7 2 & T8
?ﬁﬁﬁ%&ﬁ_é NPT/ kﬁ)glﬂ L %i 5“60 - Pressure sensor

7z, Case3, Cased [ZOVT, FAZMRRMF ORI L BUAEHT L ;
HEMEESE R 3 B L, ERRSEORREAT T -1, B i
D 3 FEORITAETO LA L AR L, Case3 12T Rotary pump @ @?um pump
TEDILEHIE 20.7 mW/(m - K), FHERAS 1.2, HAREOTL;E 394 R !
mWim « K). RS 0.6, Cased (2350 v Chy MEO T 17.5 !
mWi(m - K)., FERERE 14, BRIEOTEIE 7.1 mW/m - K), B S ey
M2 0.6 LD 2O Lnb ROFERISEMGON TS Figure 14 Schematic diagram of vacuum sealing machine
EDPHERTE T,
5. 3 EZTHEWOILEBMEEHE Low temperature (10.5°C)  Heat sink

Fig 19 19X 91, S0 HEHH O SHRMEBAR D BIZRATEL .
72 VIP Z3%iE L, AEVTIZ KD AEATV, IR 800 jum ORI : b gf:if[uiuﬁﬂs
ORiEEEN L, VIP # LB L ORI AT 5 = L0k O 23 | Controter
Y | TR AT 7, A5 L Table 3 |38 Y L7 | High temperature (35.5°C) |
A —DFFEEIEAYINE U Case2, Case3 DIRFEHARE < _ B pC
. Z)fﬁf% Lo f:o Thermostatic bath
5. 4 SIELT-EZMREE 0D ST Figure 15 Schematic diagram of the heat flow meter apparatus

etk Table4 |2 Casel~4 O ORFHlE R %7159, Casel~4
DUTHIUZDNT SE ST 4~5mm FEEEL 975 Z LANARET, &
Z89) 7 AR S 6mm Ph )& e UGl 725, Cased 3B
HGEHEUE) DBTEMERE MR S DD, SFEERMEL A & [FEELL EorE
REOMEDALD Z L AR C&E T, Case2~4 [I5 DI Z Mbb

FOAEN D=8, Case2, Case3 |LEHAIEEMED S & 2Tk &
NDESIFSIAE), Cased 1TFEMEASHEAHE S THh LW E R
SEE) COMH DO ATREMENS RAAE D,

Vol44. No.2 -5 - N R



& - A AR - A - KB

0.06

0.05
0.04

0.03

0.02
® Mesh spacer
A Acrogel spacer

Apparent thermal conductivity [W/(m+K)]

0.01 4 Nail support
M Cylinder pillars support
0
0 10 20 30 40 50 60 70

Time [min]

Figure 16 Measured apparent thermal conductivity according to
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Figure 19 Schematic of illuminance measurement

Table 3 Results of illuminance measurement

Intensity of radiation at wavelength of 800 pm

Conditions Without VIP | Case 1 | Case2 | Case3 | Case4

Intensity 20000 14000 | 18000 | 17500 | 13000
[uW/cm?/nm]
Ratio 1 0.70 0.90 0.88 0.65

Table 4 Comparison of VIP with different core material

Case 1 Case 2 Case 3 Case 4
Thickness O O O O
Theoretical insulation o o o «
performance
Vacuume laxer retention o « o A
ability
Making difficulty A O O ©
Material cost x O O ©
Transmittance A O O AN

© Excellent O Good A Adequate x Not good
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