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ABSTRACT

Government goals of the Republic of Korea is to reduce greenhouse gas emissions by 37%
compared to BAU, it was discussed by COP 21 in December 2015. In this change in the
surrounding environment, the construction sector need to develop and supply new insulation
materials to satisfy thermal performance for zero energy building while minimizing insulation
thickness such as Vacuum Insulation Pannels (VIP). And, it is necessary to establish the Korean
Standards of VIP in order to secure the stable quality and performance of VIP in the building and
housing market. Under this background, the purpose of this study was to analyze effective thermal
conductivity by envelope material types of VIP. In VIP’s manufacturing process, envelope
material was folded at 4-side edge of VIP, for that reason, it occurs in the edges that phenomenon
called thermal bridge. This phenomenon was different by envelope material types of VIP and
reduced thermal performance of VIP. Therefore, it is very important to plan building insulation
design with not central thermal conductivity but effective thermal conductivity of VIP. Otherwise,

the heating and cooling energy consumption of building will increase more than expected.
F20] : ASHHSA, A, R2EUEE, HEHs, AZ0HA I HZ=

Keywords: Vacuum Insulation Panel (VIP), Envelope Material, Effective Thermal Conductivity,
Thermal Performance, Zero Energy Building & House
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Figure 1. Legal Insulation Thickness Change of New Apartment House in Korea
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Table 1. Components of Vacuum Insulation Panels (VIP)

Components Material Major Role
. Glass Wool,
Core Material Fumed Silica To keep Shape of VIP
Envelope Material Laminated Film To keep Vacuum Condition
(Film Pouch) (To block penetration of gas and vapor in the air)
Getter CaO, Metallic Oxides To absorb gas and vapor in the inside of VIP
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Figure 2. Manufacturing Process Of Glass Wool Core VIP (Source : OEM manufacturer of AIMT)
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o
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Table 2. Major Regulation required for Building Code in Glass Wool Core VIP

Classification Unit Criteria Test Method
Density kg/m3 300+ 50 KS B 5209/ KS B 5246
Tolerance of Length & width mm +5 KS M ISO 29465
. +1/2/3/4 KS M ISO 29466

Tolerance of Thickness mm (<10/10~20/20~30/30<) 1SO 29472/ 1SO 29764
Compression strength N/en 3 or more 1SO 29469/ 1SO/DIS 16478

. . KS FISO 1182/ 5660-1
Incombustible Material - Grade 1 or 2 KSF 2271
Initial Thermal Conductivity W/m'K Below 0.005 KS L9016
Long-term Thermal Conductivity W/m-K Below 0.010 ISO/DIS 16478
Effective Thermal Conductivity =~ W/m-K Below 0.010 ISO/DIS 16478
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W2 4= QlojoF gt

ol flofl QujA= Aot BE 242 3 AFoto] mke-2](Pouch) FEIZ Al&sk=tl),
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2|2 = o] AREE| A QltkFigure 3).
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(15t Generation) (2" Generation) (3’ Generation)

Al Foil 3-Layer VM-PET Metal-less
VM PET 12im 15
VM PET 12{im
VM PET 12pm
upper film
LLDPE 50pm LLDPE 50um LLDPE 50um
LLDPE 50pm
lower film

i - EVOH(Ethylene vinyl alcohol)

! - PET-AIOx : PET Coated with Aluminium Oxide

i - PET : Polyethylene Terephthalate

i - LLDPE: Linear Low Density Polyethylene

i - VM PET : Polyester film metallized with aluminum vapor deposition
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Figure 4. Thermal bridge phenomenon occurred in the Center and Edge of VIP
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Figure 5. VIP Analysis Model for 2-Dimension Thermal Transfer Simulation
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)‘eff = )‘(:?—'_ )‘edge S = )‘(+f(¢7571) = )‘(—"_'L/}g (3)
(Symbol) Explanation Unit
q : Heat Flux [W]
A : Thermal Conductivity [W/mK]
S': Area of VIP Specimen [m2]
A T Temperature difference between Upper and Lower side of VIP [K]
d : Thickness of VIP Specimen [m]
[ : Perimeter length of VIP [m]
1) : Heat Bridge Coefficient occurred at perimeter part of VIP (coefficient by [W/K]
experiment or simulation)
(Subscript) Explanation Unit
.. Center part of VIP
cdge - Edge part of VIP
s - Effective thermal conductivity

ave *

. Average Thickness
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Table 3. Effective Thermal Conductivity of Envelope Material
Al-Foil 3-Layer VM-PET Metal-less

VM PET‘120m [ NylonToum ]
Nylon

12,
N %&ﬂ‘# VM PET120m EVOH 12um
Composition
LLDPE 50pm LLDPE 50um LLDPE 50pm
- Thermal Conductivity of Material [W/mK]
Property Nylon (0.23), LLDPE (0.20), Al (200),
of Material VM-PET (0.20), AlOx (1.10) , EVOH (0.20)
- Aluminum vapor deposition thickness : 0.1] xm]
Thickness 97.0[ £ m] 86.3[ um] 89.1[ um]
$=35;
t:; 1‘&.\4;|::|S" P
3 . N S S
- < g “ R R R, ' Rn
Parallel 8 ) % <
Combined 9 @ A A AT TL§]N§ §Z§ Xelr5=$+lzlsz +m+l,.lsn
. o ~x
Mixture 'g ® Aerr = ZA;S;i/S
Model 3]
Tz
S Area[m2] [ : length[m] A, : Effective Thermal Conductivity[ W/mK]
R : Thermal Resistance[m2K/W] A: Thermal Conductivity[ W/mK]
Effective Thermal
ective Fherma 14.631[W/mK] 0.895[W/mK] 0.206[W/mK]
Conductivity

o) E O1&3T 7FgAE] du

Bl 4
4= 31, 71 A= Table 49} 2t

G2a = Qe+ Geage (9. = AATS/d) (4)
Aedge = 924 — 9c %)
Mt = i A/ AT/ S =% ©
U= Aegge S/1 (7

Table 4. Linear Thermal Bridge Coefficient (¢) occurred at perimeter part of VIP

Al-Foil VM-PET Metal-less Unit
Effective Thermal Conductivity Apr = AT 1/)LS [W/mK]
P 967.50E-03 91.25E-03 36.61E-03 [W/K]
MBS S5 BT RETUEE 2
st
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Heat Flow Meter)2] G5F AAE o7& Ha vijz|A|A WA 71EEH0 2 AEsioirt
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Figure 6. Measurement Method of Effective Thermal Conductivity

Qall = q(;(m) + qe(lge (m) (m : measurement) (8)
8
(Jedye (m) = E qe(lge,i (l : number Of edge part) (9)
i=1
)‘e(lge (m) = qe(lge (m)d/A T/S (10)

RS 39 B Tl S5F ook 7S] 291 EATL 2 I
Al Foil 2 ARE3E 79 Z4150] 5.38), 35 VM-PET 2|m]#{2] 7-2-0fl=0.68H, HlE< 2]
Aol ASoke 049 AER PETIO, oA AL FA B of=3k
Aedge (p) = 78N gge (o)) TH-FARY 3RS Hol= 2 0 2 |k

Table 5. Effective thermal conductivity tested by dividing the specimen into 9 equal parts

) Measurement[ W/mK] Prediction[ W/mK]
Type of envelop material
/\c(m) /\ezige(m) )‘eff(m) )\edge (p) /\eff(p)
Al Foil 0.002 21 0.01172 0.013 93 0.012 90 0.015 11
3-Layer VM-PET 0.001 73 0.001 06 0.002 79 0.001 22 0.002 95
Metal-less 0.001 57 0.000 58 0.002 15 0.000 49 0.002 06

(Note) Size of VIP Specimen : 300[mm]x300[mm]

e 7PdAte] o] Qu /g vHe R RS S5k T shube] e,
A] (11)2} o] ISO/DIS 16478 V20llA] AAIGH= Al@HEHOIEHISO/DIS 16478, 2018). £
o A= ISOCA AARH I © & FHAFRAHFM)E ©]-8-5t] Figure 737 Zo] Al¢d
SI(KS L ISO 8301, 1991), 1 Av}= Table 63} Ztt.

ok
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Y = (Ao = Acor) (an
o
(Symbol) Explanation Unit
1,, © The Linear Thermal Transmittance for the Joints [W/mK]
A : The Surface Area [m2]
d : The Thickness [m]
L, : The Length of the Joints within the Metering Area [m]
Acq.ja o The Equivalent Thermal Conductivity including Edge Effect [W/mK]
Acop: The Thermal Conductivity for Center of Panel [W/mK]

LaIXa Aq

1ied juior
1ied juior

Joint part of
VIP test specimen

22104 |

92104 [BUIBIX INOYIM

key 1 : Metering Area /2 : Guarded Area/ 3 : Test Specimen/ 4 : Joint between two panels to be measured/
a : Size of metering area/ b : Size of apparatus/ ¢ : Area Strongly influenced by the thermal bridging effect
of the joint/ d : Area Slightly influenced by the thermal bridging effect of the joint/ T : Temperature

Figure 7. Test Method of Effective Thermal Conductivity by ISO/DIS 16478 V2 (Annex A.3)

Table 6. Effective thermal conductivity tested by ISO/DIS 16478 /2

) Measurement[ W/mK] Prediction| W/mK]
Type of envelop material
A Acdge (1) Acsr Acdge(P) Aesrp)
Al Foil 0.0019 0.018 1 0.0120 0.006 45 0.006 64
3-Layer VM-PET 0.0022 0.002 0 0.004 2 0.000 61 0.002 81
Metal-less 0.0020 0.001 4 0.003 4 0.000 24 0.002 24

(Note) 1. The Size and Number of VIP Specimen in Measurements : 295[mm]*595[mm]x15[mm]@2pcs
2. The Size and Number of VIP Specimen in Prediction : 590[mm]x595[mm]x 15[mm]

O_u

ISO/DISOIA ARG o] ot 3-8 A& Z74k Table 6] A, /) HFBaAe] <]
SR AEAEE NS, () ETFOF 1.5~1.8H] 4 —474]'017]'@'@3}39\‘:}. o]:=Figure 7
oA Hi=Htel o], Fetag AlFe] U3aaAls I 45T F2
Az, Z A 2782 282 7skA] @Al B4 e = —8—
“sob7] whzolct. £, 2Rollx] P2t A| 9l F31 T OPP H|o| = A AJsto e B o] &
Holl= uARt A FEASHH, oA o] 573kt A& gtol Aol7 b iRt 2 o = Afm ).

oot Z2 e HH ISO/DIS7H AR A2 AA| ASdel 3aaAsE
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Figure 8, Effective thermal conductivity[m/mK] by VIP's size (A.=2.1[mi/mK])

Table 7. Effective thermal conductivity in VIP of rectangular shape (A= 2.10[mV/m-K])

oy
400 = =
\ S i
\ I~

—

VIP's Size A pr[mW/m-K] A/ inasquare as same area  Performance Degradation
VM-PET  Metaless VM-PET Metaless VM-PET  Metaless
600x100 4.23 2.95 3.59 2.70 17.8% 9.5%
600%300 3.01 247 2.96 2.45 1.8% 0.9%
600x900 2.61 2.30 2.60 2.30 0.4% 0.2%

Note) Criteria of performance degradation is A, in a square as same area
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M, R FHEEo] At He A FEIY] ZsTtE Aol QlojA] 271 9 w4
Firol o2 ztolE H H] WP (Figure 9, Table 8), S-44F X =g&of Hlste] 584
L8 AL-Foil-2 154~614%, 3- Layer VM- PET+= 14~58%, Metal-less~ 6~23% 4% o

Fd50] Aot Al o= 3E72] Q”VH %, O AL-Foil 9] w7} Z-5thaA
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Figure 9. Effective thermal conductivity in VIP of Square Shape

Table 8. Effective thermal conductivity in VIP of square shape (A= 2.10[mi/m-K])

] A pr[mW/m-K] Performance Degradation
VIP’s Size - : -
Al-Foil VM-Pet Metalless Al-Foil VM-Pet Metalless
300x300 15.00 3.32 2.59 614% 58% 23%
600x600 8.55 271 2.34 307% 29% 11%
900x900 6.40 251 2.26 204% 20% 8%
1200x1200 5.33 2.40 222 154% 14% 6%

(Note) Criteria of performance degradation is central thermal conductivity

o] gkt ofof] & %coﬂ/ﬂh ;"éﬁl&% =74 2 A 5& S5t A QuARE Al-Foil&
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} 2= 9JTH(Kim, 2017).
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