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Long-term Insulation Performance Simulation of Polyurethane Foam

Yuuhei NAKASHIMA

Polyurethane (PU) foams are widely used for buildings because of their excellent thermal insulation performance.

However, the thermal insulation performance of PU insulation is known to change with time. Since the insulation

performance aging directly leads to an increase in the consumption of energy of buildings, development of insulation

materials with less secular change is required. In this research, we report the method for predicting the secular

change which is useful for the development of insulation material with excellent long-term performance.
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Table1 Thermal conductivity classificatio
of PU laminate board (JIS A9521)

Classification Ther[mma évc/?l(‘h;{c]tivity
A < 26
B <25
C <24
D < 23

Fig.1 Laminate board
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Table 2 Typical gas characteristics

HFO cyclo
-1233zd N O: pentane
Viscosity coefficient
at 20°C [mW/m-K] 0.010 0.015 0.018 0.020 0.007
Thermal conductivity
at 20°C [mW/m- K] 10.20 16.20 25.84 26.76 11.60
Molecular weight 131 44 28 32 70
Boiling point [K] 291.6 194.6 774 90.2 322.2
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Fig. 2 Procedures for secular change prediction method (Conventional method)
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Fig.4 Model curve and measurement value
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Fig.5 Enlarged view of the early part
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skin layers and moisture-permeable surface materials.
Core is exposed on the side.

Fig.6 Laminate board sample

Core is fully exposed. ‘

Fig.7 Core cutting sample
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Table 3 Insulation board sample used for measurement

Sample name A-1 A-2 B-1 B-2
Composition Polyether polyol/MDI - Polyether polyol/MDI -
. H:0 (generate CO2)/HFO H:0 (generate CO2)/HFO
Blowing agent . . - . . -
Equimolar ratio Equimolar ratio
NCO INDEX 110 - 200 -
Surface materiais Fiberglass-based papers None Fiberglass-based papers None
(Top and bottom face) (Core is fully exposed) (Top and bottom face) (Core is fully exposed)
. Present Present
Skin layer (Top and bottom) Absent (Top and bottom) Absent
Density [kg/m®] | 38(Include Skin layer) 34 38(Include Skin layer) 34
Sample size [mm] L200XW200XT50 L200XW200XT25 L200XW200XT50 L200XW200XT25
Not. PU svst Sample with core cut Flame Retardant Sample with core cut
otes system from A-1 PIR system from B-1
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Fig. 8 Change over time of laminate board sample
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Fig.9 Change over time of core cutting sample
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Fig.13 Change in amount of residual NCO
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Change in Aboad =[Change in 2g]+[Change in A moist (*3)]
Change in weight =[Weight of reacted water (*4) ]+ [Weight of unreacted water (*5)]+[Change in cell gas mass])
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Substitution into
equation(3)
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*1) Calculated from change in cell gas composition
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N
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Long-term performance prediction using model curve
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i
Valid
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Fig.17 Procedures for secular change prediction method (New method)
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Table 4 Assumed Deff for simulation

A-2 B-2
Case Assumed Deff [10m?/s] Assumed Deff [10m?/s]
HFO CO: 02 N2 HFO CO2 02 N2
1 2.68 1580 170 49.0 1.56 825 29.8 17.5
2 1.00 2200 180 55.0 0.50 1100 50.0 19.0
3 10.0 2200 130 33.0 5.00 700 20.0 13.0
35.0 33.0
33.0 a4
2 310 .'.-~//,, 28 - _oe--
£ 290 st = 306 o
S o s - o
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19.0 v
32.0 t
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Fig.18 Model curve and measurement value (sample A-2)
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Fig.19 Model curve and measurement value (sample B-2)
(4] SIx—FR—-—FOBREXEEHI2L—-2 3> 2%:8) (Stagel D2 5. Stage2 DLE) & BFEIZH
R CRIE L7z Deff fli &2 L. 7 I % — bR — HaEhdZ &R E N7z, Fig.21 KU Table6 1213,
F (Y TIA-1, B-1) OFFEEF L I L —T g 30 SEHDORMIFELT S I 2L —¥ 3 VEERERT,

VAR, VY ab— g v FIEIEFigl7 &1F
IXERETH D, H 2RO 5 B A 1 EdK

. P 5 [/'—: p rt f)‘~®n z )( =
WAZEELZGORE U, 0ET 2804 o iffil LT 5 QA;,L@ Y AYERPSOREEM A 7
1T > 77, Deffflits XU o ifli % Table5 O D 124 -
L7y Iab—3a VSR (Fig.20) (392K & @ AT E TOMERE D, PU/PIR WiZLR — FiZki 5
—FENIEFITE < LRI~ rh O RN 2 25 E) FARETI A H = X L P L EE2d 5,

Table5 Deffand «i for simulation

Sample name A-2 B-2
Target gas species | HFO COq 02 N2 HFO CO2 02 N2

Deff (Core)
[10%m?/s]

ai (Surface)
[10°m?/s]

2.68 1580 170 49.0 1.56 825 29.8 17.5

1.40 100 41.0 6.00 0.70 35.0 28.0 9.00
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Fig.20 Simulation considering diffusion resistance (Laminate board)
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Fig.21 Long-term performance simulation of laminate board

Table 6 Predicted A board after aging

sample A-1 | B-1
initial 20.2 | 19.8
Predicted |after 10 years| 28.1 26.8
after 20 years| 29.3 | 27.9
after 30 years| 30.3 | 28.7

value of
A boaed
[mW/m-K]

Average over
25 years( )

() Calculated based on JIS A1486

278 | 264
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Fig.22 Fluctuations of Cell gas partial pressure and Ag (sample A-1)
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Fig.23 Fluctuations of Cell gas partial pressure and g (sample B-1)
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Fig.24 Summary of aging mechanism
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