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Study on Effective Thermal Conductivity of Fibrous Insulation

Takahiro OHMURA, Mikinori TSUBOI, Masatake ONODERA
and Toshio TOMIMURA

Concerning rock wool insulation, which is a typical example for fibrous insulations, an

empirical equation which relates the bulk density p and the effective thermal conductivity A is

proposed. The equation is derived based on the thermal conductivity data of only four kinds of
specimens with different bulk densities that are obtained by the Cyclic Heat Method under
evacuated conditions. The predicted values are shown to agree well with the measured results
obtained by the Guarded Hot Plate Method over a wide range of the bulk density (p=30~
250kg/m’). Also, a fairly close agreement between the predicted and literature values was obtained.
Furthermore, it is shown that the conventional approximation method, in which coefficients
included in an empirical equation are simplyv determined by using measured values, can not predict

the effective thermal conductivities within practical accuracy over a wider range of bulk densities.
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A . {RE%, R(1) [W-m*/(K-kg)]
B : fR%, K@) [W-kg/(m*-K)]
By : 1RE, R [W-kg/(m*-K*)]
C : B, Q) [W/(m-K)]
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g : EAHMEE (=9.8[m/s?]) [m/s?]
k : MR L ZEREOBK, X(7) [m?]
L Y E TR [m]
M : REOER [ke]
Ra  : BELA)—%, &(6) 8]
Ra, : BRFEELAV—% [-]
S . BB W [m?]
T : HERHEEE (K]
t s HRHERE [m]
Greek

B RN E T [1/K]
Ao REZE [C)
£ HPNE g [
K B [m?s]
A : EHBMRER, SEPEHER [W/(m-K)]
v : EhRETEAREK [m/s]
0 : BEE [kg/m’]
o L AF T LRV B [W/(m* K%]
¢ : B (-]
x AT AR O RE R [m]
Subscripts

a T ER

e : BEZEEHT

g : Rk

r P:X¢ 51

s : B
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122(1-¢)* ™

LA kDS, Ra BPEEFMEEL AV —4K Ra,, (=48%) FHKEL
RBE, SHEEW BN TERMMARET DI LITRD.
# 21, IBE 100°C, BEE o 2% 30kgm®, BHBE o, #
2900kg/m’, SEHER ¢ 28 4x10° m, EE d 2% 0.04m OMEHEE
BB DA, BROKEIRGRE 8% 1/373K, BREMELR
¥, & 232x10°mYs, BYRHEE L, & 0.0314W/(m*K), &
BE p % 095 kg/m®, te#hc,, % 1012)/(kg K) Ve, i, B4
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0°C : L=6.1X10%m

100°C : L=8.4X10"%m

500°C : L=1.7%X10"m
THBHD, THITKL, SRR O TR A1, B
FEAS 30 kg/m® DHATH 1.2x10% m, E72 100 kym® DFE
T3.5x10* m THYY, K 10°~10°FDOEHHD, - T, &
B o WELTHZILCLY, BHERBEM OERICHEET
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BREOBRERITLT B LT E X B,
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Fig. 1 Thermal conductivity of rock wool insulations
in evacuated condition
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BELN, BEEOE 1/ 0 1235 m DEEH By Lissd.
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3.1 EZETIZBIT5RIERE '

BEE o NERDAEE OOy Y —VZEL, BEZETCH
ELADERER ), ZHAEE T O 3 RIZHL T avh
LeE % Fig 1 1T F#EMITRERSROKR/NB RIEIC
LB LERTHY, Theh, kKX TELLRA.

o =166kg/m*: 1 ,=1.090X 10°T>+5.361 %10
o =227kg/m*: A ,=7.089%10" T34+7.398 X107
o =288kg/m®: 1 ,=4.572X 10" T3+5.547x 103
o =293kg/m*: 1,=6.212X 101 73+1.179X10*

ZOREFRITESE, Fig 218 R A EEBE o DEBFRETR
L, ¥7 Fig. 3I2AE m LBEEDHE 1/ p OBEEERT.
Fig. 2 O8N5 AR h ER(12)05,

A=h=3.1X10"° (14)

AROLID. Fz, Fig. 3 1 6HBLNLAE B, 13,
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Fig. 2 Intcrcépt of each line in Fig. 1 vs. bulk density
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Fig. 3 Inclination of each line in Fig.1 vs. reciprocal
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Fig4 Thermal conductivity of rock wool insulations
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Fig.5 Thermal conductivity of rock wool insulations

By=1.6%x10% @15)
Lizd.
LUEDD, BEE o LRIET COREDBRER L DB
FERATEZBND,
TN K EREHE R EH AT RE

03511 rr g
vy F © : Measuredat 100
s 0.30F © &} Measured at 200C
3 F 600 O : Measuredat 300C ]
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Fig. 6 Comparison of calculated ines with
literature values
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=Y O :Measured at 400 'C
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Fig. 7 Comparison of calculated lines obtained by using
least squares method with measured values
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3.2 FAREHEE(GHP BN LRI ER R

Fig. 412, ny 2V —VOBEE o S 25~250kg/m® D GH
123115, IR 100°CLA T CTO GHP EIC L DRI ERE R AR T
T, EOIX 20°C, AlX60°C, O3 100°CTORERE S
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100°CTD, K16 LD BRETHS.

F7-, Fig. 5 IZIRE 200°CLL LT GHP HBIZ XA HIER 2
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BREOZE AL,

4 £ 8

4.1 FHREZEEGHP ENCLSRIER R LD
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L ERBRITITTRFIC—EU BE 20CHEEHTO
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FOBBEEIVEEEMNTCORMMEEROAMLEL Y BITF
ICFAEL TWAIERDID.
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E—HLTWEEE XD,

4.3 F/NEFEEEOLE
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