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Laboratory methods for steady-state and transient testing are two well-
known approaches for measuring the heat transfer coefficient. Transient
methods are more widely used due to their lower cost and broader
temperature range. However, their application in fibrous insulation is more
limited due to the low thermal conductivity and non-homogeneous nature
of these materials. Guarded hot plate and three-point methods are two
significant transient techniques for measuring the heat transfer coefficient
in fibrous insulations. This paper compares these two testing methods, with
the primary evaluation criterion being the minimum variance in the final
experimental results. The variance of the final results is inversely
proportional to the determinant of the sensitivity matrix. To compute the
sensitivity matrix, the transient temperature distribution across the
insulation thickness is first calculated using an initial estimate of the heat
transfer coefficient, obtained from other experimental sources. Changes in
the number and placement of thermal sensors, the insulation geometry, and
the test duration affect the determinant of the sensitivity matrix. The
optimal experiment is determined by identifying the maximum determinant
of this matrix. Studies show that in the three-point method, the optimal
setup consists of two thermal sensors placed on an insulation layer with a
thickness of 2 cm, over a duration of 100 seconds. In contrast, in the
guarded hot plate method, the optimal setup includes two thermal sensors
on insulation with a height of 5 cm, over a 300-second testing period. The
analysis indicates that the variance of the final results in the three-point
method is lower than in the guarded hot plate method, which can
significantly enhance the accuracy of heat transfer coefficient
measurements.
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Table 1. Heat transfer properties of alumina fiber insulation
samples [23].

Temperature (°C) 933 719 553 231

Thermal
Conductivity
(Initial 0.193 | 0.137 | 0.104 | 0.0547
Estimation)

(W /m°C)
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Table 2. Heat transfer properties aluminum plate [34].

Temperature (°C) 227 | 127 | 77 | 27 0
Thermal

Conductivity 237 | 240 | 240 | 237 | 236
(W/m°C)

Temperature (°C) 660 | 627 | 527 | 427 | 327
Thermal

Conductivity 211 | 213 | 220 | 226 | 232
(W/m°C)
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Fig. 10. Temperature vs time at 10 points through insulation
thickness in guarded hot plate method.
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Table 4. Optimum location of sensors and relative determinant
of JJT for Guarded Hot Plate method.

Sensor State . . -

No. No. | Optimum Location (cm) | Det(JJ7)
2.2

1 10 10 % 1016
3.5

2 45 9,11 1016
3.3

3 120 9,10, 11 1016
2.6

4 210 8,9, 10,11 % 1016
2.2

5 252 8,9,10, 11, 12 1016
6 210 7,8,9,10, 11, 12 19

] 1 1 1 i) x 1016
7 120 6,7,8,9, 10, 11,12 13

il y il 1 ) ] X 1016
8 45 | 567809101112 | 2°

] 1 1 ) il 1 1 X 1016
4,5,6,7,8,9,10, 11, 0.6

9 10 12 % 1016
3,4,5,6,7,8,9,10, 11, 0.5

10 1 12 % 1016

s 15 jbblas ¢l amino Giolesl gy 3 F Jgdo 4 dogs b
Al sosmipagll domiuo 3 gaus Sl (g te sl 1)

aalls du i ol 13 Cand o o g A i

dploee das dw Giolol )3 jguis dlge e g Sluw L8 ise
2 ol gloj ©ae g ()l Gale cwlis 1 Gisy ol ) s
Sly 398 Ol jslaie yuandy Ded o (owyy b jgunin s
9V imlejl loj e g yrewle Yo 50 ¥ cualius b claygle

Do o )5 Iasre 4l £

e i (3505185 (gl abaks dus g Hlablas Els asin Liulejl (sla by, dunlie

s a9y 3 WT G ile Gl 5 5 (10) ygutes iy S0 =¥ Jgia

Table 3. Optimum location of sensors and relative determinant
of JJT for 3 point method.

Sensor | State Optimum o
No. No. Location (cm) R DET)
1 10 12 3.7 x 1016
2 45 10, 12 3.9 x 1016
3 120 10, 11, 12 3.8 x 1016
4 210 10, 11, 12,13 3.8 x 1016
5 252 9,10, 11, 12, 13 3.4 x 1016
6 210 8,9, 10, 11, 12,13 2.7 x 1016
7 120 8,9,10,11, 12,13, 2.4 x 1016
14
7,8,9,10, 11, 12, 16
8 45 13, 14 1.8x 10
6,7,8,9, 10, 11, 16
9 10 12,13, 14 1.3 x 10
56,7,8,9, 10, 11, 16
10 1 12,13, 14 0.9 x10
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Fig. 13. Insulation thickness and test duration effect on
determinant of the JJT matrix in the three-point test. Test
duration: (A) 100 s (B) 300 s (C) 600 s.
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