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Nomenclature

g : Heat (W)

Abstract >> Fuel cells are known as eco - friendly energy facilities that can use
heat energy and electric energy at the same time. Fuel cells are classified ac-
cording to the temperature and material used, and solid oxide fuel cell (SOFC) is
relatively high temperature (700-800C). SOFC requires a hot box consisting of
a high temperature stack, a reformer, a burner, and the heat exchangers in order
to use energy efficiently. The hot box needs to maintain heat insulation perform-
ance at high temperature to reduce heat loss. However, Fibrous insulation, which
is widely used, needs to be improved because it has a disadvantage that the ther-
mal conductivity is rapidly increased due to the increase of temperature.
Therefore, this study was carried out to develop a thermal insulation, which is ap-
plied to multiple layers insulation (MLI) technic, that can be used under SOFC op-
erating conditions and prevent a drastic drop in thermal conductivity at high
temperature. The developed insulation is consist of a thermally conductive ma-
terial, a spacer, and a reflective plate. The thermal conductivity of the insulation
was measured by in the thermal conductivity measuring device at high temper-
ature range. As a result, it was confirmed that the developed layers insulation
have an good thermal conductivity (0.116 W/mK) than fibrous insulation (0.24
W/mK) as a radiation shielding effect at a high temperature of 1,173 K.

Key words : Solid oxide fuel cell(1L X At3HE %1 8 M X|), Multiple layers insulation(Ct &
Bior CHETY, MECHETY), Insulation(EhEX), High temperature in-
sulation(Z & ©Y)

m : mass (kg/s)
Cp : Specific heat (J/kg-0)
T : Temperature ()
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R : Thermal resistance (K/W)

k : Thermal conductivity (W/m-K)
L : Thickness (m)

A Area (mz)

Subscripts

hm : heat transfer meter
ht : heat transfer part

¢ : contact material
s : sample
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Fig. 4. The composition of insulation of multiple layers
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Table 1. Experimental results of metal samples AR =E5E MY Adl= Table 137 gt 2849
Samples Fe Al Cu | Unit =4 QRFAL AE Aol tlolHE vl
Flowrate | 97 | 945 | 89.1 |cem B2 A (Dol Aget A} Zo] = /9] Ik
Inlettemp. | 22.5 | 219 | 218 | C 4= Atk o] ZFE elF B e A oA 2AH
Heat flow | Outlettemp. | 24.6 | 242 | 242 | C AFut AJH ASHEOA 2AE L& V|Fow
meter - § _
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Table 2. Experimental results of multiple layers insulation
Condition 200C 600C 900C Unit
Part | Number of times Ist 2nd 3rd Ist 2nd 3rd Ist 2nd 3rd -
Inlet temp. 23.4 23.2 233 25.1 26.4 26.7 30.5 28.7 28.7 T
Outlet temp. 24.6 24.4 24.6 31.0 325 329 42.5 40.1 40.9 C
Temp. difference 1.2 1.2 1.3 5.9 6.1 6.2 12.0 11.4 12.2 T
H:'Li(r)w Flow rate 89.1 83.7 83.7 89.1 94.5 94.5 100.2 100.2 | 100.2 ccm
Density 1,852.7 | 1,853.1 | 1,852.9 | 1,849.0 | 1,846.2 | 1,845.6 | 1,837.4 | 1,841.3 | 1,841.3 kg/m3
Specific heat 1,037.8 | 1,037.5 | 1,037.7 | 1,045.2 | 1,047.4 | 1,048.0 | 1,059.6 | 1,056.6 | 1,057.0| J/kg-C
Heat 34 3.2 34 16.9 18.6 18.9 39.0 37.0 39.7 w
Hot side 201.77 | 201.90 | 201.93 | 604.13 | 604.73 | 607.47 | 899.63 | 900.50 | 900.50 T
Cold side 27.03 | 2730 | 2743 | 36.57 | 38.13 | 3887 | 5137 | 50.67 | 50.67 T
S";Ii‘é‘;le Temp. difference | 174.73 | 174.60 | 174.50 | 567.57 | 566.60 | 568.60 | 84827 | 849.83 | 849.83| C
Thickness 20 20 20 20 20 20 20 20 20 mm
Heat 34 32 34 16.9 18.6 18.9 39.0 37.0 39.7 W
Table 3. The inverse operating thermal conductivity of multiple layers insulation
Condition 200C 600C 900C Unit
Number of times Ist 2nd 3rd Ist 2nd 3rd Ist 2nd 3rd -
Thermal
conductivity of | 0.049 0.046 0.050 0.076 0.084 0.085 0.118 0.112 0.120 | W/m-K
sample
Average 0.049 0.082 0.116 W/m-K
'STDEV 0.0021 0.0047 0.0042 -
“Error 4.2 5.8 3.6 %
Negative error 0.0023 0.0054 0.0047 W/m-K
Positive error 0.0017 0.0033 0.0032 W/m-K
:§tandard deviation.
Error=standard deviation/averagex100 (%).
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Fig. 7. Comparison of fibrous insulation, multiple layers insulation
and calculation model
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