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An Experimental Study for Performance Evaluation of a Ceramic
Heat Exchanger

Hyun Soo Choi and Donghoon Shin

ABSTRACT

Exhaust gas of an industrial furnace used at such as metallurgy or ceramic manufacturing usually contains
thermal energy with high temperature which can be recycled by heat exchanger. However, when the tem-
perature of the exhaust gas is high such as more than 1,000°C, ordinary metallic heat exchanger cannot fully
recover the heat due to the limitation of operating temperature depending on the material property. In the
present study, a compact ceramic heat exchanger of cross flow type is introduced and evaluated by heat ex-
change rate and operating temperature. The ceramic heat exchanger can endure the gas temperature more than
1,300C, and its volumetric heat exchanging rate exceeds 1 MW/m’. The experimental data is also compared
with the previous numerical result which shows reasonable agreement. Meanwhile, the gas leakage rate is

measured to be about 3~4%, and heat loss to environmental air is about 23~26% of the fuel energy.

Key Words : Ceramic heat exchanger, High temperature, Cross flow type, Heat exchange rate, Gas leakage,
Heat loss
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Alphabets T, : surface temperature, C
A : surface arca, m’ T : outdoor temperature, C
k : thermal conductivity of air, 0.07 W/mK Ty : film temperature, C
h: convention heat transfer coefficient, W/m’K V,, : The air flow
L : characteristic length, m V,. : The combustion gas flow
Nu : Nusselt number V e © leaked combustion gas flow
O»ir detected de?ected concentration of O, at air V.. leaked air flow
exit Xeas : The ratio of leaked combustion gas in
Ohgas detectea © detected concentration of O at gas air flow
exit Xar : The ratio of leaked air flow in com-
O»4ir © The O, concentration of air component bustion gas flow
1,445 : The O, concentration of combustion gas
component Greeks
Pr PrandFl number of air, 0.717 v : kinematic viscosity of air, 1.40x10” m%/s
Ra : Rayleigh number B : The coefficient of volumetric expansion, K
Q@ : heat transfer rate, W
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Fig. 1. The gas flow in the ceramic module and experi-
mental apparatus.
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Fig. 2. Control panel of experimental apparatus.
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Table 1. The condition of working fluid flow

Case 0| Case 1| Case 2| Case 3 | Case 4
Air Flow |4 75 100 | 125 | 150
(Ipm)
Fuel Flow |, ¢ 15 2 25 3
(Ipm)
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Fig. 3. The result of experiment (Case2).
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Table 2. The comparison between theoretical values
and results of experiment for Case 0
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Table 3. The summary of experimental results

Case
(og37]1] Casel Case2 Case3 Case4
AJGEF| (75/1.5) | (1002) | (125/2.5) | (150/3)
[lpm])
oAg|dh|dd | A |dE Al || AL
77V F7 7| ST | 7 | 371 | 7 e
A 20 [1362.5 20 [1359.4] 20 [1353.8 20 |1352
2%(C) ' ] '
=
2m(0) 799 | 468 | 790 | 465 | 764 | 478 | 744 | 490
Adg
Hshe [1.32(-1.731.73 | -2.3 | 2.09|-2.82(2.44 |-3.33
(kW)
A=A
JHAGE| 576 766 940 1076
(kW/m’)
HAANQ
= (;\;)g 0.41 (23%)0.57 (24%)[0.73 (25%)0.89 (26%)
0:%) [20.7] 9.6 [20.7] 93 [208] 9.9 [208] 7.6

Fig. 4. The temperature of casing for using IR Camera.

Table 4. Air properties at 1 atm 25C
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