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The Development and Performance Evaluation of the Air-preheating
Heat Exchanger for Ultra-high Temperature Applications
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ABSTRACT

A compact air-preheating type heat exchanger was developed and tested for the ultra-high
temperature heat recovery applications. For the direct use of exhaust gases up to 1200C, the
heat exchanger adopted a ceramic core with high strength and low thermal expansion coefficient
less than 1%10°%C ™! The ceramic core was fabricated by special extrusion and bonding tech-
niques. To minimize thermal stresses in the core, spring—loaded sealing mechanism was desi-
gned and successfully installed. 1-pass air flow scheme was adopted for the compactness and
cost-savings. The pressure test for the ceramic core showed no failure under 35kPa and less
than 3% leak under 7kPa. Flue gas simulation system was developed to investigate the
performance of the heat exchanger. The test results showed normal operations of the heat
exchanger up to 1200C of exhaust gases and relatively high heat recovery efficiencies of 31~
39% depending upon exhaust gas temperatures.
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Fig. 1 Schematic diagram of the heat exchanger main
body
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Table 1 Chemical composition and material properties
of the ceramic core after firing

Item Property Others
Si02 0% ] .
Composition | AR03 | 3% Z;g’ rfifjo.ls/‘;
MgzO 14%
Cordierite | 290 wt%
Crystal phase Mullite | <24 wt%
Spinel | €12 wt%
Melting point Min. 1410T
Coefficient of
thermal 06~08x107°C"™" <1ox10°°¢™
expansion
Specific heat 954.408 J/kg T at constant pressure
Thermal
conduction 1.2558 W/mT
coefficient
Bending strength 30 N/mm’
Absonption rate 20~30%
Pore size 1~9um
Pore volume 0.18~0.24cc/gr
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Fig. 2 Unit layers for extrusion of air and gas fiow plates to fabricate the ceramic heat exchanger core
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Fig. 3 A photograph of the fabricated ceramic core
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Fig. 5 Pressure test equipments for ceramic core
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Fig.6 System layout of performance test equipments
for heat exchangers

Fig. 7 A photograph showing the performance test eg-
uipments of the developed heat exchanger
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Fig. 8 Temperature variations in the inlets and outlets
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Table 2 Performance test results of 1-pass heat ex-
changer for 150,000 Kcal/hr burmer capacity

Exhaust Gas | Gas Outlet | Preheated Air [ Heat Recovery

Temp.(C) | Temp.(T) | Temp.(T) | Coefficient(%)
1000 685 325 31
1100 706 403 35
1200 700 472 39
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