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Fouling Reduction Characteristics of a Fluidized Bed Heat Exchanger
for Flue Gas Heat Recovery
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ABSTRACT: Fouling and cleaning tests are performed for a uniquely designed 7,000 kcal/hr
fluidized bed heat exchanger for exhaust gas heat recovery. Fuel rich condition is maintained
in the combustor for a limited time period to generate soot that is to be deposited on the
heat transfer surfaces (fouling) and 600 um glass beads are circulated inside the heat ex-
changer system for cleaning and enhancing the heat transfer performance. According to the
present experimental study, performance degradation mode could be monitored and the effect
of particle circulation on the heat transfer improvement could be identified. Through the pre-
sent study, it is demonstrated that circulating particles contribute not only to the fouling re-
duction in gas side, but also to the heat transfer enhancement of the unit, while other possi-
ble aging factors including water side corrosion seemed to contribute to the accumulated per-
formance deterioration.

Key words: Fluidized bed($% %), Heat exchanger(& ¥ 7]), Overall heat transfer coefficient
(2Q AL AF), Particle( A Y =}), Fouling factor(2 G A1)
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Table 1 Temperature measurement locations

Designation Measurement Loc.
T Combustor outlet
T Economizer outlet
T3 H.E. inlet
T4 Riser inlet
Ts H.E. outlet
Ts Water jacket inlet
T Water jacket outlet
Ty Orifice upstream
Ty Incoming water
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Fig. 3 Upper region of riser.
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Table 2 Heat exchanger performance before

fouling
Designation Case I Case 1
Hot fluid | Gas only |Particulate|Ratio=11/1
Cold fluid Water
m,, (kg/s) 0.232 0.232 1.0
m, (kg/s) 0.068 0.068 1.0
m,(g) - 83
T5(C) 261 267
T (C) 87.4 88.7
AT5_5(C) 90.9 9.2 1.06
AT;_¢(C) 3.7 45 122
4T, (C) 120.2 1214 1.01
q (kcal/hr) 6,318 6,697 1.06
U(W/m>K)| 266 279 1.05
TTD () 79.0 779 0.99
o (kg/m’) 47 7.8 166
Test serial no. 57 59
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Table 3 Heat exchanger performance after fou-

ling
Designation | Case III | Case IV | Case V
ot tid | G50 00 | (Caning) | (cleaned)
Cold fluid Water
m,, (kg/s) 0.232 0.283 0.245
myg (kg/s) 0.066 0.067 0.067

m,(g) - 49 -

T3(C) 284.6 288.8 292.

T (C) 73.7 75.3 80.9
AT5_5(T) 919 111.2 96.9
AT;_(C) 453 6.04 5.48

4T, (C) 173.7 159.2 154.4
q, (kcal/hr) 6,280 7,636 6,687
UW/m>K)| 183 24.2 219
TTD(TC) 129.8 107.7 108.9
0. (kg/m’) 5.1 73 4.7
Test serial no. 94 96 101
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Table 4 Pressure drop through riser

Description Case 1 Case II Case III Case IV Case V
m, (g) ~ 83 - 49 -
AP yiser (Pa) 46 76 50 72 46
Vg (m/s) 10.0 10.1 106 105 10.6
Kx10°(-) 0.921 1.50 0.89 1.30 0.82
T,(C) 204 208 246 239 239
Gas only Particulate Gas only Particulate Gas only
Remarks
Clean Fouled Cleaning Cleaned
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