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Abstract

A computer simulation program of a high efficiency condensing heat exchanger is developed.
The flue gas flows outside bare tube bundles both in strong cross flow and in weak counter flow
and the cooling water inside the tubes. Condensing heat exchangers achieve high efficiency by
reducing flue-gas temperatures to a level at which most of the water vapor in the flue gas is
condensed and the latent heat associated with phase change of the water is recovered. The
computer model has been verified by comparison with measured data. To verify the model, heat
transfer coefficient was adjusted, along with the mass transfer diffusion coefficient and pressure
drop coefficient, to achieve agreement between predicted and measured data. The efficiencies of
heat exchanger increase 2.3~8.1 % by condensations of 6.3~62.6 % of the water vapor in the

flue gas.
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Schematic diagram of experimental apparatus
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Table 1 A comparison of the experimental results and theoretical result

Water Te(C) Tw(C) Qu (kcal/hr)|Qg (kcal/hr) | AP (mmAq)
Test|Gas rate R ;
rate Exit Exit
No | (kg/hr) (kg/hr) Inlet Inlet Qexp | Qune | Qexp | Qune | APexp | APe
Texp Tme Texp Tthe
1 147.6 74.5 89.0155.9|56.4(25.4149.3|49.0{2078 1758 {1398 |1236| 25.6 | 23.0
2 173.5 72.0 93.6 [59.0]59.9|27.8[52.1|52.7|2041 | 1790 | 1718 | 1501 | 29.2 | 31.5
3 196.2 74.5 [101.5]62.0|63.6|25.3|54.0|54.4|2495|2167 | 2217|1914 | 37.8 | 40.3
4 216.0 72.0 1104.6/65.1|66.8 | 27.6 | 57.2 | 58.2 | 2486 | 2198 | 2441 | 2099 | 44.1 | 48.7
5 249.8 73.4 |114.8|72.2{73.2125.8|64.1|62.6| 3281|2701 | 30452672 | 55.7 | 65.4
6 126.0 191.9 [84.8149.0{51.0(25.6|36.0|36.6|2328 2109 1291|1086 | 19.8 | 16.7
7 147 .2 194.4 {81.5(50.4|51.7]25.0(36.0|36.6]2495 2237 1310|1121 27.1 | 22.2
8 173.5 189.7 |[86.2153.5|54.7|26.5|37.8|38.2|2501 2208|1623 1401 32.2 | 30.6
9 175.0 192.6 |97.5|56.7 | 57.6 | 26.3|38.6|38.6|2764 (2365|2042 |1785| 30.6 | 31.8
10 | 197.3 194.4 |94.4|57.4|58.025.0|37.8138.0]2903 2526 (208811839 | 41.2 | 39.5
11 | 223.6 189.7 199.7160.5|61.3|26.7|40.2|40.3| 2988 | 2562 | 2507 { 2200 | 49 50.7
12 | 249.8 187.9 [103.5|63.4 | 63.4 [ 24.7|39.7|40.0) 3289 | 2858 | 2866 | 2564 | 58.8 | 62.8
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Table 2 Input data for theoretical calculation

C 0.8560 kg/kg-fuel
) H 0.1320 kg/kg-fuel
Fuel
S 0.012 kg/kg-fuel
(0] 0.0 kg/kg-fuel
N 0.0 kg/kg-fuel
Low heating value 10, 300 kcal/Kg
Air Excess air 20 %
Relative humidity 70 %
-Inlet temp.
Flue vas Flue gas 100 C
g Water 20 C
&
Water -Mass flow rate
ate Flue gas 57~ 228 kg/hr
Water 100~3200 kg/hr
Tube OD 6.35 mm
ID 4.35 mm
Thermal conductivity 0.2528 kcal/hr, m, K
Heat exchanger
No. of rows 22
No. of tubes per row 3
Ave. tube length per row 610 mm
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