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Numerical Study of Fuel Dilution Effect on the thermal

Performance of a Furnace with Highly Preheated and Diluted Air

K. Abbasi Khazaei and Z. Abbasi Khazaei’ West Oil and Gas Company, Zan Boulevard, Kermanshah
B. Abbasi Khazaei, Dept. of Mech. Eng., the Faculty of Engineering, Razi University

Abstract: This paper presents some of the predicted results of the computational fluid dynamic "CFD"
numerical study for the effects of using a diluted fuel (50% natural gas and 50% N,) on the energy-thermal
features of an industrial furnace under several cases of conventional combustion (air with 21% 02 and 1273 K)
and the highly preheated and diluted air combustion "HPDAC" (air with 10% O2 and 90% N, and 1273 K)
conditions using a computer program written by authors. It was found that by applying a combined diluted fuel
and oxidant instead of their uncombined and/or undiluted states, the best condition is obtained for the
establishment of thermal-energy HPDAC’s main unique features. The HPDAC technology also can result in
smaller chamber size for processing the same material or increasing productivity for the same furnace size.

Keywords: CFD, combustion, highly preheated and diluted air,diluted fuel, furnace, energy saving.
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Zone model previous works[5-10] Present work
[13]
case 1 case 2 case 3 case 4 case 5 case 6
50%N,+ 50%N,+
natural natural natural natural natural
fuel type, %v 50%natural 50%natural
gas gas gas gas gas
gas gas
air/fuel stoichiometric
i 16.5 16.5 16.5 355 355 6.004 12.384
ratio, kg/kg
air temp after
300 300 1273.15 1273.15 1273.15 1273.15 1273.15
regenerator , K
air temp before
300 300 300 300 300 300 300
regenerator , K
fuel temp, K 300 300 300 300 300 300 300
oxygen concentration
i 21 21 21 10 10 21 10
of air, % v
excess air, %v 10 10 10 10 10 10 10
fuel flow rate , kg-s* 0.1745 0.1745 0.1745 0.1745 0.1222 0.4484 0.4484
fuel velocity, m-s* - 191 191 1.91 1.34 1.407 1.407
air velocity , m-s* - 10.91 2251 22.75 15.93 18.81 18.91
outlet flue gas velocity ,
. - 5.58 4.69 9.27 6.29 4.171 8.677
m-s
residence time of
- 4.763 5.667 2.868 4.226 6.374 3.064
furnace flow , s
momentum flux ratio® - 0.13745 0.13726 0.13725 0.13725 0.13727 0.13724
fired heat, MW 8.939 8.939 8.939 8.939 6.258 8.939 8.939
process fluid inlet
783.15 783.15 783.15 783.15 783.15 783.15 783.15
temp, K
process fluid outlet
801.6 798.37 813.97 802.14 800.55 812.03 804.38
temp, K
furnace efficiency ,% 39.01 38.653 78.254 48.236 63.114 73.36 53.903
required regenerator
o 0.0 0.0 92.99 104.2 109 104.4 99.1
efficiency ,%
flue gas temp before b
1485.93 1437.48 1198.86 1125.3 1088.9 1033.65 1128.9
regenerator , K
flue gas temp after
1485.93 1437.48 362.8 265.2 228.8 267.6 307.3
regenerator , K
Max & mean gas temp
1817 2347 3201 2132 2128 2912 2124
of combustion
1338 1410 1552 1352 1323 1484 1334
chamber, K
ReTu % - 31.36 32.92 24.366 24.192 33.763 23.796

a: fuel to air momentum flux ratio[15].
b: actual (operating) value of bridge wall temperature = 1427.59 K[13].
c: gas temperature uniformity ratio(Rgry),the lower Rgyy results in the higher uniformity[15].



