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Abstract: [Objective] This paper aims to solve many practical problems of urea pyrolysis system in SCR flue gas
denitrification technology of gas-steam combined cycle units. [Methods] The SCR flue gas denitration system of a
9F gas-steam combined cycle unit is taken as an example to study the application of urea direct injection pyrolysis
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technology under the flue gas condition of gas turbine outlet by numerical simulation method. Based on theoretical
research, the technology is extended to engineering design and practical application. [Results] The results show that
the main products of urea pyrolysis are ammonia and isocyanic acid under the flue gas condition of gas turbine
outlet. The urea pyrolysis efficiency increases rapidly with the flue gas temperature and the extension of residence
time: when the flue gas temperature is 300 °C, the residence time is 0.5 s, the flue gas temperature is 650 C, and
the residence time is 0.1 s, the urea pyrolysis efficiency exceeds 95%. The urea pyrolysis efficiency increases with
the distance from the injection point: when the distance from the injection point is 31 m, the urea pyrolysis efficiency
reaches 99%. When the injection points of urea solution are arranged with 12 and 29 injectors according to the equal
area method, the root mean square deviation of pyrolysis product distribution on the catalyst inlet section is less
than 5%. In practical engineering design and application, considering the uniformity of urea pyrolysis product
distribution on the catalyst inlet cross-section and investment costs, 12 injectors are arranged inside the circular flue
according to the principle of equal area. The atomized particle size of urea solution sprayed from each injector is
selected to be Dv,p5=52.0 um. The metering dilution system with dilution water can keep the atomized particle
parameters of each injector in the optimum working condition under different loads, and the injector with heat
insulation structure and cooling air can avoid water evaporation of urea solution. [Conclusion] After the actual
operation of the project, the technology can stably provide reducing agent for the SCR flue gas denitrification
system. The NOx mass concentration reduces from 35 mg/m? to 5 mg/m?, the ammonia escape is less than 3 pL/L,
and the root mean square deviation of pyrolysis product distribution on the catalyst inlet section is less than 5%
under the high and low load conditions of the unit, indicating that the uniformity of the ammonia concentration
distribution at the inlet of the catalyst is good, and the technology realizes the energy saving, low consumption, low
pollution and economic operation of the denitration environmental protection system of the gas-steam combined
cycle unit.
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Fig.1 Schematic diagram of layout of inlet flue and internal heat exchange surface of the waste heat boiler
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Tab.1 Flue gas resistance and inlet and outlet flue gas temperature of each module under full load operating conditions

TiH B 1 ik 2 Bk 3 REALFRIBEH Bitk 4 Bidk 5 B 6
0B F3/Pa 375 372 436 300 509 435 474
HE LR/ C 569.1 541.4 449.2 336.8 336.8 246.9 1615
H iR/ C 541.4 449.2 336.8 336.8 246.9 1615 815
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Tab.3 Numerical simulation conditions
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Tab.4 Parameters inside the flue duct

T SIS I B9 /m =9  x=15 @ BRI AL B2 An B3 AL AN
IR I% 20.6 50.9 64.6 98.4 99.8 99.9
S NHa i< B2 S AT IR R E G 221% 74.81 55.80 27.54 5.41 5.09 4.85
4li 5% T30 100% 51 7
N P34 0.074 0.550 0.691 0.975 0.986 0.988
N AES bR v fm 22 % 72.73 60.42 24.71 4.18 471 478
JREF AL ZE Y 383 80.8 92.9 99.8 99.9 100.0
NHa #5534 AR X b AR 22/% 48.80 23.90 10.50 4.10 4.05 4,04
ST 30% % fuf
N P34 0.324 0.672 0.876 0.981 0.984 0.985
N AFSK AR R 22/% 36.01 21.39 5.63 4.29 457 458
NH, i /{mol-m ") NH,# FE/(mol-m ) NH,/NO B/ [ NH,/NO B A T
3.40e-05 2.84¢-05 1.30e+00 1.30e+00
3.23e-05 2.70e-05 1.23e+00 1.23e+00
3.96e-05 2.56e-05 1.17¢+00 1.17¢+00
2.89¢-05 2.42¢-05 1.11e+00 1.11e+00
2.72¢-05 2.27e-05 1.04e+00 1.04e+00
2.55¢-05 2.13e-05 9.75¢-01 9.75¢-01
2.38e-05 1.99¢-05 9.10e-01 9.10e-01
2.21e-05 1.85¢-05 8.45¢-01 8.45¢-01
2.04e-05 1.71e-05 7.80e-01 7.80e-01
1873 1.56e-05 7.15e-01 7.15e-01
1635 03 1426205 6.50e-01 6.50e-01
Y 5 -=oe—Uy 5.85¢-01 5.85¢-01
1-36en3 1.14¢-05 320001 520001
12023_05 9.95¢-06 4.55e¢-01 4.55¢-01
8.30e-06 8.53e-06 3.90e-01 3.90e-01
6.80e-06 7.11e-06 3.25¢-01 3.25¢- 01
5.10e-06 3.69e-06 2.60e-01 2.60e-01
3.40¢-06 330700 1.95¢-01 1.95¢-01
[1),700 06 7‘492 06 1.30e-01 1.30e-01
e 6.50e-02 6.50e-02
0
0 0
a) 100% 7 fuf b) 30% i1 fuf a) 100% 47 fif b) 0% 1if
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Fig.11 Distribution of NH3 concentration on inlet cross-
section of the catalyst
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Fig.12 Distribution of molar ratio of NHs/NOx on inlet
cross-section of the catalyst
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Fig.13 Schematic diagram of the metering dilution system
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Fig.14 Structural diagram of the two-fluid spray gun with
thermal insulation structure and cooling air
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