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Abstract: This paper examines the influence of hydrogen blending on the performance of a lean
premixed gas turbine. Numerical simulation is carried out to study the influence of blending
hydrogen at different volume fractions (from 0 to 30%) on the combustion and emission
characteristics of the gas turbine. The effects of hydrogen blending on the combustion
temperature, and NO,, CO and CO, emissions are compared under a constant fuel flow rate and
constant heat load. The numerical simulation shows the following results: At a constant fuel flow
rate: If the fuel equivalence ratio remains constant, the thermal load in the combustor and the
concentration of CO and CO, will decrease with hydrogen blending, but there will be overheated
gas and excessive NO, emissions at the outlet. If the hydrogen blending ratio remains constant,
the combustion temperature will drop together with the concentration of NO, and CO,, and the

concentration of CO will first decrease and then increase with the drop of the fuel equivalence
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ratio. The recommended fuel equivalence ratio is 0. 48 when the hydrogen blending ratio is 30 %.

Under a constant thermal load: If the fuel equivalence ratio remains constant, the concentration

of CO and CO, will decrease with hydrogen blending, but there will be overheated gas and

excessive NO, emissions at the outlet. If the hydrogen blending ratio remains constant, the

combustion temperature will decrease together with the concentration of NO, and CO,, and the

concentration of CO will first decrease and then increase with the drop of the fuel equivalence

ratio. The recommended fuel equivalence ratio is 0. 47 when the hydrogen blending ratio is 30 %.

In conclusion, blending hydrogen in gas turbines for lean combustion can reduce combustion

temperature and achieve low emissions of NO,, CO and CO,. The research results can provide

reference for the design and operation of hydrogen gas turbines.

Keywords: gas turbines; hydrogen blending; combustion characteristics; emission characteristics
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Table 1 Comparison of hydrogen and methane properties
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Fig. 1 Schematic diagram of the combustor
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Fig. 2 Grid generation of the of combustor
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Fig. 3 Grid independence verification of combustor
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Table 3 Validation of calculation results
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Table 4 Pollutant emissions at a constant fuel flow rate,

designed equivalence ratio

NO, MERGE  CO CO,

a(Hz)/ ¢(NO,)/ -y T NO, HEMCEE HERE
% “¢°U”<@-hw HERCE: /RO IRy
(kg+h ') /107 /10 *

0 2. 639 0.419 0.116  1.461 5.231
5 3.130 0. 464 0.133  1.413 5.072
10 3.871 0. 644 0.191  1.405 5.015
15 4.905 0.819 0.253  1.386 4.917
20 6.472 0. 989 0.317  1.351 4.757
25 9.017 1.310 0.438  1.317 4.582
30 12,194 1.789 0.625  1.299 4.432
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Table 5 Converted equivalent ratio at a constant fuel and air

flow rate
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Fig. 8 Combustion characteristics at a constant fuel flow rate

with lean combustion
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Table 8 Pollutant emissions at a constant thermal load,

designed equivalence ratio

NO, . COHFi  CO. flFik
alHy) /' o(NO,)/ NO, i &/ MR GAH T NO, a(H)/ (NO.D/ WEE BERGNE EE RN
% (uL-L ) (kgeh ' R/ (kg h D A Gl ey 10 10
0 2.639 0.419 0.116 0 2.639 0.419 1.461 5.231
5 2. 366 0.379 0. 100 5 3. 281 0.517 1. 405 5.031
10 2.658 0. 375 0.111 10 4. 149 0. 649 1. 383 4. 816
15 2. 812 0. 364 0.112 15 5.294 0. 819 1. 368 4. 683
20 2.703 0. 332 0. 106 20 6.875 1. 056 1. 322 4. 411
25 2.625 0.291 0. 097 25 9. 286 1. 410 1. 308 4. 254
30 2.493 0.261 0.091 30 10.914 1.632 1. 272 4.108

http: // zkxb. xjtu. edu. cn




8 (L7 ]

PN

556 &

a(H)=0

IR K

2100
2000
1 900
1 800

1700
1600 :
1500 o(H,)=10%

1400 .
1300
1200
1100
1000
900

800

700

600
500
400
300

a(H»)=20%

a(H,)=25%

==
_—

a(H2)=30%

10 fEE AT BT 2 LR R B = PO

L BE oy A

Fig. 10 Temperature distributions of central section in
combustor at a constant thermal load, designed

equivalence ratio
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Fig. 11 Combustion characteristics at a constant thermal

load, designed equivalence ratio
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