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ABSTRACT: A numerical study has been conducted to characterize the transient flow in a
utility gas turbine burning natural gas. The solution domain encompasses the supply gas pres-
sure regulator to the combustor of the gas turbine that employs multi-nozzle fuel injectors.
Some results produced for verification in the present study agree quite well with the experi-
mental ones. It is found that the total gas flow may decrease noticeably during its combus-
tion mode change, which would be the reason of momentary combustion upset, when a refer-
ence case of opening ratios of control valves in the system is applied. Several parameters are
then varied in order to make the total gas flow stable over that period of time. Results of
this study may be useful to understand the unsteady behavior of combustion system burning
natural gas.

Key words: Transient flow(Z%/%), Multi-nozzle combustion system(th=Z G94H]), Na-
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Fig. 1 A schematic diagram of a natural gas supply system of a multi-nozzle gas turbine.
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Table 1 Comparison of results for the verifi-
cation of the numerical analysis

Load (MW) 67 120
Experiment 24585 24585
P1 Simulation 2450.7 2461.5
(kPa) Difference —78 3
(% Diff.) (0.32) 0.12)
Experiment 1100.3 1363.1
P2 Simulation 1116.0 1339.6
(kPa) Difference 15.7 -235
(% Diff.) (143) (1.72)
Experiment 983.6 1307.2
P3 Simulation 998.3 1266.0
(kPa) Difference 147 —412
(% Diff.) (1.50) (3.15)
Experiment 1031.7 1052.3
P4 Simulation 1007.1 1083.6
(kPa) Difference —24.6 31.3
(% Diff.) (2.38) (2.97)
Experiment 17808 25786
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Table 2 Distributed gas flow to each line

Primary Fuel Line | 15886 | 16184
Gas flow| Secondary Fuel Line | 1676 | 9601

(kg/h) | Tertiary Fuel Line 248 0
Total 17810 | 25785
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Fig. 3 Opening ratios of control valves during
the combustion mode change.
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Table 3 Parameters of gas control valves

Parameters Cases tested in the study Ref. case
Rate of GTV opening ratio (%/s) 422 536 6.10 494
Start time shift of GTV (s) -10 -05 05 0.0"
Max. GTV opening ratio (%) 975 9.0 925 100.0
Min. GSV opening ratio (%%) 0.02 040 080 0.08

Y Moment at which the GTV opening ratio starts to change drastically.
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