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Numerical Simulation of Gas Turbine Combustors Burning L ow-Calorific Fuel
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Development and improvement of gas turbines can be significantly improved by CFD (Computational Fluid
Dynamics), provided that the computational models are reliable and efforts regarding time and memory are reasonable. The
eddy-break-up model has widely been used up to now as the combustion model. PDF (Probability Density Function) methods
are believed to be superior because detailed chemistry can be considered and, consequently, intermediate species
concentrations are included. In this paper, the ability of the models to reproduce combustion of low-calorific fuels is
investigated. Both models predict quite different velocity fields and temperature distributions. By comparison with
experiment, the PDF method is shown to give better predictions for the combustor simulated here.
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Fig. 1 Change of heat capacity of chemical species with temperature

0000000 Vol.44 No.6(2004-11) 369



ou, 1

=¥ L et

obooooboobooboobobooobooooog
gooboboboooobobobooooobobbooooon
OO0O00ODO birac0 s 0000000

goboboooobboooooboooobobogoo
goboobooboobooboobbobbooboo
gobobbooobbbooooobooobobooooon
ooboooboobobooobooboboooboobooon
ooboobb 200000000 bOOo0bOoOobooOon
oooobob 20 -(a)f0bOoOooOobboOobDOoOon
O0-(b)OO00OO0OOOOOOOOOOODOOOO
gooobobobboooooooobobbooooooooo
gooobobobooo

3. 0000

ooooooooooooooobooboobbbb 300
gooobobbooooobbboooobobboooon
goobbbooooobobbooooboobboooon
goobbbooooobobboooobobboooon
oooooboobbooobooobboooboobooon
o0 oo boboboo0o 1 000b0bboobobooon
0 23 MJkg OOOOODOOOO0OO O 45 MJkg OODO
goo soobooboogbooobooboobooboogon

(a)doono

0oo (K)

1000

800

600

400

ooo*0000
*20000

oo0o0oo ﬁﬁ %
- I

o
= (exe) &
p . e o
ooo i

“ b

030 O00O0OOOO0ODOoOoOooooooooobo
Fig. 3 Outline of model combustor
010 000000000000 veld O
Table1l Composition of model fuel (vol% )
oooo 1/0.4 1/0.8
CHy 63.7 495
CoHs 3.9 3.0
000 | CsHg 1.8 14
N, 1.7 13
CO; 28.9 44.8

gooooooooooooooo®g

0 400000000000000000000000
00000000000000000000000000
000oo00000000000000000 00000
0mo0000000000000000000000
00000000000000000000000000
0000 s0000000000000000000000
0000000 5000000000000000000

(b)oooo

000 (K)

2400

1900 :
0.0

1400

900

400
0.0

o
g

O =0 0D00*0000
20\0 *0000

020 00000O0O0OOOOODOOOOOODOO
Fig. 2 Change of temperature with mean and variance of mixture fraction

370

00ooooOoO0 Vol.44 No.6(2004-11)



oooog

=] 0000 1000
e«J0000000 CO,=1/04
A00000000 Co,=1/0.8

040

oo
ooooo

oooooooobooooooo

Fig. 4 Changes in flame temperature due to strain rate
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Fig. 5 Changes in flame structure due to different fuel composition
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Fig. 6 Temperature distribution in combustor
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Fig. 7 Density distribution in combustor
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Fig. 11 Temperature distribution for mixture 100 0.8
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