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Abstract

A 3D FEM (Finite Element Method) based Helmholtz solver has been commonly used to characterize fundamental acous-
tic behavior and investigate dynamic instability features in many combustion systems. In this approach, a geometrical sim-
plification of the target system has been generally made in order to reduce computational time and cost because a real
combustor and fuel nozzle have a very complicated flow passage. The feasibility of these simplifications is quantitatively
investigated in a small aero gas turbine nozzle in term of acoustic characteristics. It is found that the simplification in a noz-
zle geometry during the 3D FEM analysis process has no great influence on the acoustic modeling results, while the calcu-
lation complexity can be improved for a similar modeling accuracy.
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Fig. 1. (a) Sectional view and (b) nozzle schematics of the
aero gas turbine combustor under development.
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Fig. 2 Simplification steps of the target fuel-air mixture
nozzle for 3D acoustic modeling; (a) Case 1, (b)
Case 2, (c) Case 3, (d) Case 4, (e) Case 5.
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Table 1 Summary of geometrical changes for each case

Case 1 The original geometry

Elimination of the inner pilot swirler and

Case 2 simplification of the inner flow path

Case2 + Elimination of the outer pilot swirler

Case 3 and simplification of the outer flow path

Case3 + Merge of two different pilot passages
Case 4 | (inner + outer) into a simple passage with
the equivalent sectional area

Case 5 | Case 4 + Elimination of the main swirler
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Fig. 3 Schematics of computational mesh: (a) Case 1, (b)
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Fig. 4 Schematics of lab-scale gas turbine combustor for the experiments!'? (top) and the numerical simulation (bottom).
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Table 2 Operating conditions and gas properties

e e e
£as chamber) tube)
Operating condition
Temperature (K) 473 1,953 1,223
Operating pressure 1
(bar)
Gas properties
Density (kg/m®) | 0.746 0.181 0.289
Speed of sound (m/s)| 432 836.2 681.3
Specific heat ratio | 1.387 1.322 1.247

3D =% A A=A, 247
(1% longitudinal, 1L)Z} Y=

A w9 o] $g

HWHEE (1% circumferential

53] == 9

= AL ol 5 )h:} 7150 E= Case 12 34

A3}, LS 4241 Hz, 1CE=

4,925 HzZ A= AT =

gk Fig. 5(b)= Case 1349 T w2 & Hwstr] 93|

TA3te Ao ®A Case 13} FAFSH 1L, 1C £33 R=
£ 7t Ag g1 5 Sl

Table 32 =Z9] T3}t #Ao] 3D &F 4SS 5
st doixl T3 Fapgo wX= FFE 2.9k3 A5}
olt}. oA Ho|%o], Case 1914FE Case 52 2
= 34 it 27 gl A, ol whe Azl
7t Ao 2, B A= /\] Zro] Hlglsle] &

55 g 5 vk 3 Bx 55 A2 2 7Y

Table 3 Simplification effects of nozzle geometry on the predicted resonance frequency and required calculation time
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Fig. 5 Calculation results of 1* longitudinal and 1% cir-
cumferential modal shape for (a) Case 1 and (b)

Case 5

7kl A o] 298 E Teslst Case 47FA= Case 12
HE{ ST & Apolglol(ILRE=S] 7
=9 A +1.6%) AR A HS ""%%
71‘301 UE AR UrE‘r‘fy\LE} sk v 3
243 E AAL 7% (Case 5), —sl °J

A F=345 zpol7t AR AL gl

(b)

719
35 -

oh‘, —1}

F R
3

rlr 00"

l

02 HZHF FZ(pilot flow path)ol] H] 5}04

S 2R 8= F4-5 F-E(main flow path)2] ’\%ﬂ 7}t
A BkAL U™ T R
sl 23] olF A o F 9T
2 AET Table 39 ZA#H2HE AAbe] B34,

ol w2,

ko 2 Au}
w3]7] el

Case 1 Case 2 Case 3 Case 4 Case 5
1st Longitudinal Mode
Resonant frequency (Hz) 4,241 4,233 4,230 4,180 4,127
Error (%) - -0.2 -0.2 -1.4 2.7
1st Circumferential Mode

Resonant frequency (Hz) 4,925 4,926 4,961 5,006 5,143
Error (%) - 0.0 +0.7 +1.6 +4.4
Required calculation time 1 0.87 0.63 0.50 0.43
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Fig. 6 Calculation result of 1* longitudinal modal shape at combustor length of 1.9 m.

Table 4 Frequency prediction results in a lab-scale combustor rig

. Combustor Length
1* Longitudinal Mode
1.6 m 1.9 m 22 m 2.5 m
Exp. 111 99 88 81
Resonant frequency (Hz) Case 1
94 80 69 61
Case 4
Error (%) Case 1& 4 -15 -19 21 -24
Case 1 1
Required calculation time
Case 4 0.75
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