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ABSTRACT

In this paper we propose a new frame transfer function model describing the variations of a heat
release rate in response to an external flow oscillation in gas turbine systems. A critical difference of
our model compared to the so-called n—7 model which has been widely used for a prediction of
combustion instability (CI), is that our model is able to describe a nonlinear relation between phase
and frequency. In contrast, the phase part of the n—7 model is a pure time delay and thus the
phase should be a linear function of frequency, which is inconsistent with many experimental results
of real combustion systems. For an illustration, our new model is applied to experimental data and

the effect of phase nonlinearity is investigated in the context of combustion instability.
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n : Gain of transfer function
p : Pressure
g, Q : Heat release

R : Reflection coefficient

S : Area
u : Velocity
Greeks

v : Specific heat ratio
p : Density

w : Angular frequency

Subscripts
0 : Mean value

1 : Fluctuation amplitude
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Fig. 1 Simplified model combustor for thermoacoustic
analysis.
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Fig. 2 Schematic of the model combustor, Dimensions
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Table 1. Selected test conditions for model validation.

Inlet pressure 1 atm

Inlet temperature 200C

Mixture velocity 60 m/s
Equivalence ratio 0.6

Fuel composition 100% CHs,,

(in volume) 85% CH,; + 15% H,

Table 2. Key parameters used in the model.

Ha[%] n(f;)ile corrfl?lrlstor

Mean 0 473 1,858

temp. [K] 15 473 1,878

Speed of 0 440 815

sound [m/s] 15 442 818

Mixture 0 0.727 0.190

density

[ke/n7] 15 0.721 0.188
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Fig. 3 Gain of the flame ftransfer function as a
function of frequency for 85% CH4 + 15% H2
case.
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