J. Korean Soc. Combust. 21(3) (2016) 24-31

Glass)

DOI: http://dx.doi.org/10.15231/jksc.2016.21.3.024

ISSN 1226-0959
elSSN 2466-2089

Combustion Stability Analysis using Feedback Transfer Function

Jina Kim”, Myunggon Yoon" and Daesik Kim™

“School of Mechanical and Automotive Engineering, Gangneung-Wonju National University

(Received 05 June 2016, Received in revised form 14 July 2016, Accepted 14 July 2016)

ABSTRACT

In this paper we propose a new approach for an analysis and a prediction of combustion instability of lean
premixed gas turbines. Our approach is based on the Nyquist stability criterion in control theory and a transfer
function representation of a one-dimensional (1D) thermoacoustic system. A key advantage of the proposed
approach is that one can systematically characterize the effects of various parameters of a combustor system
on combustion instability. Our analysis method was applied to a real combustion system and the analysis results

were consistent with experimental data.
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M : Mach number

n : Gain of transfer function
p : Pressure

q : Heat release

R : Reflection coefficient

S Area

s : Laplace variable

INZTED
Alphabets u : Velocity
A : Complex amplitude of pressure
c : Speed of sound Greeks

B . Area ratio

. Specific heat ratio
¢ : Damping coefficient
7,0 : Time delay
p : Density
¢ : Phase
w : Angular frequency
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Fig. 1. Block diagram of a combustor system.
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Fig. 2. Schematic diagram of combustor for thermoacoustic analysis.
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Table 1. Common analysis conditions[4,16]

Inlet pressure 1 atm
Inlet temperature 200C
Mixture velocity 60 m/s
Equivalence ratio 0.6

Table 2. Summary on selected cases for model valida-

tions[4,16]
Fuel Combustor | Experimental
composition length results
Case 1 100% CHa 09 m Stable
Case 2 55;/5003)}1342 " 09 m Unstable
Case 3 100% CHas 0.8 m Stable
Case 4 100% CHa4 14 m Unstable
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