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A Simulating Study on Thermal Efficiency of a Small Gas Turbine Engine
with a Reciprocating Gasifier

Abstract

(FL: = 21 1
ITOH Takane OZAKI Masayuki
BHN &
HASEGAWA Shigeru

This paper describes a performance analysis of a small gas turbine system with a reciprocating gasi-
fier by using a newly developed simulation code. In this analysis, many design and operating parame-
ters were varied and their effects on its thermal efficiency and specific power of the engine system
were analyzed. Analysis showed that compressor pressure ratio, bypass ratio, turbine expansion ratio,
cylinder wall temperature and intake and exhaust valve timing were the major critical parameters. By
optimizing these parameters, it would be possible for the thermal efficiency of this type of engine to be

over 50% without any heat exchanger.
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Parameter Unit Value
Intake Duct Pressure Loss 0.015
Compressor Efficiency 0.81
Pressure Ratio 2.5
Compression Ratio 15.0
Bore X Stroke cm 7.0X7.7
Intake Valve Diameter cm 3.64
Intake Valve Lift cm 0.91
Exhaust Valve Diameter cm 4.37
Exhaust Valve Lift cm 1.09
Intake Valve Closing deg *55.0
Exhaust Valve Opening deg *310.0
Intake Valve Opening deg *525.0
Exhaust Valve Closing deg *555.0
Average Wall Temperature K 373.15
Mechanical Efficiency 0.832
Gasifier Speed pm 5000.0
Turbine Expansion Ratio 2.27
Turbine Efficiency 0.875
Exhaust Duct Pressure Loss 0.015

*measured from BDC
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Output Data
Parameter Unit Value
Turbine Inlet Temperature K 817.35
Thermal Efficiency % 377
Specific Power kW/kg/sec) | 231.6
Input Data
Parameter Unit Value
Pressure Ratio 5.0
Intake Valve Closing deg * 50
Exhaust Valve Opening deg *300.0
Intake Valve Opening deg *495.0
Average Wall Temperature K 738.15
Turbine Expansion Ratio 4.54

*measured from BDC
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Output Data
Parameter Unit Value
Turbine Inlet Temperature K 1091.48
Themmal Efficiency % 46.5
Specific Power kW/(kg/sec) | 388.9
Input Data
Parameter Unit | Value
Pressure Ratio (Supercharger) 3.0
essure Ratio (Bypass) 8.0
Compression Ratio 18.0
Bypass Ratio 1.0:1.0
Intake Valtve Closing deg | *-50
Exhaust Valve Opening deg | *3370
Exhaust Valve Closing deg | *539.0
Intake Valve Opening deg | *569.95
Average Wall Temperature K 1393.15
Gasifier Speed pm | 5000.0

*measured from BDC
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A Concept and Combustion Characteristics of a High-Temperature
Catalytic Combustor with Starting Burner

HH HhE BN e
YOSHIDA Yusaku OYAKAWA Kenshun
M P *  EaE

AIZAWA Yukio KAYA Hiroshi

X—T— N EEREE, WAy —v L, i, (RIEGE), PR,
Catalytic Combustion, Gas Turbine, Catalyst, Cold Start, Emission

Abstract

When a catalytic combustor is mounted on an engine, the required combustor performance must be

maintained over a wide range of operating conditions from cold starting to steady-state operation. Par-
ticularly during the initial stage of cold starting when the catalyst is not yet activated, the catalyst
must be heated by some means. Various methods for enabling cold starting have been developed.

These have such shortcomings as emitting more NOx during startup as the combustor becomes larger.

This study proposes a new concept of a catalytic combustor with a direct heating system in order to
downsize the combustor and reduce the warm-up time during cold starts. This new concept employs a
vaporizing tube which mixes gas and functions as a starting burner. This paper outlines the operation
concept covering cold start, verification of the concept with flame visualization in the combustor, a con-

struction of the combustor, and combustion characteristics of the combustor.
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