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ABSTRACT

This research objective was to study the design, develop and performance parameter testing
analysis of a free-shaft small gas turbine supporting for 5-15 kW-rated electrical power generation. It
emphasized on the modification of equipments and materials those are locally available. By
thermodynamic simple cycle considering of free-shaft or separated-shaft power gas turbine and
relying on the data in the dimensional-similar compressor characteristic that closed to ones those are
ordinary available in the after market places, the analytical of cycle design and turbocharger sizing for
rating was performed. As a result, the MHI TF08-2 turbocharger, the turbine geometry variable type
was chosen in this research of which the calculated maximum rotor speed was 96,000 rpm by
preliminary cycle design calculation based on the GT42 94 mm, 56-trim compressor characteristic.
The silo-type combustion chamber was developed and installed between compressor and turbine of
the turbocharger as a gas generator unit. The gas generator was coupling with the developed impulse
radial-outflow power turbine with the maximum speed of 6,000 rpm. The free-shaft-power small gas
turbine was tested with LPG as a fuel. The study of performance parameters were separated in two
stages. Firstly, the gas generator parameter performance rig was test by adjusting the exhaust valve
producing back pressure as simulated load on the gas producing unit, and the overall parameter
performance rig test for the second, employing the 7 kVA generator with maximum speed, which is
not higher than 3,000 rpm the power turbine shaft power absorption could be varied by adjusting the
electrical load.

From the experimental results the first stage shows that the gas generator was operated in

smooth and steady manner, and it satisfied the preliminary design calculation, but the power output



and thermal efficiency of the overall unit was much lower than the preliminary calculation
corresponding to the degradation from the low-efficient power turbine as a major factor. The overall
operational range of gas generator was 36,000-85,000 rpm. By Testing in the corrected speed range of
48,978-78,339 rpm and nozzle guide vane (NGV) opening of 25%, 50% and 75%, the maximum gas
power output was 17.4063 kW as the specific power of 49.71 kW-s/kg. The result of maximum
thermal efficiency was 8.08%, in other word, the minimum specific fuel consumption was 0.8630
kg/kW-h (LPG-51,600 kJ/kg LHV) and was equivalent to 44.5 MJ/kW-h heat rate. Producing 889.3 K
(612.1°C) and 0.3548 kg/s exhaust gas by employing the 2.1756 pressure ratio, turbine inlet
temperature ratio of 3.3009 and compressor turbine back pressure was maximum at 123.9598 kPa, all
in the rotor corrected speed of 78,339 rpm and 75% NGV opening. Applying to propel the power
turbine for generating over than 5 kW power output, the gas generator back pressure might be larger
than 111.3529 kPa and rely the correct speed from 58,750 rpm with NGV opening not less than 50%.
Another point of view, by thermal efficiency optimization, the gas generator operational speed was
recommended from 78,339 rpm and NGV opening 50% here-after approaching to nearly-constant
7.64% thermal efficiency by producing gas power from 15.26 kW with the back pressure of 123.6655
kPa.

Secondly, the over all free-shaft power small gas turbine performance testing has the result
that the maximum power output was 0.6108 kW on the rotating speed of 2,715 rpm and gas generator
operation in 68,750 rpm with NGV opening of 50%. The maximum correct torque was 2.39 N-m
generated at speed of 2,004 rpm of which the gas generator was running at the same setting with the
0.55% as a maximum thermal efficiency consisted of 5.04% gas generator and 10.94% power turbine
thermal efficiency. It leads to the lowest specific fuel consumption to 12.75 kg/kW-h, or in another
word, 657.95 MJ/kW-h heat rate, and at the gas generator operation of 58,750 rpm with 75% NGV
opening, the exhaust temperature reached to the maximum, 879.8 K (606.6°C) with the rate of 0.2035
kg/s by the 2,851 rpm power turbine speed. As the maximum flow rate of 0.2349 kg/s, the power
turbine was running at 1,948 rpm simultaneously, the gas generator unit was set to 68,750 rpm and
50% NGV opening. The assembled machine has the severe vibration of power turbine rotor that in

operation on gas generator running speed over than 68,750 rpm-corrected from the testing.



