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DIRECTIONS FOR INCREASING THE EFFICIENCY OF GAS TURBINE UNITS WITH
GAS OVER-EXPANSION IN THE TURBINE

Patlaichuk V. M.
Head of the Department of Turbines
Admiral Makarov National University of Shipbuilding
Mykolaiv, Ukraine

One of the possible ways to increase the efficiency and useful power of gas turbine units is
the use of gas over-expansion in the turbine part of these units [1].

Gas turbine units with gas over-expansion trigger a much larger heat transfer in the turbine,
but they require additional structural elements for the release of exhaust gas into the atmosphere,
since the gas cannot reach it independently, without these elements.

The mechanical energy of the turbine part of gas turbine unit will be spent on the operation
of the pressure device (a special compressor or an air-jet ejector), which significantly reduces the
positive effect of gas over-expansion. Therefore, the use of over-expansion will have an ambiguous
effect on the efficiency of gas turbine unit (on the one hand, increase the power of the turbine due to
a bigger activated heat transfer, and on the other hand, reduce it due to the power consumption of
the drive of the pressure device).

A series of calculations performed for over-expanded gas turbine units using an air-jet
ejector confirms this proposition. To achieve an efficiency that exceeds the efficiency of the simple
cycle gas turbine unit, it is necessary to ensure a significant depth of over-expansion in the power
turbine, for which the pressure behind it should be brought to values lower than 70 kPa.

In the studied range of parameters, the highest efficiency of gas turbine unit with over-
expansion reached 0.408 at a pressure behind the turbine of 48 kPa. For comparison, the efficiency
of basic simple cycle gas turbine unit was 0.362.

The results of the calculation indicate the expediency of improving the design and thermal
scheme of the gas turbine unit with over-expansion, which uses an air-jet ejector to evacuate
exhaust gas.

Currently, the main direction of increasing the efficiency of gas turbine power plants, which
is implemented by improving their thermal scheme, is the utilization of the heat of exhaust gas. To
implement this, a heat recovery circuit is added to the gas turbine unit, in which the heat of the
exhaust gas is used for steam generation or for heating water. The efficiency of such power plants
(so-called combined cycle power plants) is within 50...60 % [2], [3].

What features of the gas turbine unit with over-expansion can significantly affect the
parameters of the heat utilization circuit and, accordingly, the final efficiency of power plant?

The results of the calculation of gas turbine unit with an air-jet ejector indicate that the outlet
temperature of the gas is in all cases lower than that of a simple cycle gas turbine unit. The lower
temperature of the gas will cause lower circuit productivity and lower efficiency of the power plant
compared to combined cycle power plants without over-expansion.

120



CYYACHUWI CTAH TA NPOBNEMUW ABUT'YHOBYYBAHHA VIl MDKHAPOOHA HAYKOBO-TEXHIYHA KOH®EPEHLIA

On the other hand, gas turbine unit with over-expansion uses a much larger amount of air for
its work. Accordingly, gas consumption for such a unit will be bigger. The productivity of the
circuit and the efficiency of combined cycle power plant will also increase.

Therefore, over-expansion of gas affects the efficiency of combined cycle power plant
ambiguously. Therefore, it is not possible to make an unequivocal conclusion in advance about the
advantage of a combined cycle power plant with over-expansion compared to a traditional plant
without over-expansion. The analysis should be carried out on the basis of a series of optimization
calculations considering the specific features of the design.

Regenerative heating of the air before the combustion chamber with exhaust gas is a
possible direction of improvement of the gas turbine unit with over-expansion.

The specifics of the use of this direction are affected by the same features of over-expansion,
which were noted earlier. On the one hand, the temperature of exhaust gas behind the ejector and,
accordingly, the positive effect of regeneration will be lower than in regenerative gas turbine unit
without over-expansion. On the other hand, the amount of gas in the regenerator will significantly
exceed the amount of heated air. The final result from the addition of regeneration will be
ambiguous and requires optimization calculations.

In addition, when designing such gas turbine units, one should consider the decrease in the
compressor pressure ratio due to the addition of regeneration. This may lead to certain limitations in
the operation of the ejection device.

When designing regenerative gas turbine units with over-expansion, there will also be some
constructive difficulties.

Such traditional directions of improvement of gas turbine units as intermediate cooling of air
in the compressor and intermediate heating of gas between turbines, can also be considered for use
in gas turbine units with over-expansion. Their combination with other additional structural
elements (for example, with a regenerator) may attract the attention of researchers.

References:
1. Patlaichuk V. M., Patlaichuk O. V., Borschov O. M. Design of gas turbine unit with ejection
over-expansion of gas in the turbine. IunoBamii B cynHoOymyBaHHi Ta okeaHoTexHimi: XII
MikHapo/Ha HayKOBO-TeXHIYHA KOH(pepeHIlis: Mmatepianu. Mukomais: HYK, 2021. C. 219-221.
2. PomanoBcekuii I'. @., Cep6in C. L., [lammaituyk B. M. CydacHi ra3oTypOiHHI arperatu : y 2 T.
T. 1. Arperatu BupoOHunTBa YKpainu ta Pocii. Mukonais: HYK, 2005. — 344 c.
3. PomanoBcekwii I'. @., Cep6in C. 1., Ilarnaituyk B. M. T'azorypOGinni arperatm: y 24. Y. 1.
3aranpHa OynoBa Ta kinacudikaris. Mukonais: HVK, 2016. — 216 c.

OBI'PYHTYBAHHS MOXJIMBOCTEN CITAJTIOBAHHSA
I'A30IIOAIBHOI'O AMIAKY B KAMEPAX 3I'OPAHHA I'T 1
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CramoBaHHST BHKOITHOTO TIIaJliBa € OCHOBOIO Il OUIBIIOI YAacTHMHH €HEprii, 1o
BUKOPUCTOBYETHCS B CBITi. TpaHCroOpT, BUPOOHHUIITBO E€JIEKTPOEHEPrii Ta MPOMMCIOBICTH Pa3oM
CIIPUYMHSIOTH TOHAJ] TPU YBEPTI 3arajbHUX BUKHUIIB MAapHUKOBHX rasiB, 3 skux Omm3bko 80 %
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