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ABSTRACT: Combined cycle is currently an important
technology for natural gas power generation. Further
improving efficiency is the demand for the development of
combined cycle. By using the quasi-1D turbine cooling model
and the concise estimation model of thermodynamic
performance for bottom cycle, on the basis of the key
parameters which represent the “cooling-material” technology
(H-class), the present work performed the influence of
parameter variation of gas turbine on cooling air and efficiency
of combined cycle. The effects of main parameters such as
component efficiency, the “cooling-material” technology,
combustor exit temperature and pressure ratio on the
performance of the system were obtained. The results show
that, under H-class “cooling-material” technology level, the
performance improvement of combined cycle brought by
increasing the combustor exit temperature and pressure ratio is
small. Even when combustor exit temperature is 2000°C, the
optimal efficiency of combined cycle is only 2 percentage
points higher than that of 9HA.02 gas turbine combined cycle.
To further increase the efficiency of combined cycle, it is
necessary to comprehensively improve the component
efficiency and “cooling-material” technology level. Results
may provide references to improve the efficiency of combined

cycle.
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Fig.1 Flow diagram of gas turbine combined cycle system
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Fig. 2 Schematic diagram of heat transfer

in thermal barrier coating on blade
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efficiency under different combustor exit temperature
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Table 5 Combined cycle efficiency and optimal pressure ratio after different levels of

improvement on “cooling-material” technology
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With the increment of combustor exit temperature
(Teot) of gas turbine, the influence of technical level and
material level of turbine cooling on the performance of
gas turbine combined cycle (GTCC) increase. Therefore,
it is necessary to analyze the performance of combined
cycle under different turbine cooling-material technology
levels.

In this paper, GTCC performance has been
evaluated by using the quasi-1D turbine cooling models,
which can reflect the development characteristics of gas
turbines. The model parameters (7p00  7eeon Z~ Tomx~
rie~ Biwc) represent compressor and turbine efficiencies,
convective cooling technology level, Biot number of
thermal barrier coating, film cooling coefficient and
allowed maximal temperature of turbine blade
respectively. The optimal pressure ratio (PR) and
efficiencies of simple cycle and combined cycle are
discussed under H-class “cooling-material” technology
level as well as after the improvement on technology.

Key parameters (Z=100, Biwc=0.5, rfc noz1e=0.75,
Fic_coolturbine=0.55 Tomx=920°C) represent 9HA.02 gas
turbine “cooling-material” technology level, based on
which, the variation tendency of combined cycle
efficiency against PR and 7co is shown in Fig. 1. The
efficiency of GTCC appears a general uptrend with the
increase of T, under constant PR. When T is constant,
the efficiency of GTCC increases firstly and then
decreases. There is an optimal pressure ratio to
maximized the GTCC efficiency for each 7. When PR
reaches 35, the GTCC efficiency changes slowly. Under

the current “cooling-material” technology level, when
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Fig. 1 Combined cycle efficiency against pressure ratio and
combustor exit temperature
Teot is 2000°C and PR is 47, the combined cycle
efficiency reaches maximum and increases to 66.47%,
which is 2 percentage points higher than the efficiency of
9HA.02 GTCC verified.

Serval cases, with different improvement on
cooling approaches, are calculated for a range of Tcor. In
case 5 (Z=200, Bipc=0.755 7fc nozzle=rtc coolturbine=0.75>
Tomx=950 C ), when T, is 2000 ‘C, the optimal
efficiency of GTCC is increased by 3.44 percentage
points compared with the efficiency of 9HA.02 GTCC.

It concludes if the

that, “cooling-material”

technology level remains unchanged, the benefits
brought by increasing 7., and PR are not high, however,
the challenges in practice are huge. Therefore, in order to
further increase the efficiency of combined cycle, it is
necessary to comprehensively improve the “cooling-
material” technology. Different levels of “cooling-
material” technology need to match the corresponding

Teot and PR. Results may provide references to improve

the efficiency of gas turbine combined cycle.



