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In the present work the thermal performance analysis of a simple open cycle gas turbine power plant
which is situated at Uran in district Raigad of Maharashtra, India is carried out at varying ambient
temperature and pressure ratio and a comparison is made from the stipulated 1SO conditions. The
analysis of the cycle has been carried out using software developed in C++. The results show that for
every 5°C rise in ambient temperature the gas turbine loses 0.44 % in terms of thermal efficiency and
0.5 MW of its useful power. Also thereisaloss of 3.36 % in thermal efficiency at pressureratio 9 as
ambient temperature increases from 283 K to 313 K, this loss increases up to 3.89 % at pressure ratio
21, which revedls that, as pressure ratio increases percentage loss in thermal efficiency increases on
increasing the ambient temperature. The thermal performance analysis reveals that, the ambient
temperature and compression ratios are strongly influence the performance of gas turbine power plant.

Copyright © 2014 Er. Mohd. Saif and Dr. Mohammad Tariq, Thisis an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

The gas turbine prime movers were first used in 1919 for large
central station service. Since then several stations have been
built with gas turbine to drive electric generators. Thisis due to
some inherent advantages of the gas turbine, such as, simplicity
and flexibility of design and installation, compactness, low first
cost, small building space requirement, little cooling water
requirement, etc. The delivery and installation time for these
plans is much less than for steam plants. These prime movers
can be started quickly and can be put on load within a few
minutes. Efficiency can be improved considerably of
employing heat reclaiming devices. However, fuel costs in
these plants are usually higher than those in other plants,
though maintenance costs are lower than these costs for diesel
plants. Since the fuel costs are relatively higher and initial cost
lower, these plants are well suited for meeting peak load
demands. The Gas Turbine power plant works on a Joule-
Brayton cycle (Zhang et al., 2009). The use of heat sinksin the
basic Joule-Brayton cycle in order to exploit its available heat
sources leads to a more advanced mixed (auto-combined)
cycles (Lazzaretto and Manete 2009). The gas turbine is a
complex machine, and its performance and reliability are
governed by many standards. The American Society of
Mechanica Engineers (ASME) performance test codes
(American Society of Mechanical Engineers, 2005) have been
written to ensure that test are conducted in a manner that
guarantees that al turbines are tested under the same set of
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rules and conditions to ensure that the test results can be
compared in ajudicious manner. The reliability of the turbines
depends on the mechanical codes that govern the design of gas
turbines (American Society of Mechanica Engineers, 2005).
The mechanical standards and codes have been written by both
ASME and the American Petroleum Institute (API) amongst
others.

The performance of the gas turbine is reliant on the efficiency
achieved at the compressor of the turbine. Hot air, being less
dense, de-rates the gas turbine’s performance (Basrawi et al.,
2011). In case studies carried out previoudy, the effect of
ambient temperature on electricity production and fuel
consumption of a simple cycle plant has been documented at
temperatures closer to 1SO conditionsin Turkey (Erden and
Sevelgen 2006). Further, the performance improvement of the
gas turbine is dependent on the maximum temperature
tolerance of the first stage blades and is also reliant on inter
stage cooling at the compression stage (Carniere et al., 2006).
Several methods and technologies are available to augment this
power loss but this entails additional plant and equipment
installation as well as additional operational requirements
(Ibrahim et al., 2010). Many of these methods such as use of
air cooler (AlHazmy and Najjar 2004), regenerative steam
injection (Nishada et al., 2005), effusive blade cooling
techniques (Cerri et al., 2007; Rahman et al., 2010), use of
desiccant-based evaporative cooling (Zadpoor and Golshan
2006) or absorption chillers (Ameri and Hejazi 2004) are
commonplace. The effect of relative humidity (Mathioudakis
and Salavoutas 2001) on the gas turbine power plant addresses
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issues of the air cooling (Amell and Cadaies 2002; Sephehr and

Majtaba 2010; Jean and Francoise 2009) and enhances

compressor efficiency. However, humidity prior to filtration
system imposes a penaty on gas turbine performance.

Analytical methods have been researched for evaluation of gas

turbine performance when subjected to inlet air cooling in
combined cycle power plant (Yang et al., 2009). The effects,
whether positive or detrimental on the gas turbine compressor
and engine performance, as well as their operability to use of
water cooling techniques for inlet air can be effectively
assessed for their merits (Roumeliotis and Mathioudakis 2010).
Also, analytical studies are performed to confirm that
increasing the turbine inlet temperature no longer means an
increase in cycle efficiency, but increases the work. When
applied with intercooled gas turbines, these studies have shown
that increasing turbine inlet temperature and pressure ratio can

still improve the performance of the intercooled gas turbine
(Ibrahim et al., 2010). However, such use of additional plant is
seldom encountered in desert conditions, primarily due to the

high cost of such application and its maintenance as water for
such application needs to be specially generated using
desalination technologies, which are high cost applications.

M ethodology

Reversible simple (Joule-Brayton) cycle

A simple OCGT power plant has been considered for the

present study and analysis.gas turbine power plant consists of

four components, compressor, combustion chamber, turbine

and generator. T-s diagram for an actual Bryton cycle is shown

in figl. The pressure loss in the combustion chamber is
represented by p, — ps and the exhaust hood p; — p;. In this

cycle,

1-2 isisentropic compression.
1-2’ is actual compression.
3-4 isisentropic expansion.
3-4’ is actual expansion.

A
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Fig 1 Actual gasturbine cyclerepresentation on T-schart
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Pz =p3 =TI, XPy (8)
P} = p, X 0.97 (©)
Py =Py x 1.02 (10)

Thethermal efficiency
The thermal efficiency of the plant 4,4,

_ {Cpg(T3=T4)~Cpa(T5-T1))

Ntha = (Cpg-TS_Cpa-T’zj (11)
Net power
Total net power available = w, o x m; MW (12

Specific fuel consumption

It is one of the most important parameters expressed in
kg/kWh. Thus,

kg
kWh

_ (3600).m¢

sfc
Whet

(13)

Thecyclework ratio

The work ratio, WR, is defined as the ratio of net work to the
turbine work. Thus,

WR — wnct

Wi

(14)

It is clear that for a good gas turbine the work ratio should be
high.

Thecycleair rate

Air rate, AR, is defined as the air flow required per kWh
output.

3600
Whet

kg of air
kWh

AR = (15)

The reciprocal of air rate is termed as specific power. Air rate
is actually the criterion of the size of the plant i.e. the lower the
air rate the smaller the plant. From figure 3.1, process 1, 2, 3, 4
represents the ideal Brayton cycle, the thermal efficiency is

s e e 1
given by, The thermal efficiency,n, = 1_W’ where

” o= P2
I'p = pressure ratio = o

Software

The analysis performance has been performed using software
developed in C++ and used for the calculation of thermal
efficiency and base load. The results of various parameters
have been calculated and graphs have been plotted in Microsoft
Excel 2007.

RESULTS AND DISCUSSION

In the following section the results of the present work have
been plotted.

Thermal effl v/s ambient temp
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Fig 2 Variation of thermal efficiency and ambient temp at
different pressureratios

Fig 2 shows the variations of thermal efficiency and ambient
temperature at different pressure ratios. It is evident from the
Fig 2 that, as pressure ratio increases from 6 to 21 the thermal
efficiency also increases for a given ambient temperature, but
from the graph it also reflect that as ambient temperature
increases from 283 K to 313 K, the thermal efficiency
decreases for all ranges of pressure ratios under consideration.
It is higher at lower temperatures but its value slightly
decreases as temperature increases. Thereisaloss of 3.36 % in
thermal efficiency at 9 as ambient temperature increases from
283 K t0 313 K, this loss increases up to 3.89 % at 21 pressure
ratio, which reveals that, as pressure ratio increases percentage
loss in thermal efficiency increases on increasing the ambient
temperature. The thermal efficiency is affected by ambient
temperature due to the change of air density and compressor
work. Since a lower ambient temperature leads to a higher air
density and alower compressor work that in turn gives a higher
gas turbine output which in turns a higher thermal efficiency.
But at higher ambient temperature leads to a lower air density
and a higher compressor work. Here compressor work is more
as compared to turbine work which in turns lower net work
done, which leads to lower thermal efficiency at higher
ambient temperatures.
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Fig 3 Variation of net power and ambient temp at different
pressureratios
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Fig 4 Variation of net work done and ambient temp at different
pressureratios
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Fig 5 Variation of sfc and ambient temperature at different
pressureratios
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Fig 8 Variation of thermal efficiency and sfc at different pressure
ratios

Fig 3 shows the variations of net power and ambient
temperature at different pressure ratios. It is evident from the
Fig 3 that as pressure ratio increases from 6 to 21 the net power
also increases for a given ambient temperature, but from the
graph it also reflects that as ambient temperature increases
from 283 K to 313 K, the net power decreases for all ranges of
pressure ratios under consideration. It is higher at lower
temperatures but its value dightly decreases as temperature
increases. Thereisaloss of 3.95 MW or 3.53 % in net power at
9 as ambient temperature increases from 283 K to 313 K, this
loss increases up to 5.68 MW or 4.12 % at 21 pressure ratio,
which reveds that, as pressure ratio increases percentage 1oss
in net power increases as ambient temperature increases. Here
we observe that loss of net power is more as compared to
thermal efficiency at higher pressure ratios. Fig 4 shows
variation of net work done and ambient temperature at different
pressure ratios. It is evident from the fig 4 that as pressure ratio
increases from 6 to 21 the net work done also increases for a
given ambient temperature, but from the graph it also reflect
that as ambient temperature increases from 283 K to 313 K, the
net work done decreases for all range of pressure ratios under
consideration. It is higher at lower temperatures but its value
dlightly decreases as temperature increases. There is a loss of
3.53 % in net work done at 9 as ambient temperature increases
from 283 K to 313 K, this loss increases up to 4.13 % at 21
pressure ratio, which reveals that, as pressure ratio increases
percentage loss in net work done increases as ambient
temperature increases. Here we observe that loss of net work
done is more as compared to thermal efficiency at higher
pressure ratios.

Fig 5 shows variation of sfc and ambient temperature at
different pressure ratios. There is a reverse phenomenon of sfc
as compared to thermal efficiency and net power. Fig shows
that as pressure ratio increases the value of sfc decreases but
for a particular pressure ratio as ambient temperature increases
value of sfc increases. This is because, the air mass flow rate
inlet to compressor increases with increase of the ambient
temperature. So, the fuel mass flow rate will increase, since air
to fuel ratio is kept constant. The power increase is less than
that of inlet compressor air mass flow rate, therefore the
specific fuel consumption increases with the increase of
ambient temperature. As the pressure ratio increases, the air
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exiting the compressor is hotter; therefore less fuel is required
to reach the desired TIT and specific fuel consumption
decreases as pressure ratio increases. Fig 6 shows variations of
thermal efficiency and specific power at different pressure
ratios. Fig shows that there is a linear relationship between
thermal efficiency and specific power at al pressure ratios, as
thermal efficiency increases specific power also increases and
as thermal efficiency decreases specific power also decreases.
This is due to the reason that thermal efficiency and specific
power are directly proportional to net work done. Fig 7 shows
variations of thermal efficiency and work ratio (WR) at
different pressure ratios. As we know that the WR is the ratio
of net work done to the turbine work. It is clear from earlier
discussion that thermal efficiency increases with increase of
pressure ratios at al ambient temps, but WR decreases as
pressure ratio increases. This is due to the reason that turbine
work increases more rapidly as compared to net work done as
pressure ratio increases, which results in decrease of WR at
higher pressure ratios. Fig 8 shows variations of thermal
efficiency and specific fuel consumption (sfc) at different
pressure ratios. Fig shows that as pressure ratio increases value
of sfc decreases and as thermal efficiency increases sfc also
decreases for all pressure ratios. So sfc decreases as pressure
ratio increases.

Conclusion

The graphical representation of data as seen in figs,
demonstrate that the gas turbine thermal efficiency and its
useful power output varies with the ambient temperature. At
higher ambient temperatures (than 1SO conditions) the thermal
efficiency and useful power output tend to be lower. The gas
turbine inlet temperature being a limiting factor as dictated by
the turbine blade metallurgy and mass flow of air being
reduced at higher temperatures, hence it is observed that a
turbine thermal efficiency de-rating upon rise in ambient
temperature. As a direct consequence of this, the power
generated by the gas turbine and supplied to the grid has a
significant drop and therefore is a matter of concern.
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