Diyala Journal ISSN 1999-8716
of Engineering Printed in Iraq
Sciences

Second Engineering Scientific Conference
College of Engineering —University of Diyala
16-17 December. 2015, pp. 632-640

THE INFLUENCE OF AMBIENT TEMPERATURE ON THE
GAS TURBINE POWER PLANT PERFORMANCE

Sameer D. Ali !, Saadoon Abdul hafed Jawad 2, Salim farman 3
1.3 Lecturer, 2 Assistant Lecturer /College of Engineering, Diyala University
E-mail: sadounsara@yahoo.com

ABSTRACT: - In this paper a computer program is employed to evaluate the performance
of a gas turbine power plant at a different ambient temperature. This is very important
especially in Irag, because of the wide range of ambient temperature variation throughout the
year. The results show that the thermal efficiency of the plant decreases as the ambient air
temperature increases, where the drop in efficiency is significant at higher temperatures,
especially in summer season. So, it is very important to use a cooling system to control the
ambient temperature for best performance. The study is done on a single shaft, simple cycle
gas turbine power plant with maximum output power of 20 MW.
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1- INTRODUCTION

Gas turbines have been used for electricity generation in most countries around the
world. The economics of power generation by gas turbine is proving more attractive in all
parts of the world due to its low capital cost, high reliability and flexibility in operation.
Another outstanding feature of gas turbine plant for power generation is capability of quick
starting and capability of using wide variety of fuels from natural gas to residual oil or
powdered coal. The gas turbine power plant nowadays is universally used as peak load, base
load as well as stand by unit due to its outstanding operational characteristics. [1,2]

In Irag, gas turbine recently used to produce electricity to meet the required energy
demand. The average efficiencies of gas turbine in Irag over the last five years was in the
range of (20-28)%, such low efficiencies can be attributed to many reasons, such as operation
mode, poor maintenance, engine size and age.[3]

The cost of produced electricity and gaseous emissions that would otherwise arises
from conventional generators could be reduced by employing a hybrid system that uses a
renewable energy source, such as solar energy [4, 5].

2. THEORY AND PERFORMANCE MODELING

The gas turbine essentially consists of compressor, combustion chamber and turbine
as shown in fig (1).The air is compressed in a compressor and the fuel is burned in the
combustion chamber when the compressed air is supplied from the compressor. The burned
high temperature gases are passed through turbine. The part of the work developed by the
gases passing through the turbine is used to run the compressor and remaining (30-35) % is
used to generate the electrical energy. Fig (2) shows the processes of the cycle.
2.1- GAS TURBINE UNITE

The cycle is single shaft, simple cycle pressure ratio of (12) air flow rate is (70
Kg/sec) and inlet pressure (100 KPa) and the estimated power output (20 MW).
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2.2- COMPRESSOR
The compressor is axial with (15) stages and (5200 rpm). The pressure ratio is (rIO

=12) and the specific heat ratio (K=1.4) and specific heat of the air (Cp=1.005 KJ/Kg °C)
The pressure of the air leaving the compressor can be determined by equation:

The isentropic efficiency of the compressor is (£, = 0.88) and the isentropic outlet
temperature is determined from the equation:

Ty k-1

==\, )k ........ ()

Tl ( p)

Actual temperature is calculated from the definition of isentropic efficiency:
T

T, =2 ... 3)
Cs

The actual work of the compressor is given by:

W, =m,Cp,(Toy —T,).cveene (4)

2.3COMBUSTOR
The heat input to the combustor can be determined from the following equation

Qi =M,Cpy (T —Tpa) oo (5)
Where Cpg specific heat of the flue gases =1.15 KJ/Kg.°C and efficiency of

- - M
combustion is (77,4, = 0.98), fuel air ratio | f = o
a
qin

andm; = LRV (6)

77combustion

Where:
f : fuel to air ratio

m; : mass of fuel.
Qi - heat supply y the fuel in the combustion chamber.
LHV : low heating value of fuel.

2.4 TURBINE:
The power produced by the by the turbine is determined as following
m =m, +M;......... (7) where m, : total mass of hot gases.

Tturbine=(.88
The expansion ratio is given by

P4
ro=—"....... 8
» =P, (8)
k-1
Ty =T; (rp)T ........ 9)
T4a :T4S nturbine ......... (10)
Wr =mCp,y (T =Tyo)oeevee. (11)

Finally the thermal efficiency of the cycle is determined by:
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W
N =—2 (12)
in
The net work done

3-RESULTS AND DISCUSSION

The influence of ambient temperature on the thermal performance of gas turbine cycle
power plant is investigated. The effects of the ambient temperature on the output power,
thermal efficiency, heat rate, exhaust flow and exhaust temperature are determined and
presented.

Figure (4) shows the relation between output power and ambient temperature,
increasing in ambient temperature (1 °C) leads to, resolves the decreasing of output power
(1.05) percent.

Figure (5) shows that increasing in ambient temperature leads to increase of heat rate.
Figure (6) shows that increasing in ambient temperature leads to decrease the exhaust flow.
Figure (7) shows that increasing in ambient temperature leads to decrease the Exhaust Flow.
Figure (8) shows that increasing in ambient temperature leads to decrease the thermal
efficiency an increase of ambient temperature causes the thermal efficiency to decrease
by(1)one percent.

4. CONCLUSIONS

In overall, it can be noted and said that the climatic condition that is peculiar in the
site that was not fully addressed at the time of installation of the gas turbine affected the
operations and performance of the gas turbine power output.
High ambient temperature is a negative factor and it affects the thermodynamic process of
compression, addition of heat and expansion. A part from affecting the processes, the
components in which these processes do occur namely the compressor, the combustion
chamber and the turbine can also be physically affected
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Figure (1): Simple open gas turbine power plant
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Figure (2): Brayton cycle of simple gas turbine power plant on T-S diagram
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Figure (3): flow chart for performance calculation
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Figure (4): Ambient Temperature versus output Power
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Figure (5) Ambient Temperature versus heat rate
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Figure (6): Ambient Temperature versus Exhaust Temperature
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Figure (7): Ambient Temperature versus Exhaust Flow
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Figure (8):Ambient Temperature Versus Thermal efficiency
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