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Abstract— The performance of gas turbines is affected by 

the climate conditions, the output of gas turbines falls to a 

value that is less than the rated output under high 

temperature and dry conditions which often occur during 

the hot seasons, Ambient air temperature can be cooled by 

using either evaporative cooler or absorption chillier. The 

present paper simulated thermodynamically the 

performance of gas turbine unit at site of Awbari (latitude 

26.58 N º) Located around 1,000 km south of Tripoli city. The 

thermodynamic equations of the suggested gas turbine model 

were solved used Engineering Equation Solver (EES) software. 

The results are obtained to study the performance for gas 

turbine unit at the base case (without cooling system), and 

compared with the performance for both evaporative 

cooler and absorption chillier each separately, studied gas 

turbine performance parameters are power output, 

thermal efficiency, heat rate, and specific fuel consumption. 

The results are indicated that at air ambient temperature 

equals to 40 ºC the absorption chiller can achieve an 

augmentation of 25.47% in power output and 33.66% in 

thermal efficiency, while the evaporative cooler provides an 

increase of 5.56% in power output and 1.55% in thermal 

efficiency. 
 

 Keywords— Gas turbine, Inlet air cooling, Evaporative 

cooling, Absorption chiller. 

1. INTRODUCTION  

Gas turbines are being used to generate power in many 
countries in the world and widely used for producing 
electricity, operating airplanes and for various industrial 
applications such as in refineries and petrochemical plants. 
According to a survey, there are more than 30 gas turbine 
units in Libya. The total capacity of these units is around 
4170 MW [1]. However, the power output of the units is 
about 80% of their rated capacity in the hot seasons. This 
means that around 834 MW are lost during the hot months of 
the year. Awbari city is located in the south Region of Libya 
(latitude 26.58 Nº) which has a climate of high temperature 
and low relative humidity during hot seasons, which affects 
the performance of gas turbines resulting in reduced output 
capacity and thermal efficiency in hot seasons problems are 
experienced with the gas turbines because of the high 
demands for electric power. In fact the power output drops 
by 0.54% - 0.90% for every 1 ºC  (1.8 ºF) rise in ambient 
temperature [2]. The increase in ambient air temperature also 
causes a significant increase in the gas turbine transfer heat 
rate and consequently operating cost rate. The gas turbine is 
composed by a compressor that supplies air at high pressure 

to the combustor, which provides flue gas at high pressure 
and temperature turbine. These engines are of constant-
volume and their power output is directly proportional and 
limited by the air mass flow rate. As the compressor has a 
fixed capacity for a given rotational speed and volumetric 
flow rate of air, then their volumetric capacity remains 
constant. Therefore, the mass flow rate of air enter into the 
gas turbine varies with their specific mass, that it is depends 
on the temperature and relative humidity of the ambient air 
[3]. one of the methods employed to solve this problem is the 
cooling of the compressor intake air, inducing the turbine 
inlet cooling. Two main methods are available, evaporative 
cooling and absorption chiller systems.  Several types of 
research have extensively studied the different turbine inlet 
cooling methods to enhance gas turbine performance. Nasser 
and El-Kalay [4] recommended the use of a single effect 
water-lithium bromide absorption chiller system in Bahrain 
for cooling intake air of gas turbine, with such systems, the 
useful power output maybe increased by more than 20% 
during summer without consuming more fuel.  Decreasing 
air temperature by 10 ºC  at 40 ºC ambient condition leads to 
increase power by 10%. In addition, El-Hadik [5] carried out 
a parametric study on the effects of ambient temperature, 
pressure, humidity and turbine inlet temperature on power 
and thermal efficiency. He concluded that the ambient 
temperature has the greatest effect on gas turbine 
performance; this effect seems to increase with increasing 
turbine inlet temperature and pressure ratio. Moreover, 
Mohanty and Paloso [6] studied the use of absorption chiller 
to cool intake air of the gas turbine. Results showed that 
reducing ambient temperature to 15 ºC can raise the gas 
turbine power generation capacity by 8-13%. Consequently, 
increases output power by 11%. On the other hand Kakaras 
et al. [7] have presented a computer simulation of the 
integration of an innovative absorption chiller technology for 
reducing the intake air temperature in gas turbine plants,  For 
two test cases simple cycle gas turbine and a combined cycle 
plant. They concluded that the absorption chiller cooling 
system demonstrated a higher gain in power output and 
efficiency than evaporative cooling for a simple cycle gas 
turbine.  The results for the combined cycle case also 
demonstrated that the absorption chiller can considerably 
increase the power output, although there is an efficiency 
reduction. In addition, Ameri and Hegazi [8] used a steam 
absorption chiller with air cooler in order to cool intake air of 
Chabahar gas turbine power plant. This system provided an 
increase of 11.3% in output power; the economical studies 
have shown the cost of electricity is calculated to be 1.45 
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Cents/kWh which is less than the current price of electricity 
in Iran. Which leads to about 4.2 year’s payback period. 
Moreover, Alhazmy and Najjar [9] reported that the spray 
coolers are cheaper than chiller coils. However, they are 
directly limited by ambient temperature and relative 
humidity. Spray cooler is able to reduce air ambient 
temperature by 3–15 ºC, increasing power by 1–7%, and 
efficiency by 3%, while chiller coils provide complete 
control for air temperature, cooling coil improves the turbine 
output by 10% during cold humid conditions and by 18% 
during hot humid conditions; however net power generated 
from the plant drops by 6.1% and 37.6%, respectively. 
Despite the higher power consumption which is subtracted 
from the output power. In addition, Jaber et al. [10] studied 
the effect of cooling gas turbine intake air by using the 
evaporative and cooling coil. The results showed output 
power is similar for both evaporative cooling and chiller 
system which is about 1.0–1.5 MW, but the power consumed 
by mechanical chiller auxiliaries is higher, and hence the 
overall output decreases. Al-Ibrahim and Varnham [11] 
reported that refrigeration systems could be whether 
absorption or mechanical compression. Running costs for 
mechanical chillers are less expensive than those for 
absorption chillers, but initial costs and auxiliaries’ power 
consumption are extremely higher which may reach about 
30% of the produced power. Farzaneh and Deymi [12] 
compared between two commons and one novel inlet air 
cooling method using turbo-expanders. The maximum 
efficiency enhancement results from using a mechanical 
chiller system and approaches 5%. The maximum efficiency 
enhancement in evaporative media system and turbo-
expander systems are about 3% and 4% respectively. The net 
increase in electricity production for turbo-expander system 
is around (18,338 MW h/year), and for mechanical chiller 
system and evaporative media system are 2501 MW h/year 
and 1132 MW h/year respectively. The payback period for 
the turbo-expander method is lower than the other two 
methods. Santos and Andrade [13] applied different turbine 
inlet cooling systems in order to enhance the gas turbine 
performance for two Brazilian sites called Campos and 
Goiania. The results showed that the best turbine cooling 
system for both sites is the absorption chiller in terms of 
energy cost and generation, while the evaporative cooler has 
provided only a limited enhancement for the performance 
with the lowest cost. El-Maghlany et al. [14] tested the 
performance of the base case without any turbine inlet 
cooling systems and compared with the performance for both 
evaporative cooler and absorption chiller separately. Results 
showed that at air ambient temperature equals to 37 ºC , the 
absorption chiller with regenerator can achieve an 
augmentation of 25.47% in power and 33.66% in efficiency 
which provides a saving in average power price about 13%, 
while the evaporative cooler provides only an increase of 
5.56% in power and 1.55% in efficiency, and a saving of 3% 
in average power price. 

2. CLIMAT OF SITE UNDER STUDY 

The city of Awbari is located in the southwest of the state 
of Libya and has desert weather, where temperatures rise to 
high levels during the warm seasons. There is an oil field 
located in this city which has an industrial gas turbine with 
power generation of 19 MW, as well as Awbari city has a 
gas power plant under construction with capacity of 640 
MW. The ambient temperature is often higher than the 

standard condition 15 ºC during a year in Awbari city. The 
variations of the average temperature and the average 
humidity over a year are shown in Figs. 1 and 2 [15].  

These data are based on the statistical climatic conditions 
imported from program software (RETscreen) [15].  which is 
based on climate data from National Aeronautics and Space 
Administration NASA. According to Fig. 1, the maximum, 
the average and the minimum temperatures are 31.9, 23.7 
and 10.3 ºC   respectively. It can be concluded from Fig. 1 
that there is an average 10.8 ºC  difference between the 
ambient temperature and the standard condition. According 
to Fig. 2, the maximum relative humidity is 43.3%, the 
average is 26.6% and the minimum is 16.9%. 
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Fig. 1. Variation of the average ambient temperature in Awbari over a year  
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Fig.  2. Variation of the average relative humidity in Awbari over a year 

3. MATHMATICAL MODLING 

The system under study is shown in Fig. 3, this system is 

single shaft, industrial, and simple cycle gas turbine unit 

which consists of three main parts, compressor, combustion 

chamber and turbine, in order to cooling the inlet air, a 

cooling system is installed before the compressor and the 

following equations describe the detailed mathematical 

modeling [16]. Modeling of cycle components and 
governing equations developed for cycle proposed have 

been coded using Engineering Equations Solver program 

(EES), this program is a numerical solver that provides 

built-in mathematical and thermodynamic property 

functions to solve algebraic equations, with an extensive 
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database of fluid thermodynamic properties. This modeling 

software has been widely used for the analysis of energy 

systems, particularly for waste energy recovery. 
 The model utilized to simulate the air thermodynamic 

states from inlet to outlet, pressure and temperature 
calculations for each point are determined, also the gas 
turbine Performance parameters are calculated as follow. The 
input data used in the analysis has been given in Table 1. 

TABLE 1 TECHNICAL PARAMETERS OF SELECTED GAS TURBINE UNIT 

Parameters Value 

Pressure ratio 11 

Turbine inlet temperature, K 1385 

Isentropic efficiency of the compressor, % 85.4 

Isentropic efficiency of the Turbine, % 86.8 

Inlet pressure loss, kPa 0.98 

Combustion chamber pressure loss, % 1.2 

Fuel lower heating value, kJ/kg 47,233 

Exhaust gases volumetric flow rate, m3/s 117 

Combustion efficiency, % 99 

Evaporative cooler effectiveness, % 90 

 

3.1 gas turbine 

 

 
 

The compressor inlet temperature (T3)  is equal to ambient 

temperature but the compressor inlet pressure (P3) is drop at 

inlet due to air filter. 

 

 (1) 

 

 (2) 

 

By knowing the pressure ratio (rp), the compressor outlet 

pressure (P4) is calculated as follow: 

 

 
(3) 

 

 
Fig. 3. Schematic of the gas turbine cycle 

 

From the polytropic relations for ideal gas and knowing the 

isentropic efficiency of the compressor (ηc,isen), the outlet 
temperature (T4) can be calculated as: 

 

 

 
(5) 

 
The compressor work (WC) kJ/kg  can be estimated using 

the first law of thermodynamic as follows: 

 

 (6) 

Where (CP) kJ/kg.K, is the specific heat at constant pressure, 

by knowing the combustion chamber pressure loss (ΔPCC), 

the combustion chamber discharge pressure (P5) can be 

calculated: 

 

 (7) 

By applying the energy balance for the combustion chamber 

 

 (8) 

Were (LHV) is fuel lower heating value kJ/kg, and (ṁa, ṁf, 

ṁt) are (air, fuel, total, mass flow rate respectively) kg/s, 

mass flow rate of air can be found as following: 

 

 (9) 

 

 (10) 

 

 (11) 

From the polytropic relations for ideal gas and knowing the 
isentropic efficiency of turbine (ηT,isen), the outlet 

temperature (T6)  , can be calculated as: 

 

 (12) 

 

 

(13) 

                                                                       

 
(14) 

Hence, the power produced from the turbine (WT)  kJ/kg, is 

equal to: 

 

 (15) 

Therefore the net work of the unit gas turbine (Wnet) is equal 

to the work produced by the turbine subtracted by 

compressor work. 

 

 (16) 

Lastly, the net power (PE) kJ, obtained from the gas turbine 

unit is given by: 

 

(17) 

 

The heat added (Qadd) kW, into the combustion chamber is 
equal to the following:  

 

 (18) 

 

(4) 
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Where (ηCC) is the Combustion chamber efficiency Gas 

turbine thermal efficiency (ηth) is expressed as: 

 

 
(19) 

 

The Heat Rate (HR) is the rate of heat input (kJ/h) required 

to produce unit power output (1 kW). 

 

 
(20) 

The specific fuel consumption (SFC) kg/kW.h, can be 

calculated by the following relation 
 

 
(21) 

3.2 Evaporative cooling system 

The evaporative cooling is most suitable for cooling air in 

hot dry areas, because it utilizes the latent heat of 
vaporization to cool ambient temperature from the dry-bulb 

to close the wet bulb temperature. This results in increasing 

inlet air density, and mass flow rate. When the warm 

ambient inlet air comes in contact with the added water, it 

transfers some of its heat to the liquid water and evaporates 

some of the water. The process of heat transfer from inlet air 

to water cools the inlet air. Water added in the evaporative 

systems also acts as an air washer by cleaning the inlet air 

stream of impurities and soluble gases. Studies show that 

evaporative cooling also reduces nitrogen oxides emissions 

because of the increase in moisture added to the air. 

Evaporative systems are the most common type in use and 
have the lowest capital costs. Their primary disadvantage is 

that the extent of cooling produced is limited by the wet-

bulb temperature. In dry climates, these systems consume 

large quantities of water, which included the major 

component of the system operating cost. Two primary 

system types are commercially used for evaporative cooling, 

wetted media and fogging. In this paper we used the wetted 

media type Where Inlet air is exposed to a thin film of water 

on the extended surface of wetted media. The media may 

need to be replaced every 5 to 10 years, depending on water 

quality, air quality, and hours of operation. 

The inlet air temperature after cooling process of 

evaporative system can be calculated as: 

 (22) 

Where (εevap, Twb) are evaporative effectiveness and wet bulb 

temperature respectively.  

3.3 Absorption chillier system 

The power required to drive the absorption chiller is usually 

obtained by the recovery of the heat from turbine exhaust 

gases, and the chilled water is passed through a heat 

exchanger to cool the ambient air temperature. Absorption 
systems in power plants can use lithium-bromide or 

ammonia-water combination. The absorption chiller system 

has a small power consumption which can be considered 

negligible.   

4. RESULTS 

In order to establish a systematic comparison between the 
effects of the inlet air cooling systems, The power plant 

performance characterized by the power output, thermal 

efficiency, heat rate and specific fuel consumption are 

estimated In the present study, a single shaft gas turbine is 

numerically simulated operating with natural gas. Table 1 

show technical parameters for an arbitrary gas turbine unit 

used to evaluate both the performance of the Base-Case 

(without cooling intake air) and each inlet air cooling 

studied method. Fig. 5 displayed obviously the effect of the 

tow cooling methods on gas turbine power output. As 

showing the absorption chiller provides great advantages 

because the final air temperature is not constrained by the 
air wet bulb temperature or the relative humidity. As the 

ambient air passes over the chilled water pipes at the air 

intake system, the air temperature cools down. The gas 

turbine output power is constant at 45.39MW and doesn’t 

change as the ambient air temperature increased. The 

absorption chiller at standard conditions temperature 288 K 

has increased the gas turbine output power by 4.06% while 

at a temperature 313 K the output power increased by 

28.03%. While when using evaporative cooler, the inlet air 

temperature was cooled, and hence the gas turbine output 

power increased. As inlet air passes through the cooling 
media, the evaporation effect takes place and the air 

temperature cools down. But the final air temperature is 

restricted by the air wet bulb temperature and the relative 

humidity. At standard conditions 288 K, the evaporative 

cooler increased the output power by 3.03%, while at a 313 

K the output power increased by 5.78%, noting that when 

the ambient air temperature is below 287 K the output 

power of the gas turbine with evaporative cooler is higher 

than the output power of the gas turbine with absorption 

chiller, and this is due to the fact that the compressor work 

is less with the evaporative cooler than with absorption 

chiller. Therefore, the output power will be higher. 
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Fig. 4. Effect of ambient intake temperature on the gas turbine power 

output using evaporative cooling and absorption chiller 

The thermal efficiency of gas turbine decreased significantly 

when the air ambient temperature rises. Fig. 6 presents the 

thermal efficiency at different ambient temperatures for the 

base case, evaporative cooler, and absorption chiller. It is 

clearly observed that the evaporative cooler enhances the 

thermal efficiency by 0.6 % at standard conditions 288 K, 
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while at a temperature 313 K the thermal efficiency is 

increased by 1.35%. Moreover, if the absorption chiller is 

used with the gas turbine, the thermal efficiency can be 

raised by 0.8 % at standard conditions, and by 5.6 % at a 

temperature 313 K. 
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Fig. 5. Effect of ambient intake temperature on the gas turbine thermal 

efficiency using evaporative cooling and absorption chiller 

The heat rate is one of the most important parameters for the 

evaluation of the performance and feasibility of design, and 

it has a direct impact on the selection of the most 

appropriate turbine inlet cooling system to be used for the 

gas turbine. Fig. 6 presents the gas turbine heat rate at 

different ambient temperatures for the base case, 

evaporative cooler, and absorption chiller. It’s obviously 

seen that the heat rate is directly related to the output power 
and thermal efficiency, which means the output power and 

thermal efficiency were enhanced, and this results in 

reduction in the heat rate and hence minimizes the cost of 

the power generated. As shown in Fig. 6 the lowest heat rate 

is achieved with the absorption chiller, where it’s decreased 

by 0.81% at standard condition and 5.31% at 313 K, also the 

heat rate is constant with ambient temperature and doesn’t 

change. While the highest heat rate occurs with the gas 

turbine base case, it increases as the ambient temperature 

increased. At standard conditions 288 K, the evaporative 

cooler decreased the output power by 0.61%, while at a 313 
K the output power increased by 1.33%, 

 

 
Fig. 6. Effect of ambient intake temperature on the gas heat rate using 

evaporative cooling and absorption chille 

Specific fuel consumption is an indication of the amount of 

fuel needs to be consumed in order to produce the power. 

When the ambient temperature increases, the work produced 

by the gas turbine decreases. Therefore, the gas turbine 

specific fuel consumption increases. For all cases the gas 

turbine specific fuel consumption increases with the air 

ambient temperature rise except for the gas turbine with 

absorption chiller remains the same as the air inlet 
temperature to the compressor was maintained constant as 

shown in Fig. 8. 
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Fig. 7. Effect of ambient intake temperature on the gas heat rate using 

evaporative cooling and absorption chiller 

5. CONCLUSION 

The gas turbine performance decline significantly as 

ambient air temperature raised, an increase of 30 ºC in the 

inlet air temperature results to a loss of 21.94% in the gas 

turbine output power and of 5.7% in the thermal efficiency. 
The evaporative cooler system has provided only a limited 

temperature drop because it depends on the ambient wet 

bulb temperature while the absorption chiller system has 

provided a large temperature drop. In order to compare the 

performance of both the evaporative cooler system and the 

absorption chiller, the gas turbine performance was tested 

over a wide temperature range. Ambient temperature equals 

40 ºC. The gas turbine base case (without turbine inlet 

cooling) produces an output power of 35.43MW while the 

gas turbine with evaporative cooler system produces an 

output power of 37.48 MW, and the gas turbine with 

absorption chiller reaches constant output power of 45.39 
MW. Obviously, an increment of 2.05 MW is gained with 

using the evaporative cooler system, while an increment of 

9.96MW is gained by using the absorption chiller system. 

The relative humidity should be taken into account, as the 

relative humidity of Awbari does not exceed 45% during the 

year. This encourages the use of evaporative cooling system, 

which is suitable for areas with hot and dry climates, with 

low installation and operating costs. 
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