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Abstract - In this study, the performance estimations of a 

land-based gas turbine engine were done considering hot 

climate regions and therefore deviations from standard 

day 15°C conditions. In hot climate countries like Kuwait, 

ambient air temperature often reaches and exceeds 50ºC, 

which makes dramatic performance reductions for the gas 

turbine engines. The gas turbine performance output 

parameters were calculated in a range of ambient air 

temperature (15°C-55°C). Results show that for a 43 MW 

class gas turbine engine at 55°C ambient condition, the 

shaft power output decreases 21.3% and power specific 

fuel consumption (PSFC) increases 9.31%. Thermal 

efficiency also decreases from 41.90% standard day value 

to 38.34%. 

Keywords: Gas turbine engine; Cycle analysis, Performance, 

Hot climate, Efficiency, Ambient temperature. 

Nomenclature 

Latin letters 

GT  gasturbine 

LHV  Lower heating value of fuel (MJ/kg) 

HR  Heat rate 

m  inlet corrected air mass flow rate (kg/s) 

Pamb  ambient pressure (kPa) 

PSFC power specific fuel consumption  

T  total temperature at engine stations (K) 

Tamb  ambient temperature (K) 

𝑊 𝑇  Power of turbine 

𝑊 𝐶   Power of Compressor 

𝑊 𝑛𝑒𝑡   Shaft power delivered 

 

Greek letters 

ε2a  cooling air ratio for HPT rotor 

ε3  cooling air ratio nozzle guide vanes  

ηb  combustor efficiency  

ηC  compressor isentropic efficiency  

ηF  booster isentropic efficiency  

ηHPT  isentropic efficiency  

ηm  shaft mechanical efficiency  

ηPT  power turbine isentropic efficiency  

ΠB  combustor total pressure ratio  

ΠC  compressor total pressure ratio  

ΠF  booster total pressure ratio  

ΠN  exhaust nozzle pressure ratio  
 

I. INTRODUCTION 

It is well understood that the ambient temperature plays an 

important role on the performance of a gas turbine [1]. The 

higher the ambient temperature, the density of the intake air 

decreases, resulting in reduction of the mass flow and 

increasing the compressor specific work [2]. Ambient 

temperature not only impacts on several critical parameters 

such as mass flow and efficiency of the gas turbine system [3], 

[4] but also assists in saving electricity, which is produced 

with its challenges [5]–[7]. 

A numerically study was performed on the effects of 

several operating parameters including, the turbine inlet 

temperature, the cycle pressure ratio and the relative humidity 

of the ambient on the performance of a gas turbine considering 

the first and second law of thermodynamics simultaneously 

[8]. This simultaneous analysis assisted authors to optimize 

the efficiency of the gas turbine cycle. It was observed that the 

maximum useful produced work during a cycle was 

significantly affected by the turbine inlet temperature and 

compressor pressure ratio. Though the energy destruction of 

gas turbine process is not influenced by ambient relative 

humidity at all. It was also found that by increasing the turbine 

inlet temperature from 1000 K to 2200 K, the network output 

linearly increases from ≈32% to ≈61%. 

Another study showed the effects of ambient temperature 

on the performance of the land-based gas turbine [9]. It was 

shown that the compressor inlet temperature plays a 

significant role on the performance of the gas turbine. Authors 

employed evaporative cooling systems in three large cities in 

Iran with different climate conditions. It was shown that by 

using an evaporative cooler system leads to a higher generated 

power output as compared with power plant without a cooler 

system. The author improved the efficiency up to 14.5%. It 

was also demonstrated that employing an evaporative cooling 

system has a better performance in a climate with a high 

temperature, less humidity and more hot hours per day as 

compared with other conditions. 

Review of literature demonstrated that the gas turbine 

performance is significantly depends on environmental 

conditions, in particular, the inlet temperature of the air. A 

study was about evaluating two cooling systems, including 

evaporative (cheap with lower benefits) and absorbing 

(expensive with significant advantage) systems [10]. Authors 

showed that during summer months by reducing the 

compressor inlet temperature not only the performance of the 
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gas turbine system increases but also it is very cost effective. 

Although the initial cost of the absorption cooling system was 

higher as compared with evaporative cooling system, the 

author showed that the generated power output could increase 

by 18% in warmest months during the year by this system. 

Therefore, the power demand for compressing the inlet air 

increases. Several investigations have been conducted to 

enhance the performance of gas turbine through different 

cooling methods among which steam injection (STI) that use 

the heat recovery steam generator (HRSG), inlet air cooling 

(IAC) where different techniques has been used to achieve 

cooling at the inlet compressor air (fogging, evaporative 

coolers, absorption chiller etc.) in addition to evaporation 

cycle and combined cycle methods [11]. 

Due to the significant influence of the air inlet temperature 

and humidity on the gas turbine performance, four cooling 

systems were studied [12] comprising, evaporative chiller, a 

single absorption cooling system, mechanical chiller and 

fogging cooling system. Authors investigated the effects of 

several parameters such as power output, fuel consumption, 

the efficiency of the cycle and condensable water[12]. Similar 

to previous study [10], the authors confirmed that the 

absorption cooling system has maximum influence on the 

power output and efficiency with 37.3% and 31.5%, 

respectively [12] which was followed by those factors of 

mechanical chiller with 24.3% and 18.8%, respectively. On 

the other hand, the evaporative cooling had a minimum 

improvement on power output with 8.7% and efficiency by up 

to 3.3%. The fogging system showed slightly higher 

improvement for power (9.5%) and efficiency (3.5%), 

respectively as compared with evaporative cooling system. It 

was also demonstrated that the mechanical chiller and 

absorption cooling system are much less dependent on 

humidity as compared with evaporative chillers and fogging 

cooling system [12]. 

Another research compared the effects of different inlet 

temperature and humidity using fogging system and 

absorption chiller on an actual power plant of Khangiran in 

Iran to enhance the performance of the gas turbine [13]. The 

outcomes were technically and economically compared [13]. 

Similar results were found by authors as compared with other 

scholars [10], [12]; authors confirmed that employing 

absorption chiller provides a better performance for the cycle 

and the efficiency improvement is approximately 5% which 

was higher than that of fogging system with 3%. 

Another method was proposed for cooling inlet 

temperature of the gas turbine[14]. The authors suggested that 

by crossing a flow gas to gas heat exchanger the ambient air 

temperature reduces. This leads to produce a low compressor 

inlet temperature. It was showed that by dropping the inlet 

temperature up to 25 K, the performance of Khangiran gas 

refinery can be improved up to 3.5% during relatively warm 

months (approximately nine months)[14]. 

Performance degradation due to ambient conditions was 

studied and it is inevitable not only land-based gas turbines 

but also for the gas turbine aircraft engines such as turboprop, 

turbo-shaft, turbofan engines [15]–[21]. 

II. MATERIALS AND METHODS 

Figure 1 illustrates a simple sketch of a standard gas 

turbine power plant. The gas turbine power plant consists of 

an air intake, compressor, combustion chamber, turbine, and 

exhaust. In this work, the performance of the gas turbine was 

evaluated at different ambient temperatures (15°C-55°C). 

Considering hot climate regions. The working fluid passing 

through the compressor is the air, and it assumed to be an ideal 

gas, while in the turbine the working fluid are the flue gases. 

 

Figure 1: Schematic of the gas turbine 

 𝑄 𝑖𝑛 =  𝑚 𝑎 ∙ 𝐶𝑝𝑔 ,𝑎𝑣𝑔 ∙ (𝑇4 − 𝑇3)  (1) 

𝑚 𝑓 =
𝑄 𝑖𝑛

𝐿𝐻𝑉
 

𝜂𝐶𝑜𝑚𝑏𝑢𝑠𝑡𝑜𝑟
    (2) 

𝑊 𝐶 =  𝑚 𝑎 ∙ 𝐶𝑝𝑎 ,𝑎𝑣𝑔 ∙ (𝑇3 − 𝑇2 )  (3) 

𝑊 𝑇 =  𝑚 𝑇 ∙ 𝐶𝑝𝑔 ,𝑎𝑣𝑔 ∙ (𝑇5 − 𝑇4)  (4) 

𝑚 𝑇 =  𝑚 𝑎 + 𝑚 𝑓    (5) 

𝑊 𝑛𝑒𝑡 =  𝑊 𝑇 −  𝑊 𝐶    (6) 

𝑃𝑆𝐹𝐶 =
3600 ∙𝑚 𝑓

𝑊 𝑛𝑒𝑡
    (7) 

𝐻𝑅 = 𝑆𝐹𝐶 ∙ 𝐿𝐻𝑉    (8) 

𝜂𝑡 =
3600

𝑃𝑆𝐹𝐶∙𝐿𝐻𝑉
    (9) 

Above equations were used to estimate the performance of 

a gas turbine engine, with a detailed cycle analysis. The cycle 

analysis covers thermodynamic calculations of all main 

components shown in Figure 1. The cycle analysis results 
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include the total pressure and temperature values at every 

engine station, engine performance values such as shaft power 

output, power specific fuel consumption (PSFC), heat rate and 

fuel flow rate [22]. 

In this study, cycle analysis of a gas turbine was conducted 

for 43 MW class similar to General Electric LM6000 gas 

turbine engine [23].  

A set of input values were assumed and used in the cycle 

analysis calculations, which are given in Table 1. Shaft power 

(MW) and heat rate (kJ/kWh) are considered and compared 

with manufacturer`s data extracted from reference[23]in Table 

2. The results show that the numerical results are well matched 

with published data with less than 0.2% deviation for both 

selected parameters [24]. 

Table 1: Assumed design input parameters for baseline gas 

turbine engine 

Engine 

parameter 
Definition 

Assumed 

Value 

T4 total temperature at turbine entry (K) 1500  
ΠB burner/combustor total pressure ratio 0.95  
ΠC compressor total pressure ratio  12.2  
ΠF booster total pressure ratio  2.4  

ΠN exhaust nozzle pressure ratio  1.1 
ηb combustor efficiency  0.9995  
ηC compressor isentropic efficiency  0.90 
ηF booster isentropic efficiency  0.90 
ηHPT high pressure turbine isentropic 

efficiency  
0.88 

ηm shaft mechanical efficiency  0.999  
ηPT power turbine isentropic efficiency  0.91 

ε2a cooling air ratio for high pressure 
turbine rotor 

0.03  

ε3 cooling air ratio nozzle guide vanes  0.03  
Tamb ambient temperature (K) 288.15 
Pamb ambient pressure (kPa) 101.325 
m inlet corrected air mass flow rate (kg/s) 119 
LHV Fuel heating value (natural gas) 

(MJ/kg) 
44.194 

Table 2: Comparison of main output performance parameters 

for baseline engine 

Parameter 
Literature 

Data* 

Calculated Value for 

Baseline Engine 

Deviation 

(%) 

Shaft power 

(MW) 
43,284 43,370 0.19% 

Heat rate 

(kJ/kWh) 
8,581 8,591 0.12% 

*Source: [23] 

III. RESULTS AND DISCUSSION 

In this section, the effects of ambient temperature on the 

output power, heat rate, thermal efficiency, fuel mass flow rate 

and power specific fuel consumption (PSFC) are studied. 

 

3.1 Influence of ambient air temperature on heat rate and 

power output 

The correlation of ambient temperature and power output 

is shown in Figure 2. It is found that once the Tamb is at 

standard day value which is 15 ºC, the nominal power output 

is achieved. It is also observed that during the hot months once 

the Tamb reaches to 55 ºC (in Kuwait) the power output 

significantly drops by 21.3% (as shown in Figure 4) and 

reaches to 34,147 (kW).  

Figure 3 also show that the amount of heat rate of the gas 
turbine increases up to 9.3% once the Tamb increases from 

15ºC to 55ºC. 

 
Figure 2: Effect of ambient temperature on the gas turbine power output 

 

Figure 3: Effect of ambient temperature on the heat rate 
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Figure 4: percentage change in gas turbine heat rate and power output 

with ambient temperature change 

 

3.2 Influence of ambient air temperature on thermal efficiency 

In this paper, the thermal efficiency of the system is 

studied and the effects of Tamb on the thermal efficiency are 

shown on Figure 5. As expected, once the temperature of 

ambient changes from 15 ºC to 55 ºC, the results reveal that 

thermal efficiency decreases from 41.9% to 38.34%. 

Therefore, the thermal efficiency of the system by 3.56% 

reduction provides a worse performance as compared with a 

lower Tamb. 

 

Figure 5: Ambient temperature variations effect on gas turbine thermal 

efficiency 

3.3 Influence of ambient air temperature variation on fuel 

rate and power specific fuel consumption 

The variations of the fuel mass flow rate (kg/s) and power 

specific fuel consumption (kg/kW. h) as a function of Tamb 

were evaluated and the results are shown in Figures 6, 7 and 8. 

It is found that fuel mass flow rate decreases from 2.342 to 

2.015 (kg/s) equivalent with 14% reduction by changing the 

Tamb from 15 ºC to 55 ºC (see Figures6 and 8). However, this 

is not a gain or fuel saving because this happens due to the 

decreased air mass flow rate through the engine at hot ambient 

conditions. In fact, it is seen that power specific fuel 

consumption, which measures the weight flow rate of fuel 

increases 9.3% due to this Tamb increment as shown in 

Figure7. 

 

Figure 6: Gas turbine fuel mass flow rate changes with ambient 

temperatures 

Table 3:  Effect of inlet temperature on the engine performance 

 

Inlet Temp 
oC 

Fuel 

flow 

(kg/s) 

Change 

from 

15oC 

HR 

(kJ/kWh

) 

Change 

from 

15oC 

𝑊 𝑛𝑒𝑡  

(kW) 

Change 

 from 

15oC 

PSFC  

(kg/kWh) 

Change 

from15o

C 

Thermal 

Efficiency 

15* 2.342 0.0% 8591 0.00% 43370 0.0% 0.1944 0.00% 41.90% 

20 2.288 -2.3% 8673 0.95% 41976 -3.2% 0.1962 0.93% 41.51% 

25 2.238 -4.5% 8760 1.97% 40638 -6.3% 0.1982 1.95% 41.10% 

30 2.190 -6.5% 8852 3.04% 39358 -9.3% 0.2003 3.03% 40.67% 

35 2.146 -8.4% 8950 4.17% 38143 -12.1% 0.2025 4.17% 40.22% 

40 2.105 -10.1% 9052 5.37% 37004 -14.7% 0.2048 5.35% 39.77% 

45 2.070 -11.6% 9160 6.62% 35950 -17.1% 0.2073 6.64% 39.30% 

50 2.040 -12.9% 9273 7.93% 34993 -19.3% 0.2098 7.92% 38.82% 

55 2.015 -13.9% 9390 9.30% 34147 -21.3% 0.2125 9.31% 38.34% 
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Table 2 shows the effects of Tamb on main features and 

indicators of the gas turbine such as mass flow rate, heat rate, 

power, PSFC and efficiency. The numerical results show that 

the efficiency of the gas turbine reduces approximately from 

41 to 38 % once the Tamb gradually increases from 15 ºC to 55 

ºC. 

 

Figure 7: Gas turbine power specific fuel consumption changes with 

ambient temperatures 

 

Figure 8: percentage change in gas turbine heat rate and power output 

with ambient temperature change 

IV. CONCLUSIONS 

The effects of ambient temperature (Tamb) and degradation 

on gas turbine engine performance was studied in this paper. A 

comprehensive comparison is performed on a few indicators 

such as output power, heat rate, thermal efficiency, fuel mass 

flow rate and power specific fuel consumption (PSFC) for an 

interval of the Tamb between 15ºCto 55ºC. The numerical 

results support following conclusions once the Tamb changes 

from 15ºC to 55ºC: 

 It is found that during the hot months, the power 

output significantly drops by 21.3%.  

 Power specific fuel consumption (PSFC) increases 

9.31%. 

 The amount of heat rate of the gas turbine increases 

up to 9.3%. 

 The thermal efficiency of the turbine shows 3.56% 

reduction from 41.90% standard day value to 

38.34%. 

 Lastly, it is observed that fuel mass flow rate can 

decrease from 2.34 to 2.01 (kg/s) equivalent with 

14% reduction due to decreased air mass flow rate 

through the engine at higher inlet temperatures. 
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