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PERFORMANCE AUGMENTATION OF A GAS TURBINE PLANT USING 2 

AN ABSORPTION REFRIGERATION SYSTEM 3 

 4 

ABSTRACT 5 

Performance of a gas turbine is mainly depended on the inlet air temperature. The power output of a gas 6 
turbine depends on the flow of mass through it. Inlet air cooling increases the power output by taking 7 
advantage of the gas turbine’s feature of higher mass flow rate when the compressor inlet temperature 8 
decreases. In this paper the performance enhancement of gas turbine power plants by cooling the 9 
compressor intake air with an absorption refrigeration system was studied. This work investigated the 10 
effect of inlet air cooling system on the performance of an existing gas turbine power plant in Nigeria and 11 
it was made possible with MATLAB R2013a. The results showed that when the intake air temperature 12 
decreases by 10-15°K, the Efficiency and Net-work output increases by 7% & 4% respectively. Therefore, 13 
it becomes clear that there is increment in performance as the turbine inlet temperature approaches the 14 
ISO rating 15°C.  15 
 16 
Keywords: Ambient Temperature, Absorption Refrigeration System, Efficiency, Net Work Output 17 

1. Introduction 18 

The average efficiency of gas turbine (GT) plants in Nigeria energy utility sector over the past 19 

three decades was in the range of 20-28% after adjusting for site conditions [1]. The low 20 

efficiency of GT plants can be attributed to various reasons ranging from operation mode, poor 21 

maintenance as well as engine size and age. The rated capacities of all combustion turbines are 22 

based on standard ambient air temperature of 15° C, 60% relative humidity, 101.325 Kpa at sea 23 

level, zero inlet and exhaust pressure drop, as selected by the International Organization for 24 

Standardization (ISO) [2]. Throughout the year, the average temperature in Nigeria falls between 25 

22°C and 32°C. However, the mercury can rise as high as 43.3°C during the hottest time of the 26 

dry season and drops to 18°C during the rainy season [1].  27 

Virtually, all the GT power plants in Nigeria are sited at locations where the frequency of 28 

occurrence of ambient air temperature at 15°C or lower, in terms of the number of hours, rarely 29 

exist on yearly basis. The very high frequency of occurrence of ambient air temperature above 30 

15°C implies that the gas turbines operate at off - ISO conditions almost all the times [3]. 31 

Whenever a gas turbine operates at site ambient conditions that differ from the ISO conditions, 32 

there is a deviation from the plant design performance rating. For all gas turbines, increased 33 

ambient air temperature or site elevation decreases power output and also reduces fuel efficiency 34 

[2]. In the area where the gas turbine considered for this study is located in Kolo Greek, Imiringi, 35 

Bayelsa State, Nigeria, the yearly ambient air temperature varies between 25°C and 32°C, which 36 

has also been recorded in the past data acquired from the power station. According to study by 37 
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[4] on the Kolo-Greek SK30 GT, owing to high ambient temperature above the ISO value, the 38 

full load capacity of the GT drops during hot daytime with about 1-2 MW out of the 20MW 39 

output achieved in morning and night hours  40 

Turbine inlet chilling is defined as cooling the air before it enters the compressor of the gas turbine. [5] 41 

concluded that chillers can increase gas turbine power output by 15–20% and efficiency by 1–42 

2% (i.e. if gas turbine exhaust gas energy is recovered). However, the specific investment cost of 43 

chillers is higher than for evaporative coolers. [6] presented a computer simulation of the 44 

integration of an innovative absorption chiller technology for reducing the intake-air temperature 45 

in gas turbine plants. They concluded that the effect of ambient air temperature variation has the 46 

large penalty in the plant’s performance for high ambient temperatures lead to drop in performance. 47 

The study of [7] showed that a 1% gain of output power was obtained for every 1.6°C drop in compressor 48 

inlet air temperature using water chillers. In addition, [8] reported in his study that chillers utilizing 49 

thermal storage systems would increase the gas turbine power output by over 25% during peak 50 

periods.  51 

The aim of this paper is to investigate the effect of an inlet air cooling system on the performance 52 

of an existing gas turbine plant in Nigeria. This work seeks to explore the inherent environmental 53 

benefit of the Kolo-Greek SK30 Gas turbine plant incorporating an absorption refrigeration 54 

system (ARS) in the prevailing climatic conditions. The purpose of the ARS is to increase the 55 

power output of the combined cycle by cooling the intake air entering the gas turbine 56 

compressor. The performance of the proposed modified Brayton cycle is compared with base 57 

condition (without inlet air cooling). 58 

Absorption Refrigeration System 59 

The absorption refrigeration cycle has recently attracted much research attention because of the 60 

possibility of using waste thermal energy or renewable energies as the power source, thus 61 

reducing the demand for electricity supply [9]. The two great advantages of the absorption cycles 62 

compared to other cycles with similar production are that no large, rotating mechanical 63 

equipment is required and any source of heat can be used including low temperature waste heat 64 

[2]. 65 

Heat is rejected in the absorber and condenser while heat is injected into the system through the 66 

generator and the evaporator. Refrigerant rich solution from the outlet of the absorber is pumped 67 

by the solution pump to the generator. In the generator the refrigerant is then extracted from the 68 

refrigerant/absorbent solution by heat from an external heat source into the generator. The rest of 69 

the solution in liquid state is drained back to the absorber as absorbent, ready to absorb the 70 

refrigerant vapor from the evaporator. The extracted high pressure vapour refrigerant from the 71 

generator flows into condenser where heat is rejected resulting to high pressure liquid refrigerant. 72 

The liquid then passes through an expansion valve which lowers the pressure and produces a low 73 

temperature refrigerant liquid that flows into the evaporator where it evaporates, providing the 74 

cooling effect which is used to generate chilled water [10].  75 

UNDER PEER REVIEW



 

 

Lithium Bromide-Water and Water-Ammonia as conventional fluids still have desirable 76 

properties compared to other working fluid variants. The Lithium Bromide-Water combination is 77 

limited to temperatures above the freezing point of water (i.e. above 0°C) while the Water-78 

Ammonia combination is favorable for sub-zero refrigerant temperatures (i.e. below 0°C). 79 

Hence, Lithium Bromide-Water was used in this study since the air to be cooled is above 0°C. 80 

The refrigerant should be more volatile than the absorbent so that the two can be separated 81 

easily. Water is usually used as the refrigerant for the solid absorbents [11]. It is very important 82 

to note that a compact heat exchanger/cooling coil should be designed for installation at the 83 

compressor inlet duct. The chilled water from the absorption chiller flows through the heat 84 

exchanger and cools the inlet air [12]. A schematic diagram of a typical gas turbine incorporated 85 

with an absorption refrigeration cooling system is shown in Figure 1. 86 

 87 

 88 

 89 

 90 

 91 

 92 

 93 

Fig. 1: Typical Turbine Inlet Chilling Process [10] 94 

2. Materials and Methods 95 

Operating data for SK30 GT unit were collected from the daily turbine control log sheet for a 96 

period of six years (2005 – 2010). The daily average operating variables were statistically 97 

analyzed and mean values were computed for the period of January to December, followed by an 98 

overall average. Summary of operating parameters for the SK30 gas turbine unit as obtained and 99 

computed from the log sheet is presented in Table 1. The parameters that could not be sourced 100 

were calculated thermodynamically using standard formulae. Mass and energy conservation laws 101 

were applied to each component and the performance of the plant was determined for the base-102 

case, without an ARS and for the cooled system with an ARS. MATLAB R2013a was also 103 

employed to generate the values for the analysis. 104 

 105 

 106 

 107 

 108 

 109 

 110 
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Table 1: Summary of an overall average operating data for the SK30 GT power plant 111 

S/N Operating Parameters Log sheet Data Units 

1 Inlet air temperature to compressor 29.35 °C 

2 Outlet air temperature from compressor 278.31 °C 

3 Inlet air pressure to compressor 0.1013                    M   

4 Outlet air pressure from compressor 0.65 M   

5 Inlet temperature of turbine 792.02 °C 

6 Turbine outlet temperature 457.35 °C 

7 Exhaust gas pressure 0.1013 M   

8 Mass flow rate of air through compressor,     82.1 Kg/s 

9 Mass flow rate of fuel-gas 85.19 Kg/s 

10 Isentropic efficiency of compressor 0.85 % 

11 Isentropic efficiency of turbine 0.87 % 

12 Low Heating Value of Fuel 47321.5 KJ/kg 

 112 

Thermodynamic Analysis of GT Unit (Simple type) 113 

The inlet pressure is given as:  114 

       =    1 115 

The pressure of the air leaving the compressor (  ) is calculated as:   116 

                                                2 117 

Where,   represents the pressure ratio 118 

 119 

 120 

 121 

 122 

 123 

 124 

 125 

 126 

 127 
                    Fig. 3a: Simple GT Cycle [13]                                                   Fig. 3b: T-S Diagram of the GT Cycle [14]                       128 

It is assumed that the change in kinetic energy between the various points in the cycle is 129 

negligible. Then applying the flow equation to each part of the cycle, we have the following for 130 

unit mass. 131 

For the Compressor: 132 

According to [15] and [16];                                                                                             133 

Compressor Work input,            =                                                                                      3  134 

From [17], for an isentropic process, 135 
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  4 136 

Where: 137 

                                                                                                                                               

The Isentropic efficiency of the compressor is defined as the ratio of the work input required in 138 

isentropic compression between P1 and P2 to the actual work required. Neglecting change in 139 

kinetic energy we have, 140 

Compressor isentropic efficiency,    is given as: 141 

 142 

                                                               
          

         
 

        

       
    5 143 

 144 

For the Combustion Chamber  145 

Heat supplied,                                           6 146 

 147 

For the Turbine 148 

From [16], Turbine work Output is:                       7 149 

 150 

For isentropic expansion process, 151 

                                                     
  

   
  

  

  
 

     

 
  8 152 

 153 

Similarly, the isentropic efficiency of the turbine    is defined as the ratio of the actual work 154 

output to the isentropic work output between same pressures. Neglecting change in kinetic 155 

energy we have, 156 

 157 

                                                       
     

      
  9 158 

 159 

The network output from the GT plant is given as: 160 

                                                            10 161 

 162 

The Specific fuel consumption      which compares the ratio of the fuel used by an engine to a 163 

certain force such as the amount of power the engine produces is given as: 164 

                                                         
        
   11 165 

Where the Air-Fuel Ratio (AFR) is given as: 166 

                                                              12 167 

 168 

Heat rate, HR which is the heat consumed to generate unit energy of electricity [18] can be 169 

determined by: 170 
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                                                            13 171 

The thermal efficiency of the GT can be determined by the equation below: 172 

 173 

                                                  
    

    
  14 174 

 175 

Thermodynamic Analysis of GT Unit with an Inlet Air Cooler 176 

Fig. 3 illustrates a schematic diagram of a GT power plant with an intake air cooler. In this study, 177 

the inlet air cooling technique proposed for analysis is absorption refrigeration cooling. The 178 

performance of the gas turbine will be evaluated with the absorption refrigeration cooling and 179 

compared to that of the simple GT setup. 180 

 181 

 182 

 183 

 184 

 185 

 186 

 187 

 188 

Fig. 3: Schematic diagram of the GT cycle with an inlet air cooler [13] 189 

 190 

The main advantage of the absorption system is that, it is independent of ambient air conditions. 191 

A simple sketch of the cooling coil is shown in Fig. 4. Ambient air enters the cooling coil at state 192 

2 and leaves at state 3. Air passing over the outer surface of the coil experiences a drop in 193 

temperature and possibly a decrease in specific humidity, ω. The coil temperature can be 194 

adjusted to allow air to reach a certain desired temperature. In this case, the cooling load to be 195 

removed using cooling coil can be estimated. 196 

 197 

 198 

 199 

 200 

 201 

 202 

 203 

 204 

                                  Fig. 4: Typical design of the absorption chiller cooling system.  205 

 206 

 207 

 208 

 209 

 210 
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Dehumidification of Moist Air by Cooling 211 

Whenever air is made to pass over a surface or through a spray of water that is at a temperature 212 

less than the dew point temperature of the air, condensation of some of the water vapor in air will 213 

occur simultaneously with the sensible cooling process. Fig. 5 shows a psychometric chart 214 

showing the cooling of moist air below its initial dew point temperature. 215 

 216 

 217 

 218 

 219 

 220 

 221 

 222 

 223 

 224 

Fig. 5: Air cooling process on a psychometric chart [19] 225 

Firstly, the cooling follows a line of constant specific humidity to the saturation point; the water 226 

in the air begins to condense as dehumidification follows between point m-p. Point p represents 227 

the apparatus dew point temperature of the cooling coil. In a real process, the entire air passing 228 

through the surface of the cooling coil is not cooled to the surface temperature. When air mass, 229 

     passes over a coil, as seen in fig. 6 some of it,       just by-passes unaffected while the 230 

remaining,      comes in direct contact with the coil. The fraction of air that misses the coil is 231 

measured in terms of a by-pass factor, bf. The by-pass factor depends upon the pitch of the 232 

cooling coil fins, the number of rows in a coil in the direction of flow and the velocity of flow 233 

air. The final state (state 3), is then thought of as the adiabatic mixture of the bypassed air, which 234 

is at state 2, and the saturated air at state p.  235 

 236 

 237 

 238 

 239 

 240 

 241 

 242 

 243 

Fig. 6: Schematic Representation of the Bypass – Factor Apparatus for a Cooling/Dehumidifying. 244 

 245 

The mass flow rate,     , is thought of as bypassing the coil while       passes through the coil. 246 

The continuity Equation for dry air becomes: 247 

 248 
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The bypass factor     is defined as: 249 

                                                                                  
     

   
  15 250 

 251 

For the mixing process: 252 
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 257 

Thus, the compressor inlet air temperature after cooling is given as: 258 

                                                      19 259 

Where, 260 

  = bypass Factor 261 

  = dry bulb temperature of ambient air 262 

    = Apparatus Dew Point Temperature 263 

The achievable temperature is restricted only by the capacity of the chilling device to cause 264 

cooling and the ability of the coils to transfer heat. It is important to note that this intake air 265 

cooling method must be designed to avoid the formation of ice fragments on the compressor inlet 266 

or anywhere in the air intake structure. In other to prevent icing, some authors have advised that 267 

the temperature drop should be greater than 5°C [20]. It is known that some water vapor 268 

condenses on the cooling coils; hence to avoid damage to the system, this condensate has to be 269 

eliminated by adding a separation system at the entrance of the air compressor. 270 

The following assumptions were considered in the cooling coil model. 271 

 The condition of the air leaving a chilled-water coil is nearly saturated, therefore, the 272 

relative humidity of the outlet air,      from the coil can be assumed as 95 %. 273 

 The pressure drop of air in the coil is 1% of the ambient air pressure. 274 

 Cooling coil Bypass Factor (  ) is 0.15 275 

 276 

 Results and Discussion 277 

The effect of the turbine compressor inlet temperature on the specific fuel consumption, Network 278 

Output produced and the thermal efficiency of the SK30 GT plant was obtained by the energy 279 

balance equations by utilizing MATLAB R2013a in the periods under study. In this study a 280 

single shaft gas turbine operating with a natural gas was numerically stimulated. Table 1which 281 

shows the summarized data with respect to the plant components was used for the compilation of 282 

tables 2 and 3 respectively. Table 2 represents the performance of the plant without the ARS 283 

UNDER PEER REVIEW



 

 

whereas values in table 3 were generated after the ambient air has been cooled by the ARS 284 

before inhalation by the compressor. 285 

Table 2: Turbine Parameter before compressor inlet cooling 286 

Year T1 T2 Wc Wt Wnet AFR Qsup SFC Ƞthermal 

2005 301.48 550.05 249.81 395.82 146.01 79.91 592.22 0.3086 24.65 

2006 301.79 550.61 250.07 395.82 145.75 79.99 591.57 0.3088 24.64 

2007 302.10 551.22 250.34 395.82 145.48 80.09 590.87 0.3090 24.62 

2008 302.53 551.96 250.68 395.82 145.14 80.20 590.01 0.3093 24.59 

2009 303.02 552.86 251.09 395.82 144.73 80.34 588.99 0.3096 24.57 

2010 303.17 553.13 251.21 395.82 144.61 80.39 588.67 0.3097 24.56 

 287 

Table 3: Turbine Parameter after compressor inlet cooling 288 

Year T1 T3 T4 Wc Wt Wnet AFR Qsup SFC Ƞtherml 

2005 301.48 287.47 524.49 238.20 395.82 157.62 76.13 621.61 0.3000 25.63 

2006 301.79 287.52 524.58 238.24 395.82 157.58 76.14 621.51 0.3001 25.35 

2007 302.10 287.57 524.67 238.28 395.82 157.54 76.15 621.41 0.3001 25.35 

2008 302.53 287.63 524.78 238.33 395.82 157.49 76.17 621.28 0.3001 25.35 

2009 303.02 287.70 524.91 238.40 395.82 157.43 76.19 621.12 0.3002 25.35 

2010 303.17 287.73 524.95 238.41 395.82 157.41 76.19 621.08 0.3002 25.34 

 289 

3. Discussion 290 

Figures 7 and 8 clearly show the variations of the ambient air temperature with the efficiency of 291 

the plant. It shows that the efficiency of a gas turbine plant is dependent on the compressor inlet 292 

air temperature. This implies that lower compressor work produces higher net-work output. 293 

 294 

 295 

 296 

 297 

 298 

                    Fig. 7: Before Chilling.             Fig. 8: After Chilling 299 
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Figures 9 and 10 depict plots of Net-Work Output against the compressor inlet temperature.  300 

Mathematically, the plots show that the Net-Work Output is inversely proportional to the 301 

compressor inlet temperature. A comparison of figures 8 and 9, we can say that an increment of 302 

approximately 1% in the compressor air inlet temperature decreases the gas turbine power output 303 

by 7%.  304 

 305 

 306 

  307 

 308 

 309 

               Fig. 9: Before Cooling                                                               Fig. 10: After Cooling 310 

Fig. 11 and fig. 12 show plots of specific fuel consumption against the compressor inlet air 311 

temperature. It also shows that the specific fuel consumption increases with increase in ambient 312 

temperature. This occurs because of increased losses due to the increased amount of flue gases. 313 

 314 

                  315 

 316 

 317 

 318 

     319 

                       Fig. 11: Before Cooling                                                                  Fig. 12: After Cooling 320 

4. Conclusion  321 

Influence of compressor inlet air cooling on the performance of a gas turbine power plant was 322 

investigated with vapour absorption refrigeration. The study was done on two similar gas turbine 323 

plants, one without Inlet cooling and one with inlet cooling with the aid of MATLAB R2013a. 324 

The results showed that: 325 

1. The thermal efficiency increases and specific fuel consumption decreases with the 326 

decreasing in the ambient temperature. 327 

2. Increasing the turbine inlet temperature increases the output power and thermal efficiency 328 

as a result of increasing the turbine work. 329 
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3. Absorption refrigeration system improved the performance of gas turbine power plant as 330 

the thermal efficiency and network output are higher than that obtained from simple gas 331 

turbine plant. 332 

 333 
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