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ABSTRACT 

The Aim of this study was to evaluate the effect of Evaporative Media as gas turbine intake air cooling 
method on pressure drop of cartridge air filters. This study performed under the laboratory condition, 
using stainless steel test rig with specified dimensions to investigate the role of evaporative media in air 
cooling as well as its effects on new and used cartridge filters (as representative of clean and loaded 
filters). Tests were carried out at three five hours consecutive stages including, warm -dry stage (Ta=35-
40°C) and relative humidity ([RH] =10-15%), cold - humid stage (Ta=22-27°C and RH=80 to 85%), and, 
warm-dry stage (Ta=35-40 °C and RH=10-15%) for 3 consecutive days. Findings showed that using 
evaporative media caused air intake temperature reduction was equal to 12.5 °C. Total pressure drop of 
cartridge filters was 5.13±0.84 and 3.86±0.14 mbar for used and new filters, respectively. Results of 
repeated measure test showed that the differences between new and used filters pressure drop was 
significant (P=0.001). Combined effects of humidity and dust loading on filters pressure drop 
demonstrated that cartridge filters were not affected by humidity (P=0.75) and the main reason of 
pressure drop was due to collected dust on filters. It is concluded that using evaporative media systems is 
suitable method for cooling gas turbine intake and increase turbine efficiency without any significant 
increase of filter pressure drop in hot-dry climate. 

Keywords: Evaporation media, Air intake, Cooling, Cellulose Ccartridge filter, Gas turbine  

INTRODUCTION  
Gas turbines are the most important energy-

producing machines that broadly applied in producing 

electricity, gas transfer stations, petro chemistry 

industries, oil platform and ships [‎1, ‎2]. Environmental 

conditions of installation site, specially inlet pressure 

and temperature have greatest influence on gas turbine 

performance [‎3]. The effect of ambient temperature on 

gas turbine performance in various situations differs and 

in order to getting better control strategies, relevant 

factors must be considered [‎4]. 

During the hot days air density decreased, air mass 

flow rate dropped, hence causes decreasing power 

output of the gas turbines. Gas turbines have been 

designed to operate under standard conditions 

(International Standards Organization (ISO) defined as 

2008-5435/14/62-75-80 
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o
F (15.6 °C) inlet temperature, 14.7 psia inlet 

pressure, and 60% relative humidity) that by installing 

in hot-dry environments lose a significant percentage of 

their production capacity [‎5-‎7]. 

Ambient temperature has a great influence on gas 

turbine performance and decreases power output due to 

increasing it. Considering that during the summer 

electricity demand rises [‎8], gas turbine inlet air cooling, 

especially during peak times of power consumption is 

one of useful method that can be used to increase power 

generation. Various techniques including chillers, 

evaporative cooler and Exchange Earth Tube Heat 

Exchanger (ETHE) are provided to reducing inlet air 

temperature and increasing the power output and 

efficiency of gas turbines [‎8-‎9]. ETHE is a new method 

for gas turbine inlet air cooling; in which, heat is 

transferred to layers of soil and reverse takes place. This 

method is based on this fact that although atmospheric 

temperature has cyclic (daily) changes, soil temperature 

at depth of 2m remains constant [‎9].  

Chillers are the most powerful methods for reducing 

inlet air temperature and are able to keep inlet air 

temperature up to 45 °C, but they are very costly [‎10-

‎13]. 

Evaporative coolers includes fogging and 

evaporative media cooler as another alternative cooling 

methods that by transforming liquid phase to vapor 

caused air flow cooled [‎11-‎13]. evaporation media 

cooling theory and designing of cooling media, 

installation, operation, water quality and ways to 

prevention of water transmission were studied [‎14] . 
A computer simulation of combination evaporation 

cooler and air cooling system were presented and 

considered effects of fluctuation at ambient temperature 

on power output and its efficiency [‎15]. Using 

evaporation media reduces NOx in the emission from 

combustion chambers; and therefore, positive effects of 

environmental consequences are introduced [‎16, ‎17]. 
Cooling air as much as 10°C will increases 

approximately 10-6% in electrical power generated 

[‎18]. Status of application of evaporative inlet air 

cooling systems in 3 great power plant including Rajaei, 

Qom and Fars were studied. Comparing economic and 

technical aspects showed that using evaporation media 

system was more effective than fog system [‎12]. Using 

wetted media type to cool the gas turbine inlet air in five 

PG6581and three PG6551 type gas turbine showed that 

wetted media caused to inlet air temperature drop 12-14 

°C and increases 4MW for each of PG6581turbines and 

3.5MW for each of PG6551gas turbines [‎5].  
The performance of evaporative air cooling systems 

study in Saudi Arabia showed strong dependency on 
climatic conditions as well as are suitable for hot and 
dry environments [‎11].  

Whereas, the ambient air of gas turbine power plant 
due to the time of year and geographic location contains 
natural and anthropogenic particles, to prevent the 
damages including foreign object damage, erosion, 
fouling, turbine blade cooling passage plugging, particle 
fusion, and hot and cold corrosion in gas turbine 
entrance air filtrations systems are used, for this purpose 
Air Cartridge Filters widely used in intake air of gas 
turbines [‎19]. 

Due to necessity of using filtration system at 
turbines inlet and advantages of inlet air-cooling 
especially through evaporation media this study has 
been done. It aimed to investigate the effect of air 
cooling using evaporative media on the performance of 
new and loaded Cellulose Filter Cartridges in order to 
incorporate the dust effects of collected dust on filters, 
under laboratory conditions. 

 
Fig 1. Profile of test rig 
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MATERIALS AND METHOD  
This was a cross-sectional analytical study to 

investigate the effect of evaporative media system on 

the cooling method of gas turbine air intake cooling in 

desert regions of Iran in 2011. Moreover this study was 

done to investigate the effects of evaporative media 

system on used cartridge filters under laboratory 

conditions in order to include the combined effects of 

filter dust loadings as well as air cooling via evaporative 

media on filter pressure drop. Among desert regions of 

Iran, Kerman was selected as a sample. This study was 

established according to climatic characteristics 

obtained from the Meteorological Organization. For this 

purpose, the following steps were taken: 

Construction of Filter Test System 
 Test tunnel was made of stainless steel with 

dimensions of 40 cm×60 cm×60 cm. Air flow through 

this system was supplied at desired temperature by 

centrifugal fan with following characteristics: propellant 

capacity of 1250 m
3
/h and maximum static pressure of 

4in WG and power of 1.5 KW. This system consists of 

following sections (Fig 1). 

Evaporator Section 
This section consists of water storage tank, floater, 

pump and sprays nozzles for spraying water on top of 

the evaporator media, and mist eliminator that installed 

after fan. 

Evaporative media 
Cellulose pad are like honeycomb and domestically 

produced. When air passes through it, the available 

water at pleated media surface evaporates, therefore the 

passing air cooled. 

Filtration Section 
It consists of special body for installing filter with 

opening and quick change ability that made of stainless 

steel. This section is equipped with GI3422 cartridge 

filters that Manufactured by Mashhad Behran Filter 

company.  

Instrumentation equipment 
It consists of two temperature and humidity sensors 

with an output ability of 4-20 mA that is installed before 

and after evaporation media. Also creates appropriate 

connection for installing Pitot tube at upper section of 

test tunnel after evaporation media for monitoring total 

& static pressure of passed air. 

A sensor and processor system for measuring the 

pressure drop with ability of measuring 0 to 20 mbar is 

installed at test system to measure pressure difference 

across filter during any desired moment. Finally, the 

PLC controller with the ability to connect to a computer 

system to record measured data was installed on the test 

system for planning system.  
Tests 

After construction and calibration of the test system, 

three used cellulose filter cartridges) to considering the 

combined effects of evaporation media and dust loaded) 

and two clean filters (The effect of cooling on the filter 

media) were tested. Tests were carried out in 5 hours 

duration and three consecutive days. 

In the first stage, filters were exposed to inlet air 

(with air temperature of 35-40°C and relative 

humidity10-15%) and after 5 hours, with spreading 

water on evaporation media, the air temperature 

decreased and relative humidity increased. 

Filter has been exposed to this conditions (Ta=22-

27°C, RH=80-85%) for 5 hours. Finally the spreading 

water disconnected and filter was exposed to hot and 

dry air for 5 hours duration (Ta=35-40
o
C, RH=10-15%). 

Air temperature and relative humidity were 

measured and recorded before and after filters. In 

addition, filter pressure drop (resulting from static 

pressure on both sides of filter) was measured by 

pressure sensor and its results momentarily recorded. 

Used cellulose filter cartridge (GI3422) 

manufactured by Mashhad Behran filter CO. These 

filters are made of cellulose synthetic media, with 

approximately 99% efficiency for particles larger than 

0.5µ. Each filter unit surface area is 19 m
2
, length of 

600 mm and exterior diameter is 325 mm. These filters 

have been designed to pass air speed of 2 m/s but are 

0%

10%

20%

30%

40%

50%

60%

70%

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

R
e
la

ti
v

e
 h

u
m

id
it

y

Days

july

august

september

mean

 

 

0

5

10

15

20

25

30

35

40

45

1 2 3 4 5 6 7 8 9 10111213141516171819202122232425262728293031

t
e
m

p
e
r
a
t
u

r
e

Days

july

august

September

 
Chart 1-a-Average daily temperature in summer in Kerman  Char 1-b-Trend average relative humidity of ambient air in  

summer Kerman 

Fig 2. Average of 5 latest summers' meteorological data of Kerman City 
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capable to passes 4 m/s. 

The filters are able to tolerate 2.5 bar final pressure 

drop and it is not recommended to apply in higher 

level.  In addition, volume flow rate of passing air 

through air filters was 1250 m
3
/h. 

Firstly, evaporative media was placed at the air path 

of inlet air to the filters at test system. Then air velocity 

through the test system was commensurate with 

nominal speed (determined for these types of filters (2 

m/s)) using Testo 350/xl. Psychometric conditions such 

as defined in various stages and testing corresponding 

filters at each stage of the test were monitored using 

Testo 350/xl to ensure of maintaining its desired speed 

(2m/s). Temperature, humidity and filters pressure drop 

under different testing conditions were recorded 

momentarily and continuously recorded by a computer 

system. Finally obtained data were analyzed using Excel 

and SPSS software version 19 to determine the 

relationship between main variables, repeated measure, 

ANOVA tests and regression analysis were used. 

RESULTS 
Analysis of recent 5 years meteorological data of 

Kerman City showed that climate of this area is warm 

and dry. During summer season the average temperature 

is 35-40°C and RH is 10-15% [‎20]. Fig 2 shows daily 

changes in mean temperature and relative humidity of 

Kerman during July, Aug and Sep 2011 (the highest 

consumption time of year). The energy balance sheet 

book that published by Ministry of Energy [‎21] showed 

Table 2. Mean of pressure drop mbar for clean and dirty cartridge filters in various psychometric conditions 

Type of filter Stage Average Standard Deviation Number P value 

Loaded  

1 5/17 0.82 45 

0.0001 2 5.13 0.88 45 

3 5.07 84.0 45 

Clean 

1 3.91 0.15 30 

0.56 
2 3.84 0.11 30 

3 30 0.14 3.91 

Total 3.86 0.14 40s 

 
     

Table 1. Mean and standard deviation of air temperature, relative humidity and pressure drop at different test stages for clean and loaded filter 

Type of 

filter 
Stage 

Humidity # 1 % Humidity #2  % temperature# 1  oC temperature#2  oC ∆p     mbar 

Mean SD Mean SD Mean SD Mean SD Mean SD 

Clean filter 

Stage 1 11.89 2.53 13.26 2.69 40.21 0.31 40.13 0.79 4.73 0.10 

Stage 2 26.57 4.09 82.32 6.18 39.32 0.41 26.56 1.50 4.79 0.10 

Stage 3 14.24 4.25 23.01 4.07 39.79 0.72 38 3.35 4.27 0.14 

Loaded filter 

Stage 1 16.26 3.26 18.12 4.05 40.24 0.36 40.30 0.90 6.36 0.12 

Stage 2 29.53 2.69 80.83 5.39 39.96 0.17 27.05 1.15 6.57 0.25 

Stage 3 16.65 2.83 24.46 10.46 39.86 0.23 38.46 2.83 6.38 0.23 
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Fig 3. Changes of mass ratio in different test stage 
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that the maximum consumption of electricity at this area 

was during day and peak heating time 11 a.m. to 19 

p.m. 

Results of tests for air cartridge filters (Table 1) 

under similar condition to Kerman City within warm 

season and peak of consumption hour show that the 

amount of temperature and relative humidity under 

ordinary condition without using evaporation media is 

39.13°C and 13.26%, respectively. Meanwhile, by 

benefiting from evaporation media, temperature is 

reduced to 26.56°C and RH is increased to 82.32% i.e. 

applying evaporation media  reduces temperature of 

inlet air into filter as 12.57°C. Study the effects of 

temperature and humidity on the ability of evaporative 

cooling media system using the regression method 

showed that as per one unit increases in ambient 

temperature, the 0.58°C is added to cooling ability of 

evaporating media system. 

Results of pressure drop test for clean (unloaded) 

and dirty (loaded) cartridge filters are shown in Table 2. 

Amount of pressure drop in loaded filters is much 

greater than clean filters (P= 0.0001). Besides, obtained 

results indicate that the use of evaporative cooling 

media or in other words stage of humidifying air did not 

associate with meaningful changes in the increasing in 

pressure drop (P= 0.0001), although according to the 

Fig. 3 mass ratio of produced steam per each kilogram 

of passing dry air in cooling stage (stage 2) was higher 

than dry stage.  

Repeated measure test were used to compare the 

mean of the pressure drop at hot-dry and cold- humid 

conditions. At this test, the mean of the pressure drop 

and also interaction between filter and the climatic 

conditions were tested. Based on the results, the effect 

of type of filter (clean or loaded) on the pressure drop 

was significant (P=0.0001) and indicates mean 

difference of pressure drop in loaded and clean filters. 

Whereas the climatic conditions has not caused 

significant effects on the pressure drop of filter. 

DISCUSSION 
Findings of this study shows that using evaporative 

media can decrease gas turbine inlet air temperature 

12.5
o
C. These results are inconsistence with a study 

done by Hamid Nabati et al in Iran and El-Awad O.H.M 

in Sudan [‎7, ‎22]. In hot-dry climate in Saudi Arabia, 

evaporative media was able to reduce air temperature up 

to 20
o
C, but due to restrictions on water consumption in 

this region were not able to exploit it [‎11]. 

Total pressure drop of used (5.13+-0.84m/bar) and 

clean (3.86+-0.14m/bar) cartridge filters in various 

stages of testing and under various temperature and 

humidity conditions indicates a higher pressure drop in 

used cartridge filters compared to cleans. In which, 

results of repeated measure test confirms this significant 

differences between used and clean filters (P=0.0001), 

which could be attributed to dust and its concentration. 

Besides, by using this test the interaction of filter at 

different stages was studied. The results showed that 

average pressure drop in loaded and clean filters in the 

three stages of test does not have statistically significant 

difference in various psychometric conditions(P=0.22). 
This means hot - dry or cold and humid climate didn't 

have considerable effect on the filters pressure drop. 
The present study indicated that, changes in water 

content of passing air through filters did not have 

significant effect on increasing air pressure drop. Non 

significance of humidify effects on filter pressure drop 

may be due to short period of humidifying as well as 

dryness of filters media during humidification intervals 

so it seems that the main cause of pressure drop  

increment would be referred to loaded dust on the filter 

and its concentration. 

Using regression analysis the effect of ambient 

temperature on evaporative cooling media was 

measured and showed that as per one unit increases in 

ambient temperature 0.58°C increase in cooling ability 

of evaporative media system. This is a confirmation to 

previous studies [‎12]. 

Obtained results from comparison of evaporative 

cooling systems and chillers indicated that evaporative 

cooling system able to enhance the cooling efficiency of 

gas turbines and due to energy consumption required for 

vapor compression in chillers are economically cheaper. 

In the warmer environments using this method is more 

efficient [‎23].  

The combination of first and second law of 

thermodynamics shows that energy losses in the various 

components of the gas turbine cycle significantly 

influenced the compressor pressure ratio, gas turbine 

inlet air temperature and does not get affected by 

environmental relative humidity [‎23]. Analysis and 

simulation on 91 gas turbine performance done to 

evaluate the sensitivity to ambient temperature in 

specific conditions and compressor ratios indicated that 

with increasing cooling power of ambient air, the 

turbines power increases. That was consistent with our 

findings [‎24]. 

By using linear regression method the effect of 

temperature and ambient humidity on clean and loaded 

filters pressure drop were tested which showed that 

temperature and ambient humidity had a significant 

effect on loaded filters pressure drop (P=0.0001). And 

per each unit increase in ambient temperature in loaded 

filters 0.04 mbar added to pressure drop, but in clean 

filters falls 0.01 m/bar. This means that the ambient 

temperature has a greater effect on increasing in used 

cartridge filters pressure drop. Results emphasizing the 

serious effect of dust loading on the filters pressure 

drop. Results of a study on the performance of four 

types of gas turbines showed that as the inlet air 

temperature raises pressure drop increase which is 

consistent with our findings [‎25]. 

It was expected to increase the pressure drop of the 

filter, due to increasing water before filtering. Linear 

regression analysis showed relative humidity did not 

any effect on filters pressure drop (P=0.75). With each 



80 |  IJOH  |  April 2014  |  Vol. 6  |  No. 2  Farvaresh et al. 

 

 

 

Published online: April 12, 2014 

unit increases in relative humidity within the test system 

only 0.004 is added to filters pressure drop, that this 

increase was not statistically significant. This finding 

was inconsistent with other findings that showed at low 

ambient humidity power output increases [‎7]. 

CONCLUSION 
By using evaporative media system in hot-dry 

climates such as Kerman, the gas turbine inlet air 

temperature can be 12.57°C cooler on average. Also 

using evaporative media system and cooling the air had 

no effect on increasing pressure drop in filters. The most 

important factor causing filters pressure drop is the dust 

loaded condition. 

If the nominal speed maintained (determined by 

manufacturer) encountered air velocity to filters is 

proportional and prevented from transferring of water 

droplets on the filters and ultimately prevented from 

increasing in filters pressure drop. 

ACKNOWLEDGEMNETS  
The authors declare that there is no conflict of 

interests. 

REFERENCE 

1. Mongillo, John F. A Student Guide to Energy, Greenwood., 

USA, 2011. 

2. Wilcox M, Baldwin R, Garcia-Hernandez A, Brun K. Guideline 

for gas turbine inlet air filtration systems. 1st ed, Gas Machinery 
Research Council, Dallas, TX., April 2010. 

3. Bhargava RK, Branchini L, Melino F, Peretto A. Available and 

Future Gas Turbine Power Augmentation Technologies: 

Techno-Economic Analysis in Selected Climatic Conditions. J 
Eng Gas Turb Power  2012; 134(10): p. 102001. 

4. Gao JH, Huang YY. Effect of Ambient Temperature on Three-

Shaft Gas Turbine Performance under Different Control 

Strategy. Adv Mat Res 2012; 80-424:276. 

5. El-Hassan OHM, El-Awad MM. The experience with media-type 
evaporative cooling for gas-turbine power augmentation at garri 

power station. International Conference and Exhibition on Green 

Energy & Sustainability for Arid Regions & Mediterranean 

Countries, November 10, 2009; Amman, Jordan. 

6. Boyce MP, Latcovich J. Condition monitoring and its effect on 

the life of new advanced gas turbines. Global Gas Turbine News 

(GGTN) 2002; 42(3): p. 4-10. 

7. EL-AWAD, Mohamed M, A computer-based model for gas-

turbine power augmentation by inlet-air cooling and water/steam 

injection. Stroj Vestn-j Mech E 2008; (59):189-204. 

8. Najjar, Yousef SH. Enhancement of performance of gas turbine 

engines by inlet air cooling and cogeneration system. Appl 

Therm Eng 1996;16(2):73-163. 

9. Baxter  Do. Energy exchanges and related temperatures of an 

earth-tube heat exchanger in the heating mode. T  ASAE 1992; 

35(1): p. 275-285. 

10. Zurigat YH, Dawoud B, and Bortmany J, On the technical 

feasibility of gas turbine inlet air cooling utilizing thermal 

energy storage.  Int J Energ Res 2006; 30(5): p. 291-305. 

11. Al-Ibrahim, Abdulrahman M, Varnham A. A review of inlet air-

cooling technologies for enhancing the performance of 

combustion turbines in Saudi Arabia. Appl Therm Eng 2010;( 
30):1879-1888. 

12. Ameri M, Shahbazian HR, Nabizadeh M. Comparison of 

evaporative inlet air cooling systems to enhance the gas turbine 
generated power. Int J Energ Res 2007;31(15):503-1483. 

13. Gareta R, Romeo LM, Gil A. Economic optimization of gas 

turbine inlet air-cooling systems in combined cycle applications. 
15th International Conference on Efficiency, Costs, 

Optimization, Simulation and Environmental Impact of Energy 

Systems, July 3-5 2002;   Berlin, Germany. 

14. Johnson RS. The theory and operation of evaporative coolers for 

industrial gas turbine installations. J Eng Gas Turb Power 1989; 

(2), 327-334. 

15. Kakaras E, Doukelis A, Karellas S. Compressor intake-air 

cooling in gas turbine plants. Energy 2004; (29) 2347-2358. 

16. Wang FJ, Chiou JS. Integration of steam injection and inlet air 
cooling for a gas turbine generation system. Energ Convers 

Manage 2004;(45): 15-26. 

17. Bellorio M, Pimenta J. Theoretical analysis of air conditioning 
by evaporative cooling influence on gas turbine cycles 

performance. 18th International Congress of  echanical 

Engineering, Nov 6-11 2005; Ouro Preto, USA. 

18. Mahmoudi, S.M.S, Zare V, Ranjbar F, Farshi G. Energy and 

exergy analysis of simple and regenerative gas turbines inlet air 

cooling using absorption refrigeration. J Applied Sci 2009; (9): 
2399-2407. 

19. Boyce MP. Gas  turbine engineering handbook. 2nd ed, Gulf 

Professional Publishing., Houston, Texas, 2002. 

20. http://www.weather.ir/farsi/. 

21. Energy balance sheet, the Ministry of Energy of Iran 2011. 

22. Ameri M, Nabati H & Keshtgar A. Gas turbine power 
augmentation using fog inlet air-cooling system.  American 

Society of Mechanical Engineers, 7th Biennial Conference on 

Engineering Systems Design and Analysis 2004; 73-78. 

23. Jaber QM, Jaber JO, Khawaldah MA. Assessment of Power 

Augmentation from Gas Turbine Power Plants Using Different 

Inlet Air Cooling Systems. Jordan Journal of Mechanical and 
Industrial Engineering (JJMIE) 2007;(1) 7-15. 

24. Khaliq A, Choudhary K, Dincer I. Energy and exergy analyses 
of compressor inlet air-cooled gas turbines using the Joule–

Brayton refrigeration cycle. P I Mech Eng A-J POW 2009; 

(223): 1-9. 

25. Bassily, Ashraf M. Effects of evaporative inlet and aftercooling 

on the recuperated gas turbine cycle. Appl Therm Eng 2001; 

(21): 1875-1890. 

 

http://www.weather.ir/farsi/

