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Abstract - Now a day due to energy crisis and increasing demand along with its harmful effect to environment, there is
urgent need of energy saving in air cooling systems. Although, evaporative cooling is well known technique from long
time providing best results with applicability in number of areas such as, in residential, commercial, agricultural, and
institutional buildings to industrial applications. However, Direct evaporation systems lead to increased humidity
causing a number of ailments like whereas indirect systems suffer from loss in efficiency. Keeping these points in view,
this paper describes the development of a test setup and performance evaluation of a clay tube air cooler. This system
may also be used as an enthalpy exchanger depending upon the characteristics of prevailing air. Water in the tank is
made to drip at a controlled rate into the porous clay pipes that allow capillary action. A thin layer of water formed on
the surface of clay pipes is used to exchange sensible and latent heat with the current of outdoor air. The water
circulating pump which is a primary component of any evaporating cooling system is absolutely not required in this
system. This system is highly efficient can save up to 30-40% of high-grade electrical energy and 50% of the water in
comparison to conventional evaporative air cooler. This paper covers performance evaluation of the system in terms
three response parameters i.e. Dry bulb temperature (DBT), Wet bulb temperature (WBT) and Relative Humidity
(RH).
keywords - Evaporative system, clay pipes, DBT, WBT, RH.
_____________________________________________________________________________________________________
I. INTRODUCTION
Numerous environmental and economic impact such as, depletion of the ozone layer, Green house effect, increasing cost of
energy, and the other economic aspects have motivated research fraternity to develop alternative cooling technologies. In
various regions of the India and other countries, summers are very hot with low humidity, which leads to physiological hazards
in human body and other discomforts. Direct evaporative cooling system is a kind of extensively used cooling technique and in
use since last decades for comfort in domestic and official purpose. The popularity of evaporative coolers in the market is due
to its low cost, low maintenance and low electricity consumption in comparison to costly air conditioners.
There are number of advantages of direct evaporative cooling system such as, high thermal power per unit area, less
consumption of energy, less impact on ozone layer depletion and green house effect because of zero ozone depletion potential
and zero global warming potential. However, apart from these advantages there are numbers of drawbacks for the use of
evaporative cooling such as, limited cooling as per comfort requirements, limited quantity of sensible heat removed, moisture
added to the air during cooling process which increases humidity in the air up to unacceptable levels. Thus, this system is not
adoptable at all environmental conditions. Evaporative cooling is therefore satisfactory only in areas where Dry bulb
temperature (DBT) exceeds 32º and wet bulb temperature (WBT) is below 21º.
The present study is focussed on use of Semi Indirect Evaporative Cooler (SIEC) in which water is filled in porous clay
containers that passes through the porous wall and wets the surface. Evaporation action takes place because of air sweeping
across the container surface resulting in cooling of the surface and air. The main feature of this system is that the cooled air
does not carry water droplets with it thus, reducing chances of humidity. The temperature of the air is further reduced sensibly
due to its contact with the cooled pipe surface. A number of studies have been done stating the features of SIEC [1-8].
The application of environmentally friendly cooling technologies has raised attention of research fraternity and consumers
due to the large amount of electrical energy consumed by traditional air conditioning systems [9]. The air-conditioning units
can be applied in any climate, however, it is expensive and it is not eco-friendly units. The higher working and living standards
correlated with the reduced prices of air-conditioning systems caused significant increase in demand for air-conditioning in
buildings. The current electricity consumption is around four times greater than the 1996 value [10]. Thus, the only solution left
with us as an alternative to the traditional air conditioning systems is indirect evaporative cooling system.
Indirect evaporative air coolers (IECs) has proven to be an effective solution of new eco- friendly air-conditioning units
[11-14]. Unlike direct evaporative air coolers (DECs), where water is evaporated directly into the air stream, such devices
operate on the basis of evaporation of the water film which occurs on one side of the heat exchanger’s plate. The usage of IECs
in practice has been investigated by many researchers and observed it as a comfort conditioning system at minimal costs. The

IJEDR2004020

International Journal of Engineering Development and Research (www.ijedr.org)

119

Publication Since 2012 | ISSN: 2321-9939 | ©IJEDR 2020

Year 2020, Volume 8, Issue 4

studies for evaporative cooling system compared the performance with traditional cooling system and found considerable drop
in the temperature of water in a porous ceramic pot to be 10.4–15ºC below the ambient temperature [15-16].
A study observed a temperature drop of 10–13ºC in a box shaped evaporative cooled chamber (ECC) constructed of zinc
whose outer surface was covered by continuously wetted charcoal layers [17]. A number of studies measured the transient
response of an ECC and observed the changes in ambient relative humidity (RH) and temperature during dry and wet seasons.
The box shaped ECC had two clay walls with continuously wetted coconut fibre filling the gap between the walls. On average,
the temperature inside the ECC was 1–8.2 ºC and 3–12ºC lower than the ambient value during the wet and dry seasons,
respectively. The ECC also increased the shelf lives of tomatoes and pumpkins by factors of 2.9 and 5 above their open-air
storage values [18-25].
In an experimental investigation of porous ceramic evaporators for building cooling, A study measured dry bulb
temperature (DBT) drops of 6–8ºC with a 30% increase in the RH of the inlet air. The cooling effect was enhanced by a high
porosity of the evaporator, increased water supply pressure, and a single row of evaporators in the air duct [26]. In a study it
was investigated that hollow fibre membrane contactors, which have a large mass transfer area per unit volume, with water and
air flowing inside and outside the micro porous tubes, respectively, also have a good potential for space air conditioning [27]. A
study presented a theoretical model in which wet honeycomb paper is used as the packing material through which the air stream
to be cooled and humidified flows in a cross-flow fashion [28]. Dynamic models were developed for predicting the thermal
performance of roof ponds of special designs for cooling buildings in hot and arid climates [29-30].
A study recently proposed a more elegant model, which describes the cooling of a high-moisture cylindrically shaped food
via convection and evaporation at its surface. This model was based on numerical calculations with the heat diffusion equation
inside the food body, which showed that except for a short initial time, the average temperature remained in a fixed location.
The study showed good agreement between the theoretical predictions and experimental data indicate the usefulness of the
models for the rational design of evaporative cooled chambers and hollow fibre membrane or porous ceramic units for room air
conditioning [31].
II. PROBLEM DEFINITION
After study of all the literature related to cooling techniques and analysis of existing cooling techniques, it is found that the
installation and running cost of an air conditioner is too high also it emits green house gases which are harmful to environment.
In other side the conventional evaporative air cooler is less expensive than air conditioner but it has some limitations in cooling.
The use of evaporative cooler makes high humidification with decrease in DBT in closed areas creating stickiness on skin and
un-comfort conditions for human being. present study is focused on improving performance of evaporative cooling system.
The literature-reviewed show that it is needed to optimize the process parameters, which ultimately affect over the
performance of the air cooling system. For accomplishment of the present work, after fabrication of the proposed air-cooling
system having clay tube will be operated with different day timings and their performance will be compared with conventional
evaporative air coolers at the same timings. Further, study will be accomplished by identifying different process parameters and
their comparison with conventional air-cooling system to measure the performance.
III. MATERIAL AND METHODS
Present study involves the use of indirect evaporative cooling system, as it is most widely adopted technique for producing
cooling effect with energy and cost saving. Thus, for accomplishment of the present work, the air cooler setup made of clay
pipe is fabricated which is comprised of Sheet metal structure for the cooler, cylindrical clay pipes, fan (D.C.), water collecting
tank and cabinet. The clay tubes used for present work is as shown in figure 1. Finally, the clay tube were fixed in the cooler at
specific locations. The clay tubes were fitted vertically inside the structure by the help of circular holes and filled with water.
The appropriate gap was maintained between the tubes for proper circulation of air surrounding the tubes as shown in Figure 2.
In the present experimental set up the thin layer of water formed on the surface of clay tubes is used to exchange sensible
and latent heat with the circulating air. In this arrangement, the water once filled in the tubes is consumed in 7-8 hours or can
say for a full working day. Therefore, there is no requirement of water circulating pump, which is a primary component of any
conventional evaporative air cooler. The organization of the elements in air cooler is as shown in figure 3 as placed in room.

Fig.1 Cylindrical Clay Tube
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Fig. 3 Actual View of Clay tube Air cooler placed in room
IV. TESTING METHODOLOGY AND RESULTS
For performance measurement, the clay tube cooler and conventional evaporative cooler were kept in two different rooms
of same dimensions. The size of both rooms was 15*10*10 (In feets). The tests were carried out at different times in a day for
getting the average values of parameters for evaluating the cooler performance at constant speeds of both coolers. The Cooler
was switched on after measuring the performance parameters of outdoor air. The performance parameters chosen were DBT,
WBT and Relative humidity (RH) which were measured with the help of sling psychrometer and hygrometer. After achieving
the steady state condition, the same values were also measured for indoor air.
For further test measurements, both rooms were kept closed for next 70 minutes and readings were taken after that. The
readings were taken at four different timings in a day starting from 11.30 am with interval of 70 minutes i.e. at 11.30 am, 12.40
pm, 1.50 pm, 3.00 pm. These timings were chosen because this is the main time in a day when there are more fluctuations in
the temperatures and humidity in the environment, thus will provide accurate results for analysis purpose.
Firstly, two raw reading were taken at specified timings for DBT and WBT and their average will be considered for further
analysis purpose for both conventional and clay tube coolers. At the same timings, RH will be calculated either using
Hygrometer or directly using psychromteric chart with help of values of DBT and WBT and will be stored in respective table.
Furthermore, the difference between DBT and WBT will be counted at each time, which will be helpful in further analysis
purpose. Finally, the values of DBT, WBT and RH will be compared with comfort conditioning values to check significance of
the results.
The readings are as shown in Table 1,2,3 and 4 respectively for DBT and WBT for conventional and clay tube coolers.
Table 1 DBT Raw Reading for Conventional Cooler
Time (Min.)
R1 (ºC)
R2 (ºC)
Average (ºC)
0
33
32
33
70
30
30
29
140
23
24
24
210
21
20
21
Table 2 DBT Raw Reading for Clay Tube Cooler
Time (Min.)
R1 (ºC)
R2 (ºC)
Average (ºC)
0
33
34
34
70
30
29
30
140
27
28
28
210
27
27
27
Table 3 WBT Raw Reading for Conventional Cooler
Time (Min.)
R1 (ºC)
R2 (ºC)
Average (ºC)
0
25
23
24
70
20
19
20
140
19
18
19
210
17
18
18
Table 4 WBT Raw Reading for Clay Tube Cooler
Time (Min.)
R1 (ºC)
R2 (ºC)
Average (ºC)
0
23
24
24
70
140
210
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This section deals with comparison of process parameters (DBT, WBT, RH) for conventional and clay tube coolers. After
taking average values of DBT and WBT from Table 1 to 4 and RH values from psychrometry charts for both conventional and
clay tube coolers, their differences are marked in table 5, 6 and 7 respectively for DBT, WBT and RH.
Table 5 DBT measurements at different timings in a day
Sr
Time
Time Interval Conventional Cooler Clay Tube Cooler Difference
1 11:30 AM
0 Minutes
33 C
34 C
+1 C
2 12:40 PM
70 Minutes
29 C
30 C
+1 C
3 01:50 PM
70 Minutes
24 C
28 C
+4 C
4 03:00 PM
70 Minutes
21 C
27 C
+6 C
Table 6 WBT measurements at different timings in a day
Sr
Time
Time Interval Conventional Cooler Clay Tube Cooler Difference
1 11:30 AM
0 Minutes
24 C
24 C
0C
2 12:40 PM
70 Minutes
20 C
23 C
+3 C
3
4

01:50 PM
03:00 PM

Sr
1
2
3
4

Time
11:30 AM
12:40 PM
01:50 PM
03:00 PM

70 Minutes
19 C
21 C
70 Minutes
18 C
20 C
Table 7 RH measurements at different timings in a day
Time Interval Conventional Cooler Clay Tube Cooler
0 Minutes
48 %
45 %
70 Minutes
43 %
55 %
70 Minutes
65 %
53 %
70 Minutes
75 %
54 %

+2 C
+2 C
Difference
-3 %
+12 %
-12 %
-11 %

V. CONCLUSIONS
 In can be observed from the results that in the continuous operation of clay tube air cooler in a closed area, the difference
between the values of WBT and DBT is almost similar resulting in maintained values of RH nearly equals to the human
comfort conditions.
 In conventional air cooler the results show that the differences between these parameters decreases with time hence RH
value increases and stickiness and un-comfort condition occurs.
 It was observed from the rate of water supply in both coolers that in clay tube cooler because of the indirect contact
between water and circulating air through clay tube surfaces approx 50% water can be saved for same operation time in
comparison to conventional air cooler.
 In any conventional evaporative cooler about 25-30% of electricity is consumed by the pump for circulating water in the
chamber. The energy efficient clay tube cooler does not use water-circulating pump resulting in direct saving of 25-30% of
high-grade electrical energy.
 The effectiveness of the proposed system has been observed to increase with increase in dryness of environmental air.
 The clay tube system requires more space for installation, and further it can be feasible and economical option to replace
conventional air-conditioning systems as there is no need of compressors, burners, or chemicals and only fans are required
to move the air. This is proven promising technology for space conditioning of buildings.
REFERENCES
[1]
J.R. Watt, Evaporative air conditioning handbook, Chapman and Hall, New York, 1986.
[2]
F.J. Rey Martnez, J.F. San Jose´ Alonso, R.A. Awf, Estudio de un recuperador Evaporativo Indirecto, Proceedings of the
Latin-American conference on air conditioning and cooling, vol. I 1993.
[3]
L. Robert, Minimizing Legionella concentration in cooling water systems, Water Technol Mag 2003.
[4]
Xiao Ping Wu, P. Johnson, A. Akbarzadeh, Application of heat pipe heat exchangers to humidity control in air
conditioning systems, Appl Therm Eng 17 (6) (1997) 561–568.
[5]
Y.J. Dai, K. Sumathy, Theoretical study on a cross-flow direct evaporative cooler using honeycomb paper as packing
material, Appl Therm Eng 23 (13) (2002) 1417–1430.
[6]
D.W. Johnson, C. Yavuzturk, J. Pruis, Analysis of heat and mass transfer phenomena in hollow fibre membranes used
for evaporative cooling, J Membr Sci 227 (1/2) (2003) 159– 171.
[7]
E.E. Anyanwu, Design and measured performance of a porous evaporative cooler for preservation of fruits and
vegetables, Energy Convers Manage 15 (13/14) (2004) 2187–2195.
[8]
S.B. Riffat, Jie Zhu, Mathematical model of indirect evaporative cooler using porous ceramic and heat pipe, Appl Therm
Eng 24 (4) (2004) 457–470.
[9]
Duan Z, Changhong Z, Zhang X, Mustafa M, Alimohammadisagvand B, Hasan A, et al. Indirect evaporative cooling:
past, present and future potentials. Renew Sustain Energy Rev 2012;16:6823e50.
[10] Jaber S. An assessment of the economic and environmental feasibility of evaporative cooling unit. Appl Therm Eng
2016;103:564e71.
[11] X. Zhao, S. Yang, Z. Duan, S.B. Riffat, Feasibility study of a novel dew point air conditioning system for China building
application, Build. Environ. 44 (9) (2009) 1990–1999.

IJEDR2004020

International Journal of Engineering Development and Research (www.ijedr.org)

122

Publication Since 2012 | ISSN: 2321-9939 | ©IJEDR 2020
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]

Year 2020, Volume 8, Issue 4

J. Danielewicz, The ecological and economic effects of thermal upgrading of buildings - the case of selected hospitals in
Poland, Polish J. Environ. Studies 16 (2007) 90–92.
N.J. Stoitchkov, G.I. Dimitrov, Effectiveness of crossflow plate heat exchanger for indirect evaporative cooling, Int. J.
Refrig. 21 (6) (1998) 463–471.
Z. Duan, Z. Changhong, X. Zhang, M. Mustafa, B. Alimohammadisagvand, A. Hasan, X. Zhao, Indirect evaporative
cooling: past, present and future potentials, Renew. Sustain. Energy Rev. 16 (2012) 6823–6850.
Aimiuwu, V. O. 1992. Evaporative cooling of water in hot arid regions. Energy Conversion and Management 33(1): 6974.
Aimiuwu, V. O. 1993. Ceramic storage system based on evaporative cooling. Energy Conversion and Management
34(8): 707-710.
Taha, A. Z., A. A. A. Rahim and O. M. M. Eltom. 1994. Evaporative cooler using a porous material to be used for
reservation of food. Renewable Energy 5(1): 474-476.
Waskar, D.P., R.M. Khedkar and VK. Garande. 1999. Effect of post-harvest treatments on shelf life and quality of
pomegranate in evaporative cool chamber and ambient conditions. Journal of Food Science and Technology 36(2): 114117.
Dzivama, A. U., F. O. Aboaba and U. B. Bindir. 1999. Evaluation of pad materials in construction of active evaporative
cooler for storage of fruits and vegetables in arid environments. Agricultural Mechanization in Asia, Africa and Latin
America 30(3): 51-55.
Kumar, A., B. S. Ghuman and A. K. Gupta. 1999. Non-refrigerated storage of tomatoes – effect of HDPE film wrapping.
Journal of Food Science and Technology 36(5):438-440.
Uppal, D. S. 1999. Effect of storage environments on chip colour and sugar levels in tubers of potato cultivars. Journal
of Food Science and Technology 36(6): 545-547.
Thakur, K. S., B. B. Lal Kaushal and R. M. Sharma. 2002. Effect of different postharvest treatments and storage
conditions on the fruit quality of kinnow. Journal of Food Science and Technology 39(6): 609-618.
Dhemre, J. K. and D. P. Waskar. 2003. Effect of post-harvest treatments on shelf-life and quality of mango in
evaporative cool chamber and ambient conditions. Journal of Food Science and Technology 40(3): 316-318.
Mordi, J. I. and A. O. Olorunda. 2003. Effect of evaporative cooler environment on the visual qualities and storage life
of fresh tomatoes. Journal of Food Science and Technology 40(6): 587-591.
E.E Anyanwu, Design and measured performance of a porous evaporative cooler for preservation of fruits and
vegetables, Energy Convers Manage 15 (13/14) (2004) 2187–2195.
Elfatih Ibrahim, Li Shao, Saffa B. Riffat, Performance of porous ceramic evaporators for building cooling application,
Energy and Buildings 35 (2003) 941–949.
Johnson, D. W., C. Yavuzturk and J. Pruis. 2003. Analysis of heat and mass transfer phenomena in hollow fiber
membranes used for evaporative cooling. Journal of Membrane Science 227: 159-171.
Dai, Y. J. and K. Sumathy. 2002. Theoretical study on a cross-flow direct evaporative cooler using honeycomb paper as
packing material. Applied Thermal Engineering 22: 1417-1430.
Tang, R. and Y. Etzion. 2004. On thermal performance of an improved roof pond for cooling buildings. Building and
Environment 39: 201-209.
Cheikh, H. B. and A. Bouchair. 2004. Passive cooling by evapo-reflective roof for hot dry climates. Renewable Energy
29: 1877-1886.
Van der Sman, R. G. M. 2003. Simple model for estimating heat and mass transfer in regular-shaped foods. Journal of
Food Engineering 60: 383-390.

IJEDR2004020

International Journal of Engineering Development and Research (www.ijedr.org)

123

