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ABSTRACT

In some developing countries like Nigeria, poverty and epileptic power supply are the twin
problems impeding people from the use of refrigerated-based air conditioning systems to
achieve thermal comfort. Also, the use of some refrigerants has adverse effect on the
environment. Evaporative cooling systems are viable options for achieving thermal comfort
especially in hot and dry climates. These systems, apart from their low cost and power
requirement, they are environmentally friendly. This work attempts to determine the viability
of using evaporative coolers to achieve thermal comfort in Kano using the feasibility Index
Method. The computed feasibility indices of Kano in the months of January through
December are -0.2, 0.1, 0.1, 6.6, 9.5, 14.2, 18, 19.1, 18.2, 10.6, 5.5 and 2.1 respectively.
Employing the concept of feasibility index (FI) method reveals that comfort cooling can be
achieved in the months of January, February, March, April, May, November and December
while relief cooling can be achieved in the months of June and October. The method also
reveals the unsuitability of evaporative cooling in the months of July, August and September.
Considering both the comfort and the relief cooling periods based on the FAI method,
evaporative coolers can therefore be used to achieve human thermal comfort in the study
area.
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INTRODUCTION

Conventional air conditioning system requires high capital investment and its operating costs
often become exponentially high due to its consumption of electricity. Furthermore, the
restrictions imposed by protocols limit the type of refrigerants that can be used in these
systems. In developing countries like Nigeria, poverty to a very large extent has incapacitated
the common man from using air conditioning systems to achieve thermal comfort. The
epileptic and interrupted power supply also hinders those that have the conventional air
conditioning units from using them as expected. Air conditioning is responsible for the
increase of the efficiency of man in his job as well as for his comfort, especially in hot and
dry climates. The most commonly used air conditioning systems are the conventional
refrigerated-based air conditioning systems. However, in many cases, evaporative cooling
can be an economic and healthy alternative and may replace the conventional system in
many circumstances.

Evaporative cooling offers an economical, energy efficient and practical means of cooling and
can be used to maximum advantage in areas of high dry bulb temperatures, with low
outdoor relative humidity. Other benefits of evaporative cooling are:
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> Unlike most refrigerated cooling systems that rely on recycled cooled air with partial
fresh air replacement, the evaporative cooler enjoys popularity in the introduction of a
continuous supply of freshly cooled outdoor air. This creation of healthy invigorating
conditions generates a feeling of relaxed enthusiasm, conducive to improve staff
concentration and work output. This is due to the naturally cooled, humidified,
negatively ionized air which does not dry up nasal passages, eyes or skin, unlike the
positively ionized, artificially cooled air from a refrigerant based air conditioning ™.

> Helps maintain natural humidity levels, which benefits both people and furniture and
cut static electricity.

» Does not need an air-tight structure for maximum efficiency, so building occupants
can open doors and windows.

» Evaporative cooling is also an inexpensive cooling option. It is up to 50% cheaper to
install and seven times cheaper to run than refrigerated cooling [%.

» The working fluid, water, does not have negative impact on the environment.

Despite the benefits of evaporative cooling aforementioned, not much work has been done in
that area in most developing countries, particularly Africa. This work is therefore geared
towards evaluating the feasibility of using evaporative cooling to achieve thermal comfort in
Kano, Nigeria.

Recent Work on Evaporative Cooling Systems

In the context of evaporative cooling, several authors dedicated their researches to the
development of direct, indirect and combined indirect-direct evaporative cooling systems.
Camrago et al ! worked on experimental performance of direct evaporative cooler operating
during summer in Brazilian city, Valesco et al [*) worked on the description and experimental
result of semi-indirect ceramic evaporative coolers, Camrago et al ®! discussed three
methods to evaluate the use of evaporative cooling for human thermal comfort, Gunhan et al
%) evaluated the suitability of some local materials as cooling pads, Isaac et al I’ reviewed
porous evaporative cooling for the preservation of fruits and vegetables. Qun et al ® worked
on the new approach to analyse and optimize evaporative cooling systems, Kulkarni et al !
theoretically analysed the performance of jute fiber rope bank as media in evaporative
coolers, Metin et al % determined the relationship among air velocity, cooling efficiency and
temperature decrease at cellulose based evaporative cooling pad, Valesco et al [!! discussed
the phenomenon of evaporative cooling from a humid surface as an alternative method for
air-conditioning, Kulkarni et al 12 theoretically analysed the performance of indirect-direct
evaporative coolers in hot and dry climates, Vivek ® experimentally investigated the
performance of evaporative desert cooler using four different cooling pad materials, Metin et
al 13 studied the effects of air velocity on the performance of pad evaporative cooling,
Kulkarni et al ¥ compared the performance of evaporative cooling pads of alternative
materials.
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Evaporative Cooling Systems

There are basically three main types of evaporative cooling systems:
> Direct evaporative coolers
> Indirect evaporative coolers
» Combined indirect/direct evaporative coolers

Direct evaporative coolers
In direct evaporative coolers, non-saturated air comes into contact with water-saturated
cooling pad, and evaporation occurs. The necessary latent heat is provided by the air, which
cools down. In addition, the moisture content of the air rises. Direct evaporative cooling is
represented on the psychrometric chart in figure 1.0 by a displacement along a constant wet-
bulb temperature line AB.

Satuyation line 100%
Humidity ratio (kg/kg)
A

Wet-bulb temp B

perature (°C)

»

Figure 1.0 Psychrometric Chart of Indirect Evaporative Cooling

Indirect Evaporative Coolers

In indirect evaporative coolers, the evaporation occurs in a primary circuit of a heat
exchanger. While the air to be cooled circulates in the secondary circuit, the air temperature
decreases but its water content remains constant. Since the humidity content of the cooled
air does not rise, indirect evaporative cooling is represented on the psychrometric chart by a
displacement along a constant humidity ratio-line CD in figure 2.0.

Saturation Aine 10Q¢ Humidity

ratio (kg/kg)
_— D C

Dry-buly temperature °c)

Figure 2.0 Psychrometric Chart of Indirect Evaporative Cooling

Combined Indirect/Direct Evaporative Coolers

The two-stage evaporative cooler combines an indirect cooler in the first stage and a direct
cooler in the second stage. The psychrometric chart in figure 3.0 shows the processes
involved in this system. Air to be cooled, initially at point A, is sensibly cooled by an indirect
evaporative process until it reaches point B, since the water content of the air has not
changed, line AB is parallel to the dry-bulb temperature axis. Then the air enters the second
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stage, where it becomes cooled down by a direct evaporative process to point C. Since this is
a constant wet-bulb temperature process, line BC is parallel to the wet-bulb temperature’

Saturation line 100% Humidity ratio (kg/kg)

C
B A
temperature (°C)

»
>

Figure 3.0 Psychrometric Chart of Indirect-Dirett Evaporative Cooling

MATERIALS AND METHOD

The potential of evaporative cooling for human thermal comfort using Kano as a case study
was evaluated using the method of feasibility index (FI). With respect to that, the feasibility
indices of the 12 months, January through December, were determined. In this method, the
determining parameters used in the analysis were the outdoor dry and wet bulb
temperatures. With respect to that, it is customary to consider what the weather will be like
in the future. But, even the best weather forecasters cannot help with that. Therefore, there
is need to turn to the past instead of the future and bet that past weather data averaged
over several years will be a representative of a typical year in the future. Therefore, the past
weather data of Kano for four years were considered. The monthly average of the dry bulb
temperatures for the past four years is presented in Table 1.0 and the corresponding average
wet bulb temperatures were determined using psychrometric chart and the values are
presented in Table 2.0.

Table 1.0 Average Maximum Temperature (°C)

MONTH 2008 2009 2010 2011 Average
JAN 24.4 28 30.4 26.9 27.4
FEB 28.8 34 32.9 35.2 32.7
MAR 36.8 36.2 34.6 36.6 36.1
APR 37.2 38.3 38.2 39.4 38.2
MAY 37 36.7 37.6 38.8 37.5
JUN 35.9 36.2 33.6 34.4 35.0
JUL 28.3 32.3 30.1 30.7 30.4
AUG 28.9 30.9 30.2 30.3 30.1
SEP 29.5 31.2 31.6 31.8 31.0
OCT 33.6 35.2 34.1 33 33.9
NOV 31.6 31.6 34.2 31.6 32.3
DEC 31.4 28.8 29 28.8 29.5

Source: WMO [*°]
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Table 2.0 Average Wet Bulb Temperature (°C)

MONTH 2008 2009 2010 2011
Average

JAN 11.3 14.8 15.5 12.7
13.6

FEB 14.2 16.7 16.2 18.6
16.4

MAR 18.2 18 17.8 18.3
18.1

APR 20.4 22.5 22 22.9
22

MAY 21.5 23.4 25.6 24.1
23.2

JUN 24.4 24.2 25.1 24.8
24.6

JUL 23.6 24.5 24.3 24.3
24.2

AUG 24.4 24.9 24.7 24.5
24.6

SEP 24.1 24.6 25 24.7
24.6

oCT 20.2 21.3 24.3 22.4
22.1

NOV 17.3 18 18.8 21.6
18.9

DEC 17.2 15.2 15.8 14.8
15.8

Description of the Study Area

Kano is located in the Northern part of Nigeria at latitude 12° 45! and longitude 08° 451, It is
about 900km from the edge of the Sahara desert and 1140km away from the Atlantic Ocean
[16], The climate is characterized by high temperature and low relative humidity in the dry
season. The average maximum temperature is 37.9°C in April and the coolest average
minimum temperature is 29.02°C in December. The relative humidity ranges from 12.9% in
March to 63.5% in August.

The Feasibility Index Method

The feasibility index (FI) is defined by [*! as:

FI = WBT — AT

Where

AT = (DBT — WBT) is the wet bulb depression.

DBT = Dry-bulb temperature of outdoor air

WBT = Wet-bulb temperature of outdoor air
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This index decreases as the difference between dry and wet bulb temperature increases, that
is, as air relative humidity decreases. It shows that the smaller FI is, more efficient the
evaporative cooling will be. Thus, this number indicates the evaporative cooling potential to
give thermal comfort for human beings ). The work of Camrago et al ! highlights the
following ranges of the feasibility indices (FI) with respect to cooling for human thermal
comfort.

FI <10 Recommended for comfort cooling

11 <FI <16 Recommended for relief (lenitive) cooling

FI > 16 Not recommended for the use of evaporative cooling systems
Results

The feasibility index (FI) of Kano was computed by applying the feasibility index equation to
the values obtained in Tables 1.0 and 2.0. The evaluated values for the twelve months were
presented in Table 3.0.

Table 3.0 Monthly Evaporative Cooling Feasibility Index of Kano

MONTH WBT (°C) DBT (°C) AT = (DBT — WBT) (°C)
FI = (WBT — AT)

JAN 13.6 27.4 13.8
-0.2

FEB 16.4 32.7 16.3
0.1

MAR 18.1 36.1 18.0
0.1

APR 22.0 37.4 15.4
6.6

MAY 23.2 36.9 13.7
9.5

JUN 24.6 35.0 10.4
14.2

JUL 24.2 30.4 6.2
18.0

AUG 24.6 30.1 5.5
19.1

SEP 24.6 31.0 6.4
18.2

OoCT 22.1 33.6 11.5
10.6

NOV 18.9 32.3 13.4
5.5

DEC 15.8 29.5 13.7
2.1
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DISCUSSION

Table 3.0 shows the evaluated feasibility indices of twelve months, January to December, of
Kano. From the computed values of the feasibility indices in Table 3.0 and based on the work
of Camrago et al [**), comfort cooling for human thermal comfort can be achieved through
the use of evaporative coolers in the months of January, February, March, April, May,
November and December since their feasibilty indices are -0.2, 0.1, 0.1, 6.6, 9.5, 5.5 and 2.1
respectively. This is so because their values of feasibility indices are less than 11. These
periods represent about 58% of the total number of months in a year. During these months,
the high temperature and low relative humidities enhance the sensible heat transfer from the
incoming air to the water saturated pad and also moisture transfer from the saturated pad to
the incoming air. This agreed with the work of Camrago et al ™! that evaporative cooling is
viable in regions with relatively low wet bulb temperature.

Relief cooling can be achieved with evaporative coolers in the months of June and October
since their feasibility indices are 14.2 and 10.6 respectively. These represent about 17% of
the total number of months in a year. In the context of thermal comfort, during the period of
lenitive (relief) cooling, the body does not need to activate any of the defense mechanism to
maintain normal body temperature. Therefore, the thermal conditions for relief cooling fall at
the periphery of the thermal comfort zone. Taking both the comfort and the relief cooling
into consideration, evaporative coolers can therefore be used for both comfort and relief
cooling for about 75% of the months in a year.

The results show that evaporative coolers may not be suitable for human cooling for thermal
comfort in the months of July, August and September, because their feasibility indices are
18, 19.1 and 18.2 respectively. These values are greater than 16 and therefore, fall outside
the recommended range. This can be attributed to the high relative humidity during these
periods. The higher the relative humidity the slower the rate of evaporation from the
saturated pad of the cooler thereby, rendering the cooler insignificant.

CONCLUSION

The potential of evaporative cooling for human thermal comfort in Kano was theoretically
evaluated. Employing the concept of feasibility index method for the evaluation shows that
evaporative cooling systems have large potential to produce thermal comfort in the study
area and in areas with similar climate characteristics. The systems are technically viable in
regions where the dry bulb temperature is high and the wet bulb temperature is relatively
low. The use of evaporative coolers can provide thermal comfort for people irrespective of
their economic status because they are cheaper, simpler to construct and operate, easier to
maintain by the local people and also have no negative impacts on the environment
compared to the conventional refrigerated-based air conditioning systems. Evaporative
coolers can therefore be effectively used in areas such as residences, schools and offices,
commercial centres, workshops and industries provided the required conditions for
evaporative cooling are met.

27



Journal of Engineering and Applied Science Volume 4, December 2012

REFERENCES
[1] www.docstoc.com/.../Energy-Efficient Space Cooling-A case for evaporative cooling

[2] Vivek, W.K, 2011. “Experimental Investigation of Desert Cooler Performance Using Four
Different Cooling Pad Materials”. American Journal of Scientific and Industrial
Research. 2(3): 418-421. 2011, science HuB, http://www.scihub.org/AJSIR , doi:
10.5251/ajsir.2011.2.3.418.421

[3] Camrago, J.R., Ebinuma, C.D., and Siveria, J.L, 2005. “Experimental Performance of
direct evaporative cooler operating during summer in Brazilian City”, International
Journal of Refrigeration,Vol. 28 pp1124-1136. http://www.academicjournals.org/AJSIR
doi:10.5251/ajsir.2011.2.3.418.421

[4] Valesco, E., Rey, F.J., Varela, F., Molina, MJ]. and Herrero. R, 2005. “Description and
experimental results of a semi-indirect ceramic evaporative Cooler”. International
Journal of Refrigeration 28, 654- 662. http://dx.doi.org/10.1016/].ijrefrig.2005.01.004

[5] Caﬁ1rago, J.R., Ebinuma, C.D. and Cardoso, S, 2006. Three methods to evaluate the use
of evaporative Cooling for human thermal comfort. Thermal engineering, vol. 5, No.
02, pp. 09-15. http://demec.ufpr.br

[6] Gunhan, T., Demir, V. and Yagcioglu, A.K, 2007. Evaluation of the suitability of some local
materials as Cooling pads. Biosystem Engineering 96(3) pp. 369-377. doi:
10.1016/j.biosystemseng.2006.12.001, www.sciencedirect.com

[7] Isaac, F.O. and Onwuka, O, 2009. A Review of Porous Evaporative Cooling for the
Preservation of Fruits and Vegetables, Pacific Journal of Science and Technology. Vol.
10, No. 2, pp. 935-941. http://www.akamaiuniversity.us/PJST.htm

[8] Qun, C., Kangding, Y., Moran, W., Ning, P. and Zen-Yuan, G, 2010. A new approach
analysis and optimization of evaporative cooling system 1: Article in Press, Energy xxx,
pp. 1-7. doi: 10.1016/j.energy.2010.02.037

[9] Kulkarni, R.K. and Rajput, S.P.S, 2010. “Theoretical Performance Analysis of Jute Fiber
Rope Bank as Media in Evaporative Coolers”. Indian Journal of Science and
Technology. Vol. 3, No. 10, pp. 1075-1080. jute for air conditioning
http://www.indjst.org

[10] Metin, D., Cengiz, K., Levent, S. and Yilmaz, Y, 2010. “Determination of the
Relationship among Air Velocity, Cooling Efficiency and Temperature Decrease at
Cellulose based Evaporative Cooling Pad”. African Journal of Agricultural Research,
Vol. 5 (24), Pp 3477-3482. http://www.academicjournals.org/AJAR

28


http://www.docstoc.com/.../Energy-Efficient
http://www.scihub.org/AJSIR
http://www.academicjournals.org/AJSIR
http://dx.doi.org/10.1016/j.ijrefrig.2005.01.004
http://demec.ufpr.br/
http://www.sciencedirect.com/
http://www.akamaiuniversity.us/PJST.htm
http://www.indjst.org/
http://www.academicjournals.org/AJAR

Evaluation of the Potential of Evaporative Cooling For Ibrahim, U.H., A.A. Baba and Ishaq, M.
Human Thermal Comfort a Case of Kano, Nigeria

[11] Valesco,E., Rey, M.A. and Tejoro, G.A, 2010. “The phenomenon of evaporative Cooling
from a humid surface as an alternative method for air-conditioning” International
Journal of Energy and EnvironmentVolume 1, Issue 1, Pp 69-96.
http://www.IJEE.IEEFoundation.org

[12] Kulkarni, R.K. and Rajput, S.P.S, 2011. “Theoretical Performance Analysis of Indirect-
Direct Evaporative Cooler in Hot and Dry Climates”. International Journal of
Engineering Science and Technology (IJEST), Vol. 3, No. 2, pp. 1239-1251.
http://www.ipublishing.co.in/jarvol1no1210/EIJAER2046.pdf

[13] Metin, D., Cengiz, K., Levent, S. and Yilmaz, Y., Ali, B. and Omer, P, 2011. The Effect of
Air Velocity on the Performance of Pad Evaporative Cooling Systems. African Journal of
Agricultural Research Vol.6 (7), pp.1813-1822. http://www.academicjournals.org/AJAR

[14] Kulkarni, R.K. and Rajput, S.P.S, 2011. Comparative performance of evaporative cooling
pads of, Alternative materials, International Journal of Advanced Engineering and
Technologies, vol. 10, issue No. 2, pp. 239-244. 2011 http://ijaest.iserp.org

[15] World Meteorological Organisation (WMO), Daily Climate Weather Data Statistics, 2011
www.geodata.us/weather/place.php?usaf=650460...c=Nigeria

[16] Ibrahim, A.A., Nduka, I.C., Iguise, E.O. and Ati, O.F, 2011. “An Assessment of the
Impact of Sky View Factor (SVF) on the Microclimate of Urban Kano”. Australia Journal
of Basic and AppliedSciences, 5(7):81-85. http://www.ajbasweb.com/ajbas/2011/July-
2011/81-85.pdf

29


http://www.ijee.ieefoundation.org/
http://www.ipublishing.co.in/jarvol1no1210/EIJAER2046.pdf
http://www.academicjournals.org/AJAR
http://ijaest.iserp.org/
http://www.geodata.us/weather/place.php?usaf=650460...c=Nigeria
http://www.ajbasweb.com/ajbas/2011/July-2011/81-85.pdf
http://www.ajbasweb.com/ajbas/2011/July-2011/81-85.pdf

