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ABSTRACT

An equation capable to accurately calculate the lbvdb temperature from the
ambient temperature and relative humidity is présénin this paper.
Equations for calculation of the outlet air tempeen@ and relative humidity in
the direct evaporative cooler are also presenteided evaporative cooling is
restricted by atmospheric conditions. The outletcanditions are theoretically
determined at different ambient temperatures andatik® humidities.
Equations for the determination of the outlet admperature and relative
humidity are derived from Psychrometric relatiorihe equations cover a
relative humidity range between 0-100 % and a tatpre range between
10-60°C. The influence of the cooling efficiency of theect evaporative
cooler is considered. The equations yield reshitd agree closely with values
given by existing Psychrometric charts.

KEYWORDS: Temperature; Relative humidity; Evaporative systeir
cooler.

NOMENCLATURE

E cooler effectiveness ( %)

RH ambient relative humidity ( %)
RH. outlet relative humidity ( %)

T, ambient or dry-bulb temperatui€j
Te outlet air temperaturé)

Tw  Wwet-bulb temperaturéQ)

1. INTRODUCTION

The direct evaporative coolers have been widely usenany arid areas of the world.
They have been used as low energy consuming defocesrious cooling and air
conditioning applications in industrial, agriculilliand residential sectors for providing
low temperature fluid (i.e. air, water, etc.). T¢woling process occurs due to the high
latent heat of vaporization of the water and tHéedince in temperature between the
water and the air. The water absorbs heat fronaithend evaporates. The temperature
of the air stream decreases while its humiditygases. In the present case, the spray
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water is entirely recirculated and is neither heater cooled, the system is insulated
and the make-up water is supplied at wet-bulb teatpee. At steady state condition,
the evaporative process is an adiabatic humidifinatcooling process. On a
Psychrometric chart, the evaporative process fal@awvline of constant wet-bulb
temperature and it may even reach an extreme vahis. value occurs at 100 %
relative humidity, where the air leaving the coolersaturated. Riangvilaikul and
Kumar [1] investigated the outlet air conditionsdathe system effectiveness at
different inlet air conditions (temperature, hurtydiand velocity) covering dry,
temperate and humid climates. Ghiabaklou [2] presenthe climatic range
calculations for comfort evaporative cooling forhfen. Wu et al. [3,4] developed a
simplified mathematical model to describe the head moisture transfer between
water and air in a direct evaporative cooler. Thksp theoretically analyzed heat and
mass transfer between air and water film. Camaitgal.e[5] presented the basic
principles of the evaporative cooling process faman thermal comfort, the principles
of operation for the direct evaporative cooling teys and the mathematical
development of the equations of thermal exchargjksying the determination of the
effectiveness of saturation. Joudi and Mehdi [6gsented hourly-computerized
calculations for the variable cooling load using ttransfer function method. El-
Dessouky et al. [7] investigated a combination thdends the operating range of the
evaporative cooler for small differences of dry aret-bulb temperatures.

Many calculations of Psychrometric properties asglenon computers. If any two
independent Psychrometric properties of an airfwsaégor mixture are known in
addition to the atmospheric pressure, the equatiams calculate all psychrometric
data. In some cases, the direct calculations #iieulli and the iteration procedures are
necessary. Based on psychometric calculations,aanyshi et al. [8] calculated the
average output air temperature and relative huynidit the direct and indirect
evaporative system. Singh et al. [9] presented temmsafor calculation of saturation
vapour pressure in three different temperature esn@teh [10] presented two
equations for use in psychrometric calculationg thare derived from the general
equation of Parish and Putnam [11]. Oteh and Z#hdd2] presented equations
capable to compute the properties of moist aingtpaevailing barometric pressure.

2. WET-BULB TEMPERATURE

The calculation of wet-bulb temperature should t®ugate as it is used in determining
the outlet air temperature at given ambient tenmtpezaand cooler effectiveness
according to the following equation:
T,-T
E=——° x100 (1)
Ta - TW

The determination of wet-bulb temperature is sonavdifficult. Hence, there is
a need to develop a simple method for the detetromaf the wet-bulb temperature
(Singh et al.[9]).

Parish and Putnam [11] obtained a general expre$siarelative humidity (RH)
as a function of dry-bulb (ambient), wet-bulb temgtere and ambient pressure. Their
equation at the atmospheric pressure (101.325 isRxpressed as:
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29374 23.5518) '2937'4+23.5518)

(
T +273 T +273 _
RH = 10 & (T+273f928% [10 w" (Tu+273)49%8% _

1013.25 (6.6x10 + 7.57x10 Ty) (Te=Tw)] 2)

which gives relative humidity as a decimal value.

In case of direct evaporative cooler, the known iamttemperature and relative
humidity are essential parts of psychrometric datians. Therefore, the equation of
wet-bulb temperature should be a function of thieen;

Tw = (Ta, RH) 3

A general expression for wet-bulb temperature aduraction of dry-bulb
temperature and relative humidity is assumed ta parabolic equation as follows:

Tw=CRH+CGRH+G (4)

The constants £C, and G are functions of Jand are suggested to be expressed as :
n.

Ci =AiTy' +B; (5)

Therefore, the suggested equation can be exprassed

_ nl 2 n2 n3
Tw=(Aq1lg" +B1) RH +(A,T,% +By)RH+(A3T,° +Bj) (6)

The values of the constantg B; and nare found. Substituting the constants into Eq.
(6) yields the following equation of the wet-budmiperature.

Tw= (-2.21x10° TE72447.87x10°) RH? + (9.58x10* T2 >*%+6.91x109RH +
1.5024T-7%7_ 7,843 (7)

Figure 1 shows a comparison between values givethdypresent equation (7)
and those given by Parish and Putnam, Eq. (2).pfésent equation (7) calculates the
wet-bulb temperature as a function of relative Hdityifor the ambient temperatures
range of 10-60°C that covers all the expected operating tempezatof the direct
evaporative cooler. The equation yields results dlgeees closely with values given by
Eq. (2). As shown in the figure, the maximum dewiatis being -0.57C for ambient
temperature of 16C and relative humidity of 100 %, -0.28@ for (20°C, 2.5 %),
0.45 C for (3C°C, 100 %), 0.62C for (40°C, 100 %), -0.63 C for (5%C and 2.3 %)
and -0.96 C for (66C, 2.6 %).

3. OUTLET AIR TEMPERATURE

Once the equation of the wet-bulb temperature Ametion of ambient temperature
and relative humidity has been defined, equatiorowtfet air temperature can be
obtained by substituting Eq. (1) into Eq. (7) dtofes:

TeTA1-E)+E[(-2.21x10 T2 7% T18%

+7.87x10°)RH*+(9.58x10" +6.91x10°)RH

+1.5024T07%7_7.843] (8)
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Fig. 1 Comparison between the present equation and Parish and Putnam
equation.

Figure 2 shows an example of the values of theebatit temperature given by the
present equation (8) for different inlet air coratis and cooler effectiveness of 75 %.
The results cover a relative humidity range betw@el00 % and a temperature range
between 10-66C. The outlet air temperature was found to be ligedependent on
the ambient temperature at constant relative huyniBor relative humidity of 100 %,
the outlet temperature was the same as the anibmpgerature.
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Fig. 2 Outlet air temperatureat 75% effectiveness.
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Figure 3 shows another example of the values obtlket air temperature given
by the present equation (8) for different inlet@nditions and relative humidity of 50
%. The results cover a cooler effectiveness raeg@den 0-100 % and a temperature
range between 10-6Q. The outlet air temperature was found to be liyedependent
on the ambient temperature at constant coolertaf@ess. As sown in the figure, for
cooler effectiveness of 0 %, the outlet tempeeturas the same as ambient
temperature. This means that the Equation (8) woekk
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Fig. 3 Outlet air temperature at 50% ambient relative humidity for different
cooler effectivenessvalues.

4. OUTLET RELATIVE HUMIDITY

The moisture content of the air increases whichultesn an increase in relative
humidity along a line of constant wet bulb temperator enthalpy. The outlet relative
humidity can be calculated by using Parish and &uataquation (2) and replacing the
value of ambient temperature Dy that of the outlet air temperature calculdteth
equation (8).

Figure 4 shows an example of the values of theebudlative humidity for
different inlet air conditions and cooler effectnass of 75 %. The results cover a
relative humidity range between 0—-100 % and a ézatpre range between 10-€D
The outlet air temperature was found to be almasttly dependent on the ambient
temperature at constant relative humidity. The ey of the calculated values of
outlet relative humidity depends on the ambientperature and relative humidity. For
relative humidity of 100 %, the accurate valueshef outlet relative humidity must be
100 %, the maximum deviation being 1.7 % for anbtemperature of 1TT.

Figure 5 shows the values of the outlet relativenidity for different inlet air
conditions and relative humidity of 50 %. The Heswwover a cooler effectiveness
range between 0-100 % and a temperature rangeedetd0-60°C. The outlet
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relative humidity was found to be almost linearlgdaparallel dependent on the
ambient temperature at constant cooler effectiveriesr relative humidity of 100 %,
the accurate values of the outlet relative humidity achieved. For relative humidity
of 0 %, a maximum deviation is being 1.31 % forbént temperature of 1 and

1.06 % for 60°C
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Fig. 4 Outlet relative humidity at 75% effectivenessfor different
ambient relatives humidity values.
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5. CONCLUSION

This study succeeded to derive an equation cagabdecurately compute the wet
bulb temperature from the ambient temperature efative humidity. The outlet air
condition (temperature and relative humidity) fréine direct evaporative cooler are
also calculated directly at different air condisomnd cooler effectiveness. The
relationships proposed here cover a relative huynidinge between 0-100 % and a
temperature range between 1060
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