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Direct evaporative coolers are widely used in very hot and dry climate such
as Aswan city. The accepted reduction of temperature and the value of
relative humidity inside the buildings is an interesting topic. Experiments
were made to measure the reduction of the room temperature due to the
cooled air exiting from a direct evaporative cooler. All experiments are made
during an ambient relative humidity less than 20% and the room was
maintained at the same volume and heat |oad. The instant room temperatures
were measured during the time until the steady state at different flow rates of
cooled air and different very hot ambient temperatures. The experimental
results were used to determine an empirical equation capable to predict the
reduction of the room temperature at different ambient temperatures during
very dry climate.
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NOMENCLATURE
g gravitational acceleration (nf)s T, initial room temperature€’C)
Q volume flow of cooled air (fis) T, wet bulb temperaturéQ)
RH ambient relative humidity (%) V  room volume (M)
instant room temperaturéQ) Greek
T. ambient temperaturéQ) ¢ cooler effectiveness %
T. air temperature at exit from coolerAT maximum reduction of room
(°C) temperature (T- Ty) (°C)
T; final room temperaturé€Q) o non-dimensional group?ng)
Q

1. INTRODUCTION

Aswan is one of the cities well known for its hoidadry climates. The temperature in
summer exceeds 3& with relative humidity (RH) less than 20%. In eat years, the

direct evaporative cooler has been introduced Iscatilow energy consumption and
easy maintenance. The evaporative cooling systemoig efficient in places where
the climate is hot and dry. Many factors affect tbeéuction of room temperature such
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as ambient temperature, ambient relative humiditw rate of cooled air, room
volume, cooler effectiveness, and heat load. Thecebf ambient temperature and
flow rate of cooled air are studied in this pafgédre Evaporative cooling process is an
adiabatic humidification that does not involve hieas or gain. Sensible heat from the
air evaporates the water that contacts the freshThe sensible heat converts into
latent heat, which decreases the dry bulb temperatnd increases both the relative
humidity and water vapor content of the air. Thelaw is totally renewed from
outside across the evaporative cooler. Lertsatitkarn et al. [1] investigated the
feasibility of using direct evaporative coolingitoprove the indoor air conditions in a
silkworm rearing house. They measured the houriatian of room temperature and
humidity during hot climate. Most studies on evatiwe cooling focused on the
experimental and theoretical overall performandebh® evaporative cooling systems.
Recently theoretical and numerical studies on thecess of evaporative cooling
systems were introduced by Fouda and MelikyanQ2En et al. [3], Riangvilaikul and
Kumar [4], Wu et al. [5,6], Lazzarin [7], Qurestid Zubair [8,9], Camargo et al.
[10], Anyanwu [11], and Kumar and Mullick [12].

2. EXPERIMENTAL WORK

Experiments were made during the month of June/2Z0té ambient temperature was
in the range of 30-48C and the relative humidity was less than 20%. &raporative
cooler was installed in an empty and closed reagdrconcrete room of 5.7 x 3.7 x 3.3
m® as shown in figure 1. The source of the heat vedar sadiation from the sun,
beating down on the roof and walls, and pouringugh one south glass window (1 x
1 nf). All walls were shaded while the ceiling was es@d to the sun. The cooled air,
which comes from cooler, was delivered into themaat seven different flow rates Q.
The test rig was instrumented to measure bothemnpéerature and velocity, using
digital air velocity and temperature instrument ski®own in Figure 2. It has the
capability to be connected to a computer and/oriatgy for accessing data and
printing it. The specifications of the air velociynd temperature meter are listed in
Table 1.

The velocity profile of cooled air was determingdtlae cooler exit and the
mean velocity was calculated. By using the meancigl and the exit cooler area, the
flow rate of cooled air was calculated. Measuremevdre made at very high ambient
temperatures of 36, 42 and 5. The average temperature inside the room was
measured with the time until the steady state washed. Cooler effectivenessvas
calculated at every experiment according to thiefohg equation.

Table 1 Specification of the motive air Thermo-Anemoterraeter unit.

Measured quantity Velocity Temperature
Range 0.2 — 25 m/sec -20 to 6C
Accuracy (2% + 0.2) +0.8°C
Resolution 0.1 m/sec 0.1C
T,-T
e=——=x100 Q)
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Figure 1 scheme of evaporative cooling air conditig system

Figure 2 Digital air velocity and temperature inghent

It was approximately constant in the range of 7%78he measured relative
humidity inside the room increased with the time did not exceed 60% at the steady
state.

Figures 3, 4 and 5 show the reduction of the ihitam temperature with the
time at different flow rates of cooled air and aerttitemperatures.

At the same ambient temperature, the reductiohefritial room temperature
is increasing with the increase in flow rate of lediair.

For the same flow rate of cooled air, the reductainthe initial room
temperature is decreasing with the increase irathiient temperature. The reduction
of the room temperature was high in the first hetiile it tends to be constant in the
next half hour. In the last half hour, the reductiof the room temperature was

constant.
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Reduction of the room
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Reduction of the room temperature
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Figure 6 shows the maximum reduction of the initi@m temperature at
different flow rates of cooled air and differentlaiBnt temperatures. The reduction of
the initial room temperature at lower ambient terapee is higher than that at higher
ambient temperature. The reduction of initial rodemperature is decreasing
approximately linearly with the decrease of thevflate of cooled air.
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Fig. 4 Instant room temperature at different flow rates of cooled
air (T,;=42°C)
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Fig. S Instant room temperature at different flow rates of cooled
air (T,;=45°C)
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Fig. 6 Measured room temperature at different ambient
temperatures

3. MATHEMATICAL MODEL

Prediction of the maximum reduction of the room penatureAT due to evaporative
cooler during very hot and dry climate is a consatde aim. The maximum reduction
of the room temperature is a function of ambiempgerature I, ambient relative
humidity RH, flow rate of cooled air Q, room volurvg cooler effectiveness and
heat load.
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AT =1 (T, RH, Q, V,¢, g, heat load) (2)

The ambient relative humidity is less than 20% &astumed to remain
constant. The cooler effectiveness is approximatelystant in the range of 75-78%.
The heat load is also assumed constant at the wan@mef the day and same climate.
Therefore, the relation can be abbreviated as:

AT =1(T, g\éilg )=t (Ta @ 3)

Figure 7 shows that the experimental relation betwtae maximum reduction
of the room temperatur&T and ¢ is approximately curve. Therefore, the parabolic
equation can be assumed as:

AT =G¢ + Go+ G (4)

Empirical constants Cand G are functions of Jand are suggested to be
expressed as:

G :AiT:i +B, ©))
Therefore, the suggested empirical equation caaxpeessed as:
AT:(A1T21+81)(92+(A2T:2 +B,) o+ (AsT:S +B;) (6)

The constants AB; and nare determined. Substituting the constants into Eq
(6) yields the empirical equation of the maximurdugtion of the room temperature,
as:

AT = (-1.67x10° T, + 9.5x10°) ¢ — 0.0003p — 0.0043T."°* +11.9009  (7)

Figure 7 shows a good agreement between Eq. (Aharekperimental data of
the maximum reduction of the room temperature wih-dimensional grougp.

Figure 8 shows the prediction of the maximum reiductof the room
temperature with the flow rate of cooled air afetfiént ambient temperatures during
very dry climate.
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Fig. 7 Comparison between experimental and calculat room
temperature at different ambient temperatures
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Fig. 8 Calculated room temperature at different amlient temperatures

4. CONCLUSION

This study succeeded to derive an empirical equafi capable to predict the
reduction of the indoor temperature during very &otl dry climate. This prediction
will be varied during another climate where thethead, cooler effectiveness and
ambient relative humidity are different.
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