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Three-dimensional modeling of a dew-point evaporative cooler using a modified
boundary condition and considering effects of channels’ entrance regions
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ARTICLE INFORMATION ABSTRACT

Original Research Paper This paper presents a numerical modeling of dew-point counter-flow indirect evaporative coolers as a
Received 24 April 2017 potential alternative to the conventional cooling systems. Unlike the conventional method of assuming
Accepted 01 June 2017 constant surface heat (mass) flux or constant surface temperature boundary condition on the separating

Available Online 13 July 2017 wall, the present article calculated real boundary conditions. Real boundary conditions were obtained by

Keywords: simultaneous solving of momentum, energy and mass transfer equations of the two flows coupled on the

Indirect evaporative cooling wall. Calculating real boundary conditions led to a real distribution of humidity ratio and temperature on
Dew-point coolers the separating wall where at each point, the summation of heat fluxes from air streams in adjacent
Numerical modeling channels is equal to the latent heat of evaporation at that point. Moreover, the model accuracy was

Heat transfer

Mass ransfer increased through considering hydrodynamic and thermal developing flows of two air streams. The

model predicted supply air temperature under different conditions, and the results were compared
against experimental data as well as previous numerical models. It was shown that the maximum
deviation of the supply air temperature was under +3.3%. Then, a parametric analysis was conducted
that studies the effects of the inlet air velocity, channel gap, channel length and returned air ratio on the
supply air temperature, dew-point effectiveness, cooling capacity and pressure drop. The results
indicated that increasing channel length and returned air ratio, and reducing channel gap and inlet air
velocity improved the dew-point effectiveness but increased the initial cost and pressure drop and
decreased the cooling capacity.
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Fig. 1 Dew-point evaporative cooler a) Stack schematic b) Top view
of a channel pair schematic c) Airstreams on the psychrometric chart
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Table 2 Test data [9]
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Ue Us Wg,in Tsin
m/s) (m/s) (ke/ke) () 4
0.8 2.4 0.0069 25 1
0.8 24 0.0069 35 2
0.8 2.4 0.0069 45 3
0.8 24 0.0112 25 4
0.8 24 0.0112 35 5
0.8 2.4 0.0112 45 6
0.8 24 0.02 30 7
0.8 2.4 0.02 40 8
0.8 2.4 0.02 45 9
0.8 24 0.0264 32.3 10
0.8 2.4 0.0264 40.3 11
0.8 24 0.0264 45 12
0.5 15 0.0112 34 13
1.08 3.25 0.0112 34 14
1.95 5.85 0.0112 34 15
0.5 15 0.019 34 16
1.08 3.25 0.019 34 17
2 6 0.019 34 18
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Supply air temperature (°C)-Experiment
Fig. 6 Numerical model validation
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Table 3 Model's error under different assumptions
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Fig. 7 Contours on calculation domain a) Temperature (K) b) Humidity
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—é—Exhaust channel air flow

—6—Supply channel air flow
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Fig. 9 Parameters of the two streams a) Nusselt number b)
Sherwood number
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Fig. 8 Distribution of parameters on the separating wall a)
Temperature and heat flux b) Humidity ratio and mass flux
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COP = % (29)
Pw = Pwy + Pw, (30)

* Dew-point effectiveness
2 Coefficient of performance
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Fig. 11 Effects of the return to intake ratio on: a) Supply air
temperature and dew-point effectiveness b) Cooling capacity and
pressure drop
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Fig. 12 Effects of the channel length on: a) Supply air temperature
and dew-point effectiveness b) Cooling capacity and pressure drop
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Fig. 10 Effects of the inlet air velocities on: a) Supply air temperature
and dew-point effectiveness b) Cooling capacity and pressure drop
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Fig. 13 Effects of the channel gap on: a) Supply air temperature and
dew-point effectiveness b) Cooling capacity and pressure drop
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