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Technical Note

Abstract

The considerable water consumption of Iranian-produced evaporative coolers is obvious

to everyone due to the water shortage and the reduction of water resources in Iran. Since
Iranian-produced evaporative coolers have an old design and, on the one hand, are well
adapted to the atmospheric conditions of Iran, which are mainly hot and semi-arid, but on
the other hand, due to the high water consumption in these coolers and the lack of water
resources, especially in summer, there is a need to conduct more scientific research and
use new ideas and techniques to reduce water consumption in these devices. In this study,
a new dynamic air cooling system is first introduced, by which atmospheric air can be
cooled to -90°C without using today's conventional refrigeration systems. The dynamic air
cooling system is a completely new and innovative method at the global level, which,
based on the scientific principles of gas dynamics and thermodynamics, is able to increase
the speed of air passing through this system to supersonic values in several stages and,
consequently, significantly reduce the temperature of the air passing through the system or
its sensible energy. This innovative system is currently being used commercially in
industrial cold stores. In the current work, by using the cold air produced by this system,
the temperature of the circulating water in evaporative water coolers is significantly
reduced, and consequently, the amount of water consumption in evaporative water coolers
is reduced. In the current work, it is shown that by using the cold air produced by the
dynamic cooling system, the temperature of the circulating water is reduced from the wet
bulb temperature of the ambient air to a temperature of 4 °C and in these conditions, the
cooling load and the seasonal energy efficiency ratio increase by 97 and 29.2%,
respectively, and the water consumption rate and specific water consumption decrease by
35.2 and 67.5%, respectively. Therefore, by using this system in evaporative water coolers
produced in Iran, the water and energy consumption rates are both significantly reduced.
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1. Introduction

Evaporative water coolers are widely used in Iran
and have a history of more than 70 years in Iran,
and currently more than 120 manufacturers in
Iran are producing this cooling device. The high
water consumption in these water coolers and the
outdated design and operating principles of these
coolers on the one hand, and the problem of
drought and reduced rainfall and shortage of
water resources, especially for domestic use, on
the other hand, there is a strong need to use new
technologies and more special and necessary
research to reduce water and energy consumption
in this device. This dynamic air cooling® system
is an innovative and environmentally friendly
method that, based on the principles of
thermodynamics and gas dynamics, converts the
hot air of the desired environment into cold air
directly without any heat exchanger or synthetic
refrigerant hydro fluoro carbons? (Razumtseva et
al., 2023).

In the current work, first the details of the
operation of the DAC system are described and
then the important performance parameters (water
and electrical energy consumption rate and
energy efficiency ratio® based on the laws of
energy and exergy conservation for the
evaporative water cooler using this innovation
(optimized cooler) and the basic cooler (without
this innovation) are calculated and compared. The
results show that while the electrical energy
consumption rate increases, the cooling capacity
and seasonal energy efficiency ratio* for the
optimized cooler increase by 98% and 29.2%,
respectively, compared to the basic cooler, and
the water consumption rate decreases by 35.3%.

2. Introduction to DAC system

The schematic of the system used in the proposed
DAC invention is shown in Fig. 1. The
components of this system are as follows: 1-
Compressor, 2- Electric motor for rotating the
compressor, 3- Air-to-air exchanger, 4- Blower
fan, 5- Work piece, 6- Generator, 7- Radial
turbine, 8- Air-to-water shell and tube heat
exchanger, 9- Water pump, 10- Rectifier and
power balancer.

Assuming the presence of an insulated heat
exchanger between the mass flow of produced
cold air and the hypothetical reservoir in the
cooler pan (volume 15 liters), the amount of
cooling load provided by the cold air can be

Dynamic Air Cooling (DAC)
Hydro-Fluoro-Carbons (HFC)

Energy Efficiency Ratio (EER)
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obtained from the energy balance between the
passing cold air and the desired volume of water

Fig. 1. Schematic of the components in the
invention

as follows

m,, X pr X AT, = m, X Cpa X AT, (8]

2.1. Mathematical modeling of wet pad
Assuming one-dimensional air flow across the
wet pad (x direction) through a thickness dx,
according to Fig. 2 and with the exchange of
sensible heat element (dgs) and the exchange of
latent heat element (dgl), the energy conservation
equation 2 for an open system can be as follows:

—mg.dh, = dqs — dq, 2

dqx /I‘II

wet
pad

) %
o -8
| =

Fig. 2. Schematic of air flow across the width of
the wet pad
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2.2. Calculation of cooling capacity and

specific water consumption®  at
different circulating water
temperatures

The cooling capacity is found based on the dry
temperature of the incoming and outgoing air
from the wet environment with the help of
equation 3

circulating water temperatures and the results are
presented in Tables 1 and 2.

3. Discussion and results

The important results are as follows:

A- With circulating water cooling at all different
dry ambient temperatures, the cooling capacity
increases, and for example at an ambient
temperature of 50 °C, the cooling capacity

increases by 98%.

B- With circulating water cooling at all different
dry ambient temperatures, the SEER increases,
and for example at an ambient temperature of
50 °C, the SEER increases by 29.2%.

Qc = rr.la . (Tal - Taz)- Cpa (3)

On the other hand, the SWC is defined as the
ratio of the water consumption rate to the cooling
capacity according to equation 4

— BasiC coOler (Water temperature = wet air temperature)
nip .(W2—W;).3600 _ (W,-W;).3600

SWC = Dw _ = @)

= = = Optimized cooler ( water temperature = 20 °C)

QC Cpa -(Tal_TaZ)-ma Cpa -(Tal_TaZ) 40 o w= Optimized cooler (water temperature = 12 °C)
@ @« e« Optimized cooler (water temperature = 4 °C)
ey
The effect of changing the circulation water 2 351 -
temperature on the air temperature exiting the wet 2507 _---"
pad, observed in the base case in the summer =25 - S
conditions of Tabas city and in several optimized 2820 - = =
cooler modes, is shown in Fig. 3. The values of $g 15 | - =
cooling capacity (Q., Kw), water consumption rate £ 10 -
(my, ka/hr), SWC (SWR, kg/kW-hr), and seasonal £ 25 0 35 0 45 50

EER (SEER, BTU/W-h) were calculated for
different ambient conditions (the dry air
temperature of the atmosphere changed but the
relative humidity of the atmosphere was assumed
to be constant at 20%) and four different

Ambient dry temperature (°C)

Fig. 3. Changes in the air temperature exiting the
wet pad in terms of dry ambient temperature for
different circulating water temperatures

s Specific Water Consumption (SWC)

Table 1. Cooling capacity values and SEER

. . . SEER
_ Cooling capacity (Q., kW) (SEER, BTU/W-h)
tDem 1”:;'3?; Base cooler Optimal cooler (circulating Base cooler Optimal cooler (circulating
P (water water cooling) (water water cooling)
(°C) temperature = temperature =
wet ambient 20°C 12°C 4°C wet ambient 20°C 12°C 4°C
temperature) temperature)
30 3.04 15.70 26.04 34.54 41.11 138.56 229.80 304.81
35 9.35 21.80 31.80 39.92 126.50 192.31 280.71 352.24
40 15.66 27.88 37.58 45.29 211.91 246.06 331.67 399.67
45 21.97 33.97 43.35 50.67 297.30 299.81 382.51 447.08
50 28.28 40.06 49.12 56.04 382.71 353.55 433.41 494,51
% change
(relative to 50 0 +41.6 +73.7 +98.2 0 -7.6 +13.2 +29.2
OC)
Water and Wastewater P | 0
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Table 2. Water consumption rate and SWC

ory ambient Water consumption rate (m,, kg/hr) (SWR,SI\</g\]Ich2<W—hr)
Base cooler : Base cooler
tempgratu re (water (cior?:ﬂlrgtai“ngov?/[:trer (water Optimal cooler (circulating
(°C) temperature sl temperature = water cooling)
= wet ambient wet ambient
temperature) ~ 20°C  12°C  4°C  temperature) 20°C 12°C 4°C
30 44,13 38.95 3319 2851 14.53 2.48 1.27 0.83
35 50.1 44.13 3761 3231 5.35 2.02 1.18 0.81
40 56.1 49.43 4213  36.19 3.57 1.77 1.12 0.80
45 62.2 54.72 46.64  40.06 2.82 1.61 1.07 0.79
50 68.7 60.64 51.68  44.39 2.43 1.51 1.05 0.79
% change
(relative to 50 0 -11.7 -24.7 -35.3 0 -37.8 -56.8 -67.5
Oc)

C- With circulating water cooling at all different
dry ambient temperatures, the water consumption
rate m,, decreases, and for example at an ambient
temperature of 50 °C, the water consumption rate
m,, decreases by 35.3%.

D- By cooling the circulating water at all different
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dry ambient temperatures, the SWC is reduced,
and for example at an ambient temperature of 50
°C, the SWC (SWR, kg/kW-hr) is reduced by
67.5%. E- The temperature of the air used for
cooling the circulating water is cooled to -90 °C
by the DAC system.
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Fig. 2. Detail of the workpiece (No. 5)
(Razumtseva et al., 2023)
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Table 1. Cooling capacity values and seasonal energy efficiency ratio

Cooling capacity (Q., kW)

Seasonal energy efficiency ratio
(SEER, BTU/W-h)

Optimal cooler (circulating

Optimal cooler (circulating

Dry ambient : g
Base cooler water cooling) Base cooler water cooling)
LEMPETAITE (water (water
(°C) temperature = temperature =
wet ambient 20°C 12°C 4°C wet ambient 20°C 12°C 4°C
temperature) temperature)
30 3.04 15.70 26.04 34.54 41.11 138.56 229.80 304.81
35 9.35 21.80 31.80 39.92 126.50 192.31 280.71 352.24
40 15.66 27.88 37.58 45.29 211.91 246.06 331.67 399.67
45 21.97 33.97 43.35 50.67 297.30 299.81 382.51 447.08
50 28.28 40.06 49.12 56.04 382.71 353.55 433.41 494,51
% change
(relative to 50 0 +41.6 +73.7 +98.2 0 -7.6 +13.2 +29.2
Oc)
BTU Basi ler (water t ture = wet air t ture)
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Fig. 7. Changes in the air temperature exiting the wet
pad in terms of dry ambient temperature for different
circulating water temperatures
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Table 2. Water consumption rate and specific water consumption

\#

Water consumption rate (my,, kg/hr)

SWC
(SWR, kg/kW-hr)

Optimal cooler

Dry ambient Base cooler R e Base cooler Optimal cooler (circulating
(°C)temperature (water (c Clégglingg) o (water water cooling)
temperature temperature =
= wet ambient wet ambient
temperature) 20°C 12°C 4°C temperature) 20°C 12°C 4°C
30 44,13 38.95 33.19 28.51 14.53 2.48 1.27 0.83
35 50.1 44,13 37.61 32.31 5.35 2.02 1.18 0.81
40 56.1 49.43 42.13 36.19 3.57 1.77 1.12 0.80
45 62.2 54.72 46.64 40.06 2.82 1.61 1.07 0.79
50 68.7 60.64 51.68 44.39 2.43 1.51 1.05 0.79
% change (relative
to 50 °C) 0 -11.7 -24.7 -35.3 0 -37.8 -56.8 -67.5
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