A

[

0 Water and Wastewater, Vol. 36, No. 4, pp: 97-114

Applying Dynamic Air Cooling System to Reduce

Water Consumption of Iranian-Made Evaporative

Coolers

Behzad Omidi Kashani

Assist. Prof. of Mechanical Engineering, Dept. of Mechanical Engineering, Faculty of Engineering,
University of Birjand, South Khorasan, Iran (Corresponding Author) b.kashani@birjand.ac.ir

d https://doi.org/10.22093/wwj.2025.499350.3459

Technical Note

Abstract

The considerable water consumption associated with Iranian-produced evaporative

coolers is evident given Iran’s water shortage and diminishing water resources in Iran.
Although Iranian-produced evaporative coolers have an older design and are well suited to
the atmospheric conditions of Iran, which are mainly hot and semi-arid, their high water
consumptions and the lack of water resources, particularly in summer, highlights the need
for more scientific research. This should include new ideas and techniques aimed to
reduce water consumption in these devices. In this study, a new dynamic air cooling
system is introduced, by which atmospheric air can be cooled to -90 °C without the use of
conventional refrigeration systems. The dynamic air cooling system represents a novel and
innovative method on a global scale.Based on the scientific principles of gas dynamics and
thermodynamics, it is able to increase the speed of air passing through this system to
supersonic values in several stages, consequently reducing the temperature of the air
passing through the system or its sensible energy, significantly. 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 the amount of water consumption
in evaporative water coolers is reduced. 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; in these conditions, the
cooling load and the seasonal energy efficiency ratio increase by 97% and 29.2%,
respectively, while 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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Applying dynamic air cooling system to ...

1. Introduction

Evaporative water coolers have been widely used
in Iran for more than 70 years, and more than 120
manufacturers in Iran are currently producing this
cooling device.

High water consumption, outdated design and
operating principles, along with drought, reduced
rainfall, and shortage of water resources pose
significant challenges. On the other hand, the use
of new technologies and more specific and
targeted research to reduce water and energy
consumption in this device are needed. 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
obtained from the energy balance between the
passing cold air and the desired volume of water

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

Energy Efficiency Ratio (EER)

Seasonal Energy Efficiency Ratio (SEER)
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Fig. 1. Schematic of the components in the
invention

as follows

m,, X pr X AT, = m, X Cpa X AT, 1)

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, )

d([.'\ /1(,"

]
»
'

XPaXe

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

®)

The SWC is defined as the ratio of the water
consumption rate to the cooling capacity
according to equation 4:

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

SWC = My _ mi (Wy-W1).3600 _ (W-W;).3600
Qc Cpa (Ta1—Taz) .M, Cpa (Ta1—Taz2)

The effect of changing the circulation water
temperature on the air temperature exiting the wet
pad, observed in the base case in the summer
conditions of Tabas city and in several optimized
cooler modes, is shown in Fig. 3. The values of
cooling capacity (Q., kw), water consumption rate
(my, ka/hr), SWC (SWR, kg/kW-hr), and seasonal
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
circulating water temperatures, and the results are
presented in Tables 1 and 2.

5 Specific Water Consumption (SWC)

(4)

3. Discussion and results
The results are as follows:

A- With circulating water cooling at different
dry ambient temperatures, the cooling capacity
increases; for example, at an ambient temperature
of 50 °C, the cooling capacity increases by 98%.

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

C- With circulating water cooling at different
dry ambient temperatures, the water consumption
rate 1, decreases, and at an ambient temperature
of 50 °C, the water consumption rate m,
decreases by 35.3%.

— Basic coOler (water temperature = wet air temperature)
«= e= = Optimized cooler (water temperature = 20 °C)

« == Optimized cooler (water temperature = 12 °C)

= 40 @+ « Optimized cooler (water temperature = 4 °C)

B 4

= 35

= — -
()] 30 A - -

£ - _
S~ i - .

E 9 25 - L - .-
o= i .- -

52 ] =T

%;- 15 - —_—

e 10 T T T T )
8 25 30 35 40 45 50
< 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

Table 1. Cooling capacity values and SEER

Dry ambient

Cooling capacity (Q., kW)

SEER
(SEER, BTU/W-h)

Base cooler Optimal cooler (circulating Base cooler Optimal cooler (circulating
temperature . .
(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 35355 43341 49451
% change
(relative to 50 0 +41.6 +73.7 +98.2 0 -7.6 +13.2 +29.2
Oc)
Water and Wastewater |
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Table 2. Water consumption rate and SWC
. . SWcC
ory ambient Water consumption rate (m,, kg/hr) (SWR. kg/kW-hr)
Base cooler ; Base cooler
BTESEIE (water (c(i)rgﬂlr:tai“ncov(\)/[:tgr (water Optimal cooler (circulating
(°C) temperature cooling ) temperature = water cooling)
= wet ambient g wet ambient
temperature) — 20°C  12°C  4°C  temperature) 20°C 12°C 4°C
30 44.13 38.95 33.19 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 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 2.43 151 1.05 0.79
% change
(relative to 50 0 -11.7 -24.7  -35.3 0 -37.8 -56.8 -67.5
Oc)

D- By cooling the circulating water at E- The temperature of the air used for cooling the
different dry ambient temperatures, the SWC is circulating water is cooled to -90 °C by the DAC
reduced; at an ambient temperature of 50 °C, the system.

SWC (SWR, kg/kW-hr) is reduced by 67.5%.
Water and Wastewater oMb 5 ol

Vol. 36, No. 4, 2025 VEF Ul o o,les 8 000



AY-NY taxio f o)lols FF 0,90 (DS 4 s,:i @

ST B o gl jakriods Knolisd (S1gd (i3 lo yw e (S 35 74

SRl EMF Sl 2T B I

SIS el 31300

Oyl (s Hlul s iz olKtils ¢ suwiige 0aSiails (SilSe cwiige 09,5 ¢ lioliul - )
b.kashani@birjand.ac.ir (st oo s)

@) | ttps:/idoi.ora/10.22093wwj.2025.499350.3459 JELRORI NN
a8

(S glojly 2988 3 O glie (EaLS 5 (HIpS @ a5 b olnl (Sdg S (ol (sl ))sS alis Mo L O b pae
Ghile s ol s J5S b 3l g AR 008 25k Gl oS S o SIS o5 ol sl @Sl e 2 0!
Gyan alS ((Soolns | M99 LS b 5l Jg ails (sh il ol Suibdoni 9 05 Baas o ol G phanedl bl
033b i3l ol ol GLa g el @ 5l (bl ol 53 Loguad (ol @lie 3905 5 JsS (! 13 O (SWL S puaa

| (OPEN
“ACCESS
VEY/Y /XY il o
VELEN N0 k!

VECEIYIV

a ko il g oSl (5l 095 oS5 5
S bl oMl & jg0

DEA0

"

Ol 3 b0 ol by (1l )3 O S puan LB (gl dade GBSESS 9 ol (55,54 5 yuiy
0992 Olo o 1y yhamadl Slgp (o bawgi o w8 p0 I9d (ol (alo pa ot il 1] (g 52
Sy g (Senlind szl pos mpnd 355 300 ~4+°C (5lo3 G (559 0! Stk 2 5 (5 iampns 1 23!
Seolisdge i g I8 Suollad ol Jgol arly 1 &5 Consl Slo haww 53 312 (655195 b g g ol (g,
Slod gl g ol g (VL ke 1 1) i (2] 51 (55908 (Sl Cos pow el po My 3 Sl 218
JLo 1 LSl e (23 I8 (g ot 25 1) o (g (6591 b unns 1 (S p90 (ST
O §l dmole 2w lg2 (65 5 b g5 cnl 133,15 (5,5 (62)8 (o (aailbdpw 3 pole
P S pan oo gl 9 SO pSenta (B (58 (2 GB PSS 13 Gge¥sS e O (lo3
s 51 (GAmdgT 3 (1o (505,541 b o h 0315 Ll e Ll S gy (o gl ))sS
Ot 2 9 4l ialS £ °C (glod U g baumo 55 (5lod 1 (ygaw¥9 o f (lod o Solisd (sl paw
9 e E 55 g (ialj=8l amo )3 YAIY 5 AV a5 4 (55,51 035 huad Candi g (ubislo g 5 gl
SIS )3 s (321 (605,54 b (ot s sl o0 (B 003 V0 5 YOIY i 5 &1 Ol g B pucne

il 0 RIS (g o 9554 (lojed (5551 5 T e GBE 5 il G (S o

i lo i PISI 3 Dy 4 dlio pl & £l ol (Sl p
21 L2 M85 T B e IS 5 glitads (,Sralius (5198 sl s s (51551505 1 ¥+ ¥ o SLIS (Sutel
ANE-AV ()5 . oLSU 5 ol ! (53855 6y
https://doi.org/10.22093/wwj.2025.499350.3459

© The Author(s).
This work is licensed under a Creative Commons Attribution 4.0 International License



http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:b.kashani@birjand.ac.ir
https://doi.org/10.22093/wwj.2025.499350.3459
https://doi.org/10.22093/wwj.2025.499350.3459
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

dx.doi.org/10.22093/wwj.2025.499350.3459

weygbaiody (SKealind glgn (ale s plusws 555 54

(ASHRAE, 2015) &l s oot LS, ol (681 5 sl

Sl 63135 S (5SS L S ans a0l (358 ey
g5 31 i =l IS S o sV S e DT 5 e
S S g 1S a5 VO M b L s
Sl 6l 5 4 a3V 0 5 V) Jlade 4 3505k s
(Omidi Kashani, 2015) el a8l 21580 s 5 wS
S lse) e Lyl 8 S 6 K0 e s
2330 1 (I (omad Ssb 5 5 slas 5 St slos dlo )
G5 ol 3 islsad st S SG Gl
O i (25 ool ge) e dayl 8 31 4 s wsls oyl
Sloe loam s pla s 5 bme wazs Lyl 3) 5 Jolse

Lo il 233k 2 62505 5 S S Ll g5

e o b 3 pekims § 55 51 (G Gl

L 5 @sledae s 2 B o (255 Gillas S ols ol

D i
‘.-

(Hussain et al., 2022) s ,1s 3 3> 5 o ;3 47 Cmo

3 03 S G 0sx Ghelss Sl ey oo
GHs g5 5l 5 e iz bz 5 g5 6150 Lo
Sl (b man ) T s Sl 5 tale e sssl 655
a5l QL ol i s 1 5 ama 51 e (b 53 1n 23
BIPYOvr PP BT JOR PPN (X S| T
635 65U gad s ulion Gl oS Slaie 5 L
(Heetal., 2014) 5l oiole pw os3k
b goad bl s € 0l 5 e 0l Dlalllas pl welsl s
L e s g i 51485 S Ll (Sellam et al., 2022)

Lol 5) oz ool Jslaze p 55 5 Lo OUIN e 51) 5
S slas 5 ¢ 5 il byl 5 0555 Sl 5 5 (‘w5
20l (e S50 033l el 5 (oo s o33l eV S e
Sl sl falSL a S s salin fagiy oml js .ol
Nz A glsn glos s SRl Gl s o33k 0 50 Y S
S 5l n S SBls ol e 4 1 IS
533 535 O3 Y58 e N (slos il (6 Ko ey o
55 S = A5 Sl ma s sl sbes 5 b

® American Society of Heating, Refrigerating and Air-Conditioning
Engineers (ASHRAE)
" Excelsior Wood Wool

Water and Wastewater

Vol. 36, No. 4, 2025

doddo —

3% 55 o o3l 3850 0l 5528 s (5o ) SIS
sk Sl Y o 51 i 05581 ol 1 Jla Ve 5l Lt e
YL G it sazS S5 dwy ol w5 J> 55 0100 s
s S0S sl 5 ool 35 o 5 ol b IsS ul s ST
s Lok JalS s Jlusias e 5 B bS5l b S )
3K B,b 5 (S O las s Lo gas O b 558
ses slasiasiy 5 anax les s 5SS 650 ¢ wad
RSP FIPS J PRI U JUPS K g7 JUPPICIU WIS
o2 2 G mmn ol 5 Jds 0 b 5l b e el
(46 s ,d A AL el s Y b gze j5ba) b JsS
San Sl o sladie o 4 5 55 (Kb gl S ]
3 ST Ol (So IS 50355 (i ol b IS Lo g
a3l e a3 gay T sy 5528 O5B

.(Omidi Kashani and Deymi, 2021)
50250 SRl g, ilime ale Lo ey 058U
Loty sl st il (5 i (o (sla oS el s Sl
5 3 6335 2 3 3Sdas Ll sl s baes

lasl suas .ol 03 9 4.1:....3 U‘i‘ Jjﬂ,«c J%xﬁ}n JA‘}C
o35k ial5el L ‘&L._i\ 553L Lial58l sl sl le S50 gla ia g3y
o33 s 2ol 531 L (6550033 s a1 e
° Y M PO

3 2eS L 5 (o lo e LU (2158l 5o b ST) - (e (655
S il ot oMo el (G iy S
£ A
e S e
36_4)J:(A_L1;‘m6u4_~4*h3uﬂu_>)_b)‘)u%8y‘a‘ﬁm
x‘a&:axb)xadjw&‘foyjbw

PP ECLICE [P RPN JUPN P

o i loptns ¢l asle g ax

[}
9555l bl Teasby b 5l g b

Q—w‘a.t_&‘fujfgL&ngj‘uJLvC»u.wujdjj‘a.s)laﬁw

bl = 358 A5y (225 s (Omidi Kashani, 2022)

Energy Efficiency Ratio (EER)

Seasonal Energy Efficiency Ratio (SEER)
Direct Evaporative Cooler (DEC)

In-Direct Evaporative Cooler (IDEC or IEC)
Wet Pad

& I N O I I

VEF Ul o o,les 8 000

VoY



v dx.doi.org/10.22093/wwj.2025.499350.3459

S gaml ol5e

slepa olos) Az olo s glanzas 51 slaze sbe
B,mo 5 aslezsls 55l 4 058 o ol s sslizal (i
L5 L) (LS ) bk nl a4 o dh0a 5 o
s eld i e S 5 (eSS (53,50 5l 5 & s
331 B e 3l 4 anar 555145 SLapnn (55,4
A5 e 0 gV S e O el (sl i 460
J‘\ui..iln',_., .SL.?;.L\&\J_f du:,.mﬁ:,_i O;“.x_;.get_guhl): (0
slatul (o815 5 i 8 Gle e Sl 2l s
.:}.ﬁ@ 4::‘:4.3‘ 5.5‘5.5)5

L P LR FE S LS S S
o Vo i Cusb FOOC S slos b b i j43)
S )5S s O 55 58N (e P s e 5l s
o slas) 15 slos 5 (+/+VOY Lisec L) 00 Lihr s o5 o
°C oln o 4 5 b 3l (255 Sl slos 5 0 oY oS
.(Omidi Kashani and Deymi, .. YY/#¥°C 4Yf/4
2021)

35ba 15 e ¥ S ST los 0y s b 4 ST
&l sles ol C,lsst.g (¥ °C 550> U%) sy JialS o Sair
b 5l 5YLOC s NI 55 5 ks Sl (25,5

$bos 12) 8°C s (o (03 oS T (5be3) s
Jshize Lo 38 JsSL slalge vt SO (25 5 6l
90> ol g (o L LS ol Lis pd a5 5 (5550
) G oS salinal a5l S 5wl il as sV VY
S5 Grgals |y LS oas (adlse 53 (2o b s sl YL s 0o
ssbas @500 5 ol B an 2alS Eel Ll S5 ls 0
2 5hsn Olesed
B gboslid sloo B sl yslis oS80 v s L
O e 055 o 35 o ssli a5l S s S
s9a>) sl ot I8 S O 51 (ot gl e 5 0¥ S
(NS S o3 s ST emd b S 2 IAs slaay 200
Sl —=dNV0 il —w (6l — .(OmidiKashani, 2017)
il LY C las o (bam 5 sLes) YY/PTOC
U5 ymecSCy 35 (3 Slaie o) & e Lz V /YA KW

Water and Wastewater

Vol. 36, No. 4, 2025

&K}&.‘P‘L45"\":’“\30\‘:*"}5‘)]’(5)}5)}24"r':.j;“*‘*‘
o 5 (glos & Cored 05 V58 T (glos o 23 K
- \ .
(05 Y 5 e 2 sl (sl g o Slke) sl Lyl 15 s
Aol L oy s gl gl s
(Al-Badri_and Al- cules, S 55 (=) °C 5+ +/A°C)

Waaly, 2017)

ST e 4 T g s o)Ll slo ey )
ool Gl o3 g e s 2 30 Jalse
©olsSe s Jalse 5o S g (20 5 G 4o
Em o s S 5 O] Calis 5 5 o s
RS IS e sere dwiin 5 Lo 5l (5050 T UPRRN o
oL I3 e 15 dama 3l (5508 810 0l Sl
38 S o S S s Shoe S50 ()l Jalge Sl s
o5 sles (Sis gles o 1 Lisl glsn Ll 8 0 0l 5 e
255 b St C-lﬁ—d S ol gLl i Cosb,
Lo el e Tl Bl oy o U0l i3y 5 4l 55
5 3 53 6550 035k s 5 (tola e LU e 5l (65 Shes
5 D5l 5 o Uil glesany ol Jds 4 o sl Ll 5
Uzl ore b b aball 5) 5 Lo s aside gaed b
@’.‘f i 3 xl (6 SKedsy 5 b b s g (&)1~
ke 2l 05 Y 5S  OF (slos Y geme 2338 Slalllas
F20) 25bion b S B8 s (e BIbI Lae) sl gl g
(15h ol b I 6 s ol an 8 S

ISa e i Sl 338 55 55 slategsy )
e (e asb sy 5 5 St glos diar 51) il ol g5
Soadoals Lt (s 2 G5 e (53,5 gla szl
e sl el o ladam a8 5 msls ST Jal g
Sl C‘“Lb .(Hussain et al., 2022) s ,\s I 3 e
5 s ST U S 5 505 g BB ] ol 5

550 0V S e O (los i b 3l Gla gy el
Gl 0 e 4 sud sy (fae 5 slos i O 5) Jizes
2550 b Oles 4 (e lo s b (2l 581) o see glsm (sles

(Heetal., 2014)

! Nominal
2 Operator

VEF Ul o o,les 8 050



dx.doi.org/10.22093/wwj.2025.499350.3459

weygbaiody (SKealind glgn (ale s plusws 555 54

Sacia LS ol U st sslinad s sl gl s (g5
(Bos7me o oty (glon oo oo Gladdl o Zed) (52 Zees
S 53) 252 Sl Galorw 555 s el s 4y & sl
(Nozaki et <l ot plodl o3 ul 51 (15 ot 3
al., 2003)

252 ol s 5 150 SO Sl aslial b da g o
lwly cilisn sULlss Sl ead lon 25 2 sbnl el e
Olhe a5 FO 51 N0 Cilose (Llgs s 1,15 e
Ol saiSs 55 ambo Ol JEslan 5 (Seeluss )
L sl glos Ot o (glandllan s (Jy s S (s 2 150
.(Huang and asslsslus (l};ﬁ‘ e 31 25,5 lsn sllae Co
El-Genk, 1998)

224800l aw ) S sl lss 0ails 2 b s sy oo
oSl s 03 Sl 25z dd w6355 gose 0L~
ciliin gLaailge sloul Gual s oLl S0 Slalllas wli
32 Sl 6l el Sl e o5 0L 2 s e
.(Facciolo, 2006 ) <ol sats rl.‘gr.i‘ ol s

S il 380 | e 920 4 0ud oly Slalllas 55 ¢ 58U

oo Sl i Ol JUsl cor e le s 95 0 S s
3o 30 (65,8 Gz s Sl shad o oo Jilis
Gl 435 55 IS 0 Y S O il 51
sl 53wy sLagsssT s (s Lossm sl I i
oisbe s w0 $23155 4 0l 5 o 9 Galasm
£ e LSl 5 Y TY L s 5 80, T e (Kol

.(Razumtseva et al., 2023) col s

A S
TR P S P USSP ORI P
6\.&:‘46)_04 :qu_\ (_g\f. ao 3 Ve BV 550 (5;*56(4*;&\ Q\;S
‘é.:AL;.LJ 6\}-@ L}i"."\".)_‘“ r.:—n*«:-nd C;.:‘ .JJ\) G\.:.‘:."—a° OC J:i‘).
ol S el a5l s 6l s 2,
Ainyse dams o S glon S8 Saliys 5 Kool go 5 e J g
4 -
Slso g3 s by (G0l Jae o 0 5 e |

Dynamic Air Cooling (DAC)
Absorption Cooling
Compression Refrigeration

3
4
5
6 Synthesis Refrigerant — Hydro-Fluoro-Carbons (HFCs)

Water and Wastewater

Vol. 36, No. 4, 2025

$loslSns) 38 sla IS (S5 S (e 015 oler S
AS S oalsn o Szl S50 05V il (J gome 5Ll g
S35 IS S oalse e il V0 Uolas YO - Y T
el (A m¥hr) Law sze
oelali ead Gasie 5ls) e (pdale s 5SSl L U
s sle i, L aSs s i e Ll ola s « dalsl s
525l edale s ol Sl cpl a5 4 0B 28 (6351 B e
cidzsi ol Koo 5 0l St gy  sad s (sles 1S Slalllas
widiin glo s L g sl 0l 2 00 25 sl b
Saaliys T ol 5580 b &l JUasl #5258l ey
=Sy gledd b (S5 5 0k 2 ailead OYLL SIS
350 3l g Shaslinal ggun s (sl sl sla i, 51 (S
o 63k ol K sg b 5 0580 S ol g 5 ot
dbs Sy 58 (ao 5 sl LS 2 i
L 45 503 sbas [(Alsaghir et al., 2021, Teng and Xi, 2022)
S asesls olas (g 53 SSLs Uy 53 (2 S 0l > bl
33 dd SO 4 mlen D500 (53505 0L~ S LS80 L
Slop slos S aisd g0 sbml (650 50t 55w 5 0 S 0L~
At ol (talo e SLensk Jg sl S 1,-0+ C L
(Huetal., 2023) <. FS

LU S L (shsee gl 5o lsn 25 5 a5 5o

6\.».\_:.1\}J>\)6_75J56\j_mui..$-J_z-;\3uJ§;\:H‘\)b@
b Jolis amio Loy 55 5 00 Ol Jlasl 5 (Sealiyss )
ORI Gale s g5 lasdllae mn (Jy s S s 0L 2
XUt al, lonts bl b3l s 5 slpo 2t

2021)

I S 3l 5l o5 b 257 ol 6l 23 00
Soad oslizul gl gl 5S 000 pls 90 JSE 4 sla by 5
21283, 55 slse S 0l Salins S gl s il 4 L
0 55 55 5y pedas oy Ol Ll R EP
sl 8ol (s 5 sl sles Sl s ead sl
.(Wongcharee et al., 2020) .|

G\J_%A))r.:_z_jt}_!udubx:l{)ﬁt&‘s&‘j“fi.ﬁjj{.))

! Threaded Nozzle
2 -
Impinging Jet

VEF Ul o o,les 8 000

V¥



A dx.doi.org/10.22093/wwj.2025.499350.3459

S ol ol5es

M)LSC)JQ‘U\J)J&‘\J{D{'M i—:-ml.’bc 4._!‘\.‘!:’7]}5
.:ﬁ@w\:x\ﬁ&@:ﬁbﬁ

):-f-sﬁY'YVJl—wﬁf,‘f-"\ledjﬁ‘}biid*ﬁl-’rﬁ%“w‘
IS5l 58S SO i ST b 5 Sl S
\SJMLJHY&L:E{\#\@\M&@\OM({}J‘
i3yl plea 08U cwl O OV same g3l o
QT;HJ\“Y'JL..,JHJLJJHA”:\:J\d)jy'ajwaqudﬁ,’j\
:C"""“J'.’.)‘CJ“:'Q&‘J:"."O:'.\UL“J‘M\'C‘“\“JS‘:P
Sl 2SS0 0 Ghle e 55z iy sbnl =)
S5 %
i lo e 033U ol 530 5 e S (6351 G e Ll Y
Atz b (Jab a5 5 sl g glaelKans
e 5 F1 S b 0y 55 s 53 s oo JolS B T
A O e

VUSs Galdae sy g gl 25 s a4 e S5led

Fig. 1. Schematic of the components in the invention
(Razumtseva et al., 2023)

(C;‘J:}‘J;JEJJ}ALS‘R‘&:JM—\ Ji.::
(Razumtseva et al., 2023)

Water and Wastewater

Vol. 36, No. 4, 2025

QQ)\ﬂJLu\@gﬁuﬂMmlp.xS@&ggﬁ
Sl ol (14 55 s 13 5 5055525 oy (glos e
23350 538 (S bl S San 5 grio las )8
$ls2 53 15V 7C glos (BMes) (S ol g o (2 (5555
o 5o bl S s i )3, sl s
ol 55 s b 1S s s sladdzine oo s 5 il
A il (sl 63l ol (5SS LSl in gy
A s () S SIS 53 g Y S e
uiiuﬂr:_.wbs)tqukl.\_:{lm;@j;_w_i\ﬁ
EA) o Skes e o el wolsl s 5 ad 5 Tse (Sl
el 6351033l S 5 (e S S (3,50 5 ST
SISO 55 2T IS sl 53558 5 6531 sl il 3
o) 0992) Gl 585 (s (5laag J5S) 55l 55 o
o= 2l plds it e lie ol 5 4l (503l 55
S 3 (ialo e S B (B pan (SO S 55 5 Gl
Ll IS 4 il gslean S sl g3 ssk Slab
Sl sl Ghlslaco,s YA/Y 58 ol oy

el @l EalS a3 YO/Y b s

e Y
SIS0 b 51-00 °C s (glsm sbnl b sy s
<l iele s 3 (rm g (Salis ol s i s
Lgd 10 s g — L abaioe S 55 0 g Y 5S m
05 ¥ 58 5o O slos (RS ad B 5ls S (6,580
Lo 51 6o slon slos (5058 Slslre 3b ¥ °C las b
L °C sz g gl slos iy J5S 5500 A°C Ll 5
(05 Y 5 e T (5Los) oo sls0 5 sles 51 5YL 0 °C
/OO KW &gV S s T ala s 61 (S0 0l 5 5
So 1= 6058 ol (655580 (sl sad bl Sllna s
25 5l U (Sib 6L olnl g5 g is 2T S
b ades st g Shos vgn sla 2l )l cad e YO - mhr
Qb e OF 55 g3l b s e
Sl s 5 (3l oS 6l 65515 02 sl ols8

! Seasonal Energy Efficiency Ratio (SEER)

VEF Ul o o,les 8 050



dx.doi.org/10.22093/wwj.2025.499350.3459

weygbaiody (SKealind glgn (ale s plusws 555 54

s

Fig. 2. Details of the workpiece (No. 5)
(Razumtseva et al., 2023)

(Razumtseva et al., 2023) 0 (g IS anked L35> -¥ i

sls s 4 glabomda LB J)LLO/\" uf..ie.gba/\“ Cuds s
)afz"ﬂd\)h‘ﬁ_bmui‘)Jbﬁ’fMC;‘k“b‘s
Sl IS S 0/F anka IS5 58 o 4] oL > ol 8
s I L 0/0 sla (S ,5 5 b of (o1 slaslgs
ol 25 gt dsb s (Gx—;)u) oy D pok S Sl Lan
Sy Jss bz o 50/0 gla Saby,8 .0l o sluzal
jk;ﬁ\jﬂwz;aoqucabwmul.wc,a'l};.iidjts
o el LO/F (2,5 S0 Bs8 aaks b e a8
anbad gLl j3 68,5 B WS olr 58 00 (15 (b Ae)
(_gb\a ‘_g)\_{uEhJ\_in O‘i‘J° gl p Colan (V M)w)ji
)Qud@\a/OMJ:&JﬁpL#@w;
Calsa s a5 o (31 b e sl el s eSS
.(Razumtseva et al., 2023)

© 6259 Gl sles 5 e ad LA S (g 5b ples

s Vemls 5 e (V S350 0 ashad) (LS ok
s lsn gles s i dahid 0l 5l g5 13 5055 04°C
515 Lo sae Jlaia al sy i =Y °C 5 YVOMIS 3 5
>3 S g Ol 5 s amhad ol 29 5 5 (53900

_ Vi _ 40 _ 40 _
M, = Ver  JYRTy  14x287x(50+273) 0.111 (\)

_Vy _ 375 _ 375 _
MZ_VCZ JYRTz  /1.4x287x(-20+273) 1176 (T)

Water and Wastewater

Vol. 36, No. 4, 2025

Jop g lsm Jacn =Y o) s S 25 2 6l (B o550 -
. e g ) . .

sL;GL’_::OﬁJP—V «Jﬁ‘fj—?b djljw—a 56.\.3.0:03—?

N ol o - ol s gy (5ol Jose —A

.(Razumtseva et al., 2023) G saSJslaze g oacS 5SS
U T ) g e SO SSTL bl 55 o 03 ) IS 3
o Slos ol oS Gl e 5 355 (o0 03,88 (e 523
SIS S gl (¥ andad) oo 0 1o Jue G 5l ) s S 5
b S S5 ol sl 350 (sl pm il 0 slizal o
T b 5l ams st S8 (glpm o p5 0 al (F and) 0 S

QQJJJJJ‘H‘EJP‘Q‘W‘}TLJ}:@G6J\SM°)\}
G}P)J}Ca_u‘f‘mlsuy)a‘oc LsL":Ls‘J"S"'*Bui‘
.@W\’Om/sg;.c,mj—\"OCL;LM(_;\)\;\)M&MQ.:\

Sl S e s Stz Gl L ol e cnl sl
O6JL<4_’L1:§J'\J},&r&ﬁjs\ﬁ)ﬁéjababmdfl}
6b‘.>4_§0M}\ﬁ}};ﬂd‘ﬁw‘w.;}i@mig
w\&_ost_gjou(vw)wjp:J\jgs;m‘tsg‘y{g@ﬁ
3 S o e S (55 a5 (P aakad) 55155 s 5
QJU)awdbwgoﬁ&Mb&wbbjéﬁ%fﬂ‘
AxbaB) | g S S a5 90 43 i Ly L3 L (V0 aabad) ol
r_mp\,:@@::‘m(_;batgbam>,.,(5\,awl.>,:don\>(Y
Sl o 5 s s ban Lails o S5 g 2l )
(S Jo AU Jlm (65580 L) (d Y pame (0l
YJ&Z@OL;)\SQBQL;R.:QMU;JWRJ}LQ
el 5 S

C:k—wéj—?)J—:JM—zo‘*—*lﬂ-;)\u—:ﬁykﬁ‘Hol—if
tr‘.&\:éjj_}‘ub_@m\):.:}i@giéﬁdyL;\)\.sg.i'.;}:.;
Sl 8l of 4 555 on o st 350 4 s ()12)
.C«..\QT&LM&&\S}Q&W

@j}hkbrﬁéﬁwla/\ Lg\aJi\:Lg:j))LgU:Ooiﬁ
SO/ ankad ity Sl (Y andad) 150w 1gn 55> Jane
J_M.:)\::RJ(O/VM)d\eﬁ\:ﬁ&bQ&)y
e O/ sl gl s b 51 8,5 0/F oo Sl

! Working Piece

VEF Ul o o,les 8 000

).



dx.doi.org/10.22093/wwj.2025.499350.3459

S ol ol5es

Go

QT).}S
Fllr 5 (g5 o550 5L 5 (sl ¢ szase JLE Gy 5 G
o 03 S ol 0 e o Sl (e e
b SRl 58l wils (as s Gllan e 2591
WLt ¥ JSE 550 6,8 anlsd 510/Y 50/\ Caans b 5|
(533)_9)34_:.]31@4_...3}5&__[\..&.2.25@Jo.&‘)g}}biwdjb
}aJ‘Jrk@\\)‘ﬂw‘&bﬁjwéquSLSJSw
Sas S50 ol it slasl) boeand ol ol o ans oo
S ks 5l (25 gl sles 5 e e Sl L (15155
s bacwld bl 5 e 8 0 58 Salns ol Bl
o phaie o gl s 50 o 55w (slse gl
G5 L) 0/Y 50/ L oSS i i 40/ anksd
oF s L L1815 e oty JLid S (F lm Jaal 2
o2~ Ll s (Rathakrishnan, 2019) s 55 oo lag aib Ll

S sl o BT 398 sbwnd ol o L;)U@a\u..:
cbd-:ﬁ}ﬂu\.o.bb}as‘xcjéL‘LJ)\JJS):uﬁvL;v‘J:u

3gben i ¥ dslas &) 50 4 (PolPr)s

P—O) = (1 + EMez)E ()

CASAT Zoms 5 (PofPo)s Tl sas (6l S sei )
Ll VN SY/N s s

Sz ly glos 4 Vb los s V7 Sl > s
3380 25 5 4 (TolTh)s

Toy _To Te

(Tb3— —(1+y7_1><M2)>< @)

Te  (Tp)z
1= (1 +y2;1>< Mz)

(To) O/ asdad 4 (3505 gl glos (053 hade 55 gl

% Back Pressure (BP)

Water and Wastewater

Vol. 36, No. 4, 2025

Sl S LS 4k (nl law 5 4505 0 ss cnl e
el oty D go shysle 0 s g g5ke Sl 6350

oS kb s (slad s 25 r sbadie sy w g L
Glhae oo lacie Lacas o 51 pbate (VTS 3 0 ankad)
d)&a\@%ﬁja.@\(v=\/m)
el V JSE 550 ()8 ankad ples |90 (2ole o (5alS

(Mi<1) &0 g 55le 51 3 (slopl 2 s e e 25
G=ob 3T 08U o8 Slasl b (Mp>1) s slske &
(Zucker and (¥ JS5) 5 53 gn ol 18151 S J3U (gl o2e

Biblarz, 2019, Rathakrishnan, 2019)

Sl Py

Fig. 3. Converging-diverging nozzle (Zucker and
Biblarz, 2019)

(Zucker and Biblarz, 2019) | 315 -1 Sen J5L-¥ JS&

$523 Bas b SS Sleslinal (ee 5 oode dile 0586

slacs o s 305 0l UL dy 55 25 2 dex
walss 53 0/5 B0/ gl 53 ol alie) &so gl
(Los o RalSLy) s s i (a8 5kt 4 (0 (018
oxb g B8 gl 0 Y S b b Sl sai s
Eslyoyr ol 03,5551 0 (1S aalsd 43 0/0e 37 4 S
Cel i5 7 5 ol el boule 35 0L~ 25 2
ey LS Eel Lo 5 5L s i 3llas Jlade o5
AT sl | iz s S st s ln sl

Cw‘a.&.id.’é's

! De Laval Nozzle
2 Swirl No. (Swirl no.)

VEF Ul o o,les 8 050



dx.doi.org/10.22093/wwj.2025.499350.3459

weygbaiody (SKealind glgn (ale s plusws 555 54

el F/VA KIKG-K 5 ) KITKG-K o5 5 4o s lastenl Ll L2
—F L) YY/EEOC ol eV S e o slos BMes] ST
G 583905 2 s (8 B sles sl 5 (YY/PY
G5 3 e ooz (20 A BLAD°C 1l Jacs o
Vsl 7 8 0 g (Seoliys Giolo o s Lo 5 5305 50

(v)
. kg kJ
] Tty XCp, XATy (0.09652) x(4.18 kg_K)x(23.64 K)
m, = = =
a Cp o ¥ATa (1 o) X85 K)
0.096 kg/sec

wabd 4 (63955 33 s gmmeS 2 A YL LB Ly

kg/m® ol s Ly gl wils ((Limansd I A L0 o) 6,18

/\d;wcﬂuﬁ)ﬁﬁédﬁ;r’ocﬁy;f‘\/\“'\
5}‘:@4“"\"“

% _ 0.096 kg/sec __ 3 _ ll_t
o = omorkgms — 001 m*/sec =619 )

V=
é\.& :J_c) Jsb n\f}lfclsﬁ.eck.a‘rjy 1) P C,v SSL
54 s Al B (500 Loyl 5 554 adslee ST ()

(Z2ucker and Biblarz, 2019)

. _ AP [yM oy (52
ma—ﬁ. ?(T) 2(y-1) (0‘)
ol s &S

w3 I, s 5 M SRy TtPEA i,
gloacad b oo (S slos (IS SLiS 0L 2 s phaile o
o ol bl Flosas ol o 6 2ol Jlid L S
SLes 5858 oz 20 ool 2 e s b J S5
LSS i o A Jaie8F e Pa JS s s TVAK S
o) B gea s e Jlaie 1,815 -1, K J5U
M LSl ], Sas e gl g b s sb e ¥/4 A M
el /M 56 s ol sl el s S s
(AdA) 55IS mhaws Colis 4 (25 5 hos ol S
ey d=don b dd b sl b 51wl V/EAYD L,

Water and Wastewater

Vol. 36, No. 4, 2025

Sl sl Sl (FY+ K)FYOC, (Fe+ K)YYC il
—AFC (VP K) NV eSS 2
T oo Caws 40 dslae Lulal Ly (VWY K)

Sl-1gn ()12 Jdes Cud b (npas Y-
gl ¥ Gl <l sl 3151 8e J5U Ak LSS sl
O - S SR IO I JERUN| PPN (N Sy WP
0 (5ol alad 5 s a8 Sy 31 L o001 55 5l sl cslis
d 0,0 ) S8 Gl Slai L 315 a8 ol (g5l
(05 Y sSmm 2T 093 55 5w 512) 3Y (ilasm Sl ol
sS4 5 b sd e e SES L
S 5los (b Ol 3 Olitl) (st (ol 5 S
5 anb S YW/SF °C ol cxeb ) sbts e Y 5S

2553, ¥OC las
Slsp o2 0Lz o Gl Sl Jae S 5525 55 L

Slaie (2410 r—’“’) HSSats 53 (58 (P 5 S 5 e
FolsTa s syt catls s slos Loy o Gtle
Tt 4 3,50 OF o b (5 5 8l 0 535 VU
39l Cws w5
mhy, X Cy X ATy, = 1, X C, X AT, *)
ol s &S

RRP PPYCYO (X SUVRUI P JOPRUC Y U WL P PR
S bz 5D o 5 QAT 5 G T s
S ey i) e Loy Mzl 5o505 ol S
b sto s bas dn g L8 I s Ol ad 5 0 e Y S e
oo o&aes 51 Ry ol s .2l (+/) kgifsec) Ve - Libr
S ai sslaze! (Omidi Kashani, 2015) ¢ g 55 s &
Y ol ) YO - M J5S (gl i ¢ 5 Sl 3
Sl s el e (moy S8 435 | iy Sl izl s
b ey 3,558 A s ol 05 4 O Y S
Y o005 md V0 o g b ol g osd oo atasn
iy = =2 =) (e e O 2 V0 Sl o3V i
ol s lem ol S slacsd b syt S5 (0.084 KB/gec

VEF Ul o o,les 8 000

VoA



q dx.doi.org/10.22093/wwj.2025.499350.3459

S ol ol5es

OTJJ'(S
$lip T 5 5 baoma 51550 192 2 S5 4 B 5y

Fig. 4. Model of workpiece No. 5 using SolidWorks
software

)\J'é\rJJ SS L0 8 ankd 3hens asle Juu-F JSE
Sossadle

Mach number = = = P/Po

25 1.2
2 1
0.8
15 A
0.6
1 -
+ 0.4
0.5 1 + 0.2
5 r r r 0
-0.01 0.01 0.03 0.05 0.07

Piece length (m)

Fig. 5. Profiles of Mach number variation and upstream
pressure to stagnation pressure ratio along the workpiece

O 55w b 4 5lid S 5 Flosae ek gl ld s -0 JSS
o8 arkad Job js VL

dq\ /Iq,

I
-

Fig. 6. Schematic of air flow across the width of the
wet pad (He et al., 2014)

5 b (20 5l e 0l 2 Sl -F S
(Heetal., 2014)

h, = Cp, . Ty + w. (Cpsac - T, + hy) (\Y)

Water and Wastewater

Vol. 36, No. 4, 2025

Gb e e J3g 5 g oad b S 5 s 0 /Y M, b
ol a8 8, ks s (Wongcharee et al., 2020) o3
S bl o son (25 J5U phie mhe bl ola ol
P E PO [ RPRCUR [T SPPRW W Y
J= 5 5UT (6l m Sl 138l 5 o B S5 500
53 dadad ol s caakad Q—i‘)-"}“ot—.‘:’.gi:‘@-’bﬂn')‘%ﬁ

PN SNCH TP D I ST RCHEN ERUU [

S g aahad | Jb s bt (gt SSL (5050 sls0
1 en J3U S o st as b Jae sl Ceand
b s ol 55 S 5 28 5 Las sl i &S ool 131
e O S5 D oy Sl 5 S&as! o5
L D50 5l e b oo s o5 sanline (5 5b len
el sl pon e s 1581 5 St slos 1ol JLis a8
it 4 gl pha st Ld g5 J5U 4 semme (g5ludn

syl (5‘4:.:....3\.5—4.1[.; u‘l‘.j)b.a'.' . )‘\k;.._.g.s\.u:g

F b 2L oledue -Y-Y

Slos 895 2 O Y 5S e %‘T slos 2alS 31 s o shted
L 5 e 55 = 355 sl s3ledim o S (5050 sl
nad bl 5 ols § S

JUasl 5 i sl 3= oas (2,8) ol s sas )
wad ool 3ole S0 5 e 5 g5 gls0 o D0l >
DS 55 o 5l 25 563555 O3 VS s 2T (glos Y
(15 (Soolis (ol s s Lo ) 55 s gl il
Sl 20 55 G Ooson i 0Ly 28 Ll
ol sls b5 ¥ Jss b X culis S (b s (X ce2)
() s 2l ol Jos 5 (AT) e gmems 51>
7S b 5l e S 6l 5 655 gl dslae Ol 50
Cils Ve dslae O pos

m, .h, +dq, — dgq; = m, .(h, + dh,) - ()
—m, .dh, = dqs — dq

Solidworks 2013

ANSYS FLUENT 2021R2
Lewis Number (Le)
Sensible Energy

1
2
3
4
® Latent Energy

\-#ML@)&,:T O
\Fe ¥ dhﬂbf UL».Z.Y‘? 099



dx.doi.org/10.22093/wwj.2025.499350.3459

weygbaiody (SKealind glgn (ale s plusws 555 54

Casby s Sis glos a8 555 Jo Oleses ssbe olsin
2SI LXEL 5X20 G an e dol b 0 6o 50 s1se Gl

2l L oYsla ol do 5l Jols s iacons gl
1 0 VS o Sl glos i 14800l d s it a3y
@l bl -l 6l 5 e 5l 2 5 Gl gles 50
o o 257 Sl B 5035 ey (655 Dy pot Dslite
o sles ;81 s (He et al, 2014) 555 o siss 4 55
St glos w55 Ol 058 (28 e (Tw) O sem Y S e
35 dame 3l sge (bsslylee Gllae o) 5 6o slse
los sets s Shay 5 e 51 (25 5 shatie 50 Suleiss
S5 a5l 553 sl sl 555 1 0 VS ee O
Ol Lol 5 s 5 it Laoms 5 slos il ) 4y 2> s
oSl air s 5 (Sl W/FFOC Ll s ol e
3sA°C ghly L2alSL(FOC 51 Y °C Y+ °C) st (g 5loasgs
Vo ol ol Cmsb s IS8 ol 5o o S anlia ¥ S
o (89949 &b S s gead o8 cbao s
sl 20l (53 ae 00 CC LY

)JUTOH}JJ_.aAju_.&iLAJMCA_QBJbMLm—f—Y

Oy Y 58 e O il slabes

=95 56390 Glep Sz slos olal ol 2o b

(Heetal, s>5i o janin)d ddslae SSL 5 Lo

2014)

Qc = my . (Tay — Ty2).Cpa (\a‘)

S i il L aS aas e plti | Jpas ol

Stz Gl 5 b (tole e b 0 e Y S

G an Bkl b i gus S o bl T s b
* . M T . . e . e Y T s

iabom Cod b o Ba Ol B S G Soson Sl ans

(Heetal., 2014) s 55 o0 iy 25 ¥+ dslas 3.b

2 Specific Water Consumption (SWC) (rate of water consumption per
cooling capacity (kg water/kW-sec)

Water and Wastewater

Vol. 36, No. 4, 2025

QT).)iS
Ll s ol st 5 e o, 55 why 5w
Cod b ok el Gy s ) dolee 5l (S Jesl s

dh, = Cp, .dT, + dw.(Cpga. T, + 1) +
Ww. Cpgae- dT,

(\Y)

. . W .
Sl Ol 5 S gy 9 s <A Llde sl

%zAw-kh-(Ta_Tw) (\\”)
dq; = dmy,. hg; = (m,.dW). (Cpsar Ty + hy) (\f)
=2 g (T,) — W] (10)

bl 45 &

Ju;.;‘)}:ﬂé ‘JSCE“CA,LM ‘.:A.:SJ:QTW jTa 5km 5kh ‘AW
O3 S s O (5Las 5 1ya sl g JUil 5 86 o1 >
Gl 5o L plsl Lyl 5o allan by o sy caizs

(Don and Robert, 2008) =.ils ol 5i e V7 dhslaa - 15

7258.2
Wsat(Tw) = exp (73649 - m -

7.3037 .In(T,, + 273.15) + 4.1653.107¢ . (T,, +
273.15)2)

(V%)

csls Q‘};@ 5 VYdslas (Le) u“':i)J sas sl p @Jl’ 5

kp
Le = \Y
(Cpave+w .Cpsat)-Km ( )

LSJL“°°L‘ 9 Vo adsles BE) VFLVY oV¥sle 6J\.'x_<6\_? l_a
cls 1) VA dsles ol 5 0

(\A)

dT, 1

Aw dw B
dx ~ Cpa+Ww.Cpsat '(kh'm_a Cpsat dx) (T — Tw)

5 il es S Vslaa s oSl 58l 5 S
ol 5 e L S-Sl s oSS L (VA BYO) Ul

! Mathcad

VEF Ul o o,les 8 000

‘Y.



\ dx.doi.org/10.22093/wwj.2025.499350.3459

S (gl o3

3R eask Ghad s 5 o lo e b b Jlaie - Ju
Table 1. Cooling capacity values and seasonal energy efficiency ratio

Seasonal energy efficiency ratio

Cooling capacity (Q., kW)

(SEER, BTU/W-h)

Optimal cooler (circulating

Optimal cooler (circulating

Dry ambient Base cooler water cooling) Base cooler water cooling)
temperature (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
(relatj)ve to 50 0 +41.6 +73.7 +98.2 0 -7.6 +13.2 +29.2
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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

Sl w2 5 s 51 (2,5 e sles Ol -V IS
OV 5S s o il glales (gl s oo St

ni, (W,-W;).3600 _ (W,—W;).3600

SWC = 2w —
Cpa (Ta1—Taz)

Qc - Cpa (Ta1—Taz).tha -

(Y+)

d:@“bb&%yv@jSEERJ\MW

- Q. (kw -
COP = g=- (%) - SEER = COP x (Y\)
BTU
4312 ()
OT BL 45

il B b Jlade ol B ae S S ol s Eelec

Sl iss G e iy, KGN O G e ¢ 5 (e, KW)

VEF Ul o o,les 8 050



dx.doi.org/10.22093/wwj.2025.499350.3459

wepglaiady (Seolind (slso haleyus s 655 54

IS TPYE JSRE U J &A lae =Y Jsa

Table 2. Water consumption rate and specific water consumption

1Y

Water consumption rate (m,, kg/hr)

SWC

(SWR, kg/kW-hr)

Optimal cooler

Dry ambient Base cooler (circulatin Base cooler Optimal cooler (circulating
g water 2
(°C) temperature (water cooling) (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 2851 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 2.43 151 1.05 0.79
% change (relative
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