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ABSTRACT

Wind deteriorates the thermal performance of natural draft dry cooling towers. In this study, the
thermal performance of two'side-by-side natural draft dry cooling towers with an elliptical radiator
arrangement was numerically compared with that of a conventional circular arrangement using
three-dimensional CFD simulations. Results revealed that the presence of an adjacent tower leads
to a reduction in the heat transfer rate of each individual tower compared to the single-tower
operation, highlighting the significant impact of flow interference between the towers. However,
at wind speeds of 7 and 10 m/s, the elliptical arrangement outperformed the circular layout. Under
high-wind conditions, the elliptical tower improves the thermal efficiency by approximately 18.2%
to 29.5% compared to the conventional circular tower. Detailed flow field analysis revealed that
the enhanced passage of warm air over the rear radiators in the elliptical arrangement increased
the average temperature gradient along the‘lateral surfaces of these radiators, thereby improving
their heat transfer rate. The findings suggest that'the optimal radiator arrangement depends on the
prevailing wind conditions at the installation site.and plays a critical role in improving the thermal
performance of natural draft dry cooling towers.
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1. Introduction

Power generation in thermal power plants is highly dependent on the condenser pressure,
which in turn is governed by the inlet temperature of the cooling water. Unfortunately, erosswind
significantly deteriorates the thermal performance of such cooling towers, resulting in reduced
power generation as explained above. We et al. [1] showed through numerical simulationsthat two
main factors contributed to the reduction in cooling tower efficiency. Several ‘approaches have
been proposed to mitigate the negative wind effects on NDDCT performance. Extensive research
has shown that solutions modifying the flow pattern around the radiators are generally more
effective. Goodarzi and Ramezanpour [2] proposed an elliptical arrangement of radiators.instead
of the conventional circular layout. They showed that an elliptical configuration, with its minor
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axis aligned with the wind direction, enhanced the thermal performance of the cooling tower under
cresswind conditions.

In'practice, a thermal power plant typically employs multiple cooling towers may operating
side-by-side. A review of the above studies reveals that a vast majority of previous works have
focused-on.mitigating the adverse effects of wind on a single cooling tower. However, considering
that a thermal power plant typically employs groups of cooling towers, the mutual aerodynamic
and thermal interactions among towers have received relatively limited attention. Recent research
efforts have primarily focused on the use of windbreaks, the first and the most common mitigation
techniqueon groups of adjacent cooling towers [3,4]. It seems that there is a gap in the knowledge
of the potential positive effects of other proposed strategies, such as using non-circular radiator
arrangements, which have not yet been explored in multi-tower systems. Therefore, the novelty
and contribution of«the present study is to numerically investigate the influence of the elliptical
radiator arrangement, originally proposed by Goodarzi and Ramezanpour [2], on the thermal
performance of two _side-by-side cooling towers compared to the conventional circular
configuration.

2. Modeling

The airflow inside and around the coaling towers is assumed to be steady, turbulent, and
incompressible. To take account the buaoyancy effect arising from small density variation between
hot and cold air, the Boussinesq approximation is applied in the vertical momentum equation.
Turbulence is modeled using the standard k'— & model. The radiators are modeled as zero-
thickness porous surfaces with a prescribed-hot-water temperature. As the air passes through these
radiators, it experiences both temperature rise and pressure drop. Accordingly, the effects of the
radiators are represented by momentum and energy source terms in the governing equations.

Governing equations along with their corresponding”boundary conditions were discretized
using the finite volume method (FVM) on the eonstructed computational mesh and solved with
ANSYS Fluent software. The SIMPLE algorithm was employed to couple the velocity and
pressure fields and to solve the resulting set of nonlinear algebraic equations.

3. Results and Discussion

An indicator called “thermal improvement percentage” was introduced, defined as:

Qelliptical - Qcircular (1)
circular

The numerical results of both thermal efficiency and thermal improvement percentage for all four
configurations are summarized in Table 1. According to these results, ali“three elliptical-tower
arrangements exhibit higher thermal performance than the conventional circular arrangement at

wind velocities of 7 m/s and 10 m/s. At lower wind velocities (3 m/s and 5 m/s), .thermal
performances of layouts 3 and 4 remain comparable to that of the circular layout:

Thermal improvement (%) =

Moreover, the thermal efficiencies of all three elliptical-tower configurations at wind velocities of
7 m/s and 10 m/s are even higher than that of a single isolated circular tower without the presence
of an adjacent tower. Additionally, comparing the thermal efficiency values of the circular tower
in Table 3 with those shown in Fig.7 reveals that the efficiency of an isolated tower is higherthan



that of a tower located adjacent to another, confirming the negative aerodynamic interference
between neighboring units.

Table 1. Thermal efficiency and percent of thermal improvement of elliptical cooling tower at
different wind speeds.

Wind velocity (m/s)
3 5 7 10

Coaling tower cross section Performance

Circular Thermal efficiency (%) 88.1 749 620 68.0
Hiptical Thermal efficiency (%) 819 66.7 73.3 88.0
Elliptica Thermal improvement (%) -7.0 -10.9 18.2 295

Fig.1 shows polar curves depicting dimensionless distribution of outlet water temperature
leaving radiator at four_different wind velocities. It shows that there is possibility for warmed
intake airflow to cross the rearward radiators out, which may make non-proportionality between
intake mass-airflow-rate and‘cooling capacity.
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Fig.1. Dimensionless distribution of outlet water temperature leaving radiator at different

wind velocities.

Flow details inspection reveals that, for the center-to-center spacing between the two towers
considered in this study, the presence of an adjacent cooling tower has only a slight influence on
the flow field of the other tower, although this‘interaction becomes more noticeable at higher wind
velocities. Nevertheless, the aerodynamie interference caused by the neighboring tower is more
significant in the case of elliptical arrangement.

4. Conclusions

The main findings of this study are summarized as,follows:

Due to the smaller cross-sectional area of the elliptical cooling tower compared to the
circular type, the mass flow rate through the tower under no-wind conditions decreases,
leading to a 3.8% reduction in heat transfer compared to theé conventional circular tower.

The side-by-side elliptical configuration exhibits higher thérmal efficiency than circular
towers at the wind velocities of 7 and 10 m/s.

Under high windy conditions, elliptical towers arranged side=by-side’ can enhance thermal
performance by 18.2% to 29.5% relative to the conventional citcular configuration.

The formation of quasi-stagnant regions and the outflow of warmrinternal air through the
rear radiators reduce the average temperature gradient over both sides of radiator surfaces,
and are identified as the main causes of thermal efficiency degradation.
The cross-sectional geometry and spatial arrangement of the towers directly affect these
regions and consequently the averaged thermal gradient over the radiator surfaces:
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Fig.3. Flow-field dimensions and boundary conditions at design operation.
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Fig.4 Flow-field dimensions and boundary conditions at windy gondition.
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Fig.5. Details of the polyhedral mesh in the plane corresponding to the tower symmetry section.
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Table 1. Constant thermophysical propertiesand parameters used in the numerical simulations.
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Table 2 Grid independence analysis.
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Fig.6. Variation of thermal efficiency of the circular cooling tower with wind speed.
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Fig.7. Variation of echimney mass.flow rate (right) and thermal efficiency (left) of each of twin
cooling towers in side-by-side arrangement.
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Table 3. Thermal efficiency and percent of thermal improvement of elliptical cooling tower at

different wind speeds.
(WD yoryes

O flos  z g ahado
& \4 [\ Y
FA- Y[+ VEA AAN (9%0) &,y slonily S9xls
AN YYIY SRV AVA (9%0) &,y slonily

YO  YAY O -V =Y (%)@ﬂpbil St Sy

S (5lylop 85lul g Sz oy b8 WS (o0 S5 S LS 4 by sl sl 4 S slajlop @je 5l eolinul
&5 oo LB L Jelou cnl Bl asls Wheshsl) 55, @)l JUSH Bgsle avw polie 5 (S Jlow doygilisl; ©jolone o
Sl dalgS 1093 p (6 he dllyids 5 D8 Sl Les b (65 Sy sl
S ol o aileass eols ylid adliy o Vool e L b ya lose 5l amis 90 10 Cep slajlop g Lo calb A ISC2 o
£l )| o aslllas o550 (88 prlan ol oaiifonls yLispa ba,gibal, A8 YE slaglhss 5| g5 O ano slod @i cuimon
sy el 0dl Ol (S SUS 7 swnie )l e G (0ges s Cawl ouls ORI ) maw 3 g0 V-
LA IS5 5 ol ool il on Syt (T sla s o0 St ol 5 dmdise Gl Sl Shie 5 oo i
ol 29 g0 0)ls o S & (S SiS g gy 5] 85 Bloe bz Slake (s ol 58 Wlead et K jud gladil>
lpe Bl i )8 Lol Jl pge il §icans Dpgar Ol Jl sl JBg5le (e cnl slaygilsly o
JUS! pogw B g5l 092 e 5 0 5 g Sl9p (o GoSw MRl (A5 ol 5o A5 GBS e GlaS oo Les laciil (o)
a5 el ,glol b 48 lon o) sloaY syzg anl Bl 032l gilol, 2,1 Caa 1 35 o) slep LY S w)l,>
P Soglre 53 Gl wed oo Gl A S5 ol walss ol JURIE S alS 4z o g je5ksly Byb go 0 Les (Lol S
sl @ gyt 50 5koly e Slilse 4 @ JFS 4 ol 0l 5 BT Slgsisl o san TS En e byl
2 0lsS A JS8 53 Laygiboly cnl 5l (g ol amier sles g9 8l Bl Sl > JUEI pg0 1S5k L (g cnl 5o 5l
so,ygboly o ol Jlatl wal jalS a5 aes o s b ygiloly 5l 2 B Ol dn@ b mis Jloged .l Bl oyl
Sl ggazme )3 9 AL S5 p Sy g sl Glayglsly (Sn e ol JESI SWERIBp san (SIS zr S
S sms e LS (s0as alae 3 e iy il 00 (53210 TS £ b ealie 95 Sl Jlil 5 0t S
Sz 45 Wiz om0y g g5 90 Sl oledily » NS, 5 hir Sl oSS zples 90Tl (S 8y S
S5 & 0ys il Sea sl )T (iS090 8)LST 9 po (I slals S slaplyr Ss7s 9 By 0SS il 79 858

el 00 zr )l O y° u)Lm dbo

\'Y



Temperature (K)

314 317

Vw=3 m/s
—Circular type —Elliptical type
1

207 24

~_ 23

6/
71
8 \-
9" VAR )\
5 7 (Twi-Two)windy <
10 T A
(Twi-Two)design
17 ] \ 18
12 14
13

Al e ¥ ool e 50 o ygiboly 5l e Ol am o sles qe g e sl )l g Los il A JSCE

Fig.8. Temperature contour with vector veloeities, and dimensionless distribution of outlet water
temperature leaving radiator at 3 m/s,wind velocity.
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Fig.9. Temperature contour with vector veloeities, and dimensionless distribution of outlet water
temperature leaving radiator at 5 m/s,wind velocity.
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Fig.10. Temperature contour with vector veloeities, and dimensionless distribution of outlet water
temperature leaving radiator at 7 m/s,wind velocity.
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Fig.11. Temperature contour with vector velocities, and dimensionless distribution of outlet water
temperature leaving radiator at 10 m/s wind.welocity.

‘&,bﬁwl)oowgw\;ﬂ@;ﬁ&aﬁb)jwy&bCﬁ)ijAmos.on AR UALS-L@JS\AZ@(_AY‘SQK.}
3 pss (SSiS gy yei 53l 090 o0 i ugmaine Sl ks T3 b a5 sl 38,50 S0 @S S5 2y 59y bz Gl 2
el 055 1 59018 EPW s 5 i Sz ) Syan &5

&S 4o =0

Ol b Sad (S5 2 S slp Jglhite 550l ahie slras span alaie 5l osliiul cute 1 3b (et slagsh 5o
S 50 5 bz Ojgm Ysers (S5 slagy coe sl o (Jlo ol b el i 31550k (9l ns 8 rnlo
zr 50 Sl o See 5 0l e (Glislre SVL Sealis (s 5 s xSeske b pol eS0T el o ial SeSs
O 3 Syan ghie b (5SS gyl eolinul LT ogd asia 5 285 18 o)l 050 ol (55 Lulpd o e JLSH0S S
Lod ol 5 Ce o e @358 oy BB 3l Ol Ol SlSiz 3 GBs Julod pslate 4y et 00 s 55 (Slas )]
5 Jolate sonlo (S g g9 90 5 4 5l (AU Glacglis Jle b 28,5 )3 aslllas 9590 (S SuS slagp SlbI S
0y 2 Sygar Glgise ) Gaiod (5l Jeol> moe ladidl 09d e g (olulid sgan

\Y



By by 50 0151 y508 007 (2 sl Usone €95 b dalie 10 (Spdn o SiS g phiie s RalS cle 4,
Lawslio )0 saan (S 70 slo,siboly o &l Jlsl gawe o YA (ials cel ol cpl b oo (ials ol 339
Dgdge ol GB35 He kmlyd o (g9 nls Joers g5

slozy 5l Eitn Gl @ 4l 2 Ve gV ol lace s )0 ggdn (SIS slagn e LS )]
Wl gyl (S S

5ol Jgeme BT @ cans 1) 53> 25 ol ol slacie pu ;3 il oo ob JLS San (SSES slag p
s gwlidl as,o YA/O B YAY

4 S 2o, 3 VA, 5o @ 5 azgs BB O j5ar sgan (SIS 90 Sl el 4l e Ve ol Ce e o
s Gl onle Jsame (tal)]

Sz r )3 ryatg odligeacte ok Sy (RIBIL 6503 Jo Gl Oldes 2 jslre (SSEE g ypa U
D9 g0 yrbar Gy OS S

Tl Do 4 Sty sloygboli s, 5l DTS 0 (9)3 0ad 0,5 By )3 eizmes g (o DS (Pl JuSoi
Sl el ials Lol s 5 0add la,silinl, 5l azws ol b 30 40 Les bol,S awgie mals caely ()5 Sis
Losie Cales 55 5 o215 (i Sl NS, 5 5 Lol ] g 5 (S5 e JS5 i
Ayls baygiboly mlaw o Lo Lol,S

sl @l o] s s 53 0l b I et pos s Soins S S5 glnr yy cslin ol T bl

Qo)f ‘M 6‘)‘3 "\"‘9"6" YL u;‘ 5O el S Q)|).> JLS.J )lfb'Lw Aw g )Lsf).,.;‘l.: u"l’)} J.c‘j.c L;Q)M
b Sltign €55 3,50 5 e 5 ool Lt b G (sla il 5, it il nlS Ll slo (S,
2555 5,8

YA



'4

M2 dya 5 o

= e Joe ol ol s

M/S? il ol

KO/M.S® « ¥g,5 Joo s s 05
kg.mIK.s3 . sluls &) Jis! cu
T g M)

ME/S? 55 (St (555
kg/m? (Les ol ey o

kOIS .o o0

KQIM.S* « oi¥gry55 Jaa 52 a5 ¢ 5
kg/m.s? . Lzs

-l sl o az e ey
kg.m?/s® .ol > Jlasl & 5
K Lo

M/S e s

m . Jsb olaise

UK (5, blasl e o

M2S3 . i¥or)95 00l s (55,

M2IS (g5 5 ¥ )55 5l 3985 o
KG/M.S « JsSse s(omiVsty55 (Seilans 42555
M5« 58050 gV 8 SralifS iy 55
kg/m® . Ji>

- oY g o5 alolae o lailinl calps

kg/m.s? 4 a5 j5uils

lo,5bol; sl )l e e
99,9

55k, sl poiegs gie 05
Sgas

kel

&

1,55k, (sl n poiiege gie o5

<

(]
ko)
)

~<<1—|_Q-w-c'03~<7\_7\_—jm©mo

Sy e

T,

iy
v,V

0,,0;,0,

W)
hr
in
mr

rad
ref
sr

total



o w
owg¥l

& bl
0)le33 olia b oud Jlo i g d o +

&=y

[1] A.F.'Du Preez, and D.G. Kroger, Effect of wind performance on a dry cooling tower, Journal of Heat
Recovery Syst CHP;, 13(2) (1993) 139-146.

[2] Q.D. We, B.Y: Zhang BY,«.Q. Liu, and X.Z. Meng, A study of the unfavorable effects of wind on the
cooling efficiency of dry coeling towers. Journal of Wind Engineering and Industrial Aerodynamics,
(1995) 54-55.

[3] A. Klimanek, M. Cedzich, and R. Biatecki, 3D CFD modeling of natural draft wetcooling tower with flue
gas injection, Applied Thermal Engineering, 91 (2015) 824-833.

[4] L. Chen, L. Yang, X. Du, and<Y. Yang, Flue gas diffusion for integrated dry-cooling tower and stack
system in power plants. Intetnational Journal of Thermal Sciences, 114 (2017) 257-270.

[5] G. Yang, L. Ding, T. Guo, X. Li, W. Tian, Z. Xu, Z. Wang, F. Sun, J. Min, J. Xu, S. Wang, and Z. Guo,
Study of flue gas emission and improvement measure in a natural draft drycooling tower with flue gas
injection under unfavorable working conditions, Atmoespheric Pollution Research, 11 (2020) 963-972.

[6] M. Goodarzi, A proposed stack configuration for.dry cooling.tower to improve cooling efficiency under
crosswind, Journal of Wind Engineering and Industrial Aerodynamics, 98 (2010) 858-63.

[7] R. Al-Waked, and M. Behnia, The performance of natural draft dry cooling towers under crosswind:
CFD study, International Journal of Energy Research, 28 (2004) 147-161.

[8] Z. Zhai, and S. Fu, Improving cooling efficiency of dry-cooling towers under cross-wind conditions by
using wind-breaker methods, Applied Thermal Engineering, 26 (2006) 1008-1017.

[9] M. Goodarzi, and R. Keimanesh, Heat rejection enhancement in natural draft. cooling tower using
radiator-type windbreakers, Energy Conversion and Management, 71 (2013) 120-125:

[10] H. Ghasemi Zavaragh, M.A. Ceviz, and M.T. Shervani Taba,. Analysis of.\windbreaker-ecombinations on
steam power plant natural draft dry cooling towers, Applied Thermal Engineering, 99 (2016) 550-559.

[11] A.R. Seifi, O. Ali Akbari, A.A.A.A. Alrashed, F. Afshary, G.R. Ahmadi Sheikh, ShabaniR. Seifi, M.
Goodarzi, and F. Pourfattah, Effects of external wind breakers of Heller dry cooling.System in power
plants, Applied Thermal Engineering, 129 (2018) 1124-1134.

[12] M. Shirazi, and A. Jahangiri, 3D numerical study using three novel windbreak walls in natural draft dry
cooling towers for performance enhancement under various crosswind conditions, Thermal Science and
Engineering Progress, 25 (2020) 100971.



[13] M. Goodarzi, and R. Ramezanpour, Alternative geometry for cylindrical natural draft cooling tower
with higher cooling efficiency under crosswind condition. Energy Conversion and Management, 77
(2014) 243-249.

[14] L. Chen, H.T. Liao, X.W. Huang, L.J. Yang, X.Z. Du, and Y.P. Yang, Thermo-flow characteristics of
indirect.dry cooling system with elliptically arranged heat exchanger bundles around a traditional
circular cooling tower, Applied Thermal Engineering, 121 (2017) 419-430.

[15] M. Goodarzisand S. Moradi Maryamnegari, A new natural draft dry cooling tower with improved
thermal performance during windy condition, Applied Thermal Engineering, 139 (2018) 341-351.

[16] M. Goodarzi, and H. Amooei, Heat transfer enhancement in a natural draft dry cooling tower under
croowind operation, with heterogeneous water distribution, atw- International Journal of Nuclear Power,
61 (2015) 252-259.

[17] P. Dong, and X. Li, /A novel method integrating windbreak walls with water distribution to mitigate the
crosswind effects on natural, draft ‘dry cooling towers, Journal of Wind Engineering and Industrial
Aerodynamics, 205 (2020) 104318.

[18] H.T. Liao, L.J. Yang, X.P. Wu, X.Z. Du, and Y.P. Yang, Impacts of tower spacing on thermo-flow
characteristics of natural draft.dry cooling system, International Journal of Thermal Sciences, 102
(2016) 168-184.

[19] S. Ke, H. Wang, and Y. Ge, Interference effect/and the working mechanism of wind loads in super-large
cooling towers under typical four-tower arrangements, Journal of Wind Engineering and Industrial
Aerodynamics, 170 (2017) 197-213.

[20] S. Ghafari, and A.A. Golneshan, Wind Effects andthe Challenge to Enhance Thermal Performance of
Three Aligned Natural Draft Dry Cooling Towers, lranian_Journal of Science and Technology-
Transaction of Mechanical Engineering, 42 (2018) 347<354.

[21] M. Khamooshi, T.N. Anderson, and R.J. Nates, A numerical study‘on interactions between three short
natural draft dry cooling towers In an in-line arrangement, International Journal of Thermal Sciences,
159 (2020) 1-15.

[22] M. Khamooshi, T.N. Anderson, and R.J. Nates, Impact of tower spacing on the performance of multiple
short natural draft dry cooling towers for calm conditions, Proceeding of! Institute of Mechanical
Enginerring-Part A: Journal of Power Energy, 235 (2021) 885-894.

[23] H. Ma, L. Cai, and F. Si, Thermo-economic analysis of the impact of the interaction between two
neighboring dry cooling towers on power generation of dual thermal power units and the energy-
efficient operation strategy, Applied Thermal Engineering, 240 (2024) 122256.

[24] P. Dong, X. Li, Y. Yu, and Y. Shen, Numerical investigations on the start-up of a dual-tower system
under crosswind: Collaborative and competitive effects, International Communications in Heat and
Mass Transfer, 145 (2023) 106814.

A



[25] A. Jahangiri, A. Borzooee, and E. Armoudli, Thermal performance improvement of the three aligned
natural draft dry cooling towers by wind breaking walls and flue gas injection under different crosswind
conditions, International Journal of Thermal Sciences, 137 (2018) 288-298.

[26] J. Yan, W. Wang, L. Chen, L. Yang, and X. Du, Enhancement of Thermo-Flow Performances by
Windbreakers for Two-Tower Indirect Dry Cooling System, Journal of Thermal Sciences, 29 (2020)
676-686.

[27] X. Jiang, X. Zhang, S. Wang, R. Wang, P. Zou, J. Lu, and X. Li, Impact of Crosswind on Steady-State
and "Dynamic Performance of Natural Draft Dry Cooling Tower Group: A Numerical Analysis,
Frontiers in Heat and Mass Transfer, 22 (2024) 193-216.

[28] A. Jahangiri, My Ebrahim Sarbandi Farahani, G. Ahmadi, A. Shahsavar, A. Borzouei, and H.
Gharehbaei, Coupled CFD.and 3E (Energy, Exergy and Economical) analysis of using windbreak walls
in heller type cooling towers, Journal of Clean Production, 358 (2022) 131550.

[29] H. Ma, L. Cai, and F. Si, Numerical study identifies the interaction between two adjacent dry cooling
towers on fluid flow and, heat transfer performances of the radiators at different points of each tower,
International Journal of ThermalsSciences, 191 (2023) 108351.

[30] B. Gebhart, Y. Jaluria, R.L. Mahajan, .B. Sammakia, and M.M. Yovanovich, Buoyancy-induced flows
and transport, American Society of Mechanical Engineers Digital Collection, (1989).

[31] B.E. Launder, and D.B. Spalding, The numerical computation of turbulent flows, Computinal Methods
in Applied Mechanical Engineering, 33 (1974) 269-289.

[32] EGI, The Heller System, Budapest, (1984).

[33] M.D. Su, G.F. Tang, and S. Fu, Numerical simulation‘of fluid flow and thermal performance of a dry-
cooling tower under cross wind condition, Journal of Wind Engineering and Industrial Aerodynamics.
79 (1999) 289-306.

[34] M. Ghalamchi, Desingn correctness and efficiency assessments.on cooling tower of Shahid Montazeri
power plant, In 19" InternationalPower Systems conference, (2004)«(in Persian).

[35] ANSYS Inc. ANSYS Fluent User’s Guide, Release 2022 R2, Canonsburg; PA,USA, (2022).

[36] S. Patankar, Numerical heat transfer and fluid flow, CRC press, (2018).

Yy



