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Abstract

The natural draft dry cooling tower (NDDCT) is lesled to be
the only cost-effective option for cooling systerfgeothermal
power plants proposed by Queensland Geothermabgi@entre
of Excellence (QGECE). By reviewing literatures rethto the
design of NDDCT, the effect of crosswind on the loap
performance of NDDCT is not considered in conterapor
design theories for cooling tower system. Prattipgrations on
NDDCT showed that the crosswind larger than 1 mlshaive a
profound effect on the performance and that cabeateglected,
especially for small size NDDCT.

A study on the performance of a 15m-high naturaftddry

cooling tower under different crosswind conditiaaspresented
in this paper. CFD models (both 2D and 3D) baseganous

media have been established for numerical simulataf the air
dynamics and heat transfer inside and outside dbéng tower.

The CFD results have been validated by comparingrehelts
under no crosswind condition with those obtainedhieoretical
calculations (1D model). 3D CFD simulations showkdt tthe
total cooling capacity of the NDDCT is unfavourabffected by
cross wind, and under certain conditions the hejattion in the
cooling tower can be reduced significantly. Thisntt matches
the results of similar studies on large NDDCT foundopen

literatures well.
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Introduction

Geothermal energy is one of the renewable energigsh can
supply the base-load electricity with no carbon ssioins [4].
Queensland Geothermal Energy Centre of ExcellenE(CE)
is researching and developing Enhanced Geotherrysie/®
(EGS) power plant in the arid inner land of Aus&alwhere a
natural draft dry cooling tower (NDDCT) is the bekbice.

In a NDDCT, the air is heated by the heat exchanghish are
arranged horizontally at the tower inlet so itsgignis less than
that of the air outside the tower. Consequentlytdteair is lift
by buoyancy force so that the pressure differeratevden tower
inside and outside occurs which causes continududicav
passing through the heat exchanger. The air flowtabilized
when two balances are satisfied in the tower: #®dynamic
balance that the sum of all flow resistances shealdal to total
draft force and the energy balance that heatsfeand by water,
air and heat exchangers are all same [9,11]. Thisali
fundamental of natural draft dry cooling tower e thasis for
tower design and sizing, however it does not carsidny
external influence in real operations such as,ntlest important
one, crosswind.

It has been already proved in both commercial dgjmers and
academic researches that the cooling performan®D&ICT is
affected by ambient crosswind to certain extentgste®natic

studies of the effect of crosswind on NDDCTs witle thize

larger than 80m in tower height have been carrigidby many

researchers. The methods used in various studies bea
catalogued into two groups: field measurement lbodatory test
[3, 5, 13] and numerical analysis [1, 2, 7, 12].9¢lof them used
the difference of approach temperature (Eql) asaisessment
of wind influence [6], and the similar conclusiomsvmade that
approach temperature decreases ovelC1[b] at crosswind

velocities of more than 10m/s, which will causengfigant loss

in power generation.

ATappr = (Two _Tai ) - (Two _Tai )cw (1)

Particularly in recent two decades, numerical asialys much
preferred due to the improvement in computationabdjpy of
computers. In these numerical studies, both th@2i3D CFD
model of full scale of large size natural draft dgoling towers
were established and simulated in all kinds of cemuial CFD
codes. The numerical results generally matcheexperimental
data well.

For small size NDDCT (less than 30m in height)sitekpected
that the effect of crosswind will be more signifitahan that in
large NDDCTs. Unfortunately as very few open pudiiens are
concerned about this question, to what extenteffiect will be is
still quite unclear.

QGECE is proposing a small EGS geothermal powert pléth
the net capacity of 100kW. The total energy transfécient is
estimated as 15%, so that total around 578kW of ineeds to be
dumped. A natural draft cooling tower with horizalht arranged
heat exchangers is planned for the cooling systethis plant.
The tower size required is 15m in height and 12mbase
diameter according to theoretical analysis [10]amithe design
condition that ambient air and water inlet tempaetare 20C
and 40C respectively in preliminary study. In order to ewae
the effectiveness of that tower under windy cood#, a
numerical study has been carried out, which isquesl in this
paper.

CFD model

The full scale 3D small NDDCT model is assumed agliader

with dimension of 15m in height and 12m in basergiter, while
the tower support structure is simplified as arayéir face with
certain pressure resistances. In preliminary CFDlissy it's

found that numerical results are influenced if giee of the
computational domain is small, therefore the cyiicel domain
with height 6 times and diameter 10 times thanctireesponding
dimension of tower is used to acquire the acceptabturacy of
the simulation results [8]. Figure 1 shows the nhatimension
and the related boundary conditions.
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Figure 1. Geometry of 3D model

The heat exchanger bundles are modelled by radiatiomporous
media boundary condition (as Figure 1). The formsienulates
the heat transfer at the rate expressed as Eq2thendatter
represents the pressure drop in heat exchangersh wisi
calculated by Eqg3.

q="h(T, -T,) ©)

Whereh, the convective heat transfer coefficient is acfiom of
air velocity and heat exchanger parameters.

F :_(/Jevi +C1p‘/i2j @)
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Wherea andC are determined by the pressure correlation of heat
exchangers. So that both the heat transfer ratt (hex q) and
volumetric pressure loss can be related to thdlair velocity

and the correlation factor in these equations aterthined in
theoretical analysis. Subscripin Eq3 denotes any direction of
Cartesian coordinate. Very large values:@ndC are set for two
horizontal directions to prevent air flow in thed@ections,
leaving only vertical air flow in porous media zone

The CFD calculation uses the incompressible air mode
associated with Boussinesq's approximation to reftbe air
density difference caused by heating. The disattim scheme

is second order of upwind scheme and the segredgaethm is
set to pressure-based SIMPLE. The air flow turbegemodel is
assumed as realized ekmodel. The model is simulated by
solving a serial of conservation equations of ptslsquantities,
whose general term is expressed as equilibriumoofvective
term with the sum of diffusive term and source term

div(ovg) = div(r¢grad¢7)+ S, (4)

The expressions ¢, rwand Sw are shown in table below.

Expressions for governing equation (Eq4)
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Grid-independent test for the model has been doddaund that
calculation results don’t improve further when totells are
more than 3,500,000. The calculation is iteratmdnfiore than
15,000 steps and converged when the scaled residoalall
variables (except energy) drop to the order of Hhd the
monitored variables remains constant.

CFD results and discussions

Simulation runs at the condition that the crosswépeed varies
from Om/s to maximum 18m/s at the reference elewabf 10m,
which obeys the power law profile:
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When there is no crosswind, the temperature corgodrvelocity
vector field are shown in Figures 2 and 3. It igrs¢hat both
temperature and velocity distributions displays yanmetric
pattern. The CFD results have been validated bytmeparison
with the analytical ones. Both the results matchequell and the
relative error in total heat transferr€ at the radiator is about
0.03%.
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Figure 2. 3D streamlines at no crosswind condition



Figure 3. Temperature contour at central vertica$s section at no
crosswind condition

With the existence of crosswind, the airflow insttle cooling
tower is influenced as expected. Figures 4 anc% she airflow
3D streamlines inside and under the cooling towertae air
temperature contour at the central vertical crestiegn of tower
at various crosswinds respectively.
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Figure 4. 3D streamlines inside and under coolimget when crosswind
speed is (a) 2m/s, (b) 4m/s, (c) 6m/s and (d) 8m/s.
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Figure 5. The temperature contour at the centraicas plane when wind
speed is (a) 2m/s, (b) 4m/s, (c) 6m/s and (d) 8m/s.

The vertices have been seen inside the coolingrtatgigh
speed crosswind as the fig shows. The vertex artoygper part,
which can be referred to as the ‘cold inflow’ usyalssessed by
Froude number [9], occurs because upward-flowirigairatream
is slower than outside wind so that it cannot brbagugh the
‘wind lid’, but gets cooled immediately near thever mouth
and, thus, some of air sinks back into the codiavger. While at

the tower bottom, hot air at the windward sideusked down
because a negative pressure zone occurs undethedtbat
exchangers when crosswind passes by at a high,spredde-
enters into the heat exchanger bundles at leevided Bhis
process repeats many times for some part of ainifay a hot air
circulation, which makes heat transfer in this oegiather
complicated. Further analysis found that the saagffect under
the heat exchangers is the dominant factor thetesathe
vertices.

@ Qe M3

700 | 60
600 // o

vy

S~

500 ‘\ a0 £
= 400 2
X \ L 30 8
5 N, g
< 200 A 20
[}

100 - 10 =

0 1 1 1 1 1 1 1 1 1 0

0 2 4 6 8 10 12 14 16 18
Crosswind velocity (m/s)

Figure 6. The effects of different crosswind on BIN®DCT

Quantitatively, the net air mass flow rag as well ag); at the
radiator are monitored. Here net air mass flow mataccounts
for the net value of it at the radiator face, whétfuals the
upward mass flow rate minus the downward one ircttse when
inverse air flow occurs at heat exchangers. Figushows the
differentm,, Q, under different crosswind conditions. The air
mass flow raten, decreases quickly at crosswind speeds 1-5 m/s
and then shows a constant flow rate when crossigifabster than
10m/s. And the heat dissipat@ddeclines along with the rise of
crosswind speed at first and reaches its lowestt @bicrosswind
speed around 5m/s, then it increases with the aseref the
crosswind speed.

The unexpected rally @, indicates the heat transfer of heat
exchanger bundles have been improved under higkdspe
crosswind conditions. In fact downward air flow gtsiat heat
exchanger face, as a result a part of radiatoribehffused in the
passing-through air flow underneath the heat exgéian Hence,
the total hea®, actually is the sum of heat transferred by the air
flow through the heat exchanger caused by the finafé of the
tower and the air flow under the heat exchangese@lby the
crosswind. In low or no-crosswind cases, heat jpig&in through
the tower inlet is negligible, but when wind spéed0m/s or
more, that heat dissipation becomes so signifit@ttaccounts
for larger part of total heat transferred. Thigpbmenon is
seldom seen in large NDDCTs because large toweiges
relatively large draft force for hot air, so thatrmal crosswind
cannot cause inverse flow at heat exchangers.

Conclusions

The crosswind effect on cooling performance of $siaé
NDDCT is examined in this paper. The heat exchahgadles
arranged horizontally at tower bottom are simulatét a
combined model of radiator and porous media zoimul&tions
under different crosswind speed indicate that #re kransfer in
cooling tower has been affected by crosswind dicanitly:

1. the air flow filed inside tower is disturbed bgrizontally-
flowing crosswind forming two major vortices andidmse air
flow. And further investigation shows the main @a®f this is
suction effect underneath the heat exchanger ierttattom.



2. when there exists inverse air flow, the totatheansfer
between heat exchanger and@iiris not uni-directional, instead
it can dissipate through tower outlet and towestirdt the same
time. So it is more important to exami@e in this case.

3. Along with the increase of crosswind speed tdit@ heat
transfer decreases first, then turns to rise arallji exceeds its
original value at no-crosswind case.

4. total transferred he&r could decrease by 37% compared with

no-crosswind condition at crosswind speed of Smifsch leads
a significant drop in net power generation under ¢hoss wind
condition.

Reference

[1] Al-Waked, R. & Behnia. M., The performance of natural
draft dry cooling towers under crosswind: CFD study,
International Journal of Energy Research, 28(2), 2004, 147-
161.

[2] Al-Waked, R. & Behnia. M., The effect of windbreaklisa
on the thermal performance of natural draft drylicgp
towers, HEAT TRANSFER ENGINEERING, 26(8), 2005,
50-62.

[3] Derksen, D. D., T. J. Bender, et al., A study oneffects of
wind on the air intake flow rate of a cooling towBart 1.
Wind tunnel study, JOURNAL OF WIND ENGINEERING
AND INDUSTRIAL AERODYNAMICS, 64(1), 1996, 47-59.

[4] DiPippo, R.,Geothermal power plants: principles,
applications and case studies, Oxford, Elsevier, 2005.

[5] Du Preez, A. F. & Kroger, D. G., EFFECT OF WIND ON
PERFORMANCE OF A DRY-COOLING TOWER{EAT
RECOVERY SYSTEMS & CHP., 13(2), 1993, 139-146.

[6] Du Preez, A. F. & Kroger, D. G., The effect of tineat
exchanger arrangement and wind-break walls on the

performance of natural draft dry-cooling towersjsated to
cross-winds,JOURNAL OF WIND ENGINEERING AND
INDUSTRIAL AERODYNAMICS, 58(3), 1995, 293-303.

[7]1 Fu, S. & Zhai, Z. Q., Numerical investigation oétadverse
effect of wind on the heat transfer performancenaf
natural draft cooling towers in tandem arrangem&@TA
MECHANICA SINICA, 17(1), 2001, 24-34.

[8] Franke, J., Hellsten, A., Schlunzen, et Réommendations
on the use of CFD in wind engineering, in COST Action
C14: Impact of Wind and Sorm on City Life and Built
Environment: von Karman Institute , Belgium, 2004

[9] Kroger, D. G. Air-cooled heat exchangers and cooling
towers, Tulsa, Okl, Pennwell Corp, 2004.

[10] Lu, Y., Guan, Z. et al. (2011). Development of Smal
Natural Draft Dry Cooling Towers for Geothermal Powe
Plants, inThe 15th IAHR Cooling Tower and Air-cooled
Heat Exchanger Conference: Beijing, 2011, 308-316.

[11] Pring, E. J., Hill, G. B. et alCooling towers: principles and
practice, London,Boston, Butterworth-Heinemann, 1990.

[12] Su, M. D., Tang, G. F. et al., Numerical simulatafrfluid
flow and thermal performance of a dry-cooling towader
cross wind conditionJOURNAL OF WIND ENGINEERING
AND INDUSTRIAL AERODYNAMICS, 79(3), 1999, 289-
306.

[13] Wei, Q. D., Zhang, B. Y. etal., ASTUDY OF THE
UNFAVORABLE EFFECTS OF WIND ON THE
COOLING EFFICIENCY OF DRY COOLING-TOWERS,
JOURNAL OF WIND ENGINEERING AND INDUSTRIAL
AERODYNAMICS, 54, 1995, 633-643.



