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Wind can adversely affect the thermal performance of a dry cooling tower. In this field study,
performance of Heller cooling tower and the use of guide vanes cascade at the intakes of the periphery
cooling sectors, which are parallel to the wind direction and have inadequate thermal performance, for
enhancement of the cooling tower performance under wind conditions were investigated. Wind
velocity around the cooling tower and water flow rates and temperatures at the cooling tower inlet and
outlet were measured. It was observed that the air suction through the tower prevented the flow
separation at the radiators locations on the tower periphery. Moreover, with increase in wind velocity,
the performance of sectors parallel to the wind direction on the tower periphery and those at the back
of the tower deteriorated. However, the better airflow distribution over the wind facing cooling sectors
resulted in about 20% increase in the thermal efficiency of these sectors with increased wind velocity.
Results further showed that the installation of guide vanes cascade caused more uniform temperatures
on the surface of the tower radiators and reduced their temperature by 2 °C, which was translated into
7% enhancement in the thermal performance of the cooling tower.
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NOMENCLATURE

A Heat transfer area (m?) %% Heat capacity (J/K)

Cp Specific heat (J/kg K) Greek Symbols

ITD Initial temperature difference (K) & Effectiveness cofficient
m’ Flow rate (kg/s) Subscripts

T Temperature (K) a Air

U Overall heat transfer cofficient (W/m’K) in Inlet

Q Heat transfer (kW) ref Reference

Vv Wind velocity (m/s) W Water

1. INTRODUCTION

cooling towers with enhanced thermal performance.
Su and Tang [1] used numerical method to

Air is the cooling medium in a dry cooling tower such
as Heller cooling tower. The thermal performance of
such cooling towers is sensitive to variations in
environmental conditions such as wind velocity and
direction, which can have detrimental effects on the
cooling tower performance. Hence, the study of such
factors is of great importance, both for the improvement
of the existing cooling towers, and the design of new
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investigate the thermal behavior of a dry cooling tower
under blowing wind conditions. Their results showed a
reduction of about 30% in heat transfer in the cooling
tower.

A more realistic scenario was investigated by Fu and
Zhai [2], who used numerical method to study the effect
of cross-wind on two in-line dry cooling towers. The
two-in-line tower configuration exhibited different
airflow and heat transfer patterns than the single
configuration, especially, when the wind velocity was
larger than 10 m/s. However, the latter study verified
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that the wind-induced around-flow destroys the radial
inflow into the cooling towers, and thus, significantly
deteriorates the heat transfer performance at lateral
sides. Fu and Zhai proposed use of wind-break walls to
break the around-airflow at both sides of towers and
force the surrounding air to enter the towers, resulting in
improvement in the performance of cooling towers.
Using a wind tunnel, Bender et al. [3] investigated the
application of wind-break walls for balancing the rate of
airflow into the cooling tower intakes with the aim of
preventing the formation of ice caused by cold and
windy weather. In another study, Al-Waked and Behnia
[4] applied numerical method and three- dimensional
analysis to investigate the use of internal and external
wind-break walls and the effect of perforations in the
wind-break walls on the thermal performance and
cooling efficiency of dry Heller cooling tower. Their
results showed that for wind velocities exceeding 10
m/s, the use of wind-break wall would increase the
thermal performance of the cooling tower by 30%.
Additionally, the location of the wind-break walls plays
an important role in the improvement of thermal
performance of the cooling tower. At low wind
velocities, installation of an external wind-break wall
would be more effective than using an internal wind-
break wall. However, at high wind velocities, an
internal wind-break wall would be a better choice. Al-
Waked and Behnia concluded that the best thermal
performance for a dry cooling tower would be achieved
with the simultaneous use of internal and external wind-
break walls. Wei et al. [5] investigated the effect of
wind conditions on the thermal performance of dry
cooling towers at Shanxi Power Plant (China). Their
results showed that an increase in wind velocity to 6 m/s
produced about 20% reduction in the air speed inside
the cooling tower. They attributed the reduced cooling
performance to the formation of unfavorable pressure
turbulence at the tower entrance, chocking due to
momentum difference between the air exiting the tower
and flow over the tower, and finally flow separation
around and inside the cooling tower.

Amur et al. [6] used field and experimental (wind
tunnel) investigations to show the positive effect of
buildings, acting as wind barriers in a power plant
premises, on the performance of the cooling towers.
Moreover, they applied numerical method to model the
wind effects on cooling towers. They noticed that the
tower thermal performance was reduced when the wind
was obstructed by another cooling tower.

Ardekani and Ranjbar [7] showed that under cross
wind conditions, acceleration of wind at the tower
periphery and the inadequate flow pattern through the
peripheral cooling sectors due to the semi vortex flow
conditions reduce the airflow rate through the sectors,
which deteriorates the thermal performance of
peripheral cooling sectors. In another study, Ardekani et

al. [8] showed that the rate of heat transfer in the deltas
in sectors facing the wind is about 20% higher than the
deltas in peripheral sectors. Kumar and Pant [9] studies
the behavior of steady flow of visco-elastic fluid
between two porous coaxial circular cylinders, which is
similar to the flow between the cooling towers. Also,
the investigation deals with high order suction
parameter. Higher Reynolds numbers, visco-elastic
parameters and suction parameter have also been
considered in the study. A numerical approach has been
used to demonstrate out the results and present them
graphically. Moreover, the wake flow behind a circular
cylinder and heat transfer in that previously been
investigated by Heidarnejad and Delfani [10] and
Mirzaee et al. [11]. Different methods and remedies
such as change in cooling tower geometry, use of wind
breaker walls, and smoke injection have been
recommended for performance improvement of cooling
towers. Madadnia et al. [12] studied the effect of wind
breaker walls on the performance of cooling towers
using wind tunnel experiments. Their results showed
that wind breaker walls can enhance cooling tower
efficiency by about 33%.

Eldredge et al. [13] used finite element method to
study the effect of gas injection on the efficiency of
cooling towers. They studied five factors, namely gas
flow rate, gas temperature, position and injection angle,
and the type of injected gas. They observed that the
temperature of the injected gas, which greatly increases
the bouncy effect in the tower, is the most influencing
factor in the cooling tower efficiency.

Wang et al. [14] constructed an experimental model,
consisting of plates arranged at various angles around
the model, to investigate the effect of guide channels on
the thermal performance of cooling towers under lateral
wind conditions. Their results showed that air mass flow
rate increased significantly, resulting in improved tower
efficiency. The first objective of the present
investigation was to carry out a comprehensive field
study to evaluate the effects of wind on the thermal
performance of a natural draft dry cooling tower
(NDDCT) in a power plant. The second objective was to
investigate the use of a guide vanes cascade as a means
of improvement of the performance of periphery
cooling sectors. In this study, wind velocities around the
cooling tower and water flow rates and temperatures at
the cooling tower inlet and outlet were measured. Based
on these measurements, the thermal performance of the
cooling sectors, before and after the installation of the
guide vanes cascade, was determined under wind
conditions.

2. FULL SCALE MEASUREMENT

The present study was carried out at the site of
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Montazer Ghaem Power Plant (Karaj, Iran), which uses
three Heller dry cooling towers for its operation.
Accordingly, cooling tower No. 1 (C.T.No.l) was
selected for this investigation.

Figure 1 shows the schematic of the cooling tower
No. 1 and the arrangement of the cooling sectors (No. 1
to 6). The wind velocity was measured at a reference
point, located at a height of 15 m far from the cooling
tower. The field measurements were performed during
the 2012 to 2014 summers, mostly in the morning
hours. Wind velocity was measured using blade and cup
types of digital anemometers (TERMINATOR TAM
618, LUTRON AM-4220, respectively), and wind
direction around the cooling tower was visualized using
tufts. Measurement errors associated with the
anemometers is about 0.1 m/s.

A four-vane cascade of 3 m height, 1 m radius with
0.5 m distance between the vanes was fabricated, as
shown in Figure 2. The vanes cascade was installed at
the center of Sector 2 (one of the periphery sectors).
Performance of radiators was evaluated using thermal
image photography and measurement of water
temperatures at the sectors inlets and outlets. One of the
difficulties encountered during the field measurements
pertained to the large and uncontrolled variations in the
wind velocity and direction.

Reference Point

North
(0 Degree)

%
Movement K
Direction '
X

(135Degree) " -------- (45 Degre)

Figure 1. Position of the reference point, angles measured
(clockwise) from the North direction and the cooling tower
sectors (No. 1 to 6)

tower at Montazer Ghaem Power Plant

Increasing the number of measurement data was
considered to be a practical way to alleviate this
difficulty and enhance measurements accuracy.
Consequently, Gauss distribution function was used to
normalize and analyze the possible measurement errors
due to the uncontrollable wind conditions. For each set
of data, average, mean, variance, standard deviation and
skewness were calculated [15]. Based on the skewness
data, the erroneous data was omitted to obtain a
confidence interval of 95%.

3. RESULTS AND DISCUSSIONS

The amount of transferred heat in the heat exchangers of
a cooling tower is obtained as [16]:

Q=W,(ITD)¢ (1)

where, W, is the heat capacity of air, ITD is the initial
temperature difference, which is the difference between
the inlet temperature of the hot water and the cooling air
temperature, and ¢ is the effectiveness coefficient. The
effectiveness coefficient is function of the overall heat
transfer coefficient, U, heat transfer area, A, and water
pipes configuration and arrangement:

e = f(W,/ W, .UAIW,) )

where, W,/W,, is the ratio of the heat capacities of air
and water.

The effectiveness coefficient for cross flow non-
mixing heat exchangers, which are identical to the
arrangement of heat exchangers in the Heller dry
cooling tower, is given by [16]:

W, =W,,—  &=1/(1+(W,/UA) (3.2)
W, zW, > ¢=

1-expl(W, / W,)—1)(UA' W, )] (3.b)
1=(W, / W, )exi((W, / Wy, )~ 1)(UA/ W, )]

These equations show that the rate of heat transfer in
the cooling tower heat exchangers depends on the
ambient and water temperatures and flow rates of the
cooling air and the inlet water to the cooling tower. In
the present study, during the course of the experiments,
temperature and flow rate of the cooling tower inlet
water remained almost constant
(T, i, #333K, m,, ~4kg/s). Therefore, the main

w,in
parameters that affected the rate of heat transfer in the
cooling tower were the ambient temperature and the
flow rate of the air entering the cooling tower. Under
wind conditions, flow of air around the cooling tower
changes and the tangential velocity increases at the
peripheral sectors, parallel to the wind direction. This
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reduces the pressure, resulting in reduced air suction at
that location. Therefore, it is necessary to measure wind
distribution around the cooling tower.

Figure 3 shows variations around the sectors at 0.5m
and 5Sm from cooling tower No. 1 (wind direction 300°).
Accordingly, the tangential wind direction has been
indicated by a (+), if counterclockwise, and by (-), if
clockwise. As shown in this figure, in front of Sector
No. 1, the tangential velocity is four times the velocity
at the reference point.

The tangential velocity in front of Sector No. 4 is
indicated by a (+) and is more than four times the
velocity at the reference point. Also, the tangential
velocity in front of Sectors No. 3, which is the wind
facing sector, is very low; the dimensionless velocity at
this point being approximately unity. Additionally, in
case of the sectors situated at the back of the cooling
tower, namely Sectors No. 5 and No. 6, the
dimensionless velocity is quite low compared to the
other sectors.

As shown in Figure 3, the dimensionless velocities
at 0.5m and 5m from the cooling tower are almost
identical. Therefore, it can be concluded that no flow
separation occurs around the tower, which is due to the
suction of air through the cooling tower.

Figure 4 shows the non-dimensional heat transfer
(Q/Quinn air) In different sectors for reference velocities 1,
3.2 and 5.5 m/s and still air condition (no-wind
condition). As expected, the thermal performance of
wind facing sectors improves with increased wind
velocity at the reference point: for example at 5.5 m/s,
the thermal performance improves by 25% compared to
the still air conditions. On the contrary, for peripheral
sectors, thermal performance decreases significantly
with increase in wind velocity at the reference point: for
example at 5.5 m/s the thermal performance of
peripheral sector 1 decreases by about 50%.

Although thermal performance of the wind facing
sectors improves with increased wind velocity at the
reference point, the significant reduction in the thermal
performance of the peripheral sectors by far outweighs
this improvement.

Therefore, it may be concluded that the effect of wind
conditions on the cooling tower is to degrade its overall
thermal performance. The effect of wind conditions on
the overall thermal performance of the cooling tower is
depicted in Figure 5. As shown, at wind velocity of 5.5
m/s the overall thermal performance decreases by 25%,
which is very significant.

Under wind conditions, as the result of the inadequate
flow pattern through the peripheral cooling sectors,
some sections of the radiators remain practically
deprived of any air flow. Moreover, semi vortex
currents are formed in these sections. These adverse
effects cause an unwanted degradation in the overall
efficiency of the cooling tower.
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Figure 3.Variations in the dimensionless tangential velocity,
measured at 0.5m and 5m from C.T.No.1
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Figure 4. Non-dimensional heat transfer in different sectors,
various reference velocitys, still air condition

Consequently, to reduce the wind conditions effects,
a guide vanes cascade was installed at the intakes of the
periphery cooling sectors, which are parallel to the wind
direction (see Figure 2). The use of guide vanes cascade
resulted in the turning of the airflow in a direction
perpendicular to the radiators in the periphery sectors,
which increased the airflow rate through these sectors
and improved the performance of these sectors. In other
words, the guide vanes were used to enhance the
thermal performance of the peripheral sectors under
wind conditions, at par with the more efficient wind
facing cooling sectors.

In order to evaluate the effect of the guide vanes
cascade on the thermal performance of cooling tower, a
thermal imaging camera (TESTO 882) was used to
obtain thermal images of the radiators in the specific
delta, before and after the installation of guide vanes
cascade. Temperatures of the radiator surfaces were
then determined. As shown in Figure 6, compared to the
temperature distribution on the radiators before the
installation of the guide vanes cascade, the guide vanes
cascade resulted in a more uniform temperature
distribution on the radiators, reducing the mean value by
about 2 °C, equivalent to the reduction in the water
temperature leaving the radiators. Therefore, it may be
concluded that the use of the guide vanes cascade has
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resulted in an improved flow pattern through the
radiators, which improves their thermal performance.

A comparison of non-dimensional heat transfer in
radiators delta in the critical peripheral cooling sectors,
with and without guide vanes, at different wind
velocities at the reference point is shown in Figure 7.

Assuming that the guide vanes were installed at the
entrance of the deltas in all the peripheral sectors,
comparison of the results for the still air and wind
conditions showed that the use of the guide vanes
enhanced the thermal performance of the radiators
under increased wind velocity, the improvement being
about 20% at 5.5 m/s. On the other hand, results for the
wind conditions showed that with the increase in wind
velocity, the guide vanes became more effective in
improving the thermal performance of the radiators. For
example, performance improvement at 3.2 m/s was
about 55.7%, while at 5.5 m/s this improvement was
about 69.5%, which is very significant (with and
without guide vanes).

Figure 8 shows the cooling tower overall non-
dimensional heat transfer with and without guide vanes.
As shown, when guide vanes were used, the heat
transfer was increase in wind velocity at the reference
point to 5.5 m/s, significantly. The heat transfer was
about 7% more than the still air condition, which results
in increased efficiency of the cooling tower, and hence,
the steam section of the power plant.
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Figure 5. Effect of wind conditions on the overall thermal
performance of the cooling tower
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6. CONCLUSIONS

Conclusions of this field study are as follows:

1- Study of the airflow pattern around the cooling
tower at different distances from the tower shows that
the wind tangential velocity at the corner sectors is more
than four times the wind velocity at the reference point.
The increased tangential velocity reduces the air
pressure, resulting in the degradation of the air suction
at this section.

2- Measurement of tangential velocity at different
distances from the cooling tower (at 0.5m and 5m)
showed that flow separation does not occur at the
periphery of the cooling tower.

3- Under wind conditions, consideration of the
difference between the inlet and outlet water
temperatures in wind facing sectors and the peripheral
sectors showed that the temperature difference for the
wind facing sector was about twice that of the
peripheral sectors. However, for still-air conditions,
symmetry prevailed for all the sectors in the cooling
tower.

4- The difference between the inlet and outlet water
temperatures in the peripheral sectors decreased with
increase in the velocity at the reference point, while for
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the wind facing sector, this difference was increased.
However, to ascertain this observation further, it is
necessary to carry out more studies to obtain the actual
flow pattern inside the deltas.

5- In general, the use of a guide vanes cascade
resulted in considerable improvement in the
performance of a delta in a critical sector of the cooling
tower, approaching the performance of the wind facing
sectors.

6- When using guide vanes cascade, temperature
distribution on the radiators surface in the critical delta
was uniform and its average value decreased. For
example, the average temperature distribution reduced
by 1.9 °C for the reference point wind velocity of 3 m/s.

7- Using the guide vanes cascade, as a practical
means, resulted in enhancement of the thermal
performance of the cooling tower. The installed guide
vanes produced a more uniform temperature distribution
on the radiators in the peripheral sectors, reducing the
temperature of the radiators by about 2 °C.

8- The 2 °C reduction in the temperature of the
radiators resulted in 20% improvement in the
performance of the peripheral sectors, and about 7%
enhancement in the overall performance of the cooling
tower compared to the still air condition.

7. REFERENCES

1. Su, M., Tang, G. and Fu, S., "Numerical simulation of fluid flow
and thermal performance of a dry-cooling tower under cross
wind condition", Journal of Wind Engineering and Industrial
Aerodynamics, Vol. 79, No. 3, (1999), 289-306.

2. Song, F. and Zhiqiang, Z., "Numerical investigation of the
adverse effect of wind on the heat transfer performance of two
natural draft cooling towers in tandem arrangement", Acta
Mechanica Sinica, Vol. 17, No. 1, (2001), 24-34.

3. Bender, T., Bergstrom, D. and Rezkallah, K., "A study on the
effects of wind on the air intake flow rate of a cooling tower:
Part 2. Wind wall study", Journal of Wind Engineering and
Industrial Aerodynamics, Vol. 64, No. 1, (1996), 61-72.

10.

11.

12.

13.

14.

15.

16.

Al-Waked, R. and Behnia, M., "The effect of windbreak walls
on the thermal performance of natural draft dry cooling towers",
Heat Transfer Engineering, Vol. 26, No. 8, (2005), 50-62.

Wei, Q.-d., Zhang, B.-y., Liu, K.-q., Du, X.-d. and Meng, X.-z.,
"A study of the unfavorable effects of wind on the cooling
efficiency of dry cooling towers", Journal of Wind Engineering
and Industrial Aerodynamics, Vol. 54, No., (1995), 633-643.

Amur, G., Milton, B., Reizes, J., Madadnia, J., Beecham, S.,
Brady, P. and Koosha, H., "Role of plant buildings in a power
station acting as barrier to the wind affecting the natural draft

cooling tower performance”, in 15th Australasian Fluid
Mechanics Conference, Sydney. (2004).

Ardekani, M.A. and Ranjbar, M.A., "Field study on airflow
pattern through radiator of heller dry cooling tower", Modares
Mechanical Engineering, Vol. 13, No. 11, (2014), 30-40.

Ardekani, M.A., Farhani, F. and Mazidi, M., "Effects of cross
wind conditions on efficiency of heller dry cooling tower",
Experimental Heat Transfer, Vol. 28, No. 4, (2015), 344-353.

Kumar, N. and Pant, A., "A computational approach to the flow
of walter’s liquid b’ through annulus of coaxial porous circular
cylinders for high suction parameter (research note)",
International Journal of Engineering-Transactions A: Basics,
Vol. 22, No. 2, (2008), 119-124.

Heidarinejad, G. and Delfani, S., "Direct numerical simulation
of the wake flow behind a cylinder using random vortex method
in medium to high reynolds numbers", International Journal of
Engineering, Vol. 13, No. 3, (2000), 33-50.

Mirzaee, B., Khoshravan, E. and Razavi, S., "Finite-volume
solution of a cylinder in cross flow with heat transfer",
Algorithms, Vol. 3, (2002), 303-314.

Madad-Nia, J., Koosha, H. and Mirzaei, M., "Effect of wind
break walls on performance of a cooling tower model", Mech.
Aerospace Eng. J, Vol. 3, No., (2008), 61-67.

Eldredge, T., Benton, D. and Hodgson, J., "An investigation of
the effects of flue gas injection on natural draft cooling tower
performance", Journal of engineering for gas turbines and
power, Vol. 119, No. 2, (1997), 478-484.

Wang, K., Sun, F.-z., Zhao, Y.-b., Gao, M. and Ruan, L.,
"Experimental research of the guiding channels effect on the
thermal performance of wet cooling towers subjected to
crosswinds—air guiding effect on cooling tower", Applied
Thermal Engineering, Vol. 30, No. 5, (2010), 533-538.

Lefebvre, M., "Applied probability and statistics, Springer
Science & Business Media, (2007).

The Heller Systems, R.N.-L., EGI, Budapest, Hungry, (1984).



M. A. Ardekani et al./ IJE TRANSACTIONS C: Aspects Vol. 28, No. 3, (March 2015) 460-466 466

Study of Degradation of Dry Cooling Tower Performance under =~ RESEARCH

Wind Conditions and Method for Tower Efficiency Enhancement NOTE

M. A. Ardekani, F. Farhani, M. Mazidi, M. A. Ranjbar

Department of Mechanical Engineering, Iranian Research Organization for Science & Technology, Tehran

PAPER INFO 45
Paper history: S0 2 e adlle S God al 0 s S S S Glem s Gl 2 Ses p stleel 6 0L s

Received 09 November 2013
Received in revised form 06 December 2014 Gy S sla, sl 63555 3 Lasly sla o (SIS 36 5 s Six oS St Gl Sl 5 S
Accepted 18 December 2014

slos 5 o5 5 S S+ [ SLbl ys sl sy Ce .l w S (L>,u‘i sb s il Lyl 5 cow sL L ules

Keywords: S gle g B a0 oS a0 0L edel S il el 03 (55 oS0 2 Sl s 5 53005
Wind Velocity el e . . ¢ . L e - s ; . 5
Dry Cooling Tower Olakily a8 das o OLES @LJ e 338 e lay sl B Sl 3 Caedd s [y Shbl ys Gl sl &)

Field Measurements

Thermal Performance Sletily aST Jl> s PR A BWA REF PR Capp [ VGO F [ P AP VPSR GOV S S - S PN |

Guide Vanes Cascade 534S sk oty Loy Sl men 5 Azea sl 535 S olen 4 oz L LS s S 13 (slay Ll
c]ﬁoudbaedeubﬁﬂsMijuuwcﬂuJul{jﬁlg‘&.w;)._}écfww
23 Ghon Vil Gl o Wl el Lo (glos 3 e a3 ¥ 288 e 5 0350 5 i 1y Lag SLsl,

.:)ﬂijcﬂvjjf:]ﬁ*;

.doi: 10.5829 /idosi.ije.2015.28.03c.17




