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ABSTRACT 

The hyperbolic thin-shell cooling tower is a typical wind-sensitive structure, and the full-size 
measurement is the most direct and important way to study the distribution of wind pressure on the 
surface of the cooling tower. But due to the limitations of engineering conditions and meteorological 
conditions, the field measured data are relatively lacking, and the field test data of ribbed cooling 
towers are less. In order to analyze the wind pressure distribution on the surface of the cooling tower, 
we chose a ribbed cooling tower in Toksun County, Xinjiang, China, where there is strong wind all 
year round, and field measurements were carried out to understand the wind load characteristics of 
the tower under the perennial dominant wind direction and the maximum wind direction. It is found that 
the absolute value of the negative pressure on the leeward side is larger than that in the code and the 
fluctuating wind pressure coefficient fluctuates greatly when the field measured wind speed is greater 
than 10m/s (15 meters above the ground). And for circular section cooling tower, the Reynolds 
number (Re) has great influence on wind pressure. With the increase of Re, the absolute value of the 
average negative pressure of the tail wind pressure coefficient increases, which should be paid 
attention to in design. Meanwhile, the regression curves of the average wind pressure coefficients 
measured on site under several typical working conditions are given by using the least square method, 
and its form is consistent with the standard (but the coefficients are different). Finally, Fluent software 
is used to calculate the external wind pressure of the cooling tower, and the variation law of numerical 
calculation is consistent with that of the field measured results, the Chinese code and German code. 
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INTRODUCTION 

Wind load is one of the main loads of hyperbolic cooling towers. In 1965, the cooling tower 
group of Ferrybridge power station in England collapsed when the average wind speed was only 
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19m/s. And the cooling tower at Scotland's Ardeer power plant collapsed under strong winds in 
1973[1]. 

These accidents have attracted the attention of the International Wind Engineering Society and 
experts at home and abroad. Experts have measured the wind pressure distribution characteristics on 
the cooling tower surface [2], wind tunnel test flow characteristics compensation [3,4], effect of group 
tower and adjacent landform on wind pressure distribution on the surface of tower [5], buckling stability 
and ultimate bearing capacity of tower cylinder under wind load [6,7], and fluctuating wind pressure 
causes random dynamic response of ventilator shell [8]. 

The hyperbolic circular section cooling tower is a typical streamlined wind-sensitive three-
dimensional thin-walled space structure, and the wind pressure distribution on the surface is 
significantly affected by Re. Re of actual cooling tower is about 1×107~1×108. However, Re of the 
structural model and the prototype differs by 2 ~ 3 orders of magnitude. At present, it is impossible to 
simulate the flow pattern of the cooling tower structure under such high Re by increasing the test wind 
speed or the scale ratio of the model. Although some scholars have tried to change the surface 
roughness of cooling tower to simulate the high Re effect of large scale ratio model about surface 
circulation [9], full scale measurement is still the most direct and important way to study the wind 
pressure distribution of cooling tower [10,11].  

An earlier literature report on the field measurement of surface wind pressure of cooling tower 
was the four-tower combined test of the West Burton power plant in the UK in 1960 [12]. In 1971, 
Niemann carried out field measurement of the Weisweiler cooling tower in Germany [13]. In 1974, 
Sollenberger and Scanlan conducted field measurements of Martin's Creek cooling tower in 
Pennsylvania, USA [14]. Peking University and xi 'an institute of thermal engineering carried out field 
measurements on two prototype cooling towers(90m height)  in Matou, Hebei province(in 1981) and 
Maoming, Guangdong province(in 1982) and their data has been adopted by Chinese codes [15]. Due 
to the limitation of tower height and measuring instruments at that time, dynamic characteristics and 
surface wind load pulsation characteristics could not be fully considered [16]. In 2015, Chen carried 
out field measurement of large-scale cooling tower in Xu-zhou, China. The measured results of the 
prototype large cooling tower are updated [17, 18, 19, 20, 21]. 

Unfortunately, the measured wind speed of cooling tower was not big before. Under the 
condition of ultra-high Re, the distribution data of wind pressure (average and extreme) on the surface 
of cooling tower are lack. And the wind load code has not made clear provisions. Besides, the field 
test data of ribbed cooling tower is very few. 

In order to analyze the distribution law of average and extreme wind pressure on the surface of 
cooling tower, field measurements were carried out on a ribbed cooling tower. 

The cooling tower is a kind of double-curved thin shell structure of cast-in-place reinforced 
concrete. The tower height is 155m, the throat height is 116.25m, and the throat diameter is 68m. 60 
ribs are arranged in equal space on the outer wall of the cooling tower. The tower tube is supported by 
40 pairs of rectangular cross section "X" shaped pillars of reinforced concrete (see Figure 1). 
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Fig. 1 – Chematic diagram of the cooling tower 

The cooling tower is located in Toksun County, Turpan Region, Xinjiang. The site of the cooling 
tower is flat, with no mountain or obstacle. There is strong wind all year round in Toksun County. The 
local recorded maximum wind speed was over 40.0m/s, and the maximum wind speed we measured 
was 25.06m/s. It is extremely rare for such high wind speeds to be measured at the cooling tower site. 
Re of the cooling tower throat is up to 1.06*E8.  

According to the original data, the distribution curve of wind pressure under the perennial 
dominant wind direction was gotten. And we compared it with Code for Design of Cooling for Industrial 
Recirculating Water [22] (GB/T50102-2014) to find out the differences of average wind pressure 
distribution between two curves. The influence of Re on the average wind pressure, fluctuating wind 
pressure and wind pressure at the end of the cooling tower was analyzed. And the distribution of 
extreme values on the cooling tower surface under the condition of ultra-high Re is analyzed. In 
addition, the validity of the numerical simulation method was verified by the measured data. 

Figure 2 illustrates the main research content. 
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Fig.2 – General layouts of research works 

ANALYSIS OF FIELD MEASUREMENT RESULTS  

Field measurements of wind pressure, wind speed and direction were carried out for two years 
at intervals of 10-sec, and a total of 6,220,800 sets of data were recorded. The wind pressure 
monitoring position was selected as 78.5 meters high section. And the 30 measuring points on the 
cooling tower were arranged in the center of the two ribs and uniformly arranged along the annular 
direction (see Figure 3). 

 



 
  Article no. 65 

 
THE CIVIL ENGINEERING JOURNAL 4-2021 

 

 

           DOI 10.14311/CEJ.2021.04.0065 851 

Fig.3 – Layout of measuring points with a height of 78.5 meters 

Calculation of wind pressure coefficient 

The ratio of the actual pressure or suction caused by wind on the surface of buildings to the 
wind pressure of incoming flow is called the wind pressure coefficient [23]. 

Average wind pressure   


N
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Fluctuating wind pressure 
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Where, pij is the pressure value measured at the measuring point i at the moment j, and N is the 

total number of measured pressure values. 

Average wind pressure coefficient  

i
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Where, 
p

 is the reference static pressure, and  ,V represent air density and incoming wind 

speed, respectively. 

Fluctuating wind pressure coefficient 

pi
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σ
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0.5ρv                           ..... .(4) 

Due to the limitations of test conditions and the influence of tower landform and surrounding 
buildings, it is very difficult to get the accurate incoming wind speed in the wind pressure 
measurement. Therefore, the average wind pressure and fluctuating wind pressure at each measuring 
point are obtained by dimensionless normalization of the maximum wind pressure at the tower (i.e., 
stagnation pressure) in this paper. 

Load Code for the Design of Building Structures (GB50009-2012) [23] stipulates that the 
average wind time interval is 10min, and the wind pressure data is averaged according to the 
measured sample data with 10min as the basic time interval. Because of the high wind speed of the 
northwest wind in history, the northwest wind is chosen as the calculation condition (wind direction of 
each working condition is relatively stable). Firstly, working condition 1 and working condition 2 are 
calculated (each working period is 10min). Because the wind speed and pressure data fluctuate 
greatly within 10min, working conditions 3 to 6 are calculated (all time periods are less than 10min, in 
order to ensure the wind speed and wind direction are relatively stable). Re (cooling tower throat) is 
calculated using the average wind speed (cooling tower throat) (see Table 1).  
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Tab. 1 -  Calculated condition 

Serial 
number 

Time 
Maximum 

wind speed 
(m/s) 

average wind speed (m/s) 
(15 meters above the 
ground) 

average wind 
speed 

(m/s)( cooling 
tower throat) 

Re(cooling 
tower throat) 

1 
2016-04-23  

18:43:03--18:53:03 
14.53 8.4 11.42 46.78*106 

2 
2016-04-24 

14:30:03--14:40:03 
25.06 12.7 17.27 70.74*106 

3 
2016-04-24  

14:30:42--14:32:22 
23.2 16.6 22.57 92.46*106 

4 
2016-4-23  

18:36:13--18:37:23 
12.59 9.7 13.19 54.03*106 

5 
2016-04-29  

20:12:03--20:13:03 
13.18 11.27 15.32 62.76*106 

6 
2016-04-23  

20:29:24--20:30:22 
8.04 6.61 8.99 36.83*106 

Wind pressure distribution of condition 1 

The distribution of average wind pressure coefficient, and fluctuating wind pressure coefficient 
(measured value of working condition 1) are compared with the distribution of average wind pressure 
coefficient (ribbed, non-ribbed) in the code (GB/T50102-2014) [22] (see Figure 4). 
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Fig.4 – Comparison of wind pressure coefficient 

Figure 4 shows that the measured average wind pressure on the cooling tower surface in 
working condition 1 is basically consistent with GB/T50102-2014. 

Next, the average wind pressure coefficient of 6 kinds of field measured data in Table 1 is 
regressed into the form of the code (GB/T50102-2014). 

𝐶𝑝(𝜃) = ∑ 𝛼𝑘
9
𝑘=0 cos𝑘 𝜃 = 𝛼0 + 𝛼1 cos𝜃 + 𝛼2 cos 2 𝜃 +⋯+ 𝛼9 cos 9 𝜃  (5) 

In which, 

θ=0°, 12°, 24°, 36°, 48°, 60°, 72°, 84°, 96°, 108°, 120°, 132°, 144°, 156°, 168°, 180° 
(corresponding to 16 measuring points). 

θ=0° is the wind direction corresponding to the maximum average wind pressure in 10min. 

The coefficient of wind pressure distribution curve of ribbed cooling tower obtained by 
regression of measured data is 

[α]’= [-0.5993, 0.4784, 0.6235, 0.3063, -0.0696, -0.0488, 0.091, 0.0773, 0.0601, 0.0454]. While 
[α]’= [-0.31816, 0.42197, 0.48519, 0.38374, 0.13956, -0.05178, -0.07171, 0.00106, 0.03127, -0.00025] 
in the code (GB/T50102-2014). 

Comparison of 6 working conditions 

The distribution of the average wind pressure coefficient measured in the field from working 
conditions 1 to 6 is compared with that in GB/T50102-2014, regression curve. (see Figure 5). 

 

 
Fig. 5 – Distribution comparison of average wind pressure coefficient 
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From Figure 5, average wind pressure coefficients in working conditions 1, 4 and 6(the 
average wind speed is less than 10m/s) are close to the code value (GB/T50102-2014), while average 
wind pressure coefficients in working conditions 2,3,5(the average wind speed is greater than 10m/s) 
are far from the code value (GB/T50102-2014). The higher the wind speed is, the higher the surface 
wind pressure of the cooling tower is. And average wind pressure coefficients in working conditions 2, 
3, 5 are greater than the code value (GB/T50102-2014). 

In addition, the distribution law of wind pressure coefficient at the end of cooling tower varies 
with Re (see Table 2). 

 
Tab. 2: Comparison table of the average wind pressure coefficient of cooling tower tail in the field 

measurement and in the code (GB/T50102-2014) with Re variation 

Working 
conditions 

Average wind 
speed (m/s) 

Re 

Average wind 
pressure 

coefficient of 
cooling tower 
tail in the field 
measurement 

Average wind 
pressure 

coefficient of 
cooling tower 

tail in the code 

Working 
Condition 1 

8.4 46.78*106 -0.37 -0.50 

Working 
Condition 2 

12.7 70.74*106 -1.42 -0.50 

Working 
conditions3 

16.6 92.46*106 -1.51 -0.50 

Working 
conditions4 

9.7 54.03*106 -0.39 -0.50 

Working 
conditions5 

11.27 62.76*106 -0.97 -0.50 

Working 
conditions6 

6.61 36.83*106 -0.27 -0.50 

It can be seen from Table 2 that when the wind speed is 9.7m/s (working condition 4), the 
average wind pressure coefficient of cooling tower tail in the field measurement is the closest to that in 
GB/T50102-2014. The larger the wind speed is (the greater Re is), the larger the absolute value of the 
average negative pressure of the tail wind pressure coefficient is. This rule should be paid attention to 
in the design. 

The characteristics of the flow field outside the tower are analyzed from the mechanism. In the 
transcritical region, with the increase of Re, the transition point moves upstream until near the forward 
standstill point, the separation point moves forward, and the absolute value of minimum pressure 
coefficient and back pressure coefficient increases. 

Comparison diagram of the measured fluctuating wind pressure coefficient distribution under 
working conditions 1~ 6 is shown in Figure 6. From Figure 6, working conditions 2 and 3 have the 
maximum average wind speed, and have large fluctuations in fluctuating wind pressure. The lower the 
wind speed is, the lower the fluctuating wind pressure is. 
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Fig.6 – Comparison diagram of fluctuating wind pressure coefficient 

 NUMERICAL CALCULATION 

Because there are few field measured data, it is necessary to compare it with numerical simula
tion calculation to gather experience for wind pressure simulation calculation of cooling tower. 

The numerical modeling 

The numerical analysis does not consider the deformation of the cooling tower under the action 
of wind load. The physical model adopted by the calculation is shown in Figure 1. In the rectangular 
region adopted in this paper, the boundary of the windward face is 5H away from the model center (H 
is the height of the cooling tower), and its left and right boundary and upper boundary are also 5H 
away from the model center. In order to better simulate the development of the model's wake, the 
boundary of its downstream outlet is 10H away from the model center. The total number of cooling 
tower grid units is 2.2 million. 

The boundary condition of numerical analysis is: 

1) The velocity inlet boundary condition on the windward surface of the region is given, and the wind 
profile of the atmospheric boundary layer is simulated by exponential law. 

The section function of turbulence kinetic energy k and turbulence dissipation ratio is: 

𝑘(𝑧) = 1.5𝑢2(𝑧)𝐼𝑢
2(𝑧)                  (6) 

𝜀(𝑧) = 𝐶𝑢
3/4

𝑘(𝑧)3/2/𝑙                 (7) 
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Where Cu =0.09, l is the integral scale of turbulence, and the value here is 0.07 times the 
building characteristic scale. 

UDF function is used to custom entry wind function. 

2) Outflow boundary condition is used in export. 

3) Symmetric boundary conditions are applied to the top and both sides of the computational domain. 
The symmetric boundary conditions are equivalent to the wall surface of free slip, and the normal 
velocity on the boundary is 0. 

4) Non-slip wall conditions are adopted on the surface and ground of the building. 

The realizable k-epsilon turbulence model is used. The inlet turbulence intensity is Iu 
(z)=0.1(z/zG)- α-0.05. 

B-type geomorphic conditions are adopted, and u10=18m/s is taken as the reference wind 
speed. 

SIMPLE algorithm is adopted in pressure velocity coupling. And the first order discrete scheme 
is adopted in the momentum equation, the turbulent kinetic energy equation and the dissipation rate 
equation of the turbulent kinetic energy. 

The criterion for calculating iterative convergence is that the residual of all variables drops 
below 10-5 and the variation of parameters in the flow field tends to be steady. The non-equilibrium 
wall function method is used to deal with the turbulence near the wall. 

Comparison among numerical simulation, field measurement results and Code 

The wind load can be simulated by Fluent software. And the average wind pressure 
coefficients measured in the field are compared with that in the Chinese code (GB/T50102-2014) [22], 
in the German code (VGB-R 610Ue, 2005) [24] (6 VGB curves are given according to the surface 
roughness from the German Code) and in numerical simulation (see Figure 7). 

 

-20 0 20 40 60 80 100 120 140 160 180 200

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

W
in

d
 p

re
ss

u
re

 c
o
ef

fi
ci

en
t

Direction(
0
)

 working condition 1

       (measurement)

 Code(ribbed)

 Code(non-ribbed)

 VGB-K1.0

 VGB-K1.1

 VGB-K1.2

 VGB-K1.3

 VGB-K1.5

 VGB-K1.6

 numerical simulation



 
  Article no. 65 

 
THE CIVIL ENGINEERING JOURNAL 4-2021 

 

 

           DOI 10.14311/CEJ.2021.04.0065 857 

 
Fig. 7 – The comparison diagram of the average wind pressure coefficient between the numerical 

calculation and the field measurement, the Chinese code and the German code 

From Figure 7, the variation law of the numerical simulation results is consistent with that in the 
field measurement and the code. 

CONCLUSIONS 

In this paper, the wind pressure of the ribbed cooling tower has been measured on site, and 
the wind load of the cooling tower has been calculated by Fluent. The conclusions of this study are as 
follows: 

(1)  The maximum wind speed reached 25.06m/s during the field measurement, and the 
corresponding wind pressure data is very valuable. 

(2)  When the wind speed is 9.7m/s (working condition 4), the average wind pressure coefficient of 
cooling tower tail in the field measurement is the closest to that in the code (GB/T50102-2014). 

When the average wind speed is greater than 10m/s, the absolute value of the negative 
pressure at the end of the cooling tower is greater than the absolute value of the code (GB/T50102-
2014). The greater the wind speed is, the greater the absolute value of the negative pressure is at the 
end of the cooling tower. This rule should be paid attention to in the design. 

(3)  The higher the average wind speed is, the greater the pressure pulsation is. 

(4)  The variation law of numerical simulation result is consistent with that of the field measurement 
and the code. This indicates that the numerical simulation can be used to qualitatively analyze the 
wind pressure of the cooling tower. 

DATA AVAILABILITY: 

 The data in this paper are reliable and can be used. 
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