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Abstract.  In this paper, the effects of parapets on the mean and fluctuating wind pressures which are acting 
on a flat top of a finite cylinder vertically placed on a flat plate have experimentally been investigated. The 
aspect ratio (AR) of cylinder is 1 and the Reynolds number (Re) based on cylinder diameter and free stream 
velocity is 150000. The pressure distributions on the flat top and the side wall of the finite cylinder 
immersed in a simulated atmospheric boundary layer have been obtained for different parapet heights. The 
large magnitudes of mean and minimum suction pressures occurring near the leading edge were measured 
for the cases with and without parapet. They shift to the further downstream on the circular top with 
increasing parapet height. It is seen that the parapets reduce the local high suction on the top up to 24%. 
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1. Introduction 
 

Finite cylindrical structures have been widely used in many engineering applications such as 

tall buildings, chimney stacks, nuclear cooling towers, offshore structures and cylindrical tanks 

because of attractive architectural shapes. Many high-rise buildings can be simplified to a finite 

cylinder with a free end. The study of finite-span bluff bodies located in an atmospheric boundary 

layer is of interest due to its practical importance in civil and wind engineering applications 

(Uematsu et al. 1990, Fox et al. 1993). The flow around the finite cylinder is sufficiently complex 

that further study is needed to better understand the flow field. The presence of a free end modifies 

the flow structure in the near-wake region such as turbulent structure and surface pressure 

distribution. For this reason, the evaluation and improvement of the pressure distribution on the 

flat tops is very important for civil and wind engineering. Studies related to the understanding of 

flow filed around finite cylinders have aimed the determination of wake structure behind the 

cylinder and the surface pressure distribution.  

Purdy et al. (1967) obtained pressure distributions on the cylinders with a flat top. Okomato 

and Yagita (1973) conducted surface pressure measurements on cylinders with aspect ratios 

between 1 and 12.5 and found that the drag coefficient decreased with decreasing aspect ratio.  
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Farivar (1981) investigated the effect of finite cylinder free end on the mean pressure, pressure 

fluctuations and drag force. Kawamura et al. (1984)  tested  cylinders  with  various  aspect  

ratios  performing  flow  visualization,  hot-wire measurements and pressure measurements.  

They reported the existence of a pair of trailing vortices formed at the free end of the cylinder. 

Sun et al. (1992) investigated the pressure fluctuations on two circular cylinders at high Reynolds 

number for various arrangements of the cylinders with respect to the flow. Okamoto and 

Sunabashiri (1992) found that the wake behind the finite cylinder of small aspect ratio is 

symmetric. Shih et al. (1993) reported the results of an experimental study of flow passing rough 

circular cylinders at large Reynolds number utilizing a pressurized wind tunnel. Kareem and 

Cheng (1999) experimentally obtained mean and fluctuating pressure distributions on a cylinder of 

finite height in simulated turbulent boundary layer flows at subcritical Reynolds numbers. 

Kitagawa et al. (2002) measured wind pressure acting on a rigid circular tower and studied the 

characteristics of the pressures originated tip-associated vortices. Park and Lee (2002) investigated 

the wake structure behind an isolated finite cylinder embedded in various atmospheric boundary 

layers with the measurements of wake velocity and mean pressure distribution on the cylinder 

surfaces. Park and Lee (2003) examined the effect of the gap distance between two finite cylinders 

embedded in atmospheric boundary layer on the flow characteristics of the near-wake and 

elucidated the flow structure near the finite cylinder free end in detail. Pattenden et al. (2005) 

studied the flow over a finite-height cylinder of aspect ratio 1 by means of surface flow 

visualization, particle image velocimetry and surface pressure measurements. Dobriloff and Nitshe 

(2009) conducted the surface pressure and wall shear stress measurements on a finite wall 

mounted circular cylinder and in the vicinity of cylinder. 

Uematsu et al. (1999) presented the results of a wind pressure measurement in a wind tunnel as 

well as a dynamic-response analysis of a flat top. The results indicated that the gust loading factor 

approach can be applied to the evaluation of the design wind loads for the structural frame of flat 

tops. Li et al. (2006) obtained wind pressure distributions on cylindrical shells considering 

different aspect ratios in the wind tunnel models. Sumner and Heseltine (2008) experimentally 

studied the wake of a finite circular cylinder mounted normal to a ground plane in a low-speed 

wind tunnel. Uematsu et al. (2008) investigated the characteristics of wind pressures acting on flat 

tops with a wind tunnel experiment. Hain et al. (2008) performed tomographic and time resolved 

PIV measurements to examine the 3D flow topology and the flow dynamic above the upper 

surface of a low-aspect ratio cylinder. Uematsu and Yamada (1994) experimentally investigated 

aerodynamic forces on a cantilevered circular cylinder in a wind tunnel using rough-walled 

models.  

Their results indicate that the aerodynamic coefficients are primarily functions of the aspect 

ratio and the surface roughness of the cylinder. Roh and Park (2003) studied the vertical flow 

patterns over the free end surface of a finite circular cylinder through the oil streak line method at 

moderately high Reynolds number. The results of the oil flow visualization show that the flow 

over the free end is characterized by the separation from the sharp leading edge. A complex 

three-dimensional recirculation region is formed on top of the cylinder. Two foci and two saddle 

points are observed on the free-end. Uematsu and Yamada (2002) presented a simplified model for 

evaluating the design wind loads for structural frames of flat tops. 

Fröhlich and Rodi (2004) investigated flow field around a surface mounted circular cylinder of 

height 2.5 times the diameter by using large eddy simulation method. They showed that the results 

obtained from numerical model are in fairly good agreement with measurements. Afgan et al. 

(2007) numerically investigated flow structure around wall mounted circular cylinders of finite 
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height for different aspect ratios with large eddy simulation (LES) and then compared with 

experimental results. They found that pressure coefficient profile at mid-height of finite cylinder is 

significantly different from that of an infinite cylinder. Krajnovic (2011) was investigated the flow 

around a tall fine cylinder using LES. The flow resulting from the LES was used to present a 

detailed picture of both the instantaneous and the time-averaged flow. 

There is little information available in the literature about the parapet effects to the wind loads 

on the flat tops of finite cylinders. Most of the studies about the parapet effects on the surface 

pressure distributions are on the low-rise rectangular buildings with flat roof. An experimental 

study for the evaluation of wind loads on the low-rise building roofs with parapets has been 

conducted by Stathopoulos (1982). Stathopoulos and Baskaran (1988) experimentally investigated 

the parapet effects on the flat roofs and they reported that parapets have decreased the suction 

effects on the roof edges and corners but have increased on the interior part of the roof surface.  

Kareem and Lu (1992) determined the mean and fluctuating pressure distributions on a flat roof 

by using different parapet configurations. They noticed that the parapets have affected the mean 

and the peak pressure distributions on the roof. Kopp et al. (2005) examined the effects of the 

parapets on the wind-induced loads on the roof corners of low-rise buildings with pressure 

measurements. They found that the parapets alter the suction loads on the roof by changing the 

location of the corner vortex relative to the roof. Mans et al. (2005) carried out a set of pressure 

measurements on parapet surfaces to analyze the effect of parapets on wind-induced loads on 

low-rise buildings. They noted that the worst structural load coefficients over all wind angles are 

approximately constant with the same ratio of the parapet and building heights because of 

opposing trends of the pressures on the interior and exterior parapet surfaces. 

Parapets are very effective in reducing the magnitude of local suctions near the leading edge at 

the flat roofs. This feature is related to the fact that parapets lift up the separated shear layer in 

normal winds. The effects of parapets on the pressure distribution depend on different parameters, 

such as building geometry and the parapet height. The determination of wind induced loads on the 

flat tops of cylindrical buildings is necessary for the design of the flat roofs and the knowledge of 

the effects of architectural details on these loads is also of interest. It is also important to define 

both the location and magnitude of these suctions. The effect of parapet on the wind loads acting 

on a finite cylinder have to be analyzed also from the economical side for the reduction of wind 

loads. The purpose of this study is to examine the distributions of wind loads on flat tops of finite 

cylinders and to determine the appropriate height of parapet used for reducing the critical suction 

loads. 

 

 

2. Experimental details 
 

The experiments were carried out in a low speed, open circuit wind tunnel with a test section of 

457 mm high, 457 mm wide and 2450 mm long. The combination of barrier, vortex generators and 

roughness elements at the entrance to the test section was used to simulate atmospheric boundary 

layer (power-law exponent, n=0.2) over a city suburb. Cylindrical model was constructed to a 

geometric scale of 1:50. A turbulent boundary layer of 150 mm thickness was obtained at the free 

stream velocity of 15 m/s, giving a Reynolds number based on cylinder diameter of Re=150000. 

Fig. 1 indicates a schematic diagram of the wind tunnel test-section and the measurement system. 

δ and H represent the boundary layer thickness and characteristic height of model, respectively.  

The ratio of boundary layer thickness to model height (δ/H) is 1. The mean and fluctuating 
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surface pressure measurements were conducted with a measurement chain system consisting of the 

components of signal conditional module, Setra 239 pressure transducer, A/D converter, package 

and computer. The output of the pressure transducer was fed through a signal conditioning unit 

before being digitized and recorded. The signals from the transducer are sampled at a rate of 1000 

samples per second for a period of 16 s and data were low-pass filtered at 300 Hz. Measurements 

have been performed at the spacing of 15° wind angle along the mid-axis of the model. The mean 

and fluctuating velocity measurements at the reference boundary layer were performed with TSI 

IFA 100 constant-temperature anemometer and TSI model 1211 hot-film probe.  

 

 

 

Fig. 1 Wind tunnel test section and pressure measurement system 

 

 

The cylindrical models and the distribution of the measurement taps on their surfaces are 

shown in Fig. 2. The finite cylinder models used in this study were made of polyvinyl chloride. 

The dimensions of models used in the experiments were H=150 mm, D=150 mm (aspect ratio of 

1). H represent model height and D is the model diameter. Parapets having 1 mm thickness and 

different heights are placed to the edge of the top. The pressures on the top and wall of model were 

measured for non-parapet configuration (h=0 mm) and three different parapet heights of h=5, 10 

and 15 mm. To measure the surface pressure distributions, 16 pressure taps in inner diameter of 0.8 

mm were placed on the top and the side wall of cylinder and the model was rotated from 0° to 

180° in 15° increments in a counter clockwise direction (θ) as incoming flow. A scanning valve 

was used to supply linkage from pressure taps to pressure transducer. All pressure taps were 

connected to the scanning valve using the vinyl tubing of 60 cm lengths and 1 mm inside diameter. 

The pressure difference between the local surface pressure (P) and the static pressure (Po) was 

divided by the reference dynamic pressure at a equivalent height to give pressure coefficient Cp 

expressed as Cp=(P-Po)/0.5ρUo
2
, where Uo is the free-stream velocity and ρ is the air density. 

Ambient temperature and atmospheric pressure were continiously recorded during the experiments 
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to identify changes in the air density. The blockage ratio defined as the ratio of the projected 

cylinder area to the cross-sectional area of test section is about 10%. Correction for the effect of 

the wind tunnel blockage was made in this study. West and Apelt (1982) found that the surface 

pressure distribution on the finite circular cylinder varies only slightly with respect to the blockage 

ratio of the model. The uncertainties of mean and fluctuating velocity measurements are found as 

± 2% and ± 4%, respectively. The uncertainties of mean and fluctuating pressure measurements are 

± 3%  and ± 4.5%, respectively (Holman, 1994). The uncertainty of the mean drag coefficient, CD, 

was estimated at ±2%. The experimental results were reproducible within these uncertainty ranges.  

 

 

 

Fig. 2 The dimensions of cylinder having to flat top ( a) non-parapet (b) with parapets of h =5, 10, 15 mm 

 

 

3. Result and discussion 
 

The mean velocity and turbulence intensity profiles of the stream wise velocity components 

measured at the reference boundary layer are shown in Fig. 3. It is seen that the mean velocity 

profile in the reference boundary layer agrees well with the power law of n=0.2 and the turbulence 

intensity near the wall reaches up to 11%. 

The resulting data consists of mean, maximum, minimum and root-mean-square (rms) values of 

the surface pressure which have been normalized by the free stream mean dynamic pressure. The 

variations of mean, maximum, minimum and rms values of pressure coefficients along the 

mid-axis of finite cylinder model are given comparatively with measurements of Uematsu et al. 
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(2008) in Fig. 4. Pressure distribution on the windward wall is positive due to impinging effect. 

Negative pressure fields occur both on the top and side walls of cylinders because of flow 

separating from the leading edge of the top. The flow separating from the leading edge of flat top 

reattaches downstream on the top. The largest negative pressures occur in the separation flow 

region near the leading edge of the top and are progressively reduced in magnitude in the 

reattachment region on the top surface. Pressure distribution along the leeward wall is almost 

uniform and is under the atmospheric pressure. It is seen from the figure that there is a good 

accordance between the mean pressure distributions of present study and Uematsu et al. (2008) 

measurements. 

 

 

Fig. 3 Profiles of mean velocity and turbulence intensity 

 

 
Fig. 4 Variation of pressure coefficients along the mid-axis of cylindirical model with flat top in the flow 

direction  
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Figs. 5 and 6 show the mean and minimum pressure distributions on the flat top without 

parapet and cylinder surface. Fig. 5(a) shows the contours with mean pressure coefficients 

obtained for the flat top of the finite cylinder. There is a symmetrical behavior for the pressures 

measured on the top with respect to the windward meridian. The contour lines are roughly 

perpendicular to the wind direction, except the leeward edge of the top where a three-dimensional 

effect becomes significant. Only the negative values were observed on the top, which represents 

suctions or pressures exerted in an outward direction. Critical negative pressures were obtained on 

the windward part of the top. At this region, high negative values are expected due to separation of 

flow induced by the sudden change in the meridian between the cylinder wall and the top surface. 

 

 

  
(a) (b) 

Fig. 5 Contour of mean pressure coefficients in the cylindirical model with a flat top (a) top and (b) 

cylinder 

 

 

Portela and Godoy (2005) also found the values similar to those of the present study on the 

windward region of the top. The highest suction was measured on the windward region of the top 

with Cpmean = -1.25, as an approximate value of Cpmean = - 0.25 was obtained at the leeward region 

of the top. Contours of mean wind pressure coefficients were plotted along the circumference of 

the cylinder and are shown in Fig. 5(b). The positive pressure coefficients were obtained on the 

windward meridian, while the critical negative suctions were found at an angle close to 90° from 

windward. Due to the accelerating flow around the finite cylinder, the mean pressure coefficients 

decreases from 0.60 to -1.30 for cylinder angles of θ = 0° and 90° and the flow separates from the 

cylinder surface around θ = 90°. The critical values were measured between 20% and 80% of the 

height of the model. The pressure coefficients measured at the leeward meridian on the top of the 

cylinder are similar to those measured in the leeward region of the top. The cylinder top is 

characterized by two symmetrical regions of minimum pressure coefficients on the windward part 

of the top corresponding to two vortex centers constraining a separation bubble on the top and by a 

reattachment region on the leeward part of the top as shown in Fig. 6(a). The pressures increase 

with minimum pressure coefficients of Cpmin = -1.55 to -0.40 on the flat top from the windward 

region to leeward region. Critical minimum suctions measured on the flat top and cylinder surface 

are 25% higher than the mean pressure coefficients (Figs. 6(a) and 6(b)). Similar findings were 

also obtained by Roh and Park (2003). 
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(a) (b) 

Fig. 6 Contour of minimum pressure coefficients in the cylindirical model with a flat top (a) top and (b) 

cylinder 

 

 

  
(a) (b) 

Fig. 7 Contour of pressure coefficients on flat top with the parapet height of 5 mm (a) mean and (b) 

minimum 

 

Figs. 7, 8 and 9 shows contours of mean and minimum pressure coefficients on the flat top with 

the parapet heights of 5 mm, 10 mm and 15 mm respectively. The contours obtained for the 

parapet height of 5 mm are given in Figs. 7(a) and 7(b). The highest suctions are found as Cpmean = 

-1 and Cpmin = -1.25 on the top. It is seen that with 5 mm height parapet, the local high suctions on 

the top are reduced by 20%. The general reduction is because of the fact that parapets tend to lift 

the shear layer or the vortices away from the top surfaces. No reattachment region is observed for 

the flow separating from the leading edge of cylinder top. Because, the shear layer moves higher 

from the top surface due to the parapet height. Critical negative pressures are found at where the 

flow is farthest from the top surface. As the flow gets closer to the top surface through the leeward 

region, pressure recovery is observed at that region. Also, the pressure increases due to the parapet 

at the leeward side obstructing the flow. Figs. 8a and b show the contours obtained for the parapet 

height of 10 mm. The highest suctions are determined as Cpmean = -0.95 and Cpmin = -1.20 on the 

top. It is seen that local high suctions on the top are reduced by 24% in the presence of parapet 

with 10 mm height. The contours of mean and minimum pressure coefficients on the flat top with 
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the parapet height of 15 mm are given in Figs. 9(a) and 9(b). The highest suctions are obtained as 

Cpmean = -1 and Cpmin = -1.25 on the top. For 15 mm height parapet, a 20 % decrement on the local 

high suctions is obtained. No reattachment regions are also  observed for 10 mm and 15 mm 

parapet heights. 

 

 

  
(a) (b) 

Fig. 8 Contour of pressure coefficients on flat top with the parapet height of 10 mm (a) mean and (b) 

minimum 

 

 

  
(a) (b) 

Fig. 9 Contour of pressure coefficients on flat top with the parapet height of 15 mm (a) mean and (b) 

minimum 

 

 

The location of the large mean and minimum suctions shift through the downstream on the 

cylinder top with increasing parapet height. The 10 mm height parapet is found to be the most 

effective one among the 5 mm, 10 mm and 15 mm ones for relieving the high negative pressure. 

Critical minimum suctions measured on the flat top with three different parapet heights are 25% 

higher than mean pressure coefficients. The mean and minimum pressures in the interior regions of 

the tops are slightly affected from the parapets. Although not shown, the pressure patterns on the 

cylindrical wall for different parapet heights do not present any changes unlike the differences 
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between pressure distributions found on the top of finite cylinder. 

 

 

  
(a) (b) 

Fig. 10 Comparison of pressure distributions along the mid-axis of flat top for various parapet heights in 

the flow direction (a) mean and (b) minimum 

 

 

The variations of mean and minimum pressure coefficients measured along the mid-axis of top 

for three different parapet heights are presented together with those obtained from non-parapet 

configuration in Figs.10(a) and 10(b), respectively. It is observed that the parapets are  more 

effective with increasing height for reducing suction pressure coefficients. While there is a 

reattachment region on the cylinder top without parapet, no reattachment regions are observed on 

the cylinder top with parapets. The pressure coefficients around the leeward edge of the top are 

almost the same for all of the investigated parapet heights. 

The drag and lift loadings of the finite cylinder with and without parapets are also investigated. 

The local drag and lift coefficients have been obtained by integrating the pressure distribution over 

the cylinder surface. The drag coefficient (CD) and the lift coefficient (CL) are calculated by using 

Eqs. (1) and (2) respectively. 

   
 

 
        
  

 
                               (1) 

    
 

 
           
  

 
                           (2) 

Fig. 11 shows the mean pressure distribution and their components along the drag and lift 

directions around the circumference of the cylinder at different heights above the floor. The drag 

component of Cp is Cpcos(θ) and  the lift component of Cp is Cp sin (θ). The local drag 

coefficient is calculated in ten different positions along the cylinder wall from the bottom to the 

top and those ten values are integrated along the cylinder height. CD = 0.52 is obtained as a mean 

value for the cylinder without parapet. The same calculation is repeated for the finite cylinder with 

parapets and the same value is obtained. It is observed that the parapets do not affect the mean 

drag coefficient. Lift coefficient is also calculated with the same process and CL = 0 is obtained. 

The mean drag coefficient CD of several investigations is given in Table 1. It is observed from 

the table that, CD decreases when aspect ratio (AR) reduces due to the intrusion of the flow over 

the top into the wake. 
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(a) (b) 

 
(c) 

Fig. 11 Mean pressure distributions and their components (a) mean pressure (b) drag component Cp Cosθ 

and (c) lift component Cp Sinθ 

 

 
Table 1 Mean drag coefficients compared between various investigations and the present study 

Authors CD Re AR 

Kawamura et al. (1984) 0.78 2x10
5
 2 

Okamoto et al. (1992) 0.73 1.3x10
4
 2 

Sumner et al. (2004) 0.61 6x10
4
 3 

Sumner et al. (2004) 0.74 6x10
4
 5 

Sumner et al. (2004) 0.78 6x10
4
 7 

Sumner et al. (2004) 0.81 6x10
4
 9 

Frederich et al. (2008) 0.55 2x10
6
 2 

Present study (without parapet) 0.52 1.5x10
5
 1 

Present study (with parapets) 0.52 1.5x10
5
 1 

 

 

4. Conclusions 

 

In this study, the influence of parapet height to pressure distribution on the flat top of a finite 

cylindrical building is experimentally investigated. Mean and minimum pressure distributions due 
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to wind on the flat top and on the cylindrical wall were obtained for different parapet heights. 

Negative pressure fields occur on the top and at the leeward wall of the cylinder because of flow 

separating from the leading edge of the top. The largest negative pressures occur just beyond the 

separation and are progressively reduced in magnitude in the reattachment region of the top 

surface. While there is a reattachment region on the cylinder top without parapet, no reattachment 

regions are observed on the cylinder top with parapets. The magnitude of the peak pressures in the 

edge region decreases monotonically as the height of the parapet increases. It is seen from the 

results that the local high suctions on the top are reduced up to %24 by the presence of parapets.  

This reduction is because of the fact that parapets tend to lift the shear layer away from the top 

surfaces. The large mean and minimum suctions shift through the downstream on the top with 

increasing parapet height. The mean and minimum pressures in the interior region of the top are 

little affected by parapets. In all cases the parapet tends to reduce the top pressure. Wall loads 

remain unaffected by the presence of parapets. The drag and lift coefficients for finite cylinder are 

found as CD = 0.52 and CL = 0. It can be concluded that the parapets do not affect the mean drag 

and lift coefficients. It is hoped that this study would serve data for the further researches on this 

topic. 
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