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Abstract. Experimental investigation of the flow and heat transfer 

around a heated cylinder in cross flow with and without using 

winglets has been carried out. Distribution of the static pressure 

coefficients and Nusselt number and knowledge of the flow processes 

around the cylinder without winglets enable as to form an idea of the 

mechanism and pattern of the flow around the cylinder with winglets. 

The flow was in fully-developed turbulent flow with Reynolds 

number range 0.72*104≤Re≤1.44*104. Four different shapes of 

winglets were used with different angles of attack (20, 26, 32) at 

different locations ((Xm/D=0, 0.17, 0.3, 0.5), (Ym/D=0.57, 0.65, 0.72, 

0.8)). The results show that there is an effect of winglet shapes on 

heat transfer and pressure drop, and a better shape is a (trapezoidal 

(type 3)). For enhanced heat transfer from cylinder, heat transfer 

increases with increasing Reynolds number and angle of attack. Also 

the results show that the optimum position of winglet for enhanced 

heat transfer is (Xm/D=0.17 and Ym/D=0.65). The research shows 

that heat transfer is enhanced as high as (14%) when winglets are 

used when compared with the case of a cylinder without winglets. 

There is also a slight increase in pressure drop. 
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1. Introduction 

 

Investigation of flow and heat transfer over a cylinder in cross flow is 
very important due to its wide use in engineering practices and to 
insufficiently investigated effects of particular geometrical parameters on 
the flow processe [1]. The flow over cylinder is a complicated flow with a 
large number of parameters involved 

[2]. Also, there does not seem to be 
studies carried out concerning the features of heat transfer from cylinders 

by using winglets, although there are studies for enhancement in heat 
transfer from fin-tube heat exchanger with wings and winglets as in 
Ref.[3]. The latter study investigates enhancement in heat transfer from a 
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fin tube heat exchanger with winglets by disrupting the growth of thermal 
boundary layer and reducing the minimum surface heat transfer in the 
wake region directly down stream of circular tubes. In channel flow 
without cylinder, many works have been published using vortex generator 
to enhance heat transfer [4-6].  

 
Flow around circular cylinders and boundary layer separation have 

been investigated experimentally as in Ref. [1, 7, 8] and numerically as in 
Ref. [9, 10, 11]. These studies show that the variation in the local Nusselt 
number (Nu) around the cylinder is effected by the boundary layer 
development in the front of the cylinder and by separation and vortex 
shedding over the side and the wake region. The maximum heat transfer 
occurs at the front stagnation point where the boundary layer resistance to 
heat transfer is minimum. The minimum heat transfer is found to 
correspond to the point before the boundary layer separates and the 
location of the minimum heat transfer depends on the Reynolds number 
of the flow. It should be noted that no study was found, to the best 
knowledge of the authors, which aimed to investigate fluid flow and heat 
transfer over a cylinder by using winglets.  The local heat flux in the front 
region of the cylinder (up to 50o) is relatively  high, after this point the 
local heat flux decreases until the separation point (minimum Nusselt 
number) then heat transfer will be approximately constant and nearly 
equal to that at separation point [1]. This work will concentrate on altering 
wake region so as to seek for possibilities for enhancing heat transfer 
from cylinder. The strategy of this work is to place winglets behind the 
cylinder (Fig. 1) to control flow over the cylinder surface. Four shapes of 
winglets were used in this investigation as shown in Fig. 2, the winglets 
have the same height and area. 

 
 
 
 
 
 
 
 

Fig. 1. Test section. 
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2. Experimental Procedure 

 

The aim of this part of the study was to investigate the influence of 
the winglet on fluid flow and heat transfer over a cylinder experimentally. 
The calculation of Nusselt number and pressure distribution over the 
cylinder surface was in turbulent flow with different positions, angle of 
attack and Reynolds number at constant heat flux. 

 
By using the apparatus shown in Fig. 3, the pressure difference and 

temperatures on the cylinder surface can be measured. This apparatus 
contains a long narrow rectangular duct 30*150 mm2

 in cross section, the 
length of duct being 2000 mm to obtain fully developed flow, and a 
30*150*300 mm

3
 test section containing the 55 mm diameter cylinder in 

the middle of the test section. This cylinder was heated by using electric 
resistance to obtain a constant heat flux, whereby the current and voltage 
drops were measured with electric multi-meter, and by using a variac to 
obtain the desired heat flux. A pitot-static tube was used for measuring 
velocity of flow and the pressure drop across test section, the 
temperatures of fluid at inlet and outlet from the test section were 
measured by using four thermocouples. By using a fan with manual 
control, the flow entering the duct can be obtained. The winglet consisted 
of small plates mounted behind the center of the cylinder as shown in 
Fig.1. 
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           Fig. 3.  Schematic view of experimental  apparatus.  
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2.1 Pressure Distribution 

 

    Pressure distribution on the cylinder surface can be obtained by using 
five holes with 45° between the neighboring holes, the holes being 
connected to an inclined alcohol manometer through pressure taps joined 
with the holes from the bottom surface of the cylinder to prevent any 
disruption of the flow over the cylinder. The following dimensionless 
form definition was used to calculate the pressure coefficient. 
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2.2 Heat Transfer Distribution 

 

   Heat transfer distribution on the cylinder was measured by using five 
thermocouples of type (k) joined to the bottom surface of cylinder to 
prevent any disruption of the flow over the cylinder. The thermocouples 
were connected with an electro-thermometer through a selector switch, 
the thermocouples being connected with 45°

 between neighboring 
thermocouples. By using the following relations, heat transfer distribution 
on cylinder can be obtained 
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All fluid properties were taken at the arithmetic mean for the bulk 

temperature.  
    Reynolds number can be calculated from   
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3. Results and Discussion 

 

        Figure 4 shows the local heat transfer and local pressure coefficient 
for flow over the cylinder with rectangular winglet (type 1) at 
{Re=1.08*104, Xm/D=0.17, Ym/D=0.65, β=26° and different longitudinal 
distances along the streamline (Xm/D)} and without winglet (free).  For 
the free case, the local heat transfer is observed to be largest at the front 
stagnation point.  Then it decreases due to increasing boundary layer 
thickness, and reaches its minimum value at the separation point.  It then 
increases because considerable turbulent exists over the rear side of 
cylinder, where eddies of the wake sweep the surface. The heat transfer 
over the rear is not higher than at the front because the eddies recirculate 
part of heated fluid.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.  Effect of Xm on Nu and Cp for type 1 at Re=1.08*10
4
, Ym/D=0.65, β=26. 

 
Also, it may be observed in the same figure that local heat transfer 

is increased by using the winglet, and that the value of the local heat 
transfer is dependent on the position of the winglet. The optimum value of 
heat transfer occurs at (Xm/D=0.17), where in the case of small distance 
(Xm/D< 0.17) there is a narrowing gap between the cylinder and the 
winglet and not enough heat will be removing from the cylinder. In the 
case of a large gap (Xm/D>0.17) the effect of the winglet will be 
decreasing. For the case of flow without using the winglet, the local 
pressure coefficient will be increasing with increasing distance from the 
stagnation point due to acceleration of the flow around the cylinder.  At 

about 90o the pressure becomes minimum and separation will occur, but 
when using the winglet the pressure coefficient will be decreasing due to 
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the acceleration of the flow through the narrow gap between the cylinder 
and the winglet. 

 
     Figure 5 shows variation of the local heat transfer and the local 
pressure coefficient for flow over the cylinder with a rectangular winglet 
(type 1) at {Re=1.08*104

, Xm/D=0.17, Ym/D=0.65, β=26 and different 
transfer distances Ym/D} and for the case when a winglet is not used 
(free). The local heat transfer is observed to increase when using the 
winglet as mentioned above, the optimum position for high heat transfer 
being at (Ym/D=0.65). For lower values (Ym/D<0.65), the heat transfer 
will be lower because the flow moves away due to the small gap between 
the cylinder and the winglet. When the distance is (Ym/D>0.65), heat 
transfer will be reduced and the effect of winglet will be decreased 
because the gap becomes large. Local pressure coefficient will be 
increasing when using the winglet as mentioned above. For the other 
types of winglets, the same type of results may be shown to occur, but at 
different values, depending on the type of winglet.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     Figure 6  shows the influence of the angle of attack on local heat 
transfer and pressure coefficient for rectangular shape at(Re=1.08*104, 
Xm/D=0.17 and Ym/D=0.65 ).  It may be observed that heat transfer 
increases with increasing angle of attack.  This is because of increasing 
pressure difference across the winglet faces and the increasing fluid 
passing through the gap between the cylinder and the winglet and 
removing of more heat from the cylinder. Also, the same procedure can 

be shown for other winglet shapes. 
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Fig. 5.  Effect of Ym on Nu and Cp for type 1 at Re=1.08*10
4
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Figure 7 shows the local pressure drop around the cylinder when 
using a rectangular winglet.  It is observed that local pressure falls as flow 
is accelerated with increasing angle of attack. The same process can be 
shown to arise when other winglet shapes are utilized. 
  
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
    Figure 8  shows the comparison of heat transfer when all types of 
winglets are used and with the case of no winglet at (Re=1.08*104, 
Xm/D=0.17, Ym/d=0.65 and β=26).  It may be concluded that heat 
transfer with all types of winglets is more than the case of using no 
winglet.  
 

Additionally, the figure shows that the trapezoidal winglet (type 3) 
yields the best results, i.e., it is the best shape for enhancing heat transfer.  
This is due to the significant effect on acceleration of the flow when 
passing across the sharp edge of the trapezoidal winglet. Consequently no 
flow recirculation arises as in the rectangular winglet (type 1) or elliptical 
winglet (type 4) due to the narrow gap. The triangular winglet (type 2) 
provides the minimum heat transfer when compared to other types due to 
the small effect for accelerating the flow to pass near the cylinder and 
some of the flow passes over the winglet. 

 
 
 

 
 

0 20 40 60 80 100 120 140 160 180

THETA

140

145

150

155

160

165

170

175

N
u

BETA=20

BETA=26

BETA=32

TYPE 1

Xm/D=0.17

Ym/D=0.65

Re=1.08*10
4

0 20 40 60 80 100 120 140 160 180

THETA

-6.5

-6

-5.5

-5

-4.5

-4

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

C
P

BETA=20

BETA=26

BETA=32

TYPE 1

Xm/D=0.17

Ym/D=0.65

Re=1.08*10
4

Fig. 7. The influence of angle of 

attack on heat transfer for 

rectangular shape. 

Fig. 6.  The influence of angle of attack 

on pressure coefficient. 

 



Jalal M. Jalil, et al. 126

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Figure 9 shows the distribution of pressure coefficient at Xm/D= 

0.17, Ym/d=0.65 and β=26). It may be observed that the pressure falls 
when using winglet types (1) and (2), where the pressure drop is high due 
to high pressure difference across the winglet faces. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10 shows the effect of Reynolds number on heat transfer at 
(Xm/D=0.17, Ym/D=0.65, β=26 ) for the rectangular winglet. The results 
indicate that heat transfer increases with increasing (Re) due to 
acceleration of the flow over the surface of the cylinder. 

Figure 11 shows the effect of (Re) on (Cp) for the rectangular 
shape at Xm/D=0.17, Ym/d=0.65 and β=26 ). As expected, the pressure 

drop increases with increasing (Re) due to accelerated flow around the 
cylinder surface. 

0 20 40 60 80 100 120 140 160 180

THETA

120

125

130

135

140

145

150

155

160

165

170

175

180

N
u

TYPE 1

TYPE 2

TYPE 3

TYPE 4

FREE

BETA=26

Xm/D=0.17

Ym/D=0.65

Re=1.08*10
4

Fig. 8. Comparison of local heat transfer  for all types of winglets.

0 20 40 60 80 100 120 140 160 180

THETA

80

100

120

140

160

180

200

220

240

260

280

N
u

Re=0.72*10
4

Re=1.08*10
4

Re=1.44*10
4

TYPE 1

BETA=26

Xm/D=0.17

Ym/D=0.65

0 20 40 60 80 100 120 140 160 180

THETA

-6

-5.5

-5

-4.5

-4

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

C
P

TYPE 1

TYPE2

TYPE3

TYPE4

FREE

BETA=26

Xm/D=0.17

Ym/D=0.65

Re=1.08*10
4

Fig 9 Comparison of local pressureFig. 9.  Comparison of local pressure    

              coefficient. 

Fig. 10. Effect of Reynolds number on local 

heat transfer for rectangular shape. 



Effect of Winglet Shape on Heat Transfer from  Heated Cylinder in Cross Flow  

 
127 

For all above figures heat transfer and pressure drop over the front 
face of cylinder are relatively constant due to accelerating flow and the 
resulting thinner boundary layer.  The effect of winglets is felt on the rear 
face of the cylinder. 

 
   

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

4. Conclusion 

 

     The most important results can be summarized as follows:   

• Winglets accelerate the flow to sweep the heat from high heated 
region on cylinder surface. 

• Heat transfer is enhanced by about (14 %).  Pressure drop is 
increased only slightly.      

• Heat transfer increases with increasing angle of attack. 

• Heat transfer increases with increasing Reynolds number. 

• The position of winglets (Xm/D, Ym/D) is very important, and it 
effects heat transfer.  

• The maximum heat transfer occurs at (approximately) Xm/D=0.17 
and Ym/D=0.65  

• The trapezoidal winglet is the optimum type for enhanced heat 
transfer. 
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Notations 

 
A= Area 
Cp= Static pressure coefficient 
D= Diameter of cylinder 
H= Duct height and winglets 
h= Local heat transfer coefficient 
I= Electric current 
K= Thermal conductivity 
L= Length of cylinder   
Nuθ= Local Nusselt number 
Po= Stagnation pressure 
Pθ= Local pressure 
Q= Total heat transfer 
ReH= Reynolds number at duct height 
Ta= Air temperature 
Tin= Inlet temperature 
Tout= Outlet temperature 
∆T= Temperature difference 
u= Inlet velocity 
V=Volt 
Xm= Longitudinal distance from cylinder center 
Ym= Transverse distance from cylinder center 
ρ= Density 
υ= Dynamic viscosity 
β=angle of attack  
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