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Abstract: Turbulent flows through sudden expansion geometries have a lot of practical and scientific applications. Such flows 

consist of a separated boundary layer, a recirculation zone and a reattachment point. Hence, study of these flows can give us 

significant knowledge about the turbulent fluid flow properties. Such flow patterns are also encountered in numerous engineering 

situations. In this present work, experiments were carried out in an axi-symmetric sudden expansion circular pipe to study the 

turbulent flow properties. To achieve asymmetric flow, baffles were used. Velocity profile is a very important tool to study the 

properties of a flow. Measurements were made to obtain the velocity profile of the flow at different locations of the flow field for 

three different flow geometries. 

 

Index Terms – turbulent flow, sudden expansion, flow separation 

 

1. INTRODUCTION 

The turbulent flow separation is a very common 

phenomenon. Some examples are flow over airfoils at large 

angles of attacks, suddenly expanding channels, wide angle 

diffusers. When a fluid flows through a pipe with a sudden 

expansion in its cross-section, the fluid coming out from the 

smaller cross-section pipe is unable to comply with the 

sudden change in the boundary. This causes an abrupt 

pressure change resulting in flow separation. This diverging 

streamline creates pockets of turbulent eddies at the edges 

resulting in dissipation of mechanical energy [1]. As the flow 

proceeds the separated boundary layer is followed by a 

recirculation zone followed by the reattachment of flow. The 

recirculation zone enhances turbulence and the pressure 

losses. The properties of the turbulent flow can be analyzed 

from the knowledge of the recirculation zone [2].   

The turbulent flows through sudden expansion channels 

can be seen in several engineering applications like dump 

combustor, pipe line, nuclear reactor and heat exchangers. 

The flow through an axi-symmetric sudden expansion has all 

the complexities of internally separating and reattaching 

flow, hence it is a model case for study of the general 

characteristics of flows which exhibit regions of separation 

with reattachment. Hence, the study of such flows is one of 

the most fundamental issues of fluid dynamics. 

A lot of work has been done, both experimentally and 

numerically to study the characteristics of suddenly 

expanding flow. Laufer[3] carried out the first experiment to 

study the fully developed turbulent flow through a circular 

channel.  Casarsa and Giannattasio found that the flow 

domain was sensitive to change in the Reynolds number [4]. 

The turbulent flow in a plane symmetric sudden expansion 

was experimentally investigated by Smyth [5]. Gould et al. 

[6] investigated the turbulent transport for an axi-symmetric 

sudden expansion flow. Several experiments have been 

conducted to analyze the behavior and properties of turbulent 

flow through sudden expansion [2, 7-11]. Chaurvedi[12] 

numerically analysed the axi-symmetric sudden expansion 

flow. 

Moin et al.[13] numerically solved the turbulent flow over 

backward facing step. Numerical analysis of turbulent flow 

in a circular duct was done by Launder et al. [14].  

  In the present work, the velocity profile of a turbulent 

flow in a sudden expansion has been studied experimentally. 

Both axi-symmetric and asymmetric flow geometry have 

been experimentally studied using a circular axi-symmetric 

sudden expansion pipe. Baffles were placed at different 

location of the flow to make it asymmetric. Measurements 

were made for the velocity at several locations of the flow 

field and velocity profile was plotted.  

 

2.EXPERIMENTAL SETUP & PROCEDURE 

The schematic of the flow is shown in Fig. 1. The 

geometry of the setup is an axi-symmetric sudden expansion 

flow passage. 

 

2.1 Experimental Setup Description 

  The experimental setup consists of a source of flow 

followed by a honeycomb chamber which is connected to a 

channel of circular cross-section with sudden enlargement in 

its cross-section (Fig. 2). An electric air blower is used to 

create the flow of air through the setup. Air is used as the 

fluid and hence the results of these experiments are valid for 

Newtonian fluids only. A honeycomb chamber is made using 

bunch of several straws and placed at the pump opening and 

inserted into the channel of smaller cross section. It ensures 

uniform flow into the channel from the blower. A circular 

tube of length L1 = 96.5 cm and diameter D1 = 7.2 cm is 

joined with a larger tube of length L2 = 59.8cm and diameter 

D2 = 12 cm. The pump is connected to the smaller tube and 

the end of the larger tube is kept open to the atmosphere, 

thus making a sudden expansion arrangement for the flow. 

The coaxial tube and pump setup is placed on a table such 

that the axes of the tubes are horizontal.  

To facilitate the measurement process at different 

locations of the flow, 3 and 16 holes are made on the upper 

surface of the smaller and larger tubes respectively. 
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Figure 1: Schematic of the experimental setup (not to scale) 

 

 
              Figure 2: Sudden expansion setup (air blower, honeycomb chamber and flow channel of coaxial pipes    

                            with sudden enlargement in cross section) at Hydraulics lab, Jadavpur University 

  

A digital manometer is used with a Pitot tube to note 

down the values of the pressure difference and the velocity 

at different locations in the flow field. To facilitate the 

measurement process, the Pitot tube has been graduated as 

shown in Fig. 3. 

 

 
           Figure 3: Pitot tube with its graduations 

 

2.2 Experimental Methodology 

The objective of the experiment is to measure the 

velocity profile of the flow at different locations for different 

geometrical configurations of the flow field. To achieve 

different asymmetric geometries, baffles were used. 

To measure the velocity at different points of the flow 

field, the Pitot Tube was inserted into the holes of the pipe 

and placed in the upstream direction of the flow at different 

vertical locations. For every location along the axis, the 

velocity was measured for different points in the vertical 

direction. The readings of the digital manometer were noted 

in a tabular format. Hence, we obtain both the pressure 

difference and the velocity at different points of the flow 

field. The smaller pipe has 3 holes along its axis and the 

velocity was measured at these 3 points considering 6 points 

along the vertical direction, each point being 1.2 cm apart. 

The larger tube has 13 holes along its axis and the velocity 

was measured at these 13 stations considering 10 points 

along the vertical direction, each point being 1.2 cm apart. 

This procedure was repeated for different cases. 

The experimental data was stored in a tabular form in MS-

Excel and graphs were plotted taking velocity along the 

abscissa and the distance from the lower wall along the 

ordinate. Velocity profiles for different locations along the 

axis of the pipe were plotted. The nature of the profile was 

carefully studied and analyzed. 

The measured flow properties during the experiment are as 

follows: Temperature = 303 K; Density of air = 1.164 kg m
-

3
; Viscosity of air = 1.868 x 10

-5
 kg/ms; Average Velocity of 

the flow = 18.1 m s
-1

 (computed from the plot of the 

velocity profile)   
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3. RESULTS AND DISCUSSIONS 

The experiments were carried out for three different 

geometrical configurations of the flow field; the plots for the 

velocity profiles of each of them were obtained. The legend 

in the plots refers to the location at which the velocity was 

measured; the location number increases in the direction of 

the flow. 

 

3.1 Axi-symmetric Sudden Expansion 

For this case, the flow setup used is as shown in fig. 2, 

which is axi-symmetric sudden expansion geometry. 

 
Figure 4: Velocity profile in the smaller cross-section pipe 

 

From fig. 4 it is observed that the flow is fully developed 

and as the distance from the source increases the velocity 

decreases due to friction losses. 

 

 
Figure 5: Velocity profile for different locations of the larger cross-section of the pipe 

 

It can be observed from fig. 5 that as the flow progresses 

downstream the expanded zone, the velocity is decreasing 

by a considerable amount. This decrease in velocity can be 

attributed to the loss in head of the fluid due to turbulent 

eddies formed as a result of this sudden expansion.  The 

losses can be obtained from the Borda-Carnot equation [1]. 

Moreover, it can also be observed that in the downstream 

direction of the expanded region, the flow is tending to 

become uniform from its parabolic profile. This is because 

downstream of the enlargement the vigorous mixing caused 

by the turbulence helps to even out the velocity. The 

gradient of velocity is due to the no slip condition. 

 

3.2 Asymmetric Sudden Expansion With 1 Baffle 

In this case, asymmetric geometry has been achieved by 

placing a baffle in the flow field as shown in fig. 6. 
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Figure 6: Baffle placed in the flow field covering positions 9-10-11 

 

  

  

Figure 7: Velocity profiles for different regions of the flow field 

 

It can be seen from the fig. 7 that the flow pattern before 

encountering baffles is similar to the axi-symmetric flow 

condition and the same conclusions can be drawn from the 

plots. The baffle was placed on the lower wall and it can be 

observed from the plot that the flow above the baffle is 

almost developed and no slip condition is valid at the baffle 

surface open to the flow. 

After encountering the baffle, the flow becomes 

asymmetric. If we divide the profile into 3 segments, the 

upper and lower regions are slowly developing and tending 

to the fully developed parabolic profile. The upper region is 

thicker than the lower region as the baffle is asymmetrically 

placed – farther away from the upper wall and closer to the 

lower wall. The middle region of the plot has zero velocity 

because the baffle obstructed the flow. It can also be seen 

that as the flow proceeds, it is tending to the symmetric fully 

developed profile.  

 

3.3 Asymmetric Sudden Expansion With 2 Baffles 

For this case, the asymmetric flow geometry was obtained 

by using two baffles as shown in fig. 8. 
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Figure 8: Baffles placed in the flow field covering locations 7-8-9 and 12-13 

 

 

  

  

Figure 9: Velocity profiles for different regions of the flow field 

 

It can be seen from fig. 9 that the velocity profile before 

encountering the baffles is similar to the axi-symmetric 

condition and hence, it can be concluded that the presence 

of the baffle in the flow path does not affect the flow pattern 

before it. As it can be seen, after encountering the first 

baffle flow becomes asymmetric. The plot can be divided 

into three regions: upper, middle and lower. From the upper 

region and lower regions it can seen that the flow is slowly 

developing after encountering the baffle. The flow is 

tending to the fully developed parabolic profile. The 

difference in thickness between the two regions is because 

of the fact that the baffle is asymmetrically placed – it is 

closer to the upper wall and farther from the lower wall. The 

middle region is the place where the baffle was placed and 

hence the velocity is zero here because the flow was 

obstructed and stopped here. As we move downstream the 

flow, due to friction losses the velocity decrease but the 

flow profile is similar. 

The second baffle was placed on the lower wall and the 

flow above the baffle is almost developed and no slip 

condition is valid. After encountering the second baffle, the 

flow again becomes asymmetric and the plot is similar to 

that obtained in case of flow after first baffle. However, in 

this case the upper region is thicker and the lower region is 

thinner; this is because the baffle is placed on the lower 

wall. Moreover, it should also be noted that as the flow 

progresses, the velocity keeps on decreasing. 
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4. CONCLUSION 

In this experimental work, measurements were made for 

the velocity profile at different locations in a turbulent 

sudden expansion flow field. The experiments were carried 

out for three different geometries of the flow field. The 

velocity profiles at different regions of the flow for each 

case was plotted and analyzed. The experimental results are 

in agreement with the theoretical predictions. It can be 

observed that the decrease in velocity downstream of the 

flow is more for the flow after expansion than before the 

expansion; this can be attributed to the energy losses due the 

turbulent eddies resulting from flow separation as the flow 

geometry abruptly expands. Thus, the velocity profiles help 

us in visualizing the effect of flow separation resulting from 

the sudden expansion of the flow. 
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