
James Hart1, Ian Guymer1, Amy Jones1 and Virginia Stovin2  

Longitudinal Dispersion Coefficients within 

Turbulent and Transitional Pipe Flow 

1School of Engineering, University of Warwick 

2Department of Civil and Structural Engineering, University of Sheffield 

 



Introduction 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

50 55 60 65 70 75 80 85 

C
o

n
c
e

n
tr

a
ti

o
n

 [
p

p
b

] 

Time [s] 

Up -stream data 

Down-stream data 

Longitudinal Dispersion: 

Spreading of a solute along the 

longitudinal axis. 

Differential Advection: 

Spreading due to spatial 

difference in velocity. 
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Background – Taylor [1954] 
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Background 
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Reynolds Number, Re 

Fowler and Brown [1943] Keyes [1955] 

Taylor [1954] Flint and Eisenklam [1969] 

Taylor [1954], Equation 5 

0 

0 

0.2 

0.4 

0.6 

0.8 

1 

0 0.2 0.4 0.6 0.8 1 

D
im

e
n

s
io

n
le

s
s
 p

o
s
it

io
n

 f
ro

m
 w

a
ll

 

Dimensionless Velocity 

Laminar Profile, Re = 2000 

Turbulent profile, Re = 100000 
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Taylor [1954], … 
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Experimental Set-up 
From sump 

To sump 

Main test pipe: 

ID = 24 mm 

Fluorometers Injection Pump 

3.5 m 7.1 m 6 m 



Results 
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Results and Analysis 
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Results and Analysis 
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Results and Analysis 

0.1 

1 

10 

1000 10000 100000 

D
im

e
n

s
io

n
le

s
s
 D

is
p

e
rs

io
n

 C
o

e
ff

ic
ie

n
t,

 D
x
x
/u

d
 

Reynolds Number, Re 

Fowler and Brown [1943] 

Keyes [1955] 

Taylor [1954] 

Flint and Eisenklam [1969] 

Taylor [1954], Equation 5 

Experimental data, present work 
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Numerical Model – Chikwendu [1986] 
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Turbulent Flow 
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Dimensionless velocity, u+ = u(p)/u* 

Data of Durst [1995], Re = 7442 



Velocity Profile - Turbulent Flow 
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Dimensionless velocity, u+ = u(p)/u* 

Data of Durst [1995], Re = 7442 

Taylor [1954] 

  Turbulent Core 

   Laminar sub-layer 

Buffer Zone 



Numerical Model – Turbulent Flow 
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Taylor [1954], Equation 5 
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Velocity Profile - Turbulent Flow 
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Dimensionless velocity, u+ = u(p)/u* 

Data of Durst [1995], Re = 7442 
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Numerical Model – Turbulent Flow 
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Transitional Flow  

3000 < Re < 4000: Profile of Flint [1967] 
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Dimensionless velocity 

Senecal and Rothfus (1953), Re = 3002 

Profile of Flint [1967] 
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Dimensionless velocity 

Senecal and Rothfus (1953), Re = 3464 

Profile of Flint [1967] 



Transitional Flow 

2000 < Re < 3000: 
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Dimensionless velocity 
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Velocity Profile - Transitional Flow 
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Transitional Flow 
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Transitional Flow 

2000 < Re < 3000: 

( ) ( ) (1 ) ( )L Tu p u p u p
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Dimensionless velocity 
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Numerical Model – Transitional Flow 
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Experimental data, present work 
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Questions ? 


