
 

 

 

Abstract—According to Hagen- Poiseuille law, the velocity 

distribution curve for flow of fluid in a circular pipe is a parabola 

with the maximum velocity occurs at the centre. However, there is a 

need to determine the pattern of velocity profile when fluid flow in a 

circular pipe filled with layers of porous media of different porosities. 

A circular pipe was completely filled with layers of sands of different 

porosities. The flow takes place through the sands and volume flux 

for different layers of sand arrangement was obtained by volumetric 

approach. The velocity profile graphs show the velocity distribution 

or pattern for these arrangements. Unlike when the pipe is completely 

filled with water, velocity increases from the pipe centre to maximum 

at pipe wall when water flow from lower to higher permeable sands. 

However, the velocity increases from pipe wall to maximum at pipe 

centre when water flow from higher to lower permeable sands. This 

shows that the former arrangement is the most suitable arrangement 

for deflecting fluid by layered heterogeneous sands to different 

directions from normal. The result has applications in controlling the 

contaminated fluid seepage from the direction of source of water. 

 

Keywords—Permeability, heterogeneous, porous media, porosity 

and velocity profile.  

I. INTRODUCTION 

HE flow of fluids in permeable media has been studied by 

many investigators with varying degrees of success. 

Darcy’s law describes the  situation  very  well  for many flow 

systems in which the medium is  homogeneous  and the  pores  

are  relatively  small, such as flow of water in a  sandstone  or 

in a  filter  bed  [1-4]. The  aim of the  present  work  is to  

determine the pattern of velocity profile  when  fluid flow  

through  layers  of porous media of different porosities.  

II. THEORETICAL BACKGROUND  

 It was established by Darcy through experiments that the 

velocity of a fluid through a porous medium varies linearly 

with the loss of head 
fh , which indicates that the flow 

through porous media is laminar. The general expression for 

laminar flow may be expressed as  

 
Alabi Olusegun.O. Solid Earth Physics Research Laboratory, Department 

of Physics,  Faculty of Basic and Applied Sciences, Osun State University, 

Osogbo, OsunState. Nigeria, e-mail: geosciencealabi@yahoo.com Ph. No.: 

+2348035028760  

Adeleke Ezra Department of Mechanical Engineering, Faculty of 

Engineering, Osun State University, Osogbo, Osun State. Nigeria e-mail: 

ezraademola@yahoo.com, Ph no. +2348054813210. 

 

2wD

LuK
h f




                                      1

 

Where, 

  
fh  = the loss of head in length L, 

  K a constant, the value of which depends on the shape 

of the passage,  dynamic viscosity of the fluid, 

  u average velocity of flow, 

  w weight density of the fluid, and  

  D a characteristic length representing the geometry of 

the passage  

Equation (6) can be used for laminar flow through porous 

media. The diameter of the passage through particles is given 

by  

 sdD                                                            2 
 

Substituting this value of d for D in equation (1), we get 
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Where,  

 K = a constant, called the coefficient of permeability, and  
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the hydraulic gradient  

Equation (4) is well known Darcy’s equation for flow of water 

through soil. 

Coefficient of permeability or hydraulic conductivity, K can be 

converted to permeability by using equation 
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Equation (5) is called Hubert King relation, k is the 

permeability,  ρ and μ  are the density and viscosity of the fluid 

respectively, while g is the acceleration due to gravity. 
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III. METHODOLOGY 

The experimental set-up consisted of a big transparent 

cylindrical pipe 108.5x10
-2 

m with radius 2.23x10
-2

m as an 

inlet pipe and five small equal transparent cylindrical pipe of 

radius 0.3x10
-2 

m each as outlets. Each of the outlet pipes was 

joined to the centre of the circular plastic plate on the top of 

the inlet pipe at different angles  of 0
0
, 20

0
, 50

0
, 70

0
 and 90

0
 

from normal point or line. Water was allowed to flow through 

the empty inlet pipe into outlet pipes for a period of 60seconds 

and this serves as a control experiment. The discharge volume 

of water at each outlet was collected with beaker and measured 

with measuring cylinder. Thereafter, the inlet pipe and outlet 

pipes were filled with the same sample at a time and the 

volume of water discharged through each outlet pipe was 

measured and repeated for all the samples. Then, all the five 

outlets were filled with the sample of higher porosity relatively 

to that the inlet pipe to constitute layered heterogeneous 

media. The sample in the inlet pipe was later changed in turn 

in order to obtain different porosities ratios and the volume of 

water discharged from the outlets in different cases were 

measured directly with measuring cylinder. The volume flux 

q(m
-1

) or specific discharge was then computed from the 

volumetric flow rate  Q(m
3
s

-1
) by dividing it with the cross-

sectional area, 2.83 x 10
-5

m
2
 of the outlet pipe.  

IV. RESULTS AND DISCUSSION 

Table 1 shows the porosities, hydraulic conductivities and 

permeabilities of sand samples A, B, C and D. Hydraulic 

conductivities were obtained volumetric approach and Darcy’s 

law, while permeabilities were obtained from hydraulic 

conductivities values with Hubert King relation 

 
TABLE I 

VALUES FOR POROSITIES, HYDRAULIC, CONDUCTIVITY AND 

PERMEABILITY FOR SAMPLES A – D 

Sample Porosity Hydraulic 

Conductivity K 

x 10-4 (ms-1) 

Permeability 

k x 10-11(m2) 

A 0.250 ± 0.010 0.46 0.47 

B 0.333 ± 0.002 1.01 1.06 

C 0.364 ± 0.001 1.14 1.16 

D 0.420 ± 0.010 3.29 3.36 
 

 

Table 2 and 3 show the volume flux at various outlet angles 

at varying porosity difference for maximum inclination angle 

used in the experiment. This was done in order to show the 

effect of porosity difference on the volume flux at various 

outlet angles, when fluid flow from a lower porous medium to 

a higher porous medium and vice-versa, respectively. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE II 

VOLUME FLUX AT VARIOUS OUTLETS FOR DIFFERENT ARRANGEMENTS OF 

SAND IN ASCENDING ORDER OF POROSITY (ALH) 

Angle of 

Outlets  

(degrees) 

AB, = 

0.083 

q x 10-4 (msec-1) 

AC, = 0.114 

q x 10-4 (msec-1) 

AD, = 

0.170 

q x 10-4 (msec-1) 

0 0.0047 0.0071 0.0141 

20 0.0071 0.0071 0.0153 
50 0.0518 0.0542 0.0130 
70 0.0506 0.0495 0.0683 
90 0.0071 0.0141 0.0612 

 

 Fig. 1 Plot of volume flux (m/s) against the angle of outlets (Deg.) 

when fluid flow from sand A to B 

 

 Fig. 2  Plot of volume flux (m/s) against the angle of outlets (Deg.) 

when fluid flow from sand A to C 

 

 Fig.3 Plot of volume flux (m/s) against the angle of outlets (Deg.) 

when fluid flow from sand A to D 
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TABLE III 

VOLUME FLUX AT VARIOUS OUTLETS FOR DIFFERENT ARRANGEMENTS OF 

SAND IN DESCENDING ORDER OF POROSITY (DLH) 

 

Angle of 

Outlets α 

(deg.) 

BA 

( ∆φ = 0.083) 

q x 10-4 (ms-1) 

CA 

(∆φ = 0.114) 

q x 10-4 (ms-1) 

DA 

(∆φ = 0.170) 

q x 10-4 (ms-1) 

0 0.1543 0.1543 0.1760 

20 0.1095 0.1272 0.1398 

50 0.0448 0.0730 0.0836 

70 0.0247 0.0306 0.0836 

90 0 0 0 

 

 
Fig.4 Plot of volume flux (m/s) against the angle of outlets (Deg.) 

when fluid flow from sand B to A 

 

 
Fig. 5 Plot of volume flux (m/s) against the angle of outlets (Deg.) 

when fluid flow from sand C to A. 
 

Fig 6 Plot of volume flux (m/s) against the angle of outlets (Deg.) 

when fluid flow from sand D to A 
 

TABLE IV   

MAXIMUM VOLUME FLUX, QMAX OF DIFFERENT SAND ARRANGEMENTS 

 

Table 4 shows the maximum volume flux obtained for both 

ascending order and descending order of sand arrangements on 

their porosity bases and these are tagged ascending layered 

heterogeneous (ALH) and descending layered heterogeneous 

(DLH). It also shows the porosities differences and the angle 

that has the maximum volume flux in each case.  For ALH 

arrangements, the maximum volume fluxes were obtained at 

angles 59
0
, 60

0
 and 74.5

0
 for AB, AC and AD respectively. 

While, for DLH arrangements, the maximum volume fluxes 

were obtained at angle 0
0 

for BA, CA and DA. This implies 

that velocity increases from the pipe centre to maximum at 

pipe wall when water flow from lower to higher permeable 

sands. However, the velocity increases from pipe wall to 

maximum at pipe centre when water flow from higher to lower 

permeable sands. These results are represented in pictorial 

form with figures 7 and , which are the combinations of figures 

1-3 and 4-6 respectively. The results of this work is in relation 

to the amount of energy needed to force water through porous 

media, the higher than permeability, the lower the energy 

needed and vice-versa. In seepage, the rate of loss of energy is 

measured by the steepness of the hydraulic gradient; steep 

hydraulic gradient should be expected in the zones of low 

permeability and flat gradients, in zones of high 

permeability[5]. Another way of looking at the behaviour of 

seepage in sections with more than one permeability is the 

concept that, other factors being equal, the higher the 

permeability, the smaller the area required to be passed by a  

given volume of water. Conversely, the lower the permeability, 

the greater the area required. 

 
 

Fig.7 Profile of velocity for ALH arrangement 

 
Fig.8 Profile of velocity for DLH arrangement 

V. CONCLUSION  

The flow takes place through a circular pipe filled with 

layers of sands of different permeabilities and the fluid 

velocity for each arrangement was obtained by volumetric 

approach. The velocity profile graphs show the velocity 

distribution increases from the pipe centre to maximum at pipe 

wall when water flow from lower to higher permeable sands. 

However, the velocity increases from pipe wall to maximum at 

pipe centre when water flow from higher to lower permeable 

Sand 

arrangement 

Porosity differences 

(∆φ) 

qmax 

q x 10-4  (ms-

1) 

α (max) 

deg. 

AB 0.083 0.055 59.0 

AC 0.114 0.058 60.0 

AD 0.170 0.075 74.5 

BA 0.083 0.120 0 

CA 0.114 0.150 0 

DA 0.170 0.180 0 
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sands. This shows that the former arrangement is the most 

suitable arrangement for deflecting fluid by layered 

heterogeneous sands to different directions from normal. This 

result could be applied in controlling the contaminated fluid 

seepage from the direction of source of water.  
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