
Determination of Transition Length in Flow Through Porous Sand Material. 

James A. Adegoke, ph.D.*' and Joseph A. Olowofela, P ~ . D . ~  

' ~e~ar tment  of Physics, University of Ibactan, Ibadan. 
2~epartment of Physics, University of ~griculture, Abeokuta 

ABSTRACT 

A transition length is normally observed when 
fluid flows through a conduit before laminar flow is 
accomplished. This work examined a situation 
whereby porous materials were filled into the 
conduit and fluid was made to flow through. An 
attempt was made to determine this transition 
length for flow of water through riverbed sand of 
varying porosities filled into a horizontal cylindrical 
pipe of diameter 0.345 x m with piezomefric 
water head, set at 0.06m. The transition length 
was observed to be constant for the samples 
considered and it occurred at 0.60m from the 
point of entrance; nevertheless, values of 
pressure at this point increases with increase in 
porosity. 

(Keywords; transition. length, porosity, conduit, 
piezometric, laminar flow) 

INTRODUCTION 

According to Langhaar, 1942 [I], a transition 
length must be observed when fluid flow from a 
reservoir to a pipe. If the flow enters the pipe from 
a reservoir through a well-rounded entrance, the 
velocity at first is almost uniform over the cross- 
section. The action of walt shear stress (as the 
velocity must be zero at the wall) is to slow down 
the fluid near the wall [2, 3, 41. As a consequence 
of continuity, the velocity must then increase in 
the central region. The transition lengthtentry 
length L' for the characteristic parabolic velocity 
distribution to develop is a function of the 
Reynolds number. Langhaar (1942) developed 
the theoretical formula: 

where R is Reynolds number and D is the 
diameter of the pipe. The flow regime within this 

The Pacific Journal of Science and Technology 
htt~:l/www.akamaiuniversitv.uslPJST.htm 

region is not laminar, it is after this 
lengthldistance that laminar flow is attained and 
at which point Darcy law applies. By implication, 
when fluid' flows into a pipe Darcy law only 
applies to the middle segment of the flow 191; the 
first segment has the possibility of being turbulent 
and the last segment being affected by end 
factor. 

MATERIALS AND METHODS 

Basic Theory 

Generally, the Darcy equation is given as [4]: 

which can be re-expressed as; 

where V,  is the volume flux across a unit area of 
the porous medium in unit time along flow path I; * isthe pressure gradient along I at the point to 
dl 

which V ,  refers; 

where q is the angle between I and the 
horizontal. It can also be deduced from (2) that; 

For an horizontal flow: 
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RESULTS AND DISCUSSION 

If a sample is completely saturated with an 
incompressible fluid, then; 

m is the viscosity, k permeability and VI is the 
Volume flux across a unit area of the porous 
medium in unit time along flow paths 151. 

Four samples of Riverbed sand were prepared 
having porosities 0.361, 0.375, 0.446 and 0.467. 
A cylindrical plastic material of diameter 3.45 x 
1u2 m and length 2-Om was, drilled at an interval 
of 0.2m along a straight axis. Each drilled hole 
has a diameter of 4mm and with the use of 
plasticine, the holes were blocked. One end of the 
pipe was screened and blocked. Placing it 
vertically, it was filled with water half way up. 
Prepared samples were soaked overnight to 
prevent 'swelling' which may be as a result of the 
possibility of the presence of microorganism [6, 
71. 

The samples were poured'into the cylindrical tube 
half-filled with water so as to eliminate trapped air 
which will obviously affect fre.e flow of water. This 
precaution is also very necessary so that uniform 
compaction may be ascertained in all the samples 
[8]. The ofher upper end is then screened so that 
we have a column of pipe that is completely filled 
with porous sand. With an elbow joint, a similar 
pipe drilled at 0.06m from the axis of the 2.0 rn 
length pipe is joined and we have an L-shaped 
structure of piezometric height of 0.06m. 

There is inflow from a reservoir into the pipe and 
to maintain a constant water, head (0.06rn) a pipe 
is connected at the hole drilled at that point which 
drains off excess water. The waterhead was 
maintained, purposely because of the measuring 
range of the manometer used. The measuring 
range of the manometer used could not be 
exceeded by pressure measured at points close 
to the end of the pipe. 

The values of pressure at each point were 
obtained from the waterhead read off from the 
manometer at that point. 
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In Figures 1-4 pressure increases along the 
direction of flow from the entry point into the pipe. 
An optimum is reached at 0.6m down the flow 
line. This region may be described as a segment 
the fluid must flow before the parabolic curve is 
properly and completely built up. Within this 
region, the flow can be said to be fairly turbulent 
possibly because of the surge of the influx vis-a- 
vis the existing piezometric height. After this point 
of inflexion (Figures 1-4), pressure decreases 
with distance of flow. Figures 5-8 show the 
segment truncated and the result satisfies Darcy's 
law, using equation (4) I/, can be calculated from 
the gradient of the curves and its ratio to the 
porosity of the medium gives the seepage 
velocity. It is interesting to note that despite the 
constancy of this distance (Transition length) in all 
the samples, the value of pressure increases as 
the poroslty increases. The pressure were found 
to be 446.2, 451.2, 468.8 and 475.6 Pa (Table 2) 
for samples A, 6, C, and D respectively and this 
is represented in Figure 9. 

The optimal or peak value of pressure (plotted 
from Table 1) were obtained as shown in Table 2; 
it .revealed that the peak values of pressure 
occurred at constant distance of flow (0.6m) from 
the point of entrance to that point. Figure 10 
shows a graph of this distance against porosity 
and it is clearly constant indicating that the 
transition length is independent of the porosity of 
the medium. 

0.00 0.40 0.80 1.20 1 .@€I 
orst. (m) 

Figure 1: Graph of Pressure versus Distance 
Sample A. 
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Figure 2: Graph of 'Pressure versus Distance fo; 
Sample 8. 
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Figure 3: Graph of Pressure versus Distance for 

Sample C. 

J2aW i F - : -  1 I - - r -  --I----1 
000 0.40 0.W 130 (BO MO 

DIsl of Row (m) 
Figure 4: Graph of Pressure versus Distance for 

Sample D. 
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Figure 5: Graph of Pressure versus Distance for 

Sample A, Neglecting the Entry Length. 
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Figure 6: Graph of Pressure versus Distance for 
Sample 6,  Neglecting the Entry Length. 
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Figure 7: Graph of Pressure versus Distance for 

Sample C, Neglecting the Entry Length. 

-718- 

Volume 10. Number 2. November 2009 (Fall) 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



I 
32000-t - - - I - -  f -7--.-,--7 -f-v, 

0 40 0.110 120 1 W  2.R' 
cia or& (m) 

Figure 8: Graph of Pressure versus Distance for 
Horizontal Flow for Sample D, Neglecting the 

Entry Length. 
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Figure 9: Graph of Transition Distance versus 
Porosity. 
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Figure 90: Graph of Peak Pressure at Transition 
LengthlDistance versus Porosity. 

CONCLUSION 

Transition length exists in flows in porous media 
as it had been confirmed in flows through conduit. 
It was observed that Darcy law does not apply in 
the early segment of the flow and after this 
segment, pressure decreases along the line of 
flow and the corresponding value of pressure 
from one point to the other increases as porosity 
increases. The transition length is independent of 
the porosity of the medium but the peak pressure 
varies linearly, that is, increases with increase in 
porosity. The entryltransition length was obtained 
to be 0.6;m and the diameter of the pipe was 
3.45 x 10- m with piezometric height of 0.060m. 

Table 1: Values of Pressure and their Corresponding Distances for samples A-D at angle 15 = O'.  

' Ao, Bo. Co. Do, repnrsents samples at angk 6 = DL 
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Table 2: Peak Value of Pressure at Constant Distance of Flow and the Porosity of Each Sample. 

REFERENCES 

1. Langhaar, H.L. 1942. "Steady Flow in the 
Transition Length of a Sraight Tuben. S. Appl. 
Mech. 9:55-58. 

Pressure (Pa) at peak value 
446.2 
451.2 
465.8 
475.6 

Sample 
A 
B 
C 

' D 

2. Tritton, D.J. 1977. Physical Fluid Dynamics. Van. 
Nosrand Reinhold Company: New York. NY. 

3. Massey, B.S. 1989. Mechanics of Fluid (sixth 
edition). ELBS with Chapman and Hall University 
and Professional Division: London, UK. 39. 

Porosity 
0.361 
0.375 
0.446 
0.467 

4. Terzaghi, K. and Ralph B.P. 1967. Soil 
Mechanics in Engineering Practice. Second 
Edition. John Wiley and Sons. New York. NY. 

Distance of flow at peak value (m) 
0.6 
0.6 
0.6 
0.6 

5. Frick T.C. and Taylor R.W. 1,978. Petroleum 
Production Handbook. Vol. 11. 23. 

6. Olowofela, J.A. and Adegoke, J.A. 2005." A 
Laboratory Study of the Effects of Porosity and 
Bed Tilting on the Discharge Rate of 
Groundwater". Indian Journal of Physics. 79(8): 
899-904. 

7.  Nyiec, B. 1974. The Nature and Properties of 
Soils, 8th Edition. Macrnillan Publishing: New 
York, NY. 

8. McKenzie, N.J. and ~acquier, D.W. 1997. 
"Improving the Field Estimation of Saturated 
Hydraulic Conductivity in Soil Survey". Australian 
Journal of Soil Research. 32:931-938. 

9. Adegoke, J.A. 2005. "The Effects of Porosity. 
Angle of Hydrostatic Equilibrium, Volume Flux 
and Rate on Groundwater Flow Through 
Riverbed Sand". Ph.D. Thesis of the Deparment 
of Physics, University of Ibadan: Ibadan, Nigeria. 

The Pacific Journal of Science and Technology 

htb.J~.akarnaiuniversitv.uslPJST.htrn 

ABOUT THE AUTHORS 

James A. Adegoke is a Lecturer and 
Researcher at the Department of Physics, 
Geophysics Option at the University of lbadan 
Nigeria. He holds a Ph.D. degree. His research 
interests' are in Environmental Geophysics and 
Hydrology. 

Joseph A. Olowofela is an Associate Professor 
at the Department of Physics, University of 
Agriculture Abeokuta, Nigeria. His research 
interests are in Environmental Geophysics and 
Hydrology. He was farmally the Head of the 
Department. 

SUGGESTED CITATION 

Adegoke, J.A. and J.A. Olowofela. 2009. 
"Determination of Transition Length in Flow 
Through Porous Sand Material". Pacific Journal 
of Science and Technology. 10(2):716-720. 

Pacific Journal of Science and Technoloqy 

-720- 

Volume 10. Number 2. November 2009 (Fall) 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY


	(15) ui_art_adegoke_determination_2009-1.pdf
	(15) ui_art_adegoke_determination_2009-2.pdf
	(15) ui_art_adegoke_determination_2009-3.pdf
	(15) ui_art_adegoke_determination_2009-4.pdf
	(15) ui_art_adegoke_determination_2009-5.pdf

