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ABSTRACT 
The results ofan investigation ofopen channel jlow in the laminar and transition range are 
presented. This type of flow fozrnd its application in runof _Fom rainfall. Values of 
Reynolds number were determined for different slopes in the range I* 5 8.5 45*. It was 
found that the velocity of the fluid increases ar the slope of the bottom surface increases. 
Thee was a point where the laminar flow range change drastically to transitional flow 
range e;md later rurbuIent. 
Keywords: Vjscosi& , Velocity, Lominor jhw,  Trnizsitionol flow, Reynolds number nnd 
T~i~brrlenl flo w. 
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INTRODUCTION 
The data that form the basis of this paper were simulated as part of an investigation of laminar flow in open 
channels. It is expected that the results of the study will be more useful to engineers because it founds its 
application in sheet erosion. This investigation was undertaken to obtain a better understanding of the sheet 
flow produced by water erosion during rainfall. Zn laminar flow, agitation of fluid particle is of molecular 
nature only, and these particles are constrained to motion in essentiaIly paralleled paths by the action of 
viscosity (Vennard, 1947). Viscosity of a fluid is a measure of how large a stress is required to produce unit 
shear rate. The effect of viscosity causes the flow of a fluid to occur under two very different conditions; 
laminar flow and turbulent flow. Hagen first published the law of laminar flow in pipes of circular section in 
1839 and by Poiseuille in 1840, (Streeter and Wylie, 1983). From experimental results and was derived 
analytically by Wiederman. Boussinesq (1 868) derived the equation of laminar flow in a pipe of rectangular 
section of any ratio of width to depth. A much simpler derivation of this equation was presented by Horton, 
Leuch and Vliet (1934). It was proved correct by experiments but lack of adequate data 011 flow on surfaces 
leave the question of the legality of the equation unresolved. It is the purpose of this paper to present series 
of data to investigate variable flow in open channel. The earliest researches on this subject were Hopt 
(1910), Jeffreys (1925). They all carried out experiment work. Chow (1959) also indicated that the 
experimental data in open channels of both smooth and rough surfaces showed the same general relationship 
between f, and NR as in the pipe flow. Owen's (1954) results on surfaces of polished brass checked very well 
with the theoretical values for retangular channel. 

MATERIALS AND METHOD 
For laminar flow in rectangular pipes having a width b and depth of 2Y was first derived analytically by 
Boussinesq (1 868) and was given as; 

In which x and y are the coordinates with respect to the center of the pipe of a point where the velocity is v. 
By substituting gSoIv for -(l/p)dp/dz, equation 1 becomes 

. L 4 Y J 
Where; So = Slope of Bottom Surface, 

v - velocity at any distance y 
y = vertical distance from water surface 
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Y =water depth 
v = kinematic viscosity 
g = gravitational acceleration 

Because the flow pattern in a rectangular pipe is symmetrical about the horizontal centre line, equation (2) 
can be applied to a rectangular channel of width & and depth Y to obtain the following expression for average 
velocity. 

Considering a laminar flow based on the equilibrium between the component of weight, in the direction of 
flow, and the shearing resistance of the channel bottom is derived analytically by Horton et al., (1934). 
The equation for velocity at any distance y from the channel bottom is given as 

When zero shearing stress at the free water surface was assumed. 
For infinite width, Y/b = 0. 
Therefore equation (3) becomes 

g s  y2 y = A  
3v 

Rearranging equation (5), we have 

If Reynolds number in the open channel is given as 

Where NR = Reynolds number 
V = mean velocity 

Equation (6) can be rearranged as 
~ V - I - V ~  

$0 = w. y .2g  

6 1 v 2  so =--- 
NR y 2g 

' B ~  rep16cing 6/& with f,, 

Where f, = Coefficient of Friction 
This equation corresponds to the general enera  loss formula for pipe flow. 

DISCUSSION 
Table 1 in the appendix shows generated data for vertical distance from bottom surface and velocity 
components in the direction of flow at different slope range lo 5 0 < 45O.~i~. 1 shows a sample curve for the 
relationship between vertical distance from bottom surface and the velocity component in the direction of 
flow at So = 0.0 17. From the graph, it was noted that at about 0.45cm from the bottom of the water upward, 
the shear stress is virtually constant for a particular value of So thus velocity remain constant at a "skin 
depth" of 20000m/s, 42,00Orn/s, 63,00Om/s, 85,00Om/s, 105,00Om/s, 440,00Om/s, 566,0001/s, 700,0001n/s, 
850,000, 1 020,00Om/s, 121 0,00Om/s from the water-air boundary at So = 0.01 7, 0.035, 0.052, 0.07, 0.087, 
0.36, 0.466, 0.577, 0.7, 0.839 and 1.000 respectively. At y = Y (water surface), velocity gradient, (dddy) = 
0. Therefore shear stress is equal to zero at the surface. In addition, the inverse of slope in fig 1 can be used 
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to find the shearing stress z along the velocitjl profile. It should be noted that stress, z is directly 
proportional to velocity gradient dd*. Fig 2 shows a linear graphical relationship between vertical distance 
from surface and velocity comp~nent in the direction of flow at different slopes. It was found that at low 
velocities the particles in the open channel moved in parallel layers. As the velocity increases the laminar 
flow broke down into transition or turbulent flow at NR>440. The velocity at which these particles of the 
fluid change momentarily is regarded as critical velocity, Considering the motion of fluid along the solid 
boundary, observation shows that there is no velocity at the boundary and that velocity increases with 
increasing distance from the boundary to the air-water surface. This velocity also increases as the slope of 
the bottom channel increases. These results are in line with the Chezy -manning equation. Reynolds number 
was computed. The results obtained are NH = 213.88, 440.346, 1094.57 and 4529.10 at different slopes 
0.01'7,0.035,0.087 and 0.36 respectively. It shows that the flow is laminar when S0<0.087 at y = 0.15 and 
change to transition range as Se 0.087 .For larger values of Reynolds number flow is in a transition range in 
which it is quite common to have values of friction coefficient increase as Reynolds number increases .For 
range bf NR greater than those in the transition range, flow becomes fully turbulent and the typicp! reduction 
s f  friction coefficient values-begins. The concept of specific energy is helpful in the explanation and aialysis 
of some problems of open-Channel .The data show that an increase in depth is seen to cause ari increase.in 
specific energy in sub critical flow but a decrease' in specific energy in supercritical flow. In other words, 
specific energy may be gained or lost depending on whether the depths of flow are greater, or less than 
critical depth. 

CONCLUSION 
The data presented will be of val'ue in determining the characteristics of flow in sheet erosion. The results 
show that there is linear relationship between slope and velocity and the extend of this was determined. It 
also showed parabolic properties of the velocity profile that can be used to get the mean velocity and the 
shearing stress, which in turn herps to determine the severity of eroded solid particles. The shearing stress of 
laminar flow was also shown to produce velocity distributions characterized by reduced velocity near the 
boundary surfaces. By calculation, the friction coefficient f, was determined from the relationship in 
equation (9) which is a major determinant of the type of flow (Laminar or Turbulent) vis-A-vis the 
magnitude of solid particles erosion. The information obtained from this simulation also can be applied in 
venturi flume, which in turn can be used in water irrigation. , 
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APPENDIX 

Table 1: Velocity of flow at different slopes and at different vertical distanee from water surface. 
~ 0 4 . 0 1 7  So4.035 ~04 .052  scr0.070 ~ 0 4 . 0 8 7  ~ ~ 0 . 3 6 4  ~ ~ 0 . 4 6 6  s d . 5 7 7  so;0.700 ~ 0 4 . 8 3 9  
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Fig 1: Sample curve for the relationship between velocity component against vertical distances from 
bottom surface. 

Fig 2: Velocity components'against Vertical distance at different slopes. 
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Table 2 : Velocity at Y=0.05 as slope changes 
SM Y =y (m) V (m/s) So 
1 0.05 208.4625 0.017 
2 0.05 429.19 0.035 
3 0.05 637.65 0.052 
4 0.05 858.375 0.07 
5 0.05 1066.838 0.087 
6 0.05 4414.5 0.36 
7 0.05 5714.325 0.466 
8 0.05 7075.463 0.577 
9 0.05 8583.75 . 0.7 
19 0.05 10288.24 0.839 
1 1  0.05 12262.5 1 
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Fig. 3: Slope of baatom surface againsk 
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