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ABSTRACT: 

In this Paper the effect of wall roughness on the inner 
surface of circular pipe, the findings of this paper present a 
comparison of drag reducing properties in rough and smooth 
popes for different concentrations of the polymers in solutions. 
In order to observe the effect of roughness on drag reduction, 
in this paper it is concluded that the drag reducing agents are 
effective in rough pipes. When the concentration of the polymer 
in solution is very small, the drag reducing property is more 
effective in rough pipes than in the smooth pipes. As soon as the 
concentration increase from a critical value ( about 10 PPM), 
the percentage of drag reduction starts decreasing in rough 
pipes with the higher rate than that in smooth pipes.   
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1. INTRODUCTION: 
                    Hoyt and Fabula (1964) demonstrated that the polymer additives were effective on rough 
surfaces by using rotating disc apparatus, Shah and Zhou (2003) experimented with a square pipe, two 
sides of which were smooth and the other two were made rough by cementing Silicon Carbide grains to 
the surface. Polyethylene Oxide in very small concentration as low as 15 parts per million was found to 
cause a reduction in friction. Acoording to  Ayegba, Abubakar (2019) and Barenblant (1969) ply-
ethylene oxide is more effective in rough pipes than poly-acrilamide, where as for both these polymers; 
the results for the drag reduction in identical smooth pipes with water were similar. Later on, te data 
obtained by the series of researchers whitw (1967) Mcnally (1968), Spangler (1969), Brandt et.al. 
(1969) Virk, (1971) all showed the drag reduction in rough pipies.  
               A pipe may be considered hydrodynamically rough if the hight of the roughness elements is less 
than the viscous sublayer thickness and it is fully rough if the rugosities project beyond the buffer layer 
into the turbulent core. Porch (1970) has developed a theoretical model based on the assumption that 
the effect of the relative roughness size is similar for flow with or without polymers. This model 
appears to be successful in qualitatively describing the available experimental data. Pilipenko (1978) 
has shown that the specific simulation of boundary layer characteristics is possible in flow of dilute 
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polymer solutions. He has observed that the flow over a rough surface corresponds to the flow over a 
smooth surface but at a lower Reynolds number.  
             Recently, Al Wahaibi (2012) and  Thirsness and Hanratty (1979) have considered mass transfer 
between a fluid and a small amplitude wavy solid surface. The solid wavy surface under consideration 
was taken in Cartesian coordinate system in the form  
 
          푦 = 푎 cos(훼푥)            (1) 
 
2. FORMULATION OF THE PROBLEM: 

The rough pipe has no well defined configuration. We have considered the radius of the rough 
pipe.  

 
푅(푧) = 푅 + 푎푅 cos            (2) 
 

Where aR and LoR are the amplitude and wave length of the roughness in the pipe, and these 
are very small. One dimensional steady flow of polymer solution has been considered for different 
concentrations. We have taken power law fluid model to represent the flow properties of dilute 
polymer solution. 

 
3. MATHEMATICAL ANALYSIS: 

As proposed in the introduction above the one dimensional axisymmetric flow of power law 
fluid flowing in a pipe of geometry given in equation (2) has been considered. The equation of motion, 
of power law fluid in cylindrical polar coordinates, assuming that the motion is steady and 
axisymmetric and the fluid is incompressible is: 

 
푟 = − (푟 푇 )            (3) 
 
Where 푇  is given by- 
 
푇 = 푚 −             (4) 
 
After introducing equation (4) in equation (3) and solving with the boundary conditions: 
 
푇  Is finite at r=0                                                                                                                                                                (5) 
And u=o at r=R (z) 
We get  

푈 =
푛

푛 + 1
1

2푚
−

휕푝
휕푧

× 

 

푅(푧)  1 − ( )           (6) 

 
The flow rate is given by 
 
푄 = ∫ 2휋( )  푟 푢 푑푟            (7) 
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Introducing (6) in (7) we get  
 

푄 = − 푅(푧)           (8) 
 
Therefore, for the constant flow rate  
 

= 2푚 푅(푧) ( )          (9) 
 
Integrating equation (9) with respect to z from O to L, we get, 
 

= 2푚 
( )

훽                                      (10) 
 
Where  
 
훽 = 1 + ( )( ) 푎                     (11) 
 
The resistance to the flow for the constant flow rate is defined as: 
 
퐹 =

 
                         (12) 

 
Hence 

퐹 =
푃 − 푃

퐿 
3푛 + 1

푛휋
× 

 

(2푚훽 )                          (13) 
 
4.  CALCULATION  OF DRAG REDUCTION IN SMOOTH PIPES: 
The percentage of drag reduction in smooth pipe may be given as: 
 
퐷푅% = 100 ×                             (14) 
 
Where퐹 =                             (15) 
 

퐹 =
 

(2푚)                                (16) 
 
5.  CALCULATION OF DRAG REDUCTION IN ROUGH PIPES: 
The percentage of drag reduction in tough pipe may be given as: 
 
퐷푅 % = 100 ×                                                             (17) 
 
Where퐹 =                            (18) 
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And 퐹  is given by 
 

퐹 =
푃 − 푃

퐿 
3푛 + 1

푛휋
× 

 
 

(2푚훽 )                      (19) 
 
 
6.  CALCULATION OF EXCESS DRAG REDUCTION PERCENTAGE: 
The excess drag reduction percentage in rough pipe is defined as  
 
DR %( Excess in rough pipe) = % %

%
× 100      (20) 

 
7. RESULTS AND DISCUSSIONS: 
 In order to observe the effects of roughness on drag reduction, we have introduced the same 
values of flow behavior and consistency indices, calculated these values from the data given by Mc B 
Comb (1974) for different concentrations of the polymer solutions so that we may relate the 
effectiveness of the drag reduction phenomenon with the concentration of the polymers as drag 
reducing agents in the rough pipes. 

Fig. A describes the percentage of drag reduction with pressure drop for different 
concentrations of the dag reducing agents in a rough pipe of roughness a=0.1 and of radius 2 cm. As the 
concentration increases the percentage of drag reduction increases up to some critical value of the 
concentration (about 10 PPM) and later on it starts decreasing with increasing value of the 
concentration. 

Fig. B describe the percentage of drag reduction with concentration for different pressure drops 
in rough pipes of roughness (a=0.1) and radius (R=2 cm.).From this figure we see that as the pressure 
drop increase the percentage of the drag reduction increases. 

Table A gives the comparison of drag reduction percentage in rough and smooth pipes for 
different polymeric solutions and on different pressure drops. From this table we observe, a very 
important result. As the concentrartion of the polymer increases upto some critical concentration. The 
drag reduction percentage in rough pipe is higher that that is n smooth pipes. This result is similar to 
the result of Pillipenko (1978). 

Table B gives the theoretical comparison of drag reduction percentage in smooth and rough 
pipes. For different pseudoplastic fluids (m=.012, R=2 cm). From this table, we also observe that as the 
roughness in the pipe increase the percentage of drag reduction increase.  

From our calculations it is very clear that although the drag in rough pipes is higher than that in 
smooth pipes, but the percentage of drag reduction is higher in rough pipes than smooth pipes and 
pseudoplastic fluid such as vary dilute polymers solutions are very much effective in rough pipes. 
 
 
 
 
 
 
 
 
 

TABLE-A 
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Comparison of DR% in rough and smooth pipes for various concentrations of  
polymers in solution 

Where 휹 =. ퟏ , 푹 = ퟐ 풄풎 
S.No. Concentration m n 푃 − 푃

퐿
 DR% in smooth 

pipe 
DR% in 
rough pipe 

1. 8 PPM .031 .812 10 13.906 13.9428 
2.    20 26.672 26.8666 
3.    30 32.42 33.425 
4.    40 37.544 37.716 
5. 10  PPM .43 .697 10 53.89 55.56952 
6.    20 66.016 67.12 
7.    30 73.326 72.4419 
8.    40 75.58 75.6819 
9. 25 PPM .056 .731 10 13.59 9.66095 
10.    20 33.04 30.00 
11.    30 42.32 39.70285 
12.    40 48.12 45.7600 
 

TABLE-B 
Comparison of DR% in rough and smooth pipes for various pseudo plastic fluids 

Where m=0.012, R=2 cm 
S.No. n 푃 − 푃

퐿
 DR% smooth pipe DR% Rough Pipe (a=0.1) 

1. .9 10 72.582 72.62476 
2.  20 74.614 74.65333 
3.  30 75.732 75.76952 
4.  40 76.496 76.53142 
5. .8 10 90.499 90.5291 
6.  20 92.01142 92.0427 
7.  30 92.78095 92.8209 
8.  40 93.2819 93.3118 
9. .7 10 97.236 97.24761 

10.  20 97.948 97.9619 
11.  30 98.274 98.28 
12.  40 98.474 98.4819 
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