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ABSTRACT:
In this paper it becomes very important to see the effect / \

of substructure of the fluid in the rough pipes. For the values of | =
the parameters, for which micro polar fluids are drag reducing 1
in smooth pipes, they are also drag reducing in rough pipes. In ]
rough pipes, the percentage drag reduction is slightly less than
that in smooth pipes but the percentage reduction in wall shear
stress, at the point where the height of roughness is maximum is
higher than that in the smooth pipe. This fact shows that micro y

polar fluids are more effective near the walls than the central R SRS N L
core region of the pipe. The similar effects of the micro polar \Q' R : /
fluids have been reported by Eringon(1999) for the smooth

pipes.
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INTRODUCTION

Knowledge of the performance of the drag reducing agents on rough pipes is important in
connection with possible practical applications [Hoyt and Fabula (1964) and Virk (1971)]. According to
Barenblatt (1969) & another Pfund (2010) polyethylene oxide is more effective in rough pipes than the
poly-acryl amide. At higher shear rates this effect decreases with the result tending towards fully rough,
line of the solvent. Some workers associate this to the process of degradation of the polymers Kohl
(2015). It is quite likely since it does occur in smooth pipes [Mc Nally (1968)]. Spengler (1969), on the
other hand, showed that the degradation was not the cause with his results as the smooth sections
upstream and downstream of the rough pipe showed equal drag reduction. Porch (1970) has developed
a theoretical model based on the assumption that the effect of the relative roughness size is similar for
flows with or without the addition of polymers. Lessen and Huang (1976) have suggested that the wall
roughness may cause the pipe flows to be unstable to infinitely small disturbance at a finite Reynolds’s
number.
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1. FORMULATION OF THE PROBLEM

The geometry of the rough pipe is given by equation y = A cos(ax). The equation of motion of
micropolar fluid in cylindrical polar coordinates, assuming that the flow of the fluid is steady and axis
metric is:

P = (Ka + ta) 5= (155 ) + Ka = (rw)

(1)
a1a du
Where o o[22 (rw)| — Ko 52 = 2K,W 2)
To non dimensionless the equation of motion Let:
T b= U W= WR
P=R" =y, T,
b7 KqU —_ HaUo
K, 2 =
G
— a 1 _ a
Vo=l Where  Us=3R?X (2 + K™ (-2) (3)
The equation of motion is the non dimensional form becomes:
—_— @
pz(Ka+ﬂa)a ( )+ a_(pW) (4)
ou - a
Where£+2W—ya£—{;£(p )} (5)
2. MATHEMATICAL ANALYSIS:
Integrating equation (4) with respect to p we get:

0 o | —~_ ——=1,¢C
5 = Fa+ B [F-KaW]+ (6)
Introducing equation (6) in (5) we get:
2w 10w 2, 1\ p
ﬁ + ;E - (ﬂ. + ;) w
=P 7

p+-= = (7)

2 _ 1 (2Ma+Ke
Where 22 = — (—#a% ) (8)
1

And P = 9)

2Va Ra+7ia)
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And Integrating equation (7) with respect to p we get :

W =AL0p) +BKUp) = 35p+ (10)
Introducing (10) in equation (6) and integrating with respect to p us get:
2 A B__ K, Pp?
= Ky + i) ™" [__IK Iy (Ap) ——K «Ko (Ap) +_T

~[n.2 — —1]cilogp + €, (11)
Where N = E?K_a) (12)
Applying the boundary conditions:
U And W are finiteatp = 0
Andatp =R(2),U=0,W =0 (13)
We obtain

U= (R2(2) - p?) + NRA(Z) jj 8%3

a1 (14)
And W= |p- S0 (15)
The flow rate is defined as

=2m fR(Z)r u. dx (16)
Introducing equation (3) and (14) in (16) we obtain:

dp

0B a7
Where X = [(R(Z)) (R_%)ZN x {1 - ART@%}] (18)
From equation (17) we have,
(os) _ 2matke2 (19)

Q¢ = @Rt X

The resistance to the flow F is defined as
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-5 (e

_ 2Ug+Ky L01
TR%L, f (21)

For small values of i.e. A R(z) < /8 [Luke (1962)] we may approximate

1 Gy Gy
=" ___ .44 22
X (R(z))4 (ﬁ(z))z 3 ( )
Where G, = %N (23)
NA?
G, = m (24)
_ (2-N)NA2+NZ2*

G3 - 8(2—N)3 (25)
Therefore foLO%dz = (G4 + Gsa®) L, (26)
WheI‘e 64 = Gl - GZ + 63 (27)
And Gs = 5G; —>G, (28)
Hence the resistance to the flow

F = @tta) (G, 4 Gya?) (29)

3. CALCULATION OF DRAG REDUCTION IN ROUGH PIPE:
For Newtonian fluid K, = 0 and N=0 and Therefore the resistance to the flow for Newtonian
fluid F; is given by
_ 8r 2
Fy = —5(1+5a%) (30)

Hence, the percentage drag reduction in rough pipes due to the micropolar fluids in respect to
the Newtonian fluid-is

DR,% = 100 x 2=~ (31)
1

(32)

2
— 100 x [1 _ (2pg+Kg)(G4+Gsa )]

8u (1+5a2)

4. CALCULATION OF DRAG REDUCTION]J IN SMOOTH PIPES:
The percentage drag reduction in smooth pipes due to micropolar fluids in respect to the
Newtonian fluids is:

DR,% =100 x [1 - %Gl}] (33)
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5. CALCULATION OF WALL SHEAR STRESS:
The shear stress on the wall is given by [Erignon 1999]:

- _ on
Tp = = |Qua + K 2 + K“W]y=R(z) (34)

Introducing equation (14) and (15) we get:

_po(_\[55 _ _8NE®@
TR =R ( 62) [R(Z) 8+/12(§(Z))2 (35)

Now on simplification with the help of equation (19), (20) and (29) we get:

Py—P 4R
T, = (P=fL 36
R ( L )(ﬁcz))3cc4+csa2) (36)

We define T;(m) , The wall shear stress at the point where the height of the rough point is
maximum for the flow of micropolar fluid in a rough circular pipe. From equation (36) and equation y=
acos (a x), we get:

_ (Po—PL 4R
TS(m)_( L )(1+a)3(G4+GSa2) (37)

The percentage reduction in wall shear stress at the point where the height of the rough point is
maximum [DR,.(Ts)], for the flow of micropolar of fluid with respect to Newtonian fluid is given by-

4(1+5a?
DR,(T)% = 100 x {1 - %} (38)

And the percentage reduction in wall shear stress for the flow of micropolar fluid with respect
to the Newtonian fluid in the smooth pipe is,

DR (Te)% = 100 x {1 — =} (39)

4

RESULTS AND DISCUSSIONS:

For the calculation of the drag reduction due to the micropolar fluid with respect to the
Newtonian fluid in the rough circular pipe the values of the parameters u,, K,, N, A and a are required.
Since N is restricted to be less than one. W We have taken the value of A to vary from zero to two in our
calculations, so we have taken the value of A = .5,1.0 and 1.5. of parameters u, and K. The value of one
of these must be known. From the long range of values of these parameters we have selected the values
of K, = 0.005,0.025,0.001 poise for our calculations, Also a may vary from zero to 0.1.

Table-A depicts the comparison of the percentage drag reduction in the rough and smooth
pipes by the micropolar fluid as compared to water (u = 0.01 poise) for the different value of 2 and N,
taking K, = 0.005 poise and a=0.1. From this table, we see that the drag reduction in the pipes increase
as the value of N increases.

In the rough pipe the percentage drag reduction is slightly less than that in the smooth pipe but
the Table-B shows that the percentage reduction in the wall shear stress, at the point where the height
of roughness is maximum, is higher than that in the smooth pipe. This fact shows that the micropolar
fluids are more effective near the walls than the central core of the pipe. The similar effects in smooth
pipes by micropolar fluid have been reported by Erigen (1999).
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Table-C describes the variation of the percentage drag reduction in rough pipes by micropolar
fluids as compared to the water for different values of A, N and K, and taking a=0.1. From this table, we
observe that the percentage drag reduction in rough pipes increases as the value of N increases and as
the value of K, decreases.

Figure-A show the variation of the percentage reduction in the resistance to the flow with N for
different values of A taking K, = 0.005 and a=0.1 in the rough pipe for the flow of micropolar fluid as
compared to the Newtonian fluid. From this figures we observe that the drag reduction in rough pipe
increases As N increases and as the values of 1 increases. But the figure-B shows the percentage
reducing in the wall shear stress at the pint. Where the height of rough point is maximum, increases as
the value of N increases and as the value of A decreases. These results conclude that the for small values
of A, the percentage reduction in wall shear stress is higher and the percentage reduction in the
resistance to the flow is lower in the micropolar fluid for assumed constant value of K,,.

TABLE- A
Comparison of drag reduction percentage in rough pipe and smooth pipe by micropolar fluid
with respect to water (u =. 01)for different values of A and N, taking K, = 0.005 poise and a=0.1

S.No. A N D.R. percentage smooth D.R. percentage rough
pipe pipe

1. 0.5 0.1 -399.17763 -399.205

2. 0.5 0.3 -65.555255 -65.58312

3. 0.5 0.5 1.04166 1.00696

4. 0.5 0.7 29.77345 29.73342

5. 0.5 0.9 45.86404 45.81679

6. 1.0 0.1 -396.71052 -396.82014

7. 1.0 0.3 -62.79844 -62.92081
8. 1.0 0.5 4.16666 4.02779

9. 1.0 0.7 33.37925 33.21899
10. 1.0 0.9 50.12253 49.93333
11. 1.5 0.1 -392.59869 -392.84536
12. 1.5 0.3 -58.20826 -58.48364
13. 1.5 0.5 9.37499 9.06251
14. 1.5 0.7 39.30885 39.0827
15. 1.5 0.9 57.22004 56.79422

TABLE-B

Comparison of percentage reduction in wall shear stress at the point where the height of the
rough point is maximum in rough pipe (DR: (Ts) %) and the percentage reduction in the wall shear
stress in smooth pipe (DRs (Ts) %) for the flow of micropolar fluid with respect to Newtonian fluid.
Where a=0.1.
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S.No. A N DRs(Ts)% DR((Ts)%
1. 0.5 0.1 4.8434924 4.8487168
2. 0.3 14.528652 14.544447
3. 0.5 24.210526 24.237109
4. 0.7 33.887531 33.925227
5. 0.9 43.5577846 43.607135
6. 1 0.1 4.3708612 4.3919667
7. 0.3 13.082706 13.1408009
8. 0.5 21.73913 21.85238
9. 0.7 30.309278 30.476516
10. 0.9 38.738868 38.970452
11. 1.5 0.1 3.5726223 3.62008919
12. 0.3 10.560929 10.716354
13. 0.5 17.24138 17.525773
14. 0.7 23.399436 23.852438
15. 0.9 20.575237 29.279219
TABLE-C

Drag reduction percentage in roughness by micropolar fluid with respect to water (u = .01) for

different values of 4, N and K,,. Where a=0.1

S.No. A N Drag reduction percentage for
K, =.005 K, =.0025 K, =.001
1. 0.5 0.1 -399.205 - 149.6025 0.1589991
2. 0.3 -65.58312 17.20842 66.88337
3. 0.5 1.00695 50.50448 80.20139
4. 0.7 29.73342 64.86671 85.94668
5. 0.9 45.81679 72.90839 89.16335
6. 0.1 -396.82014 -148.41097 0.635971
7. 0.2 -62.92081 18.53959 67.41533
8. 0.5 4.02779 52.01389 80.80585
9. 0.7 33.21899 66.60949 86.64378
10. 0.9 49.93333 74.9666 89.98666
11. 1.5 0.1 392.84536 -146.42268 1.430981
12. 0.3 58.48364 20.75817 68.303241
13. 0.5 9.06251 54.53125 81.8125
14. 0.7 39.02827 67.17479 87.805
15. 0.9 56.79422 78.39711 91.3588
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