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Laminar Flow
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7.1 Introduction

e Laminar flow is a flow in which liquid moves in layers, one layer sliding over another layer. In this type
of flow there is no mixing between different layers and hence shear force is exclusively due to
Viscosity.

7.2 Laminar Flow in Pipe

e Inlaminar flow, viscous forces predominates inertial forces.
. . . o %
* Ithas been found that, in a pipe flow, flow is always laminar if /.| Reynolds no=— [< 2000
\%

where, V = Velocity of flow
d = Diameter of pipe
v = Kinematic viscosity
* Flow generally becomes turbulent when A, < 4000. But the value of Reynold’s number at which flow
changes from laminar to turbulent is not well defined.
* Inbetween (i.e. generally between R, = 2000 to 4000) flow is in transition (sometimes laminar sometimes
turbulent).
e For flow between parallel plates:
R, <1000, laminar
1000 < A, < 2000, transition
R, > 2000, turbulent
e For flow between open channel:
R, <500, laminar
R_> 2000, turbulent in between transition
e For flow through soil:
R, <1, laminar
1< R, <2, transition
R, > 2, turbulent

Basic Equations

The basic equations which govern the motion of viscous and incompressible fluid in laminar flow are
Navier stoke’s equations. For a 2-dimensional, steady and uniform flow, relation between shear and pressure
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. dp ot . L L . N
gradient ™ = @ i.e. pressure gradient in the direction of flow is equal to the shear stress gradient in the normal
X
direction.

NOTE S

e Flow in the pipe does not get established from the starting itself. The length of pipe from the
entry in which flow is fully established and thereafter remains constant is called establishment
length. For laminar flow this length is (0.05 R,) D and for turbulent flow it is (25 - 40) D.

7.3 Laminar Flow Through Circular Pipe

Tmax— T0

Shear stress Velocity
distribution distribution

7.3.1 Shear Stress and Its Distribution

Linear variation zero at centre and maximum at boundary.

ie. - Th.—
| T To 2
1= _9P.L
dx
At boundary,
ap R
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do _ v:h
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To _ Unit of velocity

p

T

FO = u, = shear velocity
Voo _ [B

u, f

f
u, = \/%'Vav

Valid for both laminar and turbulent flow.

7.3.2 Velocity Distribution

_ (L) g
v du ( dx)( )
At y=0
u= urnax
_ 1 (_db) g
oo = 30
U = Unpax - 1—£
max RZ
U (average velocity) = i(—%J R?
8u | dx
umax — 2
u
At, =Uu

u
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R 2

f2

3
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2

R
-
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e Hence, velocity distribution is parabolic, mean velocity occurs at 0.707 R from centre of pipe and is
equal to half of the maximum velocity which occurs at centre.

r= =+0.707 R

7.3.3 HeadLoss
32uuL

h, = 2 (Hagen Poiseuille equation) (1)
'Y.
128u- QL

h =——
ny-D
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top



148

Civil Engineering

Now,

Friction factor for laminar flow through circular pipe is e

7.3.4 Power(P)

s

7.4

7.4.1

UPPSC-AE
O fLVA
L Dx2g

Equating equation (1) and equation (2)

fFLV?  32udL

f =

v

e

In laminar flow the power required to overcome the frictional resistance,

P :Y'OhL:(p1_pg)O

p, and p, are pressure at section (1) and (2).

32u-V-Lx2gxD 64 64

pgD? x LV? _(m) R

NOTE 8

3oudL
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Flow Between Two Stationary Parallel Plates

Velocity Distribution
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Velocity Shear stress
distribution distribution
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7.4.2 Shear Stress Distribution

7.4.3 HeadLoss (hL)

7.5 Couette Flow

T — 1. —_—
-2
T(atboundary) = 1,
_ (e
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euu
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When one plate is stationary and other is moving with velocity V, the flow is called couette flow.
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distribution  stress variation
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7.6 Kinetic Energy Correction Factor (o)

For laminar flow in circular pipe - (2.0)
For laminar flow between parallel plates = 1.543

o 4
For turbulent flow in pipe in case of power law = 3

For turbulent flow in pipe in case of logarithmic law - 1.03 to 1.06.
7.7 Momentum Correction Factor

. L . 4
For laminar flow in circular pipe = 3

For turbulent flow through circular pipe = 1.015
For laminar flow between parallel plate = 1.2

-j Example - 7.1 Which of the following represents the Darcy’s friction factor in terms of
Reynold’s number (Re) for the laminar flow in circular pipes

(a) 16/Re (b) 32/Re
(c) 64/Re (d) None of these
Ans.(c)

- j Example - 7.2 For a laminar flow through a channel, Reynolds number is given by 1500,
what is the friction factor?

(a) 0.1 (b) 0.043
(c) 0.086 (d) 0.0054
Ans.(b)
64
" Re

Given Re = 1500 (< 2000)
Hence, flow through channel is laminar

=22 5% 0043
Re 1500

- E I Example - 7.3 A circular pipe of radius R carries a laminar flow of a fluid. The average
velocity is indicated as the local velocity at what radial distance measured from the centre?

(a) 0.50 R (b) 0.71R
(c) 0.67 R (d) 0.29R
Ans.(b)

At r= =
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- ‘ I Example - 7.4 In a 4 cm diameter pipeline carrying laminar flow of a liquid withp = 1.6
centipoise, the velocity at the axis is 2 m/sec. What is the shear stress midway between the well and

the axis?
(a) 0.01 N/m2 (b) 0.0125 N/m?
(c) 0.0175 N/m? (d) 0.02 N/m?
Ans. (*)
8uu
T, = Boundary shear stress = —— -
Given U = 2Mm/sec T=7
= . i i =1
n 1 6cent|20|se Deaom.. r _<_:[n“2"/
- Unax = 2 m/sec
- 16XA07 6 103 Neg/m?
10
- _ Umax _ E _
U= =3 =1m/sec
8ul  8x1.6x107°x1
T~ = = = 032 N/m2
° D 4x1072
r 1
Now, = Tp-—= 0.32x— = 0.16 N/m?
T 0 R X2 /

-j Example - 7.5 The highest velocity (in cm/sec) for flow of water of viscosity 0.01 poise
to be laminar in a 6 mm pipe is

1 12
(a) %cm/sec (b) T50m/sec
(c) 50 cm/sec (d) 200 cm/sec
Ans. (a)
For flow to be laminar
(Re) < 2000
pVD
— < 2000
1000x V x6x1072
< 2
001 000
10
V< i /
< 3 Mm/sec
100
V< Tcm/sec

100
V. < ?Cm/sec



152 Civil Engineering UPPSC-AE MBDE ERSYH

- EI Example - 7.6  If the velocity profile in laminar flow is parabolic, then the shear stress
profile must be

(a) A hyperbola (b) A parabola
(c) A straight line (d) Anellipse
Solution:(c)

-j Example-7.7 The pressure drop in a 30 cm diameter horizontal pipe is 60 kPa in a
distance of 15 m. The well shear stress (in kPa) is

(a) 0.1 (b) 0.2
(c) 0.3 (d) 0.4
Solution:(c)
Diameter of pipe = 30 cm
R=15cm
_ ()R
o= (O’x) 2
60\ 0.15
=|— Xx—
(15) 2
1, = 0.3kPa
Student's Assignments

Q.1 The velocity at which the laminar flow ceases, is
known as
(a) Approach velocity

(b) Lower critical velocity

(c) Higher critical velocity

(d)

(c) zero atthe mid plane and varies linearly with
distance from mid plane

(d) zero at plates and increases linearly to mid
point

None of these Q.4 Laminar developed flow at an average velocity
of 5 m/s occurs in a pipe of 10 cm radius. The

Q.2 The ratio of maximum velocity to average velocity . A
velocity at 5 cm radius is

for steady flow between fixed parallel plates is

5 4 (@) 7.5 m/s (b) 10m/s

@ 3 b) 3 (c) 25m/s (d) 5m/s

©) 3 @ 2 Q.5 In a two-dimensional flow of a viscous fluid
2 couette flow is defined for

(a) pressure gradient driven laminar flow
between fixed parallel plates

(b) pressure gradient driven laminar flow through
non-circular duct

Q.3 The shear stress distribution for a flowing fluid in
between parallel plates, both at rest is
(a) constant over the cross-section
(b) parabolic distribution across the section



Q.6

Q.7

Q.8

Q.9
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(c) pressure gradient driven laminar flow through
pipe

(d) laminar flow between a fixed and a moving
plate

The ratio of average velocity to maximum velocity
for steady laminar flow in circular pipe is

(a)

W N =

(©

In a laminar flow between two static parallel
plates, the velocity plates, the velocity at mid
point is found to be 2.0 m/sec. If the space
between the plates is 10 cm, then the discharge
per unit width (in m3/s/m) will be

(@) 0.01 (b) 0.02

(c) 0.13 (d) 0.20

The laminar flow is characterized by

(a) irregular motion of fluid particles

(b) fluid particles moving in layers parallel to the
boundary surface

(c) high Reynolds number of flow

(d) existence of eddies

Equations govern the motion of incompressible
fluid of laminar flow are

(a) Euler’s equations

(b) Navier Stoke’s equation

(c) Bernoulli's equation

(d) Hagen-Poiseuille equation

Q.10 The velocity distribution for laminar flow through

Q.11

acircular tube

(a) is constant over the cross-section

(b) varies linearly from zero at well to maximum
atcentre

(c) varies parabolically with maximum at the
centre

(d) varies logarithmically

Flow commences between two parallel plates
with the upper plate moving in the direction of
flow, while the other plate is stationary. The
resulting flow between parallel plates is called
(a) creep flow (b) couette flow

(c) plug flow (d) stokes flow

Q.12

Q.13

Q.14

Q.15

Q.16
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A pipe of 20 cm diameter and 30 km length
transports oil from a tanker to the shore with a
velocity of 0.318 m/s. The flow is laminar. If u =
0.1 N-s/m?, the power required for the flow would
be

(@) 9.25 kW
(c) 7.63 kKW

(b) 8.36 kW
(d) 10.13 kW

In a laminar flow through pipe, the point of
maximum instability exists at a distance of y
from the wall which is

(@) of pipe radius R

wWInNn NM|w

(b) = of pipe radius R

of pipe radius R

N

()

y
(d) 3 of pipe radius R

The shear stress 1 for steady, fully developed
flow inside a uniform horizontal pipes with
coefficient of friction ‘f’, density p and velocity V
is given by

fov” fo'v
(a) 5 (b) 5
2 2
PV PV
© % @

An oil of viscosity 8 poise flows between two
parallel fixed plates, which are kept at a distance
of 30 mm apart. If the drop of pressure for a
length for 1 mis 0.3 x 10* N/m2 and width of
plate is 500 mm, the rate of oil flow between the
plates will be

(@) 4.2 x 103 m3/s

(b) 5.4 x 103 m%/s

(c) 6.6 x 103 m%/s

(d) 7.8 x 103 m3/s

An oil flows through a pipe at a velocity of 1.0 m/s.
The pipe is 45 m long and has 150 mm diameter.
What is the head loss due to friction. If p =869
kg/m3 and kg/m® and p = 0.0814 kg/m-sec?
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(@ 0.61m (b) 0.51m
(c) 0.41m (d) 0.31m

Q.17 Flow takes place at Reynolds number of 1500 in
two different pipes with relative roughness of
0.001 and 0.002. The friction factor
(a) will be higher in case of pipe with relative
roughness of 0.001

(b) will be higher in case of pipe with relative
roughness of 0.002

(c) will be same in both pipes

(d) inthe two pipes cannot be compared on the
basis of data given

Q.18 The pressure drop for laminar flow of a liquid
in a smooth pipe at normal temprature and
pressure is
(a) directly proportional to density

(b) inversely proportional to density

(c) independent of density

(d) proportional to (density)3/

Jt  dP
Q.19 The relation 525 is valid for laminar flow

between two plates when

(a) both the plates are stationary

(b) both the plates are moving

(c) one plate is moving and the other one is
stationary

(d) any of the above cases is considered

Q.20 The velocity distribution across a section of two
fixed lIrl plates having viscous flow is given by

(a) U= i(_aPJ(fz -y?)

2u ox
1 (-oP
(b) Fﬁ(g)'(ﬂ/—yg)

_ 1 (-0P)
(c) U—z—u(gJ(y—f)/)

-1(-oP
U=—| — [t-
) u=5( 30 )
where, t = Distance between two plates,
y = measured distance from the lower plate.

STUDENT'S
> ANSWER KEY / ASSIGNMENTS
()

1. (d) 2. (c) 3 4. (a) 5. (d)
6. (a) 7. (c) 8. (b) 9. (b) 10. (c)
11. (b) 12.(c) 13. (b) 14. (@) 15. (a)
16. (@) 17. (c) 18. (c) 19. (d) 20. (b)

) HINTS & SOLUTIONS // , STURENTS o

1. Q)

The velocity at which the flow changes from the
laminar to turbulent for the case of a given fluid
at a given temperature and in a given pipe is
known as critical velocity.

[ 4. &)

For laminar flow between circular pipe

U = 5m/sec
R = 10cm
At, y=5cmu="7
2
U = Unax- 1_?
umax — 2
u
U = 2x5=10m/sec
2
u=10[1-[2] |=10x3
10 4
u = 7.5m/sec

(0

. 4
The average velocity = % X 2= 3 m/sec

- The discharge per unit width

= %x 0.1 =0.13 m%/s/m

12. &)

Given,dia. of pipe, D =20 cm
Length of pipe, L = 30 km

Velocity of flow (g) =0.18 m/s
u = 0.1N-s/m?



Fluid Mechanics ...

Pumping power required would be
(P,-P,)Q = yQh,

32uuLl
vD
T p? xg L
4 D?

x32x0.1x(0.318)° x30x 103

= 7624.56 Watt = 7.624 kW
~ 7.63 kW

15. [B)

For flow between two parallel fixed plate

_ A (=aP 2
U T 12ul dx ’
t = distance between plate; = 30 mm

width of plate, B =500 mm = 0.5 m
Given, u = 8 poise, = 0.8 N-s/m?

1 (o0s3x10*
~ 12x0.8 1

g Jx(o.o:a)2 =0.281m/s

Laminar Flow
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Now, Q U x(Bx1)

0.281 x (0.03 x 0.5)
4.2 x 1078 m3/s

16. [O)
pVD 869x1x0.15
u 00814

= 1601.35 <2000
= Flow is laminar

32u0L _ 32x0.0814x1x45
YD?  869%9.81x(0.15)°

Re =

Head loss, h, =

= 0.61m

()

As Reynolds number is less than 2000 so flow is
laminar therefore the friction will be same for both
pipe, friction factor,

64 ,
f = —— forlaminar flow.
Re

18. &)

32uuL

D2
From above expression it is clear that pressure
is independent of density.

Pressure drop, AP =
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