Momentum and Forces in Fluid Flow

b We have all seen moving fluids exerting forces. The lift force on an aireraft
is exerted by the air moving over the wing. A jet of water froma hose
exerts a force on whatever it hits.

v In fluid mechanics the analysis of motion is performed in the same way as in
solid mechanics - by use of Newton's laws of motion.

v i.e.,F = ma which is used in the analysis of solid mechanics to relate applied
force to acceleration.

b In Muid mechanics it is not clear what mass of maoving fluid we should use
so we use a different form of the equation.

d(mV L

»F=ma=
dt
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Momentum and Forces in Fluid Flow

¥ Mewton's 2nd Law can be written:
v The Rate of change of momentum of a body is equal to the resultant force acting

an the body, and takes place in the direction of the force.

_d(mV),

*F
dr

2. F = Sum of all external forces on a body of fluid or system s

mV = Momentum of fluid body in direction s

v The symbols F and V represent vectors and so the change in momentum must be

in the some direction as force.
Y Fdt =d(mV),

42 It s also termed as Impulse momentum principle
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Momentum and Forces in Fluid Flow

b Lets start by assuming that we
have steady flow which is non-uniform
flowing in a stream tube.

v In time &t a wolume of the fluid
moves from the inlet a distance v at ,
so the volume entering the

streamtube in the time &t is A streamtube in ;:hree and two-dimensions

volume entering the stream tube =area x distance =A1ul.§"
mass entering stream tube = volume x density = plAIHI&

momentum of fluid entering stream tube = mass x velocity= (pl A_Iulﬁ };I
13 momentum of fluid leaving stream tube = [pzﬁguzfi}lz
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Momentum and Forces in Fluid Flow

»  Now, according to Newton's 2 Law the force exerted by the fluid
is equal to the rate of change of momentum. So

» Force=rate of change of momentum

YF= pz‘qi“z&“z _pIAIHI&HI — pzAzuz&“z _ p|A1"|&“|
o o s

YF= p:[A:;:&]uz _ P (AI;I&]“I = p, (Qz )”1 -p, (QI )"l

» We know from continuity of incompressible flow, p=p,=p, &

Q=Q,=Q;
F=J‘;Q[“z _“1]=m[“z _“1]

This analysis assumed that the inlet and outlet velocities were in the
same direction - i.e. a one dimensional system. What happens when
this is not the case!

4
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Momentum and Forces in Fluid Flow

¢ Consider the two dimensional
system in the figure below:

v+ At the inlet the velocity vector, ul |
makes an angle, 81 , with the x-axis,
while at the autlet u2 make an

angle 8 2.
¥ In this case we consider the forces n'; 3

by resolving in the directions of the '
co-ordinate axes. Two dimensional flow in a streammube

» The force in the x-direction

F = Rate of change of momentum in x - direction
= Rate of change of mass x change In velocity In x - direction

= il u, cosf, — u, cosé, |

-.ri‘lrh -uhl
= A uy 08, = u cosé, |

15 =M“h_"l-]

Scanned with CamScanner



Momentum and Forces in Fluid Flow

» The force in the y-direction
F, = idu, sin8, — u, siné, | FResutant

- ;j.(“h _,_.h]

= pQu, sin8, — u, sin )

=Pqﬂh - ul.]

¥ The resultant force can be determined by combining Fx and Fy
vectorially as

Fa

F = JrF'!-l-Ff

sl T Y

» And the angle at which F acts is given by

]
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Momentum and Forces in Fluid Flow

» For a three-dimensional (x, y, z) system we then have an extra force
to calculate and resolve in the z direction.

v This is considered in exactly the same way.

» In summary we can say: The total force the fluid = rate of change of
momentum through the control volume

F=mlu,-u)
= PQ 1 — 11,

i
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Momentum and Forces in Fluid Flow
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Momentum and Forces in Fluid Flow
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Momentum and Forces in Fluid Flow

» Mote that we are working with vectors so F is in the direction of
the velocity. This force is made up of three components:

b Fr = Force exerted on the fluid by any solid body touching the control
volume

v F, = Force exerted on the fluid body (e.g. gravity)

» Fp = Force exerted on the fluid by fluid pressure outside the control
volume

» So we say that the total force, F; is given by the sum of these forces:
F=Fet Ry +F
» The force exerted by the fluid on the solid body touching the
control volume is opposite to Fy . So the reaction force, R, is given by

R =F,

28
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Application of the Momentum Equation

» In common application of the momentum principle, we
use it to find forces that flowing fluid exert on structures
open to the atmosphere like gate and overflow spillways

» In the following section, we will consider the application
of momentum principle for the following cases.

|. Force due to the flow of fluid round a pipe bend.

. i

-

2. Force on a nozzle at the outlet of a pipe.

w

3. Impact of a jet on a plane surface.
4, Force due to flow round a curved vane.

-
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Force due to the flow of fluid round a pipe bend

Flow round a pfﬁe bend of Control volume
CONSLaNnt Cross-section

» Coordinate system: It is convenient to choose the co-ordinate
axis so that one is pointing in the direction of the inlet velocity.

b In the above figure the x-axis points in the direction of the inlet
velocity.

v Let's compute, total force, pressure force, body force and resultant
force

30
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Force due to the flow of fluid round a pipe bend

Flow round a ﬁi;je bend of Control volume

CONSENT Crss-52ction

v 1.Total Force:

In x-direction In y-direction
ﬁ|=!’q”il-”1r:l F';T:Fqul.'-"h'
h, =1 o, =t sin0=0
Wy, =, cosd ty =ty sing
F, = pQu,cosf—u,) Fr, = pQuy sin®

3l
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Force due to the flow of fluid round a pipe bend

Jl‘

Flow round a pipe bend of
constant cross-section

Control volume

» 2.Pressure force

F = pressure force at 1 - pressure force at 2

Fp, = p A cosO- p, A, cosb = p A - p, A, cosé
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Force due to the flow of fluid round a pipe bend

Jl‘

Flow round 2 pipe bend of Control valume
constant cross-section

» 3. Body force:

There are no body forces in the x or y directions.The only
body force is that exerted by gravity (which acts into the
paper in this example - a direction we do not need to
consider).
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Force due to the flow of fluid round a pipe bend

Flow round a ﬁipe bend of Control volume
CONSLaNt Cross-section

» Resultant force

E.’Fr."'ﬁ'."'ﬂ.
b o=F +F, +F

Fy, = Fr, = Fp, -0=pQus; cos@ 14 ) - p A + p, Ay cos8
Fy, = Fr, - Fp, —0=pQu,sinf+ p, A, sin@
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Force due to the flow of fluid round a pipe bend

fr:\;i
Flew round a"ﬁlpe bend of
constant cross-secton

» Resultant force and direction "oy

Fu=yFa.~Fa, ¢=‘“"'l[‘}]
L

- .

v Finally, the force on bent is same
magnitude but in opposite direction

35 R=-F,
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