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After completing this chapter, you should be able to

sldentify the various kinds of forces and moments acting on a
control volume.

*Use control volume analysis to determine the forces
associated with fluid flow.

*Use control volume analysis to determine the moments
caused by fluid flow.
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 Whenever the magnitude or direction of the

velocity of a body is changed, a force is required
to accomplish the change.

* Newton’s second law of motion is often used to

express this concept in mathematical form; the
most common form is
F = ma

 Force equals mass times acceleration.
Acceleration is the time rate of change of velocity.
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* In fluid flow problems, a continuous flow is caused
to undergo the acceleration, and a different form of
Newton’s equation is desirable.

 Because acceleration is the time rate of change of
velocity can be written as

Av
Y

 The term m/At can be interpreted as the mass flow
rate, that is, the amount of mass flowing in a given
amount of time.

F=ma=m
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The last equation should be applied on each
direction individually as follows:

Apply in X direction

D Fe=p QU ou -

Apply In Y direction

> Fy=pQ(Uy_gu -

Apply in Z direction

D F=p QU gue -
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Impulse

A force applied over a period of time is called an IMPULSE.

|=F - At

I=F At=m a At
I=FAt=maAt=mAUA1

I=F At=m AU

I=F dt =m dU
|= FAt=m (Uout_Uin)
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Example |
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A 25-mm-diameter jet of water having a velocity of 6
m/s is deflected 90° by a curved vane, as shown in the
below Figure. The jet flows freely in the atmosphere in

a horizontal plane. Calculate the x and y forces exerted
on the water by the vane.

I
. |
Water jet /l/l
A 431
Y /,//
] =
|_ Vane
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Apply the equation in X direction
z Fx =P Q (Ux—out o Ux—in)

p=1000 kg/m> Aty
Q= 0.0005 * 6 = 0.003m3 /s D

+X

U,_in, = —6m/sec i
_ Dy —
U,_,ut = 0m/sec | ‘ ‘

|

Z F.=R.=1000 * 0.003 *[ 0 — (—6)]

R,=18 N
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Apply the equation in Y direction
z Fy =P Q (Uy—out o Uy—in)
Z F,=R, ]2
p=1000 kg/m> Aty
Q= 0.0005 * 6 = 0.003m3/s E—

+X

U,_in =0m/sec / '
U,_our = 6 m/sec | ‘ 41— R

|

> Fy=R, =1000* 0.003 *[ 6 — 0]
R, =18 N
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Example |l
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In a decorative fountain, 0.05 m3/s of water having a
velocity of 8 m/s is being deflected by the angled chute

shown in the below Figure.

It is required to:

 Determine the reactions on the
chute in the x and y directions
shown.

« calculate the total resultant
force and the direction in which
it acts.

Neglect elevation changes and

the friction of the chute.
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Solution
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Neglecting the friction of the chute
Vi=V2=8m/s

Apply the equation in X direction

D Fe=p QVempue — Viin)
p=1000 kg/m?>

Q =0.05m3/s

U, , = 8Sin45=-566mls
U, .. =—8Sin15=-2.07 m/s

F.=1000 *0.05( — 2.07 + 5. 66)
F.=1000 *0.05( — 2.07 + 5. 66)
F.=179.5 N
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Apply the equation in Y direction

Z Fx =P Q (Vy—out o Vy—in)

p=1000 kg/m? f,i
Q =0.05 m3/s h
U,_in = —8Cos 45 =-5.66 m/s
Uy_out =8Cos15=7.73 m/s
F,=1000 *0.05(7.73 + 5.66)

F,= 669.5 N

The resultant force
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The resultant force

—_ 2 2

= JFx2+Fy2 F=1/179.52 + 669.5
dv,

F=693.15N {

R’_l_ =179 N
Reaction

forces \
i

R =669 N i R=693N

b =75
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Forces on Bends in Pipeline

 The below figure shows a typical 90° elbow in a pipe
carrying a steady volume flow rate Q.

 To ensure proper installation, it is important to know how
much force is required to hold it in equilibrium.

S
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Example lll
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Calculate the force that must be exerted on the pipe
shown in the below figure to hold it in equilibrium.

The elbow is in a horizontal plane and is connected to
two 4-in carrying 3000 L/min of water at 15°C. The inlet

pressure is 550 kPa.

é—'*

T

—
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The problem may be visualized by considering the fluid
within the elbow to be a free body, as shown in Figure.
Forces are shown in black vectors, and the direction of
the velocity of flow is shown by blue vectors.

A convention must be set for the directions of all vectors.
Here we assume that the positive x direction is to the left and

the positive y direction is up. . p.A

The forces Rx and Ry are the +v
external reactions required

to maintain equilibrium.

The forces p1A1 and p2A2 1

are the forces due to the

fluid pressure. The two /f'

directions will be analyzed b, . J

separately - ) /14 R,
.”qu 1 - R}.
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-FJ: = FJQ(FZ_,.. - I-']_I:I'

F.=R, — pjA vy, =0 V1. = — 1)
R, — p1d; = pOl0 — (—vy)]

R.I‘ = If_iIQ'-[.’l + P]A]

I7my 1A
O = 3000 L/min = 0.05 m3/s N 2 4 (P22
0
v = — =6.09m/s
A] +x
pOuv; =1000%.05x6.09= 305N
piA; =550 x 10% X(8.213 x 107)= 4517N /
K
1
R, = (305 + 4517)N = 4822 N : R,
A, R},
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In the y direction, the equation for the net external force i

F:,- = .I“?":;I.'i-'t'j_H - I"I;.-}

F'I.' = R1: o Fiﬂf

E'E}_ — ‘|‘I';_|

. — ﬂ

R, — p2Ax = pQus

R, = pQu; + prAs ) & | P2y

I{JQI!; — 3[}5 H
pA; = 4517N ‘J

R, = (305 + 4517)N = 4822 N /
vy . // R,
-
R
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Example 1V
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A flat plate is struck normally by a jet of water
50mm in diameter with a velocity of 18 m/s.
calculate

(a)the force on the plate when it is stationary,

(b)the force on the plate when it moves in the same
direction as the jet with a velocity of 6 m/s

(V-u)

l
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(V-u)
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Solution
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Q =18x2(0.05)" = 0.0353

F, =Qp(0-v,;)=-Qpv,
= —0.0353x10° x18 = —636.17N

F, =0

R=-F=636.17TN
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Q =(18-6)x2(0.05)" = 0.0235m" /s
FX

=-Qp(v, —u)

=—0.0235x10° x (18 —6) = —282.4N
F, =0

R =-F =282.4N
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Example V
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A jet of water from a fixed nozzle has a diameter d of )
25mm and strikes a flat plate at angle u of 300 to the| <=
normal to the plate. The velocity of the jet v is 5m/s,
and the surface of the plate can be assumed to be

frictionless.
Calculate the force exerted normal to the plate

(a) if the plate is stationary.
(b) if the plate is moving with velocity u of 2m/s in the same
direction as the jet
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Solution
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0 (a) 1f the plate 1s stationary: |

 Initial component of velocity relative to plate in x direction = v C0S6
 Final component of velocity relative to plate in X direction= 0

R_=m(v, —v_ ) = pAv(ycos8)= pAv‘cosb
'
R, = 1000><[%0.0352 |5 xc0s 30 =10.63N

X
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o (b) if the Plate move:

Initial component of velocity relative to plate in X direction = (v—u)cos@
Final component of velocity relative to plate in x direction= 0

R =m(v, —v, ). =pAv—u)v—u)cos8 = pA(v—u)’ cos6

\
R :1000;{[%0.0252 x(5-2)% xcos30=3.83N
J

%
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Thank you
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