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PREFACE

The production of this e-book is to be used as an interesting
alternative learning aid. It developed to allow students to
understand the easier method of solving the Momentum
Equation. This topic also include in DCC30122 . This eBook
presents the principles behind the methods of solving problem

for determinate force when subjected to different cases.

With these responsibilities in mind, the objective for this eBook
is to develop the student's ability to recognize basic knowledge
of fluids mechanics. We provide an adequate number of self-
test and problem solving to enhance student knowledge and
understanding. Any suggestions, comments and feedback for

further improvement are most welcome.
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FLUID MECHANICS

CHAPTER 1

MOMENTUM
EQUATION -
PROBLEM SOLVING

Impact of A Jet Flat
Plate

CHAPTER 1 l



WHAT IS MOMENTUM?

PRINCIPLE OF MOMENTUM EQUATION
Conservation od momentum is another conservation law
comparable to conservation of mass. Conservation of momentum
uses Newton's second law of flowing fluid.

Newton's First Law of Motion

Every object in a state of uniform motion tends to remain in
that state of motion unless an external force is applied to it.

Newton’s second Law of Motion

Every object in a state of uniform motion tends to remain in
that state of motion unless an external force is applied to it.

Newton’s Third Law of Motion

For every action there is an equal and opposite reaction.

IN3INHSIH43Y

“THE BEAUTIFUL THING
ABOUT LEARNING IS THAT
NOBODY CAN TAKE IT AWAY
FROM YOU.”

B.B. KING
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Derivation Of Momentum Equation in Fluid

From Newton's second law on motion,

mv

Momentum = —
At

Since, Mass is constant, velocity will change due to time, then:

v2—vl
At

Momentum =m |

]

From equation of,

mass

Density, p = ——........ (1)

Volume

Volume

Discharge, Q =

E—

~
m
T
X
m
2
L
s
m
<
—

Therefore; (1) x(2)

mass Volume

X .
Volume time

m

?=PQ

If p and Q does not change,

Hence, 3F = pQ (v, — vq)

Ebv"’cmow"
‘w)/

FREEDOM

shuttersteck
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Video
Experiment Impact of Jet

X
m
“
X
m
L)
L
=
m
<
—
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Video
Application of Water Jet

_

SAMIING
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Impact of jet on a stationary flat plate
Y

Stationary
or fized
plate

- —

2

\

Stationary or
fixed plate

F = pA(v — u)?cos ©

x
m
“
x
m
2]
L
=
m
<
-

Inclined Plate

7 | ] Ly

Fixed Moving in the direction Moving parallel with
F = pAvZ?cosO of the Jet the plate
F = pA(v — u)?cos® (v—u)
F = pA 0 —
p 050 (v cosf —u)

CHAPTER 1 6



Stationary Plat Plate
Question 1.2.1

A jet of water 100 mm in diameter hits a fixed flat plate
normally. Calculate the force exerted by the jet when its

velocity is 30 m/s.

Solution 1.2.1

impact of jet on a stationary flat plate: v

Stationary or fixed
plate

m
X
Q
3
=
(¢
e
>~
=

Given;

d=100mm=0.1m , V=30m/s

1(0.1)2

A= = 7.854 x 10~3m?

Force on the plate (stationary)

F = pAV?
= 1000 X (7.854 x 1073) x 302

= 7068.6N The
expefl;t in

= 7.069kN anythin
x/tvas &

once a
begmner.
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Stationary Plat Plate
Question 1.2.2

A jet of water 5cm diameter moves at a rate 36 km/hour

hits a fixed flat plate normally. Calculate the force due to

impact of jet.

Solution 1.2.2

d = 5cm = 0.05m

V—36km>< 1hr ><IOOOm
"7 hr T 3600s” 1km

= 10m/s

F = pAV?

0.05)2
= 1000 x (#) x 102

= 196.35N

=) G >

The more force...

The more acceleration.
. ex?;g?t in
-@— :
anythin
yvtvas &
once a
beginner.
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Stationary Flat Plate

Question 1.2.3

A jet of water coming out of a 50 mm diameter nozzle
hits a stationary plate at right angles. Determine the
impact force of the water jet on the plate if the jet has a

velocity of 6.3 m/s.

Solution 1.2.3

Given;

m
X
)
3
S
)
o
=
w

d =50mm =0.05m , V=6.3m/s

__ m(0.05)?

A = 1.963 x 10~ 3m?

Force on the plate (stationary)

F = pAV?
= 1000 X (1.963 x 10_3) X 6.32
=77911N
ToDaY A
READER
tomorrow

a LEADER
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Inclined Flat Plate
Question 1.3.1

A jet of oil 15cm diameter (specific gravity = 0.95) hits a fixed
flat plate. If the oil jet travels with 16m/s. Calculate the force
exerted by the oil on the plate at the angle of 55° to the

plate.

m .
5 Solution 1.3.1
-g Given:
® d = 15cm = 0.15m
=
W v =16m/s
= u=1.67m/s
0.95 = LoiL

1000

poi = 0.95 x 1000
= 950kg/m?

F = pAv? cos©

— 1000 X (@) x 162 Xcos 35

= 3705.757N

CHAPTER 1




Inclined Flat Plate

Question 1.3.2

A flat plate is struck normally by a jet of water 50mm in

diameter with a velocity of 18 m/s. Calculate the force on the
plate. Calculate the force exerted by the oil on the plate at

the angle of 49° to the plate.

Solution 1.3.2

Given;
d=50mm=0.5m , V=18m/s

A= 1(0.05)?

= 1.963 X 10~3m?

F

0 =41° C

497

F = pAv?cos 35°
= 1000 X (1.963x1073) x (18)?cos 41°
= 480.004N

CHAPTER 1




Moving Flat Plate

Question 1.4.1

A jet of water 25 mm diameter moves at a rate of 6 m/s and hits

a flat plate capable of moving at a rate 1.5 m/s in the same

direction as the jet. Compute the force exerted on the plate if the

jet hits the plate normally.

Solution 1.4.1

Given:
d = 25mm = 0.025m
V =6m/s
u= 1.5m/s
F = pA(v — u)?

0.025)?
— 1000 x (%) X (6 — 1.5)2 = 9.94N

")I‘(';‘llll I,
Believe i,

-
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Moving Flat Plate

Question 1.4.2

A jet of water 5 cm diameter hits a flat plate at a speed of 33

m/s. If the plate moves at a rate 9 m/s in the same direction

as the jet, calculate the force exerted by the jet on the

moving plate.

Solution 1.4.2

Given:
d = 5cm = 0.05m
V =33m/s
L=9m/s

F = pA(v — u)?

7(0.05)?
= 1000 x (———
= 1130.973N
= 1.131kN

) X (33 — 9)2
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Moving Flat Plate

Question 1.4.3

A water jet 35mm diameter move at a rate of 6.5m/s and hits

a flat plate capable of moving at a rate 1.73m/s in the same
direction as the jet. Compute the force exerted on the plate if

the angle between the jet and the plate is 60°.

Solution 1.4.3

Given;
d =35mm =0.35m

v =6.5m/s
u=1.73m/s

__ m(0.35)?

A = 96.211 x 10~3m?

Moving in the direction of the jet
F = pA(v —u)%cos O
= 1000 X (96.211x1073) x (6.5 — 1.73)? cos 30°
= 1895.798N
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QUESTION 1

A water jet 20cm diameter move at a rate of 10.5m/s and hits a flat

fixed plate normally. Compute the force exerted on the plate.

QUESTION 2

An 80mm diameter jet has a velocity of 41m/s strikes a flat plate.
Calculate the normal pressure on the plate if:
i. The plate is statics

ii. The plate is moving with a velocity of 22m/s and away from the jet.

QUESTION 3

A water jet 10cm diameter strikes a flat plate with the velocity of 20m/s.
Calculate the force on the plate if:

i. The plate is statics

ii. The plate is moving with a velocity of 9.5 m/s away from the jet

iii. The plateisinclined the angle between the jet and the plate is 64°

CHAPTER 1




SOLUTION

EXERCISE CHAPTER 1

SOLUTION 1

Diameter,d = 20cm = 0.20m

Velocity,V = 10.5m/s

nd?  m(0.2)?

— 2
2 Y 0.031m

Area, A =

Force, F = pAV?
= 1000 x 0.031 x 10.52

= 3417.75N

CHAPTER 1




SOLUTION

EXERCISE CHAPTER 1

SOLUTION 2

Diameter,d = 80mm = 0.08m

Velocity,V = 41m/s

nd?  m(0.08)°
4 4

Area, A = = 5.027 X 107 3m?

i) Force, F = pAV?
= 1000 X (5.027 x 1073) x 412
= 8450.387N

ii) Force, F = pA(V — U)?
— 1000 x (5.027 X 1073) x (41 — 22)?
= 1814.747N

CHAPTER 1




SOLUTION

EXERCISE CHAPTER 1

SOLUTION 3

Diameter,d = 10mm = 0.01m

Velocity,V = 20m/s

nd?  m(0.01)?
4 4

Area, A = = 7.854 X 10™5m?

i) Force, F = pAV?
— 1000 x (7.854 x 10~5) x 20?2
= 31.416N

ii) Force,F = pA(V — U)?
= 1000 X (5.027 X 1073) X (20 — 9.5)?
= 554.227N

iii) Force, F = pA(V — U)?cos©
= 1000 X (5.027 x 1073) x (20 — 9.5)%cos 32
=470.011N
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1.

Practice Problems

- Flat Plate-

Describe the following law of motion
i. Newton’s second law.

ii. Newton’s third law.

. A water jet 100 mm in diameter hits a fixed flat plat normally.

Calculate the force exerted by the jet when its velocity is 30m/s.

. A water jet 5 cm hits a flat plate at a speed of 33 m/s. If the

plate moves at a rate 9m/s in the same direction as the jet,

calculate the force exerted by the jet on the moving plate.

. A 95 mm diameter jet having a velocity of 50 meters per second

strikes a flat plate. Calculate the normal force on the plate.

. A 75mm jet of an oil having specific gravity 0.8 strikes normally

a stationary flat plate. If the force exerted by the jet on the plate

is 1200N,calculate the velocity of jet oil. (8m)

CHAPTER 1



Practice Problems

- Flat Plate-

6. A water jet 35mm diameter move at a rate of 4.5m/s and hits a
flat plate capable of moving at a rate 1.7m/s in the same
direction as the jet. Compute the force exerted on the plate if:
i. The jet hit the plate normally

ii. The angle between the jet and plate is 60°.

7. An 85 mm diameter jet has a velocity of 40meters per second
strikes a flat plate. Calculate the normal pressure on the plate if:
i. The plate is static

ii. The plate is moving with a velocity of 25m/s and away from

the jet.

DO IT NOW. “C THE DIFFERENCE ARD WORK BE.

MO EXTRADRDNARY ALENT W

o IS THAT LITTLE ‘
EXTRA JU

BECOMES 22
‘NEVER’ Jimmy Johnson

Y
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SUMMARY OF THE TOPIC

Principal of Momentum = mv

F = MA (Newton’s Second Law)

Momentum in fluid
F=m(V, -W)
F=pQWV,—-V;)

FORMULA USED

i. Stationary or fixed plate
F = pQv = pA v?

ii. Moving plate
F = pA( v-u)?

iii. Inclined plate
F=pAvZcos O,

©= tangential to water jet

CHAPTER 1




FLUID MECHANICS

CHAPTER 2

MOMENTUM
EQUATION -
PROBLEM SOLVING

Impact of Jet on
Curved Vane

CHAPTER 2




Force of Impact of Jet on a Fixed Curved
Vane

Force on the curve vane is caused by the change of
momentum of the liquid

F= rate of flow of mass x change in velocity

Stationary
curved plate

ININHSIH43YH

_____________________

Tangent to the
curved plate at
outlet tip
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Video
Application of Water Jet on Curve Vane

/

~
m
“
X
m
2]
L
=
m
<
—
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Force Due To Deflection Of A Jet
By Curved Vane

From the equations of momentum, the force components
that acts on water jet are;

ININHSIH43YH

*Force in X direction
F, = pQ(UZx - le)

wForce inY direction
F, = PQ(”Zy e vly)

- Resultant force,F = |F? + Fyz

Direction of resultant force algainst the x — axis,
=il “ Y

=t —_
@ an .
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Stationary Curved Vane
Question 2.2.1

A 10 cm diameter jet of water strikes a curved stationary
vane with a velocity of 25 m/s. The angle at inlet is zero

and the angle at outlet is 30°. Calculate the magnitude

and direction of the resultant force on the curved vane.

Solution 2.2.1

—_— = §
vy = 25m/s

L
X
Q
=
=
(¢
=
=
=

Water discharge;

Q=AXv Vyy = VU, Sinbf

m(0.1)? F
= (4) X 25

= 0.196m3/s

Vyyx = U, COS 6

CHAPTER 2




m
X
Q
3
=2
0]
=
=
[T
o
o
=}
o

Solution 2.2.1 cont..

Force in X direction

Fe = pQ v — V1y)
Fx = 1000 (0.196)(25 cos 30° — 25)
= —656.476N
~ F, = 656.476N (<)

ForceinY direction
E, = pQ(UZy - vly)
Fy = 1000 (0.196)(25 sin 30° — 0)
~ B, = 2450N (1)

FR= /sz + F?

FR = v/ 656.4762 + 24502
= 2.536kN

~

@O =tan 12
E,

2450

656476 >

@ =tan~!

~. The resultant force on the curved vane,
F = 2.536kN,

=~ Direction of resultant force against the

X — axis = 75°
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Stationary Curved Vane
Question 2.2.2

A water jet from 50mm diameter nozzle is deflected through 60°
at 36m/s above a fountain site. The velocity of water leaves from
the curved vane is 30m/s due to friction. Calculate the magnitude

and direction of the resultant force on the curved vane.

U2
: = A X
T Vyy = U, Sin 6 Q (0 f)z
= 4 X 25
Vyy = U, COS 0O = 0.196m3/s

Force in X direction
F. = pQ(UZx = le)
FE, = 1000 (0.196)(25 cos 30° — 25)
E, = —656.476N
~ E, = 656.476N (<)

Force inY direction
E, = pQ(vzy — v1y)
E, =1000 (0.196)(25sin 30° — 0)
F, = 2450N
~F, = 2450N(T)

Fr= /sz + Ff

E, = 1/656.4762 + 24502

= 2.536kN
F 2450
-1y -1 o
= = = =7
g o F, Lol 656.476 :

= The resultant force on the curved vane, F = 2. 536kN,
and direction of resultant force against the x — axis = 75°

CHAPTER 2 )8



Stationary Curved Vane
Question 2.2.3

A jet of water flows tangentially onto a single stationary vane as
shown in the figure below, with an initial velocity,vl of 16 m/s.
The jet is turned through 1200 by the vane ad has an exit velocity
of v2. The flow rate of the jet is 0.04 m3/s. Calculate the
magnitude and direction of the resultant force exerted on the
curved vane if:

i. The vane assumed to be smooth

ii. The exit velocity is 85% of the initial flow velocity

vy = 15m/s v,
Uzy =V, sin 6 \
120° [
v, = 15m/s—> Vyy = Uy COS O
Q = 0.04m3/s
Vi, = 16m/s
vy, = 0m/s
sin60°= X cosf = -
(%] V2
Vyy = 16 5in60 Uy = 16 c0s60°
= 13.856m/s = —8m/s

CHAPTER 2




Stationary Curved Vane

Solution 2.2.3 cont..

a) Vaneis assumed to be smooth, v; = v,

Force in X direction
Fx = pQ(VZx o le)

F, = 1000 (0.04)(—8 — 16)
F, = —960N
# E, =960 N(<)

ForceinY direction
Fy = pQ(vay — v1y)
F, = 1000 (0.04)(13.856 — 0)
F, =554.24 N
~ F, =554.24 N(T)

Fr = /sz + F}

F, =/ (960)%+(554.24)2
= 1108.504N
= 1.109kN

m
X
)
S

=2
)
=
=
w
(@)
o
S
7

E 554.24
-1y -1
I/ ANE ey

@ = tan

~. The resultant force on the curved vane, F = 1.109kN,
and direction of resultant force against the x — axis = 30°
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Stationary Curved Vane

- et

b) The exit velocity is 85% of the initial flow velocity
Exit velocity, v, = 85%v;

=2 16 =13.6m/s
100

A v v
sin60°= =X cosf = =2
vz (%

2
vy = 13.6 sin60 vy = 13.6 cos60°
= 11.778m/s = —6.8m/s
Vi, = 16m/s
Force in X direction
Fx = pQ(VZx = le)
E, = 1000 (0.04)(—6.8 — 16)
= e

~E, =912 N(<)

ForceinY direction
E = pQ(v3y — v1y)
F, = 1000 (0.04)(11.778 — 0)
F, =471.12N
-~ F, =47112 N(T)

Fr = /sz +/Ff

F, =+/(912)2+(471.12)2
= 1026.48N
= 1.026kN

m
X
)
S

=2
)
=
=
w
(@)
o
S
7

= The resultant force on the curved vane,F = 1. 026kN,
and direction of resultant force against the x — axis = 27.3°
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THE BEST Stationary Curved Vane

COMES
AFTER
THE

cME - Question 2.2.4

A water jet through 6 mm diameter and with a velocity of 15 m/s
strikes a curved vane. The jet deflected through 120° by the vane.

Calculate the magnitude and direction of the resultant force.

Solution 2.2.4

Uy

rxn /= 15m \ V2
S
Q ly Vyy = U, Sin 6 =
= i o0 [
© Vs - =il \9 % v, cos O
] 1 —
® — #Sm =120° =
N /s
i\) Q=AXv
) 7(0.006)?

= 4,3
Force in X direction = 4.241X107"m>/s

Fe = pQvax — V1x)
= 1000 (4.241 x 10~*)(—=15 cos 60° — 15) = —9.542N
~ F, = 9.542N(«)
Force inY direction
E, = pQ(vzy — v1y)
= 1000 (4.241 x 10~*)(15 sin 60° — 0) = 5.509N
~ F, = 5.509N (1)

F= /sz + F;

= /9.5422 + 5.5092 = 11.018N
oin Y _1Fy — 1 _15.509 & i
V' Y e
~ The resultant force on the curved vane,F = 11.018kN,

and direction of resultant force against the x — axis = 30°
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Moving Curved Vane

Question 2.3.1

OOOOOOOOOOOOOOOOOO

SUCCESS . _
el curved surface (vane) having an inlet angle of zero degrees

and an outlet angle of 252 receives a jet of water at velocity of
50m/s. If the vane is moving with a velocity of 20m/s in the
direction of the jet, calculate the force components in direction
in direction of the vane velocity and across it. Then determine
the magnitude and direction of the resultant force acting on the

vane. Discharge 1000liter/s.

Solution 2.3.1 -

T i
O E,
u=20m/s
I N - *
v=150m/s  mm——

m
X
Q
3
=2
]
o
o
[T

()
1000litre Vyy = U, sin 6
=-=— 25°
s A
= 1m3/s Vyy = U, COSH
ef fective velocity = v —u
=50—20 Vix = 30m/s
= 30m/5 U1y e b Om/S
sin25°= 2% cos = 22x
Uy Vs
Vzy = 30 sin25 Vpy = 30 cos25°
= 12.68m/s = 27.19m/sm/s

CHAPTER 2 33



Moving Curved Vane

[

SOIUtion 2-3-1 Cont-. youc:ne::;eyou’re

Force in X direction
E, = pQ(UZx T le)
= 1000 (1)(—27.19 — 30) = —57190N
s~ E, =57190 N(«)

l'xl'l Force inY direction
Q E, = pQ(vay — v1y)
3 — 1000 (1)(12.68 — 0) = 12680N
'% - F, = 12680N(1)
N
w
1n F = /sz p
a = /(-57190)%2+126802 = 58578.823N
S
ot
. F 12680
Q= tan‘lfy = tan~! 100 — 12.50°
X

~. The resultant force on the curved vane,F = 58.579kN,

and direction of resultant force against the x — axis = 12.50°

o6

Positive thinking
must be followed
by positive
doing."

- JOHN C. MAXWELL
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Moving Curved Vane
Question 2.3.2

A A jet of water 6 mm diameter and moving with a velocity of
15 m/s strikes a curved vane. The jet deflected through 1200 by
the vane. Calculate the magnitude and direction of the resultant

force.

v
fy =215m/s\
E,
X 60
—

0
U1
= 15m/s
[
Q=AXv
7(0.006)? A AN
= T X 15 2y 2 60°
=4.241 x 10*m3/s Ve =W cos
_ Une
sin25°= ’;Z—y cosf) = =
U,y = 30 sin25 vy, = 30 cos25°
= 12.68m/s = 27.19m/sm/s

CHAPTER 2




Moving Curved Vane
Solution 2.3.2 cont..

Force in X direction
E = pQ(UZx - le)
= 1000 (4.241 x 10~%)(—15 cos 60° — 15) = —9.542N
. E, = 9.542N (<)

rxn ForceinY direction
Q Fy =pQ(v2y_v1y)
3 = 1000 (4.241 x 10~%)(15sin 60° — 0) = 5.509N
=3 ~ F, = 5.509N (1)
(]
N
W
5 F = /sz e
8 =+/9.5422 + 55092 = 11.018N
=
S
. E, 5.509
— —1_y= -1 = o
@ = tan F, tan 9542 30

~. The resultant force on the curved vane, F = 11.018kN,

and direction of resultant force against the x — axis = 30°

o6

Positive thinking
must be followed
by positive
doing."

- JOHN C. MAXWELL
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QUESTION 1

A water jet with a diameter of 50mm is deflected by 50° at the velocity
of the blade . Calculate the magnitude of the force generated by water
on the blade when the velocity of water jet leave the blade is 35m/s due

to friction

QUESTION 2

A jet of water 50mm diameter and having a velocity of 25 m/s enters
tangentially a stationary curved vane and deflected through an angle of
450, Calculate the magnitude and direction of the resultant force on the

vane.

QUESTION 3

A jet of water from a nozzle is deflected through 60° from its original
direction by the curved plate which enter it tangentially with a velocity
of 30 m/s and leaves with a velocity of 25 m/s. If the discharge from the
nozzle is 0.8 m/s, calculate the magnitude and direction of the resultant

force on the vane if the vane stationary. (22.27N, 51°.
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SOLUTION

EXERCISE CHAPTER 2

SOLUTION 1
md? 1(0.05)2
AP

A =1.963x 1073m?

Q=AXv
Q =1.936 x 1073 x 35
Q = 0.068m3/ss

Forcein X direction
FJ.' = pQ(VZJ: - le)
= 1000 (0.068)(35 cos50° — 35) = —850.17N
~ F. = 850.17N(<)
Force inY direction
= pQ(vzy = vl:ﬁ)
FJ, = 1000 (0.068)(35sin50° — 0) = 1823.19N
FJ, = 1823.19N(T)

FR= |F? +F

FR = \/[—85[].1'?)2 +(1823.19)2 = 2011.59N
4 1823.19
—850.17
-~ The resultant force on the curved vane,

Q

@ =tan™

F = 2011.59N, and direction of resultant force against the x — axis = 65°
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SOLUTION

EXERCISE CHAPTER 2

SOLUTION 2

nd®  m(0.05)

A=
4 4
A=1963 % 1073m?

Q=AXxv
Q =1.936 x 1073 x 25
Q = 0.0484m3/ss

Force in X direction
Fe = pQ(vax — V1x)
= 1000 (0.0484)(25 cos 45° — 25) = —354.40N
~ E, = 354.40N (<)
Force inY direction
F, = pQ(v2y — v1y)
F, = 1000 (0.0484)(25sin45° — 0) = 855.59N
~E, = 855.59N(T)

FR = /sz FF

FR =/ (—354.40)2+(855.59)%2= 926.09N

AL Tmsl 855.59 _ /.
D SS a0 T T
~ The resultant force on the curved vane,
F = 926.09N,

and direction of resultant force against the x — axis = 67.5°

CHAPTER 2




SOLUTION

EXERCISE CHAPTER 2

SOLUTION 3

Given: Q =0.8m3/s

Force in X direction
E = pQ(VZx £ le)
E, = 1000 (0.8)(25 cos 60° — 30) = —14000N
~ E, = 14000N (<)
ForceinY direction
B, = pQ(UZy = vly)
F, = 1000 (0:83(25sin 60°=0)=17320.51N
N S 7825 ENTE)

FR = |F?+ F?

FR = /(—14000)24(17320.51)2= 22271.06N
17320.51
1 Z —51,18

—14000
-~ The resultant force on the curved vane,
FR = 22271.06N,

and direction of resultant force against the x — axis, @ = 51.5°

® = tan~
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— Practice Problems

BECAUSE LIFE

NEVER'STOPS

- Curve Vane -

shutterstock.com - 1661097583

1. Express Newton’s first, second and third laws.

2. A jet of water strikes a single vane, which reverses it through 180°
without friction loss. If the jet has an area of 2500mm? and velocity
of 55m/s, find the forced exerted if the vane moves :

i. in the same direction as the jet with a velocity of 20m/s

ii. in a direction opposite to that of the jet with a velocity 20m/s.

(Ans: (a) 6.13 kN, (b) = 28.1 kN)

3. A free jet of water with an initial diameter of 2.54cm strikes the
vane shown in Figure 1. Given that 8 = 30° and V, = 30.48m/s. Owing
to friction losses assume that V, = 28.96m/s. Flow occurs in a

horizontal plane. Calculate the resultant force on the blade.

(Ans: F, = 333.616 N<, F,=894.092 N)

Y
V2
[l
vi & — / e

/T

Fy

'I—Flc

Figure 1
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i Practice Problems

BECAUSE LIFE

NEVER'STOPS

TEACHING. = Cu rve Vane =

4. A 100mm diameter water jet with a velocity of 35m/s acts on
a series of vanes with al = 1 = 0. Neglect friction and find the
required blade angle B2 in order that the resultant force acting
on the vane in the direction of the jet is 950N. Solve using vane
velocities of 0, 5, 15 and 25 m/s. Also find the maximum

possible vane velocity.

(Ans: 25.7°, 27.8°, 34.2°, 49.1°, 33.3 m/s)

5. A jet of water exits from a 25 mm diameter nozzle and hits a
stationary curved blade as shown in Figure 2. Calculate the x

and y components used to hold the curve blade.

(Ans: Fx = 16.27 N&, Fy = 18.05 N1)

6m/s

8m/s

F Figure 2
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i Practice Problems

BECAUSE LIFE

NEVER'STOPS

- Curve Vane -

6. A jet of water discharging 40 kg/s exits from a 70 mm
diameter nozzle and hits a stationary curved blade as shown in
Figure 3. Calculate forces Fx and Fy to hold the blade.

(Ans: Fx = 525.2 Né, Fy = 300.7 N)

8m/s

\ 110°

e
Figure 3

Fy

7. Water is flowing out of a nozzle and hits a stationary curved
blade as shown in Figure 4. The flow rate in the nozzle is 0.8
kg/s. The flow velocities are v; = 7 m/s and v, = 6 m/s. Calculate

forces, F, and F, to hold the blade.
(Ans: F, =2.515 N, F,=3.677 N)

6m/s
s0° \
Y7\
. \ +—[+15
& T 8 m/s

F, Figure 4
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friciviv Practice Problems

BECAUSE LIFE

NEVER'STOPS

- Curve Vane -

8. In Figure 5 assume that friction is negligible, that 8 = 115°, and

that the water jet has a velocity of 28.96m/s and a diameter of

2.54cm. Calculate:

i. the component of the force acting on the blade in the
direction on the jet

ii. the force component normal to the jet

iii. the magnitude of the resultant force exerted on the blade.

Ans: (a) 604.513 N->, (b) = 384.771 N1, (c) = 716.608 N at 32.5°)

Vi A, / 4

y

S L.

V2 Figure 5
9. By using Figure 5 assume that friction is negligible, that
0 = 115°, and that the water jet has a velocity of 25m/s and a
diameter of 40 mm. Calculate:
i. the component of the force acting on the blade in the
direction on the jet

ii. the force component normal to the jet

iii. the magnitude of the resultant force exerted on the blade.
(Ans: (a) 1117 N->, (b) = 712 N, (c) = 1325 N at 32.5°)
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The key to success
is action, and the

SUMMARY OF THE TOPIC

FORMULA USED Wléiie'\”('.’i

W‘W’lc -

GIVEUP,: .- -

Force act on y-direction
XF, = pQ(”Zx - le)

Force act on y-direction
2Fy = pQ(vzy — v1y)

Resultant force, F = /F,Zc + F;,

Direction of resultant,

F
= tan~ 12
1) F.

CHAPTER 2




FLUID MECHANICS

CHAPTER 3

MOMENTUM
EQUATION-
PROBLEM SOLVING

Impact of a Jet
on Pipe Bends

CHAPTER 3
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2
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s
m
<
—

Principe Of Bernoulli’s Equation In Pipe Flow

The relationship between pressure and velocity in pipe flow -
Bernoulli’s Theorem

2Qin=2Qout

Energy per unit volume before = Energy per unit volume after (by
ignored all losses)

Video of Bernoulli’s Equation

CHAPTER 3



Force Due To Deflection Of A Jet
in Pipe Bends

1

From the equations of momentum, the force components that acts
on water jet are;

Q=0.5m%/s
P, = 150kPa 8_ — vi
Pressure, gz _Opposite .
Hypotenuse o
F . . y x@‘(\ k
P=— +ve y direction e g
x A s B Hypifenuse > 8
L 8 £
0
m il C:'.::s i \ 6 Y
Force, Adjacent |
a F = PA Adjacent ‘
7)) I
- +ve
g x direction
m

»Force in X direction

2:Fx 3 pQ(”Zx & le)
PiA{+F,—Py,A,cos0 = pQ(v,cos0 —v,)

s Force inY direction

Fy = pQ(vzy — vyy)
0+ F,—PyA;sin0 = pQ(v,sinf — 0

~. Resultant force, FR = /F% + Ff,

Direction of resultant force against the x — axis,

1 Fy

F,

@ = tan
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A pipeline bends in the horizontal plane through an angle of 40°. The

diameter of the pipe changes from 60 cm before the bend to 40 cm
after it. Water enters the bend at the rate of 500 liters/sec with a
pressure of 150 kN/m?. Calculate

i. the magnitude

ii. direction of the force exerted on the pipe bend

Solution 3.2.1 o 0 os
,_- Lo /pl A, = 7'5(41) vy =A—1 =
BN/ R
i e e MECE
dy = 0.5m 7T(0.4)2 = 3.968m/s
=7 = 0.126m?

Use Bernoulli's equation, at horizontal plane,Z, = Z,

P, V3 P, V3
Ltz =21247,
P9 2g P9 29

150 x 10° N 1.767% \ P, N 3.968°
1000x9.81/ \2x9.81) \1000x9.81) "~ \2x9.81

P
15.45 = ( > +0.802

9810
P, = 14.648 x 9810
P, = 143,696.88N /m?

2400 Ivzy =V, sin 6 400 P2A2 sin @
Vo, = VU, COS 0O P,A, cos 8

CHAPTER 3




Solution 3.2.1 cont.,

Force in X direction

LFy = pQ(v2x — V1)
PiA{+F,—P,A,cos0 = pQ(v,cos0 —v,)
150 x 103 (0.283) +F, —143.697 x 103(0.126) cos 40°

= 1000 (0.5)(3.968 cos 40° — 1.767)
E, = —27,943.803N
& F, = 27,943.803N (<)

Force inY direction
F), = pQ(vzy — v1y)
0+ F,—PyA;sin0 = pQ(v,sin6 — 0)
0+ F, — 143.697 x 10°(0.126) sin 40° = 1000(0.5)(3.968 sin 40° — 0)
F, = 12,913.489N
~ F, =12,913.489N(1)

F = /sz + F?

= \/27,943.8032 + 12,913.4892 = 30,783.345N

L iy 1200 g
— M e T Y i s

~. The resultant force on the pipe bend, F = 30,783.345N,

and direction of resultant force against the x — axis = 24.8°

Q=0.5m3/s
P, = 150kPa
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Water is flowing in a pipe which tapers from diameter d, = 500 mm at inlet

to d, = 300 mm at outlet, and turn through an angle of deflection, 8 = 50°.

Pressure at inlet P, = 40 kN/m? and at outlet P, = 23 kN/m?. Calculate the

magnitude and direction of the resultant force acting on the bend if flowrate

is 500 lit/s.

Solution 3.2.2

1 §

Q =0.5m3/s

P, ,f_._
= 40kN /m?

m(dy)?
A, =
(0.5
= ©-5) = 0.196m?
4
Q 0.5
1]1 = = —
A;  0.196
= 2.551m/s
Q 0.5
Vg =—=———
A, 0.071
= 7.042m/s

3

(d,)?
PG
, 4
(0.3
= (4) = 0.071m?

v :
§50° Ivzy = v, sin 0

Vo, = Vo COS 0

P4,
\500 P,A, sin 6

<

P,A, cos 6
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Solution 3.2.2 cont.,

Force in X direction
XFy = pQ(vay — V1y)
PiA{+F,—Py,A,cos0 = pQ(vy,cos0 —v,)
40 x 103 (0.196) +F, —23 x 103(0.071) cos 50°
= 1000 (0.5)(7.042 cos 50° — 2.551)
E, = —5802.573N
s~ E, = 5802.573N (<)

ForceinY direction
XFy, = pQ(vzy — v1y)
0+F,—PyA;sin0 = pQ (v, sin6 — 0)
0+ F, —23X 103(0.071) sin 50° = 1000(0.5)(7.042 sin 50° — 0)
F, = 3948.193N
~ F, =3948.193N (1)

F = /sz+Fy2

= \/5802.5732 + 3948.193% = 7018.41N

_,3948.193

> T By )
% 5802.573

~. The resultant force on the pipe bend,F = 7018.41N
and direction of resultant force against the x — axis = 34.2°
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A reducing bend is turned through 60° in the horizontal plane and the pipe

diameter is reduced from 0.25 m to 0.15m. The velocity and pressure at the
entry to the bend are 1.5 m/s and 300 kN/m? gauge respectively and at the

exit the pressure is 287.2 kN/m? gauge. Determine the magnitude and

direction of the resultant force on the pipe bend.

Solution 3.2.3
P; =287 2k1v/mzo{
2
WAHE
2 /
d, =0.15m
1 /
vy, =1.5m/s 1 :
P, = 300kN/m2g v, 7/60°
dy =0.25m
Continuity Equation o
Q1= Q> sinfz —LPC
A Xv; =4, X1, HYPOI‘renuse
0.049 x 1.5 = 0.018 X v, cosfz Adjacent
0.074 Hypotenuse
V2= 0.018 Opposite

=4.111m/s

tan 8=

Opposite

Adjacent

o
<

:

Adjacent




Solution 3.2.3 cont.,

Force in X direction

XFy = pQ(V2x — V1x)
PiA{+F,—P,A,cos0 = pQ(v,cos0 —v,q)
300 x 103 (0.049) +F, —287.2 x 103(0.018) cos 60°

= 1000 (0.074)(4.111 cos 60° — 1.5)
E, = —12,074.093N
~ E, =12,074.093N (<)

Force inY direction
2Fy = pQ(vzy — v1y)
0+F,—PyA;sin0 = pQ (v, sin6 — 0)
0+ F, —287.2
x 103(0.018) sin 60° = 1000(0.074)(4.111 sin 60° — 0)
F, = 4740.462N
~ F, =4740.462N(T)

F = /sz + F;

= \/12,074.0932 + 4740.462%2 = 12,971.342N

=

| 4740462
12,074.093

2
Fy

O =tan 1= = tan~ 21.4°

~. The resultant force on the pipe bend,F = 12,971.342N
and direction of resultant force against the x — axis = 21.4°
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Example 3.2.4 -

A 500 reducing pipe bend tapers from 500 mm diameter at inlet to 200
mm diameter at outlet. The pressure at inlet is 140 kN/m2 gauge and the
flowrate is 0.425 m3/s. Determine the resultant force and direction

exerted on the bend.

Solution 3.2.4
m(dq)?
5,{ 4, =T
. g2’ | 3 2
F, 1 (0.5)
2 = = 0.196m?
F, d, = 200 4
1
2
Q =0.425m3/s 2 = m(dz)
P, = 140kPa 4
(0.2)2 .
Q 0.425 Q 0425
A, 0.196 A, 0.031
= 2.168m/s = 13.71m/s

Use Bernoulli's equation, at horizontal plane,Z, = Z,

140 x 10° 2.1682 P, 13.712
(1000 X 9.81) * (2 X 9.81> B (1000 X 9.81) * (2 X 9.81)
P,
T o) +9.58
P, = 4.611 x 9810 = 48,373.11N/m?

14.511 = (
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Solution 3.2.4 cont.,

Force in X direction

LFy = pQ(v2y — V1)
PiA{+F,—Py,A,cos0 = pQ(v,cos0 —v,q)
140 x 103 (0.196) +F, —48.373 x 103(0.031) cos 50°
= 1000 (0.425)(13.71 cos 50° — 2.168)

E, = —23,652.137N
s E, = 23,652.137N (<)

ForceinY direction

Fy = pQ(vzy — v1y)
0+F,—PyA;sinf = pQ(v, sinf — 0)
0+ F, —48.373 X 103(0.031) sin 50° =1000(0.425)(13.71 sin 50° — 0)
F, =5612.281N
~ F, = 5612.281N(T)

F = /F,3+Fy2

= /23,652.1372 + 5612.2812 = 24,303.873N

_, 5612.281

— T
23,652.137 e

~. The resultant force on the pipe bend, F = 24,303.873N,

and direction of resultant force against the x — axis = 13.3°
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A 450 reducing pipe bend taper from 0.5m diameter at inlet to 0.3 m
diameter at outlet is flowing a liquid with a specific gravity of 0.9 as shown in
figure below. The pressure at inlet is 145 kN/m2 and the flow rate of liquid is
0.5 m3/s. Neglecting any loss in the bend, calculate the magnitude and

direction of resultant force exerted by the liquid.

0=0.50m/ 1
L — d, = 0.5m
QUESTION 2

A pipe bend was deflected to reduce the pipe diameter from 500mm to 250mm.
The deflection of fluid is 600 . The pressure at the bend=160kN/m2 and the flow
rate is 0.70m3/s. Based in figure below, Calculate magnitude of resultant force at

the bend.

1 = 500mm
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SOLUTION

EXERCISE CHAPTER 3
SOLUTION 1
7(d,)? dy)?
41: ‘51'_,, A2=T[(42)
3 7(0.5)? 1(0.3)?
S g
= 0.196m = 0.071m?
0.5
v, = % ¥ 001.‘:5}6 = A% oo
3 2_155mf5 —16:45m /s

Use Bernoulli's equation, at horizontal plane,Z, = Z,

1, Vi P, V3
E+E+Zl =E+E+Z2
145 x 103 2.552 P, 16.132
(1000 X 9.81) * (2 X 9.81) 7 (1000 X 9.81) % (2 X 9.81)
P,
15112 = (9810> +13.26

P, = 1.852 x 9810 = 18168.12N /m?
P, = 181.68kN /m?
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SOLUTION

EXERCISE CHAPTER 3

SOLUTION 1

Force in X direction

LFy = pQ(vgy — V1)
PiA{+F,—PyA,cos0 = pQ(v,cos0 —v,)
145 x 103 (0.196) +F, —181.68 x 103(0.071) cos 45°

= 1000 (0.5)(16.13 cos 45° — 2.55)
E, = —14871.01N
B = 1487 1L.01N(<)

ForceinY direction

2Fy, = pQ(vzy — v1y)
0+ F),— PyA;sin0 = pQ(v, sinf — 0)
0+ F, — 181.68 x 10°(0.071) sin 45° = 1000(0.5)(16.13 sin 45° — 0)
F, = 14823.99N
~ F, = 14823.99N(T)

= \/(—14871.01)2 + (14823.99)%= 20997.56N

E, _, 14823.99
= = g e =
F, 14871.01

. The resultant force on the pipe bend, F = 20997.56N,
and direction of resultant force against the x — axis = 44.9°

@ = tan~ 44.9°

CHAPTER 3




SOLUTION

EXERCISE CHAPTER 3

SOLUTION 2
2
m(d;)? i _1(dz)
1= 1 2 4 ;
7(0.5)2 e m(0.25)
e =
. S U 07 e 0 0.7
1 =GR 01196 2 =Tr =AY
=, kDRI, S = 14.29m/s

Use Bernoulli's equation, at horizontal plane,Z, = Z,

P, V? P, V2
", 7,
Pg 29 Pg 29

Py N 3.572 _ [ 160 X% 103 i 14.29%
1000 x 9.81 2x9.81) \1000 x 9.81 2 x9.81

Py
+0.649 = 26.72

9810
P, = 26.071 X 9810 = 255756.51N /m?
P, = 255.76kN /m?
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SOLUTION

EXERCISE CHAPTER 3

SOLUTION 2

Force in X direction

LFy = pQ(V2x — V1)
PiA{+F,—PyA,cos0 = pQ(v,cos0 —v,)
160 x 103 (0.196) +F, —255.76 x 103(0.049) cos 60°

= 1000 (0.7)(14.29cos 60° — 3.57)
E.= —22591.38N
~ E, = —22591.38N (<)

Force inY direction

Fy, = pQ(vzy — v1y)
0+ F,— PyA;sin0 = pQ(v, sinf — 0)
0 + F, — 255.76 x 10°(0.049) sin 60° = 1000(0.7)(14.29 sin 60° — 0)
F, =19516.09N
~ F, = 19516.09N(T)

F = |F¢ 4

= \/(—22591.38)2 + (19516.09)%= 29853.78N

E, _,19516.09
— = lanijE == =
F, 22591.38

. The resultant force on the pipe bend, F = 29853.78N,
and direction of resultant force against the x — axis = 40.8°

@ = tan~ 40.8°
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Siceess is

s fl s Practice Problems
- Pipe bends-

1. A 45° reducing pipe bend tapers from 600mm diameter at
inlet to 300 mm diameter at outlet. At the pressure at inlet is
140kN/m? gauge and the rate of flow of water round the bend
is 0.45 m3/s. At outlet the pressure is 123 kN/m? gauge.
Neglecting friction , calculate the resultant force exerted by
the water on the bend in magnitude and direction. The bend
lies in a horizontal plane.

2. A bend in a pipeline gradually reduces from 600mm to 300
mm diameter and deflects the flow of water through an angle
of 60°. At the larger end the gauge pressure is 172kN/m?2.
Assuming there are no frictional losses, determine the
magnitude and direction of the resultant force exerted on the
bend when the flow is 0.85m3/s.

3. A 400 mm diameter pipe carries water under a head of 30
meters with a velocity of 3.5m/s. If the axis of the pipe turns
through 46°, determine the magnitude and the direction of
the resultant force at the bend.

4. A pipe bends was deflected to reduce the pipe diameter from
500 mm to 250mm. The deflection of fluid is 60° . The
pressure at the bend=160kN/m? . The flow rate is 0.7 m3/s.
Calculate magnitude of resultant force at the bend.
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Siceess is

bl Practice Problems

[
- Robert Callier
: - Pipe bends-
i tebrainbortaodals.com Y )
e T WA

5. A reducing right-angled bend lies in a horizontal plane. Water
enters from the west with a velocity of 3m/s and a pressure of
30kPa, and it leaves towards the north. The diameter at the
entrance is 500mm and the exit it is 400mm. Neglecting any friction

loss, find the magnitude and direction of the resultant force on the
bend.

6. The volume of a pipe bend shown in Figure 1 is 250 litres. The
flow rate of water in the pipe is 170 litre/s. The pipe diameters at
points 1 and 2 are 600 mm and 300 mm respectively. The pressure
at points 1 is 200 kPa and the total head loss from point 1 and 2 is
0.3 m. Calculate the x and y components of the force to hold the
pipe bend if it is installed in:

i A vertical plane

ii.  Ahorizontal plane

(Ans: i. F, =50.10 kN¢, F, = 13.80 kN, ii. F, = 49.58 kN&,F, = 12.25 kNt

F 3
1.5m X
Vi r'-—(—D— ———’/g/

Fo M 3
=

-(I____’ - —
@ 600 mm g

200 kPa T Figure 1
Fy
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e Practice Problems
spected Dey in

WO - Pipe bends-

7. The volume of a pipe bend shown in Figure 2 is 335 litres. The
flow rate of water in the pipe is 525 litre/s. The total head loss from
point 1 to 2 is 0.4 m. Calculate the x and y components of the force
to hold the pipe bend if it is installed in:

i. Avertical plane

ii. A horizontal plane

(Ans:i. F,=219.09 kN, F,=40.05 kN, ii. F, = 218.59 kN, F,=42.48 kN )

385 kPa

Y

/[ 120
X I_-"f Il."f ]
f g;"m 400 mm

Figure 2

W2 Fz

8. The flow rate of water flowing out of an 80 mm diameter nozzle
shown in Figure 3 is 60 litre/s. The volume of the water in the pipe
bend is 50 litres and the pipe bend is installed in a vertical plane.
The head loss from point 1 to 2 is 0.44m. Calculate the x and y
force components to hold the pipe bend.

(Ans: F, = 0.933 kN, F, = 0.862kN+)
F'F

f l
X 301";?‘ & o

\\.5[]"

SN
g Open end
V1 @ @ 80 mm

F1 @ 160 mm
Figure 3
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Siceess is

TN Practice Problems
| - Pipe bends-

9. A reducing elbow is used to deflect water flow at a rate of 14kg/s
in a horizontal pipe upward 30° while accelerating it (Figure 4). The
elbow discharges water into the atmosphere. The cross-sectional
area of the elbow is 113cm”2 at the inlet and 7cm”2 at the outlet.
The elevation difference between the centres of the outlet and the
inlet is 30cm. The weight of the elbow and the water it is
considered to be negligible. Determine (a) the gage pressure at the
centre of the inlet of the elbow and (b) the anchoring force needed
to hold the elbow in place.

FRy Patm
mV,
L FRx X /
. 30cm
my, SSSEEEE. R e -
—_—
P1 sace
Figure 4

10. A 90° elbow (Figure 5) is used to direct water flow at a rate of
25kg/s in a horizontal pipe upward. The diameter of the entire
elbow is 10cm. The elbow discharge water into the atmosphere, and
thus the pressure at the exit is the local atmospheric pressure. The
elevation difference between the centres of the exit and the inlet of
the elbow is 35cm. The weight of the elbow and the water in it is
considered to be negligible. Determine (a) the gage pressure at the
centre of the inlet of the elbow and (b) the anchoring force needed
to hold the elbow in place. Take the momentum-flux correction

factor to be 1.03 3
cm

Water
25kg/s l )

Figure 5
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SUMMARY OF THE TOPIC

Principal of Momentum in fluid

F=m(,; -V)
F=pQV,—V1)
Principal of Bernoulli’s equation
P,V P, Vi

+ Z, =
P9 29 pg 29

The best way to
Predict your
Future 1s to

FORMULA USED |

Force act on x-direction
XF, = pQ(”Zx - le)
Fy Fly t F2;, = pQ(V2x — V1y)

Force act on y-direction
XFy = pQ(vzy — v1))
Fy,Fly . F2, = pQ(vzy — v1y)

Resultant force, F = /F,ZC + F2

Direction of resultant,

F
=tan 12
1) F.

CHAPTER 3




REFERENCES

Demun, A. S. (2017). Civil Engineering Fluid Mechanics-
Problem and Solutions. Johor, Malaysia: Universiti Teknologi
Malaysia.

Franzini, E. J. (2002). Fluid Mechanics with Engineering
Applications-Tenth Edition. New York: McGraw-Hill .

Granet, I. (1996). Fluid Mechanics. New Jersey: Prentice
Hall.

Liu, J. B. (1989). 2500 Solved Problem In Fluid Mechanics
and Hydraulics. United States of America: Mc Graw-Hill.

Mott, R. L. (1994). Applied Fluid Mechanics-4th Edition.
Unites States of America: Prentice Hall.

Mott, R. L. (2006). Applied Fluid Mechanics-Sixth Edition in
SI Units. Johor, Malaysia: Pearson, Prentice Hall.

Ranald vV. Giles, J. B. (2014). Fluid Mechanics and

Hydraulics-Fourth Edition. United States of America:
McGraw-Hill Education.

Yunus A. Cengel, R. H. (2008). Thermal-Fluid Sciences-Third
Edition. United States: McGraw-Hill.

67



Published by:

.

-
Politeknik Sultan Salahuddin Abdul Aziz shah
Persiaran Usahawan,
Seksyen Ul,
40150 Shah Alam, Selangor

-0032-38-9
23

e ISBN 8978-967

D3 BB

FLUID MECHANIC




