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HYDRAULICS (2)

OF THE MOMENTUM ™
~ PRINCIPLE

CS = Control
Surface

7| VE! P2, Az

P- &
@
pﬁ’ CV = Control
3 A : Volume
Vi, P1, A _ 4mY
= e =7

EF = m {/:i:.l--';: - é’JVl}



PROBLEMS SOLVING TECHNIQUE

Steps in Analysis:

1. Draw a control volume
—

2. Decide on co-ordinate axis system

t”

3. Calculate the surface forces
pe—

4. Calculate the body force

-~J

5. Calculate the resultant force

~

WHE MOMENTUM
QUATION IN X, Y DIRECTIONS

* The forces acting in X-direction, X F,

XF=P,.,A,—R —P,.Aycos 8 =pQ(V,cos 8-V,)

UZ si'n &

* The forces acting in Y-direction, £ F,
L F,=R,—PyA;sin0 = pQ(V,sin6-0)

< Sx P4 —Bx - P4, Co0f = p(lacesé- ) %

18‘) = ’1’ -— Fzﬁle.ng - m-’g(l/LS)ﬂg—o) X_



Bernoulli Equation
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r i -unss; EXAMPLE 1
ucing elbow is used to deflect water flow at a rate of 14 lﬁgj’s in a horizontal

pipe upward 30° while accelerating it and discharging it into the atmosphere. The
area of the elbow is 113 cm? at the inlet and Zcm? at the outlet. The elevation
difference between the centers of the outlet and the inlet is 30 cin. The weight of
the elbow and the water in it is considered to be negligible. Determine (a) the gage

I pressure at the center of the inlet of the elbow an&Tb—] the anchoring force needed

to hold the elbow in F;I_Iace. Assume the momentum correction factor = 1.03.
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202 .2 S ,‘,31‘ ,/3%/.’3 14 ’Q].ongOCoSSo —’Zd) - ﬁx

)?,‘ = 2573y

{‘e&‘ = fla = mip( vy, m1- _)

i, = 14 *).e2( 2= snps) = & 420

e

2253+ 14925 = Zo05S% p

1 ! ¢ 42
o= 1o (o5 0= 4



CE ON A CURVED VANE

1 & 2 Control volume and

Co-ordinate axis are as

shown in the figure.

£ F, = pQ(V,cos 6-V,) . 2
M '.': ﬂ

From Continuity Eq.
Since A; = A,

Vi - VE‘ <SSz - -L, Pm
—Fx = pQV(cosf—1) ¥
Similarly, =7 (Vac6= Yy Ey

Fy= pQVsing ¥ ™V (Cc=6-1

This case is similar to that of a pipe, but the analysis is simpler. Pressures at ends
are equal — atmospheric. Both the cross-section and velocities (in the direction of

flow) remain constant.
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'—’ EXAMPLE 2

Determine the force F needed to hold the plate in place ?

_ FSece L2
= => ’4?‘ = 12.2p, ) s
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