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Example 6. ﬁl In a 45° bend a rectangular air duct of 1 m?* cross-sectional area is gradually

reduced to 0.5 m* area. Find the maglunuic and direction of force required to hold the duct in posi-

tion if the velocity nfﬂmt

H-_-

1t L.m? section is 10 m/s, and pressure is 30 kN/m?,

Take the specific %g&‘n 0.0116 AN/m?. [AMIE]

Solution. Refer Fig. 6.49

Area at section ‘1’ = 1 m®; area at section ‘2’ = 0.5 m?
Velocity at section ‘1" V. = 10 m/s

Pressure at section ‘17, p, = 30 kN/m?

Sp. weight of air, w = 0.01 16 kN/m?

As per continuity equation, 4, V, = 4,V,

"
y, = 2w SRR 50 ime
2+ s .
Discharge, Q=A4,V,=1x10=10m"s

Applying Bernoulli’s equation at sections ‘1’ and ‘2°, we get

But

Fig. 6.49
2 2
0 100 _p 20
00116 2x981 w  2x98]
or 2586 + 5.1 = P2 4904
w
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or P2 _ 2586 + 5.1 - 20.4 = 2570.7
w
or p, = 2570.7 x 0.0116 = 29.82 kN/m’

Magnitude and direction of force (resultant) Fgp
Force along X-axis: x
Fr 3 %Q_ (Vlr i VZI) + ([JIAI )x c}ODZA2 ).r

where, Vi, =10mvs; V, =V, cosd45° =20 % 0.707 = 14.14 m/s
(rA4,),=pA4,=30x1= 30 kN; (p,A4,), = = pyA, cos 45°=-29.82 % 0.5 x0.707 =-10.54

B 0-0;16 <10 (10 —14.14) + 30 — 10.54 = 19.41 kN ()

Force along Y-axis:
w "
F;. = "?Q (Vl‘ - sz) + (A )_v + (P4, )y
where, V, =0; V,, = V,sin 45°=20x0.707 = 14.14 m/s
(b, A,), = 0 (p, Ay), = — Py, 5in 45° = - 29.82 0.5 x 0.707 =~ 10.54 KN

Q0116 x10 () 1414) +0-10.54 =~ 10T1KN (+)
: 9.81

- Resultant force, Fy = |[F2 + F2 =/(19.41)? + (10.71)" =22.17 kN (Ans.)

The direction of F, with X-axis is given as

F, ¢
tan® = - = 10w 2 0.5518
Fo 1941
or 0 =tan'0.5518 = 28.88° or 28°53" (Ans.)

Example 6.52. 250 litres/sec. of water is flowing in a pipe having a diameter of 300 mm. If the
pipe is bent by 135°, find the magnitude and direction of the resultant force on the bend. The pres.
sure of the water flowing is 400 kN/m?. Take specific weight of water as 9.81 kN/m?. [AMIE}

Solutioz, Diameter of the bend at inlet, D, =300 mm=0.3 m
Diameter of the bend at outlet, D, = 300 mm = 0.3m

-, Area A, = A, =mn/4 x 0.32 =0.07068 m’

Discharge O = 250 litres/sec = 0.25 m’/s.

Pressure, p, = p, = 400 kN/m’

Velocity at section 1-1, V| = Ersldd,, 3.54 m/s
A 0.07068
Velocity at section 2-2, V, =V, = 3.54 m/s (A4 =4)

Force along X-axis:

X

= -Y—Q— [V, = (=V; cos45°)] + py A + prd; cos45°
g

 9.81x0.25

3.54 — (- 3.54 x 0.707
R ( )]

+ (400 x 0.07068) + (400 x 0.07068 x 0.707).
=0.25 x (3.54 + 3.54 x 0.707) + 28.27 + 19.98
= 49.76 kN (=) '
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F, =206 kN

300 mm dia.
Fig. 6.50
Force along Y-axis:
= _‘.‘LgQ. [0V, sin45°) - p, A, sin 45°
9.81x 0.
= —gfm—zé- (0-3.54 x 0.707) — 400 x 0.07068 x 0.707

=—0.625-19.98 =—20.6 kN({)
The magnitude of the resultant force,
Fp = \[F? + F} =\49.76" + 206’ = 5385kN (Ans))
The direction of F, with X- axis Is given as

F,
tanf = — = 206 =0.414
F, 49.76

6=tan" 0.414 = 22.5° (Ans.)

Example 6.53. 360 litres per second of water is flowing in a pipe. The pipe is bent by 120°. The
pipe bend measures 360 mm x 240 mm and volume of the bend is 0.14 m*. The pressure at the
entrance is 73 kN/m* and the exit is 2.4 m above the entrance section.

Find the force exerted on the bend.

Solution. Discharge through the pipe, Q = 360 litres/sec = 0.36 m'/s
Volume of bend =0.14 m*

Diameter of the bend at 1-1, D, = 360 mm = 0.36 m

‘. Area A, = % %036 =0.1018 o
Diameter of the bend at 2-2, D, = 240 mm = 0.24 m

- Area, Ay= 7 x0.247=0.04524 m?
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