Chapter 2

Problem 1
Apply energy equation entry to (1) to (2)
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Vo = /129 = 10.85 my/s
To find p4, first find V4

ViA1= VoA,
A 2
Vy = V2 = 10.85x 309°
A 2002
2] =24.41m/s
P1 24412 _
hence @+ 29 =6
P
55 =6-3037

pq =-239 kNim2 |

The solution is physically impossible as p4 cannot be less than negative
atmospheric pressure. Either frictional losses would reduce the velocities and/or
cavitation would occur.



Problem 2

2.5m

=14m/s

G ED i

D1 =50mm

Assume atmospheric pressure at all heights and apply the energy equation.
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Vo =12.12 mis

Apply continuity
ViAq =VoAs
Ay= L
2 Vo 1

2 V4.2 14 2
or D5= V2D1 = 145 x0.052 = 0.00289

Dy =53.7m

Z3=2—g-= 9.99m



Problem 3
Given ur=K(R2-r2)

and a=—"fu?dA
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Problem 4

Momentum forces
Frmx = pQ(Vc0845 - Vy ) = +4.36kN
Frmy =pQ(-V,sin45-0) = -5.64kN
Pressure Forces
Fpx = p1Aq — poApcos 45 = 176.9kN
Fpy =0+poAssind5 = +19.5kN
Reaction Forces
(Fm=%Fp+Fr) Fry=-Fpx+Fmx=-176.9+436=-172.54

FRy=—Fpy+Fmy=-19.5-564=-25.14

Fgp=1172.52+25.142 = 174.4kN

12514 g o
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Problem 5

P = ~9kNIm?
Dz = 150mm
Qp=0. 23m°/s
Vo= 13.0mis
Ay = 0.018m?

D, =450 mm
P = 69kNIm? ! = 1 ¢
X

Q4 =057m3/s 3
Ay =0.16m2 —> NN
Vy= 3.58m/s \
D =300mm
Find V5, V3 from continuity Q3 =0.34m5/s
Find Py Pg from Bernoulli V3 =4.81m/s
Az =0.071m2
P363.8kNIm2

Momentum

x direction Fmx =

y direction Fmy =

Pressure

x direction Fpx =

y direction Fpy =

pQoVcos30+pQzV3cos45-pQqVy
p(2.589 +1.156 - 2.04)
1.705 kN

pQoV5sin30-pQ3 V3sin45-0
p(1.495-1.156)
0.34 kN

P1A1 —-P2A200$30—P3A3C0$45
11.04-0.14-3.203
+7.98 kN

—PzAzsin 30+ P3A3sin 45

-(-0.081)+ 3.203
+3.28 kN
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Problem 5 (continued)

Total force equations (Fp+F R= Fm)

xdirection Fg, = 1.705-7.98

= -6.28 kN
y direction FRy = 0.34-3.28

= -2.94 kN
Resuitant Force

6.28
)
F. 2.94

Fr = 1/6.282 +2.942

FRr=6.93 kN

)

6=tan”" (6.28

6=25.1
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Problem 6

D,=0.74
D,=08m @
Ap
pg =30 mm water

- Ap =249.3NIm?

2 2
V5-Vv
2-Y41 Ap_294.3 _
5 =557 =226.38

also V1A1 = V2A2
VoAp  Vpx0.742

Vq= - ~0.8556V.
17 A 0.82 2

V3 -0.85562 V2

-2 ——2-22638

0.134V3 = 226.38
Vo= 41.1 mfs

Mass flow rate = pQ
2
Q= Vo = AL10T42 x5 17 63mYs

pQ=1.3x17.68 = 23.0 kg/s
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Problem 7

*— —
h™=Rp\%
D
m=—1=§-—o-g=15
5 200
ongenxo.s ( 1
4 L 4
1.54 -1
= 0.0662 m3s
= 66.2 I/s
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Problem 8

NV

For an elemental strip at depth y

velocity u = [2gy
area = 2(h-ytan (g) dy
5Q = [2gy 2(h- y)tan%
1
y=h 5
. Q = 2./2g tan%jyzo (h-y)y2dy
1 3
- oprhl, 5 5
= 2./2g tan E.[FO [hy2 —yz)dy
0] 2 3 2 > =
= 9l 2py2 _£y2
2./2g tan2 3hy 5y
y=0
8 0 >
Qideal = 5y2gtangh?
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Problem 9

Velocity — 0 at stagnation point where radial velocity V, is equal and opposite to
velocity of linear flow i.e. V=5 m/s.

ie. Vmo=—=

r o v
Therefore

r= fore=0
Therefore

r= 4 =0127m =127 mm

2n x5

Problem 10

= 0.238

0

forced vortex
(no flow net)
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For forced vortex V =or =100x0.15 =15m/s

For source v, =3—'8—><0.30 =403 m/s
T
Resultant velocity =V15% +4.03 =1553m/s
2 2,2 2
ﬁ=ﬂ thereforeH=mr =1002X0’15 =2294 m
dar g g 9.81

At 0.15 m radius the free vortex begins, so

V= 5 15= —K— therefore K=225
r 0.15
At 250 mm radius V=£_5_ =9m/s
0.25
3.8
V. =V =— =2434m/
source = Vr = 5 0,25 mis
Resultant velocity =vV9? +2.424 =932m/s
2 2
H=2204 =P,V p , 932

= —_—t —
pg 29 pg 2x9.81

therefore p=1816 kN/m?
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