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PROBLEM 7.73)

Situation: A system with a pump is described in the problem statement.
id: Time required to fill tank to depth of 10 m.

ANALYSIS)|
[Energy equation
P V2G4 5y = oy + Vi 29+ e
but py =py =0, z =0, V; =0, V3 ~ 0. The energy equation reduces to
040+0+h, =040+ (2m+h)+hy
where h =depth of water in the tank
20 — (4)(10)Q° = h+2 + V*/2g + 10V*/2g

where 12/2g is the head loss due to the abrupt expansion. Then
18 = (4)(104Q* + 11(V?/29) + h

vV = QA
(V)/2g = (11/29)(@%/4%) = (145)(10°)Q*
18 = 185X 10°Q*+h
@ = (18- h)/((185)(10%)
Q = (18- 1)3/430
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But Q = Ardh/dt where Ar = tank area, so

s dhfdt = (18 — b)°*/((430)(/4)(5)") = (18 — h)*?/8,443
dh/(18 — h)*® = dt/8,443

Integrate:
—2(18 — h)°® = (t/8,443) + const.

But £ = 0 when h = 0 so const. = —2(18)%%. Then
1= (18 — (18 — h)*%)(16,886)

Forh=10m

(18%% — 8°%)(16, 886)
23,880
£ = 6.6 |
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PROBLEM 741
tuation: A system with a turbine is described in the problem statement.
Eind:

(a) Power generated by turbine.

(b) Sketch the EGL and HGL.

APPROACH]
Apply the energy equation from the upper water surface to the lower water surface.
Then apply the power equation.
ANALYSIS
Energy equation

nv V4 = pafy+Vif2g s md ) b+l

0+0+100ft = 0+0+4 R +h
ho= 96 f

‘Power equation
P o= (Qh)(el)

P(p) = Qyhu(efl.)/550 = 1,000 x 62.4 x 96 X 0.85/550
P = 9258 hp)
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PROBLEM 15.20]

Situation: Water flows out a reservoir, down a spillwey and then forms & hydraulic
jump near the base of the spillway.

Flow rate is g = 25m°/s per m of width.

Additional details are provided in the problem statement.

Eind: Depth downstream of hydraulic jump.
APPROACH

Apply the specific energy equation to calculate y;. Then calculate Froude number
in order to apply the Hydraulic jump equation.

ANALYSIS)|
Specific Energy
w+ /o) = n+e/ Qo)
54+2.52/(2981)52) = y; +2.5%/(2(9.81)42)
Yy = 02589m
‘Eroude number
Fro =
ot
25
/981{0.2589)°
= 6.059
‘Hydraulic jump equation

= /) (Yrrsr-1)
= (02589/2) (m—l)

= 209 m]
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PROBLEM 7.13]

Situation: The velocity distribution in a pipe is described in the problem statement.

Ufthna = (y/d)"
Derive formula for Kinetic energy correction factor.

ANALYSIS
Solve for g first in terms of Uy, and d

P Y T —y

Tntegrating:

@ = (/@)™ 0+ DIE
= U (0 +1)
= Upaad/(n +1)
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PROBLEM 7,16/
i : Water flowitig from a tank is described in the problem statement.
; Pressure in tank.

rrI

APPROACH
Apply the energy equation from the water surface in the tank to the outlet.

p/rEVE29 42 = pofy+ Vi 29+ m b
pfr = VB2 +h— 2 =6V3/29—10
Vi = QfAy=01/((x/4)(1/12)%) = 18.33 ft/s
pi/y = (6(18.33%)/64.4) — 10 =213 ft
po= 624 x21.3 = 1329 psfg
[Py = 9.23 psig
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PROBLEM 6.45)

‘Water flows through a wye —additional details are provided in the problem

statement.

Find: z—component of force to hold wye in place.

APPROACH
Apply the momentum principle.

Flow rate

vo= QA =201t/s
v o= QufAy=121t/s
Qs = 20-12=8ft'/s
v o= QA =R1s

Momentum principle (z-direction)

Y E

E+pidi -y

F; + (1000)(1) - (900)(1)
F

Tingty + v 008 30° — sy
(20p)(~20) + (12p)(+12) + (32¢05.30°) (4)(8)
—400p + 1449 + p(8)(32)(0.866)
—100+1.94(-34.3)

= 1665 Ibf (acting to the left)
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Situati
slug/ft*,

;= 40 ftfs, width of jets: wp = 0.2 ft, ws =01 ft.

Find: Gomponents of force, per foot of width, to hold the vane stationary: F, F,
Assumptions: As the jet flows over the vane, (a) neglect elevation changes and (b)
‘neglect viscous effects.

A horizontal, two-dimensional water jet deflected by a fixed vane, p = 194

APPROACH
Apply the Bernoulli equation, the continuity principle, and finally the momentum
principle.

ANALYSIS|

Force and momentum diagrams

‘Bernoulli equation

v=v =

Continuity principle

wivy = gy + wavy
w = wytwy=(02+01) =031t
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Momentum principle (z-direction)

TE = ). (),
“F. = rngucos60 + rny(~veos30) — iy
F. = pv*(—Ajcos60 + Aycos30 + A;)
F, = 194 x 40° x (~0.2c0s60 + 0.1cos 30 + 0.3)
890 1bf/ft (acts to the left)

Momentum principle (y-direction)

SR = Yoo,
F, = 1iwsin60+ sins(~vsin 30)
pv*(A,5in60 — As sin30)

= 1.94 x 40° x (0.25in60 — 0.1sin30)

7, = 382 Ibi/Rt (acts upward)
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