Problem 7.4

Situation: A compressor 1s described 1n the problem statement.

Find: Power required to operate compreszor.

| APPROACH I

Apply the energy principle.

| ANALYSIS I

2

o (Vv . (V?
principle Q-Ws = mou(—+gz+h] —Elmm(—gzm]
Energy principle S ; ‘2 ot CS 2 in

W=0Q+m(V22-V2/24+h —hy)
The inlet kinetic energy 1s neghgible =0
W = m(=V7/2+h — h)
1.5(—200%/2 + 300 = 107 — 500 =% 10%)
i = 330 xw
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Problem 7.7

Situation: A hypothetical veloeity distribution in a rectangular channel 15 deseribed
in the problem statement.

Find: Kinetic energy correction factor: a

[ANALYSIS] o % j(\V?jgdA
A

V= Viae/2and V =V .y/d

Kinetic energy correction factor

d
0 = W) [ (Vs (Viwe/2) e
0

o
= (1/d) f (2y/d)’dy
0

a =2




Problem 7.15 i

Air under
pressure

Partly open valve

Apply the energy equation to a control volume surrounding the water. Analyze each
term and then solve the rezulting equation to find the minor loss coefficient.

| ANALYSIS I

Energy equation

-9 9
pp V& P2, 1y
ﬂ,+ﬂ12g+”l_hp_-1;_&229_32_'_}1*_'_}11‘ (1)

Analyze each term:
o At the mmlet. p; = 100kPa, 17 =0, »; = 12m
o At theexit , po =0kPa, 13 =10m/ =, as = 1.0.

o Pumps and turbines. hy, = h; =0
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Problem 7.15 i

Air under
pressure

Partly open valve

e Head loss. hy = I’L%

Eq. (1) simphfies to

! 115 Vy
L = ag— 4 K=
, —+ 1 Lo 2g -+ v\ 25’
100. 000 P 10m/s)” 10m/s)”
(9800 N/ m*) 2(9.81m/ =) 2(9.81m/=s*)
222m = (5.097m)+ Kz (5.097 m)

Thus

K =335
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Problem 7.21

Situation: An engineer 1z estimating the power that can be produced by a small
stream.

Stream discharge: () = 1 4 cta. Stream temperature: T = 40°F.
Stream elevation: H = 34t %bm’e the owner's residence.

Find: Estimate the maximum power 1n kilowatts that can be generated.
(a) The head loss 15 0.0 ft, the turbine 1s 100% efficient and the generator 1 100%

efficient.

(b) The head loss 1s 5.5 ft, the turbine 1s 70% efficient and the generator 1s 90%

efficient.
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Problem 7.21
|APPRDACHI

To find the head of the turbine (A, ), apply the energy equation from the upper water
surface (section 1) to the lower water surface (section 2). To calculation power,

use P = n(mghy), where 7 accounts for the combined efficiency of the turbine and
generator.

| ANALYSIS I

Energy equation

! 1I"-12 VEE
-t+oa1—+ann=—"4ar;—+z+h+he
g 29 Y 29
Term by term analysis
0; V=0
0; Va0
H
Eq. (1) becomes

H
hy
Flow rate
YR
(62.41bf/ ft%) (1.4 /s)
87.41bf/ s




Problem 7.21

Power (case a)

mghy

mgH

(8T.41bf/g) (341t) (1.556 J/ tt - 1bf)
4 02kW

Power (case b).

P = wnmg(H — hg)
(0.7)(0.9) (87 41bf /=) (34t — 5.51t) (1.356 J/ ft - 1bf)
2 128 kW

Power (case a) = 4.02 kW

Power (case b) = 2.13 kW
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Problem 7.27

=9in?, V

(Noss ) pipe = 3ft, 7 =62.410bf /ft°, A

=15ft/s, a=1

pipe pipe

Situation: Flow though a pipe 1s deseribed 1n the problem statement.

Find: Force on pipe joint.
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Problem 7.27
|APPRDACHI

Apply the momentum principle, then the energy equation.

ANALYSIS

Fj{—_:ﬂi |§vg
1=+ u' pzzﬂ

Momentum Equation

Y F = il —mli,

Fi+pA = —plJA+pl0A
Fj = —p1A1
Energy equation
1__,"2 ];."2
P_1_|_._1_|_z1 = E—F 2 + 2o + hp
v 2g v 29
pr—p2 = 7hg
p1 = (3) = 187.2 psfg
9
F. = —187.2 —_—

F; = —11.7 Ibt
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Problem 7.28

Discharge (submerged)
into lower reservoir

Z,=30m, Z,=32, Z,=27m, Z,=26m, a =a,=1 d,, =25cm
2 2

(h,...) 07570 (h,...) 0257
Loss/A-B ~— “° 29 ) Loss/B-D ~— ™ 29

Situation: A siphon 1z deseribed 1in the problem statement.

Find:
a.) Discharge.

b.) Pressure at point B.

17/05/2009 Dr. Munzer Ebaid 10



Problem 7.28

Apply the energy equation from A to C, then from A to B.

Discharge (submerged)
into lower reservoir

ANALYSIS

Head loss

2

) 0.25"°
B-D — “* 29

Loss

Vp
hTotal - (hLoss )A—B = 0755 + (h
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Apply the energy equation from A to C, then from A to B.

ANALYSIS
Head lozs

'Epipe

2
—_ 21?’

IFIt-::u’ml = + h 25

frnn:]-e-:

Energy equation (from A to C)

2

0+0-+30 U—I—ﬂ—|—2?—|—22—
g

Va 542 m/s

Flow rate equation

V, A,
542 x (7w /4) x 0.25?
Q = 0266 m?®/s

Energy equation (from A to B)

-2

|75 ¥
B L ® 43240752
¥ 29 2g

—2—175 % 1497 m

pr = —45.3 kPa, gage




Problem 7.31 .

Q =10ft3/s

Situation: A system with a machine 1z deseribed in the problem statement.
Find: Pressures at points A and B.

Assumptions: Machine 1z a pump

A9 29 A9 29

7 2 2
pl Vl p2 V2
(hp+—+zl+a1— —+Z,+a, — + N\ e
Mech. part Mech. part
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Problem 7.31

P, A P, V,*

1
[hp+—+zl+a12—] —+22+a2£] + N\ e
'Og g Mech. part 'Og Mech. part

Energy equation

Vi
0+ h, = 5+ 2
=g
Assuming the machine 1s a pump. If the machine s a turbine, then h, will be negative.
The velocity at the exat 1s

V5 Q: 10 = 5093 ft/s

T4, 05
Solving for i, and taking the pipe exit as zero elevation we have
50.932
hyp 5% 335 (6 +12) =223 1t

Theretore the machine 15 a pump.

Applying the energy equation between point B and the exit gives
PR
— + igp = Zg

f
i



P rob I em Solving for pg we have
31

’}’(32 — EB]
—6 x 624 = —374 pste

pp=-2.6 psig

Velocity at A

2
Va= (1%) »% 5093 = 12.73 ft /s

Applying the energy equation between point A and the exit gives

172 12
P—A + z4 1+ 4 -2
¥ 29 2g

A 1
?(29 - 2g
50.932 — 12732
62.4
* (53
1233 pste

P4 = 5.06 paig

—18)
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Problem 7.37 p =100 kPa

Elevation = 10 m — —

_________________________ Elevation = 6 m

40-cm diameter

7
— ) ) Elevation = 2 m

Situation: A system with pump 12 deseribed 1n the problem statement.

Find: Power pump must supply.

| APPROACH I

Apply the flow rate equation, then the energy equation from reservoir surface to the
10 m elevation. Then apply the power equation.
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Problem 7.37

\72
(hp +&+z1 +a, Lj ] +h .
'Og Zg Mech. part 2 Mech. part

| ANALYSIS I

Flow rate equation

Q/A
0.25/((m/4) % 0.3%)
354 m/s

12/2g = 0639 m

Energy equation

0D+0+06+ hp 100. 000/9810 + 1 '2;"29 + 10+ 2.{]1"2,f'29
by 10,19 4+ 10 — 6+ 3.0 x 0.639
hy = 16.1m

Power equation

Q'T"hp
0.25 = 9.180 = 16.1
P =395 kW




Problem 7.39

Q = 400ft3/s

1.5V7

?)m, y =62.41bf /ft®, a=1

(hLoss ) pipe = (

Situation: A system with a turbine 1s described 1n the problem statement.

Find: Power output from turbine.
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Problem 7.39

Pply the energy equation rrom the upstream water surtace to the downstream water

surface. Then apply the power equation.

| ANALYSIS I

Energy equation

E_.—g 1
?—ﬁJﬁzl = *T+2—;+:2+hﬁ+hT
| .
0+0+35 = 04+0+0+15=—+hr
29
S Q40
Vo= E_[[ﬂﬂx?g}_lﬂ_ﬁgﬁ,ﬁs
12
5 = l6sf

hy = 35—252=32481t

17/05/2009 Dr. Munzer Ebaid




Problem 7.39

Power equation

0.9

Qrhe % 225

(400)(62.4)(32.48 » 0.9)
550

P = 1326 hp
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Problem 7.47

Situation: A system with two tanks connected by a pipe 1s deseribed in the problem
statement.

Find: Diacharge between two tanks: ()
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Problem 7.47

Apply the energy equation from water surface in A to water surface in B.

ANALYSIS
Energy equation

pa/v+Vi/29+24 = pp/v+Vg/29+ 2+ z hr
PA = PB = Patm and -[;A — I,_-E = D

Let the pipe from A be called pipe 1. Let the pipe from B be called pipe 2
Then

Y hr=(Vi—12)* 29+ 15 /29

Continuity principle

Vidr = 1A,
11 = 15(As/A1)

However A; = 24, so V] = 215 Then the energy equation gives

za—zp = (2V4—13)%/29+ 15 /2g
= 213 /2g

V5 glza — 2B)

v/10g m/s
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Problem 7.47

Flow rate equation

17/05/2009

¢

154,
(-\”.-"ll}g m/ s) (20 em?)(10™* m?/em”)

Q = 00198 m? /s

Dr. Munzer Ebaid
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Problem 7.51 )

!

10 ft

Situation: Flow through a pipe 12 described 1in the problem statement.
Find:

(a) Horsepower lost.
(b) Pressure at section 2.
(¢) Forece needed to hold expansion.

(Rl T P 3 N o 5 7 A i el e 5 Q9 TN AT S
Find the head loss by applying the sudden expansion head loss equation, first solving
tor V5 by applyving the continmity principle. Then apply the power equation, the
energy equation, and finally the momentum principle.
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Problem 7.51

ANALYSIS

Continuity equation

V(A /A)
25(1/4)
6.25 t /s

Sudden expansion head loss equation

he = (11 =13)*/(29)
hi (25 — 6.25)%/64.4

5.46 tt

a)Power equation

P(hp) = Qvh/350

0 VA =25(m/4)(5") = 4909 ft® /s
P (490.9)(62.4)(5.46) /550

P = 304 hp

b)Energy equation

/7 VE 29+ 2

(5 x 144)/62.4 4+ 257 /64.4
pa/y

P2

17/05/2009

= po/v+ V329 + 29+ bt

pa/v +6.257/64.4 + 546
15.18 ft

15.18 % 62.4

947 psfe

p2 = 6.58 paig




Problem 7.51

c)Momentum equation

e Vage — 1y Vo
194 x (m/4) x 52 x 25
952.3 ke/s
A —pe Ay + F, m(Vy — 17)
(5)(14)7/4)(5%) — (6.57)(144) (7 /4)(10*) + F, = 952.3 x (6.25 — 25)
F, = 42 426 bt
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