Fluid mechanics
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7.9 An engineer is considering the development of a small wind
turbine (D = 1.25 m) for home applications. The design wind
speed is 15 mph at T = 10°C and p = 0.9 bar. The ethciency of
the turbine is my = 20%, meaning that 20% of the kinetic energy
in the wind can be extracted. Estimate the power in watts that
can be produced by the turbine. Hint: In a time interval At, the
amount of mass that flows through the rotor is Am = mAt,and
the corresponding amount of kinetic energy in this flow is
(AmV?/2).
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PROBLEM 7.9



Situation:
A small wind turbine 15 being developed.
D=12m. V=21km/h =67Tm/s.
Turbine efficiency: n = 20%.
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Find:
Power (watts) produced by the turbine.

Properties:

Air (10°C, 0.9bar = 90kPa), R = 2871/ ke - K.

Find the density of air using the idea gas law. Then, find the kinetic energy of the
wind and use 20% of this value to find the power that is produced.

SOLUTION

Ideal gas law

P

RT
90, 000 Pa

(287 J/ kg - K) (10 + 273) K
— 1.108kg/m’

Kinetic energy of the wind

Amount of kinetic energy

Rate of KE =

Interval of time
AmV? /2
Mt

where Am is the mass of air that flows through a section of area A = 7D*/4 for
each unit of time (At#). Since the mass for each interval of time is mass flow rate:



{ﬂ]’?i'l,l'rﬂf = ]‘i?_ — p;‘ll.r’}

ml2

Rate of KE =

2
ﬂ‘l l A
2

(1108 kg/ m®) (7 (1.25m)* /4) (6.71m/ s)”
2

Rate of KE =

Rate of KE = 2056W

Since the output power is 20% of the input kinetic energy:

P = (0.2) (205 W)

REVIEW |

The amount of energy in the wind 1s diffuse {1.e. spread out). For this situation, the
wind turbine provides enough power for approximately one 40 watt light bulb.




7.17 An approximate equation for the velocity distribution in a
pipe with turbulent flow is

v (i)
Vm:lx ru

where V,,,, is the centerline velocity, y is the distance from the
wall of the pipe, r, is the radius of the pipe, and # is an exponent
that depends on the Reynolds number and varies between 1/6
and 1/8 for most applications. Derive a formula for o as a
function of n. What is a if n = 1/7?



Situation:
The velocity distribution in a pipe with turbulent flow is given by

v - ¥ T
1i"?nmx n L]
Find:

Derive a formmla for o as a function of n.
Find o for n = 1/7.

| SOLUTION I

Flow rate eguation

o — T e .
= 1 - —
Vinax ) ( ) ( ' )

Q f
f ,m( ?')“2,.rrﬁ
ot [T (- 1)

- . ] 1
féﬁ:g?l._l’nm!{}ﬁ |:('i"|'- J 1) N (n $ 2):|
— _ 1 1
Vo= (JI,."' A = 2V ax |:(ﬂ. | 1) N (J‘l + 2):|

2Vnax
(rn+ 1)(n + 2}

Upon integration

Then

Kinetic energv correction factor

f—
-
1 T I"J;na:l{ (1 - E)
0= — _ 2ardr
A T
W0 {re+1){re+2)

Upon integration one gets

a=1 [[{n+2]{ﬂ+w-']

{En+21{3n+1)

If n=1/7, then




7.25 Determine the discharge in the pipe and the pressure at
point B. Neglect head losses. Assume o = 1.0 at all locations.

T

1.5m

i

Water

— M 40 cm diameter

35m

20 cmi—diameter nozzle

PROBLEM 7.25



Situation:
Water Howing from a tank into a pipe connected to a nozzle.
a = 1.0, Dy =40 cm.
Dy =200em, z; = (0m.
zp = 3.0m, z, = Hm.

40 cm diameter

20 crm—diameter nozzie

Find:
(a) Discharge in pipe (m*/s).
(b) Pressure at point B (kPa).

ju

Assumptions:

v = 9810N,/ m”.

PLAN |

1. Find velocity at nozzle by applying the energy equation.
2. Find discharge by applying @) = AV,
3. Find the pressure by applving the energy equation.

SOLUTION

1. Energy equation (point 1 on reservoir surface, point 2 at outlet)

Preser. +E1-2 + o= _ Poutlet +£ng + zp
¥ 2g ' v 2g
i.rf[f
0+0+5 = 0+
2g

o = 9.90 m/s
2. Flow rate equation

Q = Vn-’in
= 0.90m/s x {g) x (0.20m)?

Q) =0.311 m?*/s




3. Energy equation (point 1 on reservoir surface, point 2 at B)

|5F:
0+0+5=L8 4 2B 435
v 2g
where
[l 0.311m*/s
Vi ,J = m’/s ;=248 m/fs
LB {ﬂ'f‘i} b {ﬂ.-ilnj
V2
-5 = 0.312m
2g
P 5m—35m = 0.312m
~

pg = 86.4 kPa




7.27 'PLUS A pipe drains a tank as shown. If x = 6 m, y = 4 m,

and head losses are neglected, what is the pressure at point A
and what is the velocity at the exit? Assume o = 1.0 atall
locations.

y

-
PROBLEMS 7.26, 7.27




Situation:
Water drains from a tank into a pipe.
r=>6m, y =4m.

Find:
Pressure at point A (kPa).
Velocity at exit (m,'s).
Assumptions:
o = 1 for all locations.

PLAN I

1. Find pressure at point A by applyving the energy equation between point A and
the pipe exit.

2. Find velocity at the exit by applying the energy equation between top of tank and
the exit.

SOLUTION

1. Energy equation (section A to exit plane):

172 172
PA o tataa 2 = 4 st ant b+ e
¥ 2 ¥ 2g

Term by term analysis: Vi = V2 (continmity); p, = O-gage; (z4 — 22) =y by, = 0,
fey =10, hy =0. Thus

Pa = =7W

pa = —(9810N/m") (4m)
pa—= —30.2kPa




7.29 Eus For this diagram of an industrial pressure washer
system, x = 1 ft, y = 3 ft, z = 10 ft, Q = 3.5 ft’/s, and the hose
diameter is 4 in. Assuming a head loss of 1 ft is derived over the
distance from point 2 to the jet, what is the pressure at point 2 if the
jet from the nozzle is 1-in in diameter? Assume o = 1.0 throughout.

Mozzle

PROBLEMS 7.28, 7.29

Situation: Industrial pressure washer system, hose diameter is 4 in. Q=0.1m3/s x =0.3m,y
=0.9m,z =3m Assume a head loss of 0.3 m is derived over the distance from point 2 to the jet.
Jet from the nozzle is 2.5 cm in diameter. Assume a = 1.0 throughout



situation:
Industrial pressure washer system. hose diameter 1s 4 1n.
Q) =0.1m*/s
r=03m, y=09m, z=3m
Assume a head loss of 0.3 m is derived over the distance from point 2 to the jet.
Jet from the nozzle is 2.5 cm in diameter.
Assume o = 1.0 throughout.

Find:

Pressure at point 2.

PLAN I

Use flow rate equation and energy equation.

SOLUTION

Flow rate equation to find V), (velocity at nozzle)

f ﬂ.l 3 g

Ve = —2 = m’/s - =204m/s
An (wf4) x (0.025m)°

L:E

L = 21291m

2g

Flow rate equation to find V5

) 0.1m*/s

W = — = = 12.Tm/s
: Ay (z/4) x (0.1m)* /

V2

2 = §22m

2g

Energv equation

P2 FR2m409m = m+2121m+3dm+0.3m
.
P2 _ 91152m

Ay
i

pa = 2115.2m x 9810 N /m"

pz = 20.75 MPa




7.30 EL?LS For this refinery pipe, D4 = 20 cm, Dy = 14 cm, and
L = 1 m. If crude oil (S = 0.90) is flowing at a rate of 0.05 m’/s,
determine the difference in pressure between sections A and B.
Neglect head losses.

[} "DE"‘_E
1

T

X z (vertical)

¥
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Situation:
01l moves through a narrowing section of pipe.
D,y =20cm, Dg = 14dem.
L=1m, ¢ =0.05m"/s.

B
l: {vertical)
L
A
Find:
Pressure difference between A and B,
Properties:
S =0.910.
SOLUTION
Flow rate equation
()
V., = _—©
A 4"1.]
= 1.59m/s

20%°

I
hod
=]
=

=
T

o

Energv equation
pa—ps = v+ (p/2)(Vg - Vi)
) a0 ke B
pa—ps = (1)(9810N/m?) (0.9) + (U+}'ﬁ) ((3.25m/s)” — (1.59m/s)%)

pa—pg = 124kPa




7.34 In the figure shown, suppose that the reservoir is open to
the atmosphere at the top. The valve is used to control the flow
rate from the reservoir. The head loss across the valve is given as
h; = 4V?*/2g, where V is the velocity in the pipe. The cross-sectional
area of the pipe is 8 cm”. The head loss due to friction in the pipe
is negligible. The elevation of the water level in the reservoir
above the pipe outlet is 9 m. Find the discharge in the pipe.
Assume o = 1.0 at all locations.

,.--"""_'_.___-_-_"""--..
Alr under
pressure
< d
Water | ﬂgi t — | =

Partly open valve

PROBLEMS 7.32,7.33,7.34



Situation:
Water Hows from an open tank, through a valve and out a pipe.
A==8cm® Az =9m.
P = ps = DkPa.
g
h;_ = 45.
Find:
Discharge in pipe.
Assumptions:
o= 1.

PLAN |

Apply the energy equation from the water surface in the reservoir (pt. 1) to the outlet
end of the pipe (pt. 2).

SOLUTION

Energy equation:

r2 r2
n Tr'1 Pz ‘o
—+—4n=—+4+—4+m+h
y 29 Ty 29 T
Term by term analysis:
mo= 0 po=10

e o= 0 Vi~

The energy equation becomes.

lf’f
Zl = 9 |fLL

=g

V‘E 1;‘3 1;‘3
Om = —= 4= =5-2

2q 2g 2g

vz o= (ET'?) (Az)
v, — \/(Qx!-lilmfsz) (9m)

V, = 5943 m/s

Flow rate equation

QO = Vad,

104 m?

= (5.943m/s) (8em?) | ———
(5 m}f"}{ i }( om? )

3

— 5.0260 x 10771
]

Q =5.03x 10~* m?/s




7.36 Eu"s As shown, a microchannel is being designed to
transfer fluid in a MEMS (microelectrical mechanical system)
application. The channel is 200 micrometers in diameter and
is 5 cm long. Ethyl alcohol is driven through the system at the
rate of 0.1 microliters/s (nL/s) with a syringe pump, which is
essentially a moving piston. The pressure at the exit of the
channel is atmospheric. The flow is laminar, so a = 2. The
head loss in the channel is given by

3LV
L — ?Dz

where L is the channel length, D the diameter, V the mean
velocity,  the viscosity of the fluid, and -y the specific weight of
the fluid. Find the pressure in the syringe pump. The velocity
head associated with the motion of the piston in the syringe
pump is negligible.

\ 2{1{1 pm
/I -

PROBLEM 7.36




Situation:
A microchanne] is designed to transfer fluid in a MEMS application.
D =200 pm, L = 5em.

Q=0.1pL/s
hy, = 2L
—

Find:

Pressure in syringe pump [ Pa).
Azsumptions:

o= 2
Properties:

Table A 4: p= 79 kg m*.

PLAN

Apply the energy equation and the How rate equation.

SOLUTION

Energy equation (locate section 1 inside the pumping chamber; section 2 at the outlet
of the channel)

V2
P = h-;_ + (kg
¥ 2
A2ulyV V2
= ~DF + 2 3 (1)

The cross-sectional area of the channel is 3145 107" m*® A flow rate of 0.1 pL/s is
1077 Lfs ar 107" m®fs. The flow velocity is

Il
e | A

107" m*/ s
.14 = 10-8m2
= 0318 = 107% m/s
= G318 mm/s

Substituting the velocity and other parameters in Eq. (1) gives

}(
7850 = 4 = (10712 - 2= 051
(L5 m

" 32 % 1.2 107" = 0005 % 0.318 = 1072 5 (0.318 = 102y
N

The pressure is

P = 799 kg/m” % 9.81 m/s” x 0.0194 m



7.38 |60 ° The discharge in the siphon is 2.80 cfs,D = 8 in.,

L, = 3 ft,and L, = 3 ft. Determine the head loss between the
reservoir surface and point C. Determine the pressure at point B
if three-quarters of the head loss (as found above) occurs
between the reservoir surface and point B. Assume o = 1.0

at all locations.

B
AT
'['l
)y — (=
kv ||
L | L,
Water }
l‘: L

PROBLEM 7.38



Situation:
Water Hows out of a syphon.
Li=L:=109m
0 =008m/s, 0 =02m

Find:
Head loss between reservoir surface and point C.
Pressure at point 5.

Properties:
Water (15.5°C), Table A5, v = 9810N/m".
Assumptions:
o= L
Three quarters of head loss is between reservoir surface and point B.

PLAN

To find head loss between reservoir surface and point O

1. Develop an equation for head loss by applying the energy equation from the
reservoir surface to section O

2. Find V' using the flow rate equation.

3. Combine results of steps 1 and 2 and solve for the head loss.

To find the prssure at B.
4. Develop an equation for the pressure at B by applying the energy equation from
the reservoir surface to section B.

SOLUTION

1. Energy equation [from reservolr surface to section ')

3 V2
pe Vi

+z.+ M + ke

™ 1'"12

i LS WY A

v T Tt v 2g
r

[t
O+0+09m+10 n+2—“+n+n+hL
)

(1.5 m

£+ h
2g .



2. Flow rate equation

[
[0 ©
A
(.08 m* s

V. = ————— =2hm/=s
' {w/4) = (0.2m)* /

3. Combine results of step 1 and 2.

-2
0.9m = 2l+hL
2.5m/s)*
09m = —Zom/sy
2(9.81m/s)

4. Energy equation [from reservolr surface to section B).

V7 w | V2
&+_—l+z.+h}. = BB LB et hothy
T 29 T 29

ps | Vi

O+ 0+0.9m=+0 . +£+1.Bm+ﬂ+(3;’4)xﬂ.5ﬂm

2.5m/s)’ .
09m = PLT =+ (2.5m/s) — + L8m+ (3/4) = 0.58m
O8L0N/m”  2(9.81m/s")

Pa  _ 09m—03m—18m—0435m = —1.635m
"r
pr = —L1635m x 9810 N/m"

— 16, 03935 Pa

ps = —16,040 Pa




7.40 EUJS For this system, point B is 10 m above the bottom
of the upper reservoir. The head loss from A to B is 1.1V?/2g,
and the pipe area is 8 X 10 * m”. Assume a constant
discharge of 8 X 10~ * m’/s. For these conditions, what

will be the depth of water in the upper reservoir for which
cavitation will begin at point B? Vapor pressure = 1.23 kPa
and atmospheric pressure = 100 kPa. Assume o = 1.0 at all
locations.

B

A

A= E -
/ r X\ Discharge (submerged)
Water into lower reservoir
T=20°C
B D
-"J'] s -L) Db

SIS

PROBLEMS 7.39, 7.40




Situation:
A siphon transports water from one reservoir to another.
Po = L23EPa, oy = 100 EPa.
Q=8=10" "m"s A=10"m*
.III-L_A_,E = lll‘zﬁg

=

ind:
Deptl of water in upper reservoir for incipient cavitation.

PLAN
Apply the energy equation from point A to point B,

SOLUTION

Flow rate equation

. Q)
Vo= X
A
B x 107 ms
O 1x 10 m?
= &m/s
Caleulations
Ve {(8m/s)
— = ————— = 3.2
2 2 % 9.81m) s -
Ve
hL.A—tE = 1.1 = 3.532 1
2g

Energy equation (from A to B; let z = () at bottom of reservoir)

l_f: .E‘I_.z
F_A+—'q+2"4 = F—B+_E+zﬂ+hL
¥ 2g ".l' 2g
Loonon Pa 1230 Pa
0RO N mt = ————— + 3.262 11 9588
9310 N/ m* TUF = 9810 N,/ m* + m+ 10m + 3588 m

|z,., = depth = 6.78m




7.43 ELEE In this system d = 15 cm, D = 35 c¢m, and the head

loss from the venturi meter to the end of the pipe is given by

h; = 1.5 V*/2g, where V is the velocity in the pipe. Neglecting all
other head losses, determine what head H will first initiate cavitation
if the atmospheric pressure is 100 kPa absolute. What will be the
discharge at incipient cavitation? Assume a = 1.0 at all locations.

H Water LR—L/
T=20°C
_l_ _'_-_‘:f_h-‘,.\k\

PROBLEM 7.43




Situation:
A reservoir discharges to a pipe with a venturl meter before draining to atmosphere.
= 35cm, d= 15cm.
Patm = L00kPa, by = 1L5VF /24

Find:
Head at ineipient cavitation | m).
Discharge at incipient cavitation (m?/s).

ﬁss’umEtiﬂns:
a = 1AL

Properties:
From Table A5 p, = 2340 Pa, abs.

PLAN

First apply the energy equation from the Venturd section to the end of the pipe. Then
apply the energy equation from reservoir water surface to outlet:

SOLUTION

Energy equation from Venturl section to end of pipe:

'L_.-'I 1_;2
lE.|__'_|.;1 = E+—E+zz+h;_,
T 2g v 2

o r2 1_;2 1.;2

Prpor L 21 _ g4+ 22 4 15-2
¥ 29 2gq 29

Peaper = 2,340 Pa abs. = =897 (6l Pa gage

Continuity principle

W, = Ved,
. 154a
-

1 A,
= 5.44V;

Then . )
1 1

L = 20642



Substituting into energy equation

Vi V7
—07,660/9,790 + 20.64—> = 252

20 2

Va = 2685 m/s

Flow rate equation

Q = Vad,
2685m/s x /4 % (0.35m)"
|Q = 0258 m"/s|

Energy equation from reservolr water surface to outlet:

H = i'5‘22+.Ft
ol 7
|t
H = 252
2g

H=0919%m



7.45 A pump is used to transfer SAE-30 oil from tank A to tank
B as shown. The tanks have a diameter of 12 m. The initial depth
of the oil in tank A is 20 m, and in tank B the depth is 1 m. The
pump delivers a constant head of 60 m. The connecting pipe has
a diameter of 20 cm, and the head loss due to friction in the pipe
is 20 V*/2g. Find the time required to transfer the oil from tank
A to B; that is, the time required to fill tank B to 20 m depth.

AN

Tank A Tank B

i

Pump
I O]

O

PROBLEM 7.45



Situation:
A pump transfers SAE-30 oil between two tanks.
Dy = 12m, Dy, = 20 em,
hy, =205k, = 60m.
z4=20m, 25 = lm.

Tank B

Find:
Time reguired to transfer oil ().

PLAN
Apply the energy equation between the top of the fluid in tank A to that in tank B.

Energy equation

hp+zA =z + hy

or
2 2
h = 2+ 20— + —
pt+ 2Za B+ 2 =+ 2
Solve for velocity
2
o %[hp + 24 — z5)
2 x 951
'Ifz = T[ﬁﬂ+zﬂ—zﬂ}

Vo= 0.09666(60 4 24 — 25)""
The sum of the elevations of the liquid surfaces in the two tanks is
Zatze=121

So the energy equation becomes



Vo= 0.9666(81 — 22517

Continnity equation

2
dﬂ v Apige _ V{{].E 111].
t Atank (12 m)”
(2778 = 107 v
(2.778 > 107%) 0.9666(81 — 224)"7

= 2685 x 107481 — 224)Y/2

Separate variables

dz
[’81'—;]'“ = 2,685 x 1074t
—2p

lutegrate

H} i it

j I'i:-;_f, f . —1
— = 2685 = 107t
Bl — 225)1/2

| Br=2u) /

(VST
(—\,-’31 —2(20) + /81 -2 (1]:] (2.685 = 1071) At

24851 = (2.685 x 107%) At
At = 9256s

(2.685 % 107%) At

[# = 92605 = 2.57h|




7.44 @ﬂ pump is used to fill a tank 5 m in diameter from a
river as shown. The water surface in the river is 2 m below the
bottom of the tank. The pipe diameter is 5 cm, and the head loss
in the pipe is given by h; = 10 V?/2g, where V is the mean
velocity in the pipe. The flow in the pipe is turbulent, so a = 1.
The head provided by the pump varies with discharge through
the pump as h, = 20 — 4 X 10" Q°, where the discharge is given
in cubic meters per second (m’/s) and h, is in meters. How long
will it take to fill the tank to a depth of 10 m?

o dm

Pump
5 cm

T om) \ T

\JL -

PROBLEM 7.44
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Situation:
A pump flls a tank with water from a river,
Digne = Bm, Dy = Hom,
hy pipe = 10V3 /29, by, = 20 — 4 = 100Q7

Find:

Time required to fll tank to depth of 10 m.

Assnmptions:
a = LiL

SOLUTION

Energy equation (locate 1 on the surface of the river, locate 2 on the surface of the
water in the tank).

po, VP P2 Vi
AL b= L. 1k
‘T + 29 + 21 + p ﬂlr + Eg .|_ 2'2 + I

but py = pa = 0, z; = 0, V] =0, Vi = (. The energy equation reduces to
D+0+04+h, =0+0+(2m+h)+ hy
where b =depth of water in the tank.

Identify all sources of head loss in the figure:

{a) pipe head loss: hppipe = 10VE/2g

(b) As per Section 7.7 (EFM 10e) Lead loss due to abrupt expansion when flowing
water from submerged discharge pipe exits into reservoir, and is forced to Vg = O

N mrie = sz,'" 29‘

Energy equation

'E_.-'Z r2
) — (41 =h+24+ —+ 10—
40N =h+2+ 2 T 105

V’Z
18 = (4)(10M)° + 11o—+ h, where all terms are in m
=g



P
u;-_g ~ ;_;(%) = (145)(10%)Q?
18 = 185 x 10°Q* + h
- 18—
o= W

But (Q = Ardh/dt where Ar = tank area, so

dh (18— h)™ (18— h)"®
dt — (430)(zx/4)(5)2 8,443
dh/(18 — k)™ = dt/8, 443

Integrate:
t
9 & 0.5 X LSS :
2(18 — h) S48 + const.
But ¢ = 0 when k = 0 so const. = —2(18)"%. Then
t = (18" — (18 — h)*%)(16, 886)

For h = 10 m

-
|

(18%% — 89)(16, 886)
= 23,880 s



7.46 A pump is used to pressurize a tank to 300 kPa abs. The
tank has a diameter of 2 m and a height of 4 m. The initial level
of water in the tank is 1 m, and the pressure at the water surface
is 0 kPa gage. The atmospheric pressure is 100 kPa. The pump
operates with a constant head of 50 m. The water is drawn from

a source that is 4 m below the tank bottom. The pipe connecting
the source and the tank is 4 cm in diameter and the head loss,
including the expansion loss at the tank, is 10 V*/2g. The flow is
turbulent.

Assume the compression of the air in the tank takes place
isothermally, so the tank pressure is given by

3
4 — z,

Pr Po

where z, is the depth of fluid in the tank in meters. Write a
computer program that will show how the pressure varies in
the tank with time, and find the time to pressurize the tank to
300 kPa abs.

Pr T

Pump 4m
lﬁ} —- =
1
4m
v !

PROBLEM 7.46



Situation:
A pump is used to pressurize a tank.
D = 21y, Dpipe = 4 cm.
g = 105, hy, = 50m.
Z4 = 20m, zp = 1 m.
Pr = T—pu. po = 0kPa gage = 100 kPa.

Find:
Write a computer program to show how the pressure varies with time.
Time to pressurize tank to 300 kPa (=) .

PLAN

Apply the energy equation between the water surface at the intake and the water
surface inside the tank.

SOLUTION

Energy equation

-’1,,+31=E+22+h-1.
~

Expressing the head loss in terms of the velocity allows one to solve for the velocity
in the form

@

. 2g p:A
v2e Tp 4o

].“I: ‘P 21 £ 'T]

Substituting in values
3
Vo= L40l{46 — =z — 1019 ye
1 _ =,

The equation for the water surface elevation in the tank is

A |
v — §F —

My v A, Mt 250[}&{

A computer program can be written taking time intervals and finding the fluid level

and pressure in the tank at each time step. The time to reach a pressure of 300 kPa

abs in the tank is |ﬁﬂB seconds or 116G minutes. | A plot of how the pressure varies

with time is provided.

250

200 4

150

Pressure (kPa)

100

5} T T T
o 200 400 B00 200

Time (sec)



The Power Equation (§7.4)

7.47 PLU'S As shown, water at 15°C is flowing in a 15-cm-diameter

by 60-m-long run of pipe that is situated horizontally. The mean
velocity is 2 m/s, and the head loss is 2 m. Determine the
pressure drop and the required pumping power to overcome

head loss in the pipe.

s Component

Pump \

. \ [ ]—
Water <« B m

@ ©

PROBLEM 7.47
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Situation:
Whater is flowing in a horizontal pipe.
D =015m, L = Gm.
V=2m/s hy = 2m.

Pump
Walar

Find:
Pressure drop (Pa).
Pumping power [W).
Properties:
Water (15°07), Table A5 v = 9800N/ m*.

1. Find pressure drop using the energy equation.
2. Find power using the power equation.

SOLUTION

1. Energy equation:

) VP i V7
LR W, +hi.=‘1—'+n-3_—2+zz+h=+h;,
g 2y 7 2y

let Ap = —

KE terms cancel.

Elevation terms cancel.

by =he =10

Ap = h
(9800N/ m*) (2m)

A= 100G kPa

2. Power equation: )
W, = ~QQhy, = gh,

e The head of the pump must equal the head loss.



7.49 E A water discharge of 8 m’/s is to flow through this
horizontal pipe, which is 1 m in diameter. If the head loss is
given as 7 V?/2g (V is velocity in the pipe), how much power
will have to be supplied to the flow by the pump to produce
this discharge? Assume o = 1.0 at all locations.

L Elevation = 40 m
Water
Pump I m
i ] l : «— Elevation =20 m
T L e Elevation=10m

e 300m ————— 300m ——]
PROBLEM 7.49



Situation:
A pump moves water from a tank through a pipe.
O =8m/s hy =TV /24

= 1m.
Elevation = 40 m
Pump 1m
— Elgvaion = 20 m
— e — Elevasion = 10m
Find:
Power supplied to fow { MW,
Assumptions:
a = LA

Find power using the power equation. The steps are

1. Find velocity in the pipe nsing the How rate equation.
2. Find head of the pump using the energy equation.

3. Calenlate power.

SOLUTION

1. Flow rate eguation
Q
V = =
A
8
74 % (1m)*
= 1.2 m/s

2. Energy equation (locate 1 on the reservolr surface; locate 2 at the out of the pipe).

) V2 1 V2
?—'+n.—’+::l+hp = B bt Ry
¥ 2g ¥ 2g9
1_;'! 2
D+04+40+hk, = 0+—+204+7
+ 40 + h, 5 T+
1"’2 P . 3
_ 102m/s) 530 m

29 2w B8Llm/s?



7.52 mﬂhj Neglecting head losses, determine what power the

pump must deliver to produce the flow as shown. Here the
elevations at points A, B, C, and D are 40 m, 65 m, 35 m, and
30 m, respectively. The nozzle area is 25 cm”.
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PROBLEMS 7.51,7.52




Situation:
A pumping system delivers water.
zq = 40m, zp = Ghm.
e = 4hm, zp = Jm.
A=25cm?.

Find:
Power delivered by pump [ KW).
PLAN

Apply the energy equation from the reservoir water surface to point B, Then apply
the power equation.

SOLUTION

Energy equation from location A to location B:

p V ps Vi
St+—+zth, = —+2+z
v 2 Py T2 "

O+0+40+h, = 0+0+65 h,=25m
Flow rate equation

Q Vid; =25 % 107" m' %V,

where 1 29 % (65 —35) = 24.3 m/s

Q = 25x 107 x 24.3 = 0.0607 m*/s

Power equation

P = Qvh,
P o= 00607Tm"/s =9 810N/ m" x 25m

P =149 kW



7.56 E‘US A small-scale hydraulic power system is shown. The
elevation difference between the reservoir water surface and
the pond water surface downstream of the reservoir, H, is 24 m.
The velocity of the water exhausting into the pond is 7 m/s, and
the discharge through the system is 4 m*/s. The head loss due to
friction in the penstock (inlet pipe to turbine, under very high
pressure) is negligible. Find the power produced by the turbine
in kilowatts.

Turbine

PROBLEM 7.56



Sitnation:
A hydraulic power system consists of a dam with an inlet connected to a turhine.
H=24m, Vo= Tm/s
() =4m?/s.

Find:
Power produced by turbine | kW),

Assumptions:
All head loss is expansion loss.
1005 efficiency.

PLAN

Apply the energy equation from the upstream water surface to the downstream water
surface. Then apply the power equation.

SOLUTION

Energy equation

l__r? 'L;Z
B = B h vtk
v 2y v g

l_.fﬂ

D4+0+24m = D+ﬂ+ﬂ+h¢+2—2
g

Tm/s)

hy = 24m— —m/s)

2 081 m/s?
= 215 m

Power equation

P = Ohh
(4 m®/s)(9810 N/m"}{21.50 m)

P = 244 kW



7.60 @us The pump shown draws water (20°C) through a 20 cm
suction pipe and discharges it through a 10 cm pipe in which the
velocity is 3 m/s. The 10 cm pipe discharges horizontally into air
at point C. To what height h above the water surface at A can the
water be raised if 26 kW is delivered to the pump? Assume that
the pump operates at 60% efficiency and that the head loss in the
pipe between A and C is equal to 2 V{/2g. Assume o = 1.0
throughout.

PROBLEMS 7.59, 7.60



Situation:

A pump draws water ont of a tank and moves this water to a higher elevation.

Dy =20cm, D = 10 cm.
Ve =3m/s, F=26kW.
0= G605, hp = 2V7/2q.

Find:
Height f in meters.

Assnmptions:
a = 1AL

Properties:

Water (20°C7), Table A5: =~ = 9790 N/ m®.

SOLUTION

Energy equation:

2 . |BE:
pi+ﬂ_,1_—-*+2_,1_+hp = &+n-f_-_i+z¢-;+h;_
T 2 T 29
V2 he]
0+0+0+h, = 0+ 2 +1':.+22
a a
V2
h, = h+3=
P + Qg
Velocity head:
[ (3m/s)*
—— = —————— = (L4587
2y 2(9.8Lm/ ) e
Flow rate equation:
QR = Ve A-
0.1m)*
— (3m/s) (M)
4
= 002356 m"/ s
Power equation:
p - 9
i
IS 2G000°W = 0.6
hy = — = 67.63m

Eq. (1)

l
ho= hp=3g

Qv

(DL02356 md /) (9790 N/ m?)

;2
L4

= (67.63m) — 3 (04557 m)

fi= 663 m

(1



