5-55 A pressurized tank of water has a I0-cm-diameter
orifice at the bottom, where water discharges to the atmos-
phere. The water level is 2.5 m above the outlet, The tank
air pressure ahove the water level 1s 2500 kPa (absolute) while
the atmospheric pressure 1s 100 kPa, Neglecting frictional
effects, determine the initial discharge rate of water from the
tank. Answer 0.147 mi/s

-~ .‘\il'
250 kPa

e

o Y

Dem

J‘:.-&

1

FIGURE P5-55
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Solving for ¥, and substituting. the discharge velocity is determined to

2P —P 2(300—100) kP 2\ 1kg-m/s?
D - s o e 0

o 1000 kg/m’ 1kPa IN
=21.4m/s
Then the initial rate of discharge of water becomes 1
- aD° 7(0.10 m)? .
V= Aoz ==~V = ( " ) (21.4m/s) =0.168 m*/s Air, 300 kPa



5-58 The water level in a tank is 20 m above the ground.
A hose i1s connccted to the bottom of the tank. and the
nozzle at the end of the hose is pointed straight up, The
tank cover is airtight, and the air pressure above the water
surface 1s 2 atm gage. The system is at sea level. Determane
the maximum height to which the water stream could nise.
Answer- 407 m

2 mm
h
20m
b"
FIGURE P5-58
PV P, ¥V, P, P P, -P, P,
e i A N S el Sy ol Ry SN Jeoul BT Ry S Leage +7,
g 2g rg  2g re rE PE PE
Substituting,
2 2
- Jam (101325 Nm® Y 1kg-w/s® ) 0 400 -
(1000 kgm®)(©.81m/s?)| lam IN
T~



5-84 Water centers a  hydraulic turbine through a
30-cm-diameter pipe at a rate of 0.6 m's and exits through
a 25-cm-diameter pipe. The pressure drop in the turbine is
measured by a mercury manometer o be 1.2 m. For a com-
bined turbine- generator efficiency of 83 percent, determine
the net electric power output. Disregand the effect of the
Kinetic energy correction factors.

. . .
v, V. {: 0.6m ‘{23 —8.49m/s
A, 7D2/4 7(0.30m)> /4
. . s
v, = 14 v 0.6m- /s _122ms

4, aDl/4 #(025m)’/4

The pressure drop corresponding to a differential height of 1.2 m in the
mercury manometer is

P -P :{pHg ~ Pater )8R

. ) s ) _UN
~[(13.560~1000) kg/m*](9.8 1w )(1.2 m)[ 1000 kg-m/s” J

=148 kN/m? =148 kPa

Substituting into Eq. (1), the turbine head is determined to be

(8.49m/s)? — (12.2 m/s)?
2(9.81m/s%)

hmrbj.ne__e -

=15.1-39=112m

148 kN/m? [IUOng-mfsz

3 3 +(1.0)
(1000 kg/m*)(9.81m/s?) 1KN

Then the net electric power output of this hydroelectric turbine becomes

W .. = N ourbine-gen MM turvine e = Mrusvine-zen © VBN urbine o

=0.83(1000kgfms)(0.6m3fs)(9.81mr’sz)(11.2111)( IN 2][ LKW ]=55kw
lkg-m/s 1000 N-m/s



5-109  An oil pump is drawing 18 kW of electric power
while pumping oil with p = 860 kg/m’ at a rate of 0.1 m“s.
The inlet and outlet diameters of the pipe are 8 cm and 12 ¢,
respectively. If the pressure rise of ol in the pump 1s measured
to be 250 kPa and the motor efficiency is 95 percent, deter-
mine the mechanical efficiency of the pump, Take the kinetic
energy correction factor 1o be 1.05,

()ll] AP =250 kPa

0.0 m'fs
FIGURE P5-109
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— o+ g =0 ——+ 2y Fhgne Ry —
g 2z PERE e 2
where
. . 5
v, _v_ t: __ Olm f’ ~19.9m/s
4, Dy /4 x(0.08m)’ /4
. . 5
-V VY 0Im™s g sams

4, /4 z(012m)>/4

Substituting, the useful pump head and the corresponding useful
pumping power are determined to be

hpum.p,u -

=47.4-17.0=304m

400,000 N/m? 1kg m/s? L Los[(8.84 m/s)? —(19.9m/s)?]
(860 ke/m>)(9.81m/s?) IN 2(9.81m/s?)

: y 3 3 2
W osmpn = PVEN i = (860 kg/m™ )(0.1m"/5)(9.81m/s” )(30.4 m)(

1kN . 1kW }=25.6KW
1000 kg -mv/s~ L 1KN-m/s.

Then the shaft pumping power and the mechanical efficiency of the pump become

W puanp.shatt = Masotor Wetectic = (0.90)(35 kW) =31.5kW

Wpump__u _ 25.6 kW

Tpump = Wpsp. e 31 5KW

=0.813=81.3%




581 Water flows at a rate of 20 Lés through a horizontal
pipe whose diameter is constant at 3 cm. The pressure drop
across a valve in the pipe is measured o be 2 kPa, as shown
in Fig. P5=81. Determine the irmeversible head loss of the
valve, and the useful pumping power needed to overcome the
resulting pressure drop.  Answers: 0.204 m, 40 W

AP=21Ps
FIGURE P5-81

2 2
A Vi Py v A-pB
— Ly R = Oy 2y Fhge . T - h=—
g 2g et g 2g b g
Substituting, Valve
w @ T @
~ 2 kN/m? (1000 kg-m/s* | 0.204m
L (1000kgm®)©9.81mis7)|  1kN : - o )2 >
20L/s \
The useful pumping power needed to overcome this head loss is Ao kP
o a

B:rpump._ w = mghi'. = pvg—h[

= (1000 kg/m* )(0.020m*/5)(9.81m/s*)(0.204 m) IN 5 LW ]=4ow
1kg-m/s™ IN-mfs



6-20 A 90° elbow in a horizontal pipe is used to direct
water flow upward at a rate of 40 kg/s. The diameter of the
entire elbow is 10 cm. The elbow discharges water into the
atmosphere, and thus the pressure at the exit is the local
atmospheric pressure. The clevation difference between the
centers of the exit and the inlet of the elbow is 50 cm. The
weight of the elbow and the water in it is considered (o be
negligible. Determine (a) the gage pressure at the center of
the inlet of the elbow and () the anchoring force needed to
hold the elbow in place. Take the momentum-flux correction
factor 1o be 1.03 at both the inlet and the outlet.

~

.50 cm
™

FIGURE P6-20

Analysis (a) We take the elbow as the control volume, and designate the entrance by 1 and the outlet by 2.
We also designate the horizontal coordinate by x (with the direction of flow as being the positive direction)
and the vertical coordinate by z. The continuity equation for this one-inlet one-outlet steady flow system is
my =, =1 =30kg/s. Noting that #1= o4V . the mean inlet and outlet velocities of water are

L 25kg/s
P4 p(aD*/4) (1000 keg/m*)[7(0.1m)” /4]

Noting that 7} = V; and P, = Py, the Bernoulli equation for a streamline going through the center of the
reducing elbow is expressed as

V,=V,=V= =3.18m/s

B PV
—1+,)—1+21 =—2+21+: 5> B-P- PS(Zz —21) — B gage = pE(z2—2))
rg g re g
Substituting,
1kN
1000 kg - m/s”
(b) The momentum equation for steady one-dimensional flow is Zﬁ' = Z LV — Z ,Smf' . We let the x-

out in
and z- components of the anchoring force of the elbow be Fgry and Fr.. and assume them to be in the
positive directions. We also use gage pressures to avoid dealing with the atmospheric pressure which acts
on all surfaces. Then the momentum equations along the x and y axes become

Fry JrPl,gageAl = Ofﬁh(jLVl) = 718"."V

R goge = (1000 kg/m*)(9.81m/s%)(0.35 m)[ J =3.434kN/m’ = 3.434 kPa

Fp. = pi(+V,) = piy’ T
Solving for Fg, and Fg.. and substituting the given values, x
. F 35cm
FRX :_ﬁ’”V_‘P].,gageAl K
1IN &
=—1.03(25 kg/s)(3.18 m/s)| ———— |~ (3434 N/m”)[7(0.1m)” /4] Water
1kg-m/s 25kg/s

=—109N 1

Fp, = BV =1.03(25 kg/s)(3.18 m/s) Lz —81.9N

1kg-m/s

F §1.9
and  Fp =[F3 +F, =(-109)? +51.97 =136N, 9=tau'1F—Ry=tan'l Sy =TT
- -



6-24 A reducing elbow in a horizontal pipe is used to deflect
water flow by an angle @ = 45° from the flow direction while
accelerating it. The elbow discharges water into the atmo-
sphere. The cross-sectional area of the elbow is 150 ¢m? at the
inlet and 25 cm’ at the exit. The elevation difference between
the centers of the exit and the inlet is 40 cm. The mass of the
elbow and the water in it is 50 kg. Determine the anchoring
force needed 1o hold the elbow in place. Take the momentum-
flux correction factor to be 1.03 at both the inlet and outlet.

- . ]
25 cm*

150 cm?
\

Water
30.0 kefs

FIGURE P6-24

W = mg = (50kg)(9.81m/s) = 490.5 N = 0.4905 kN

We take the elbow as the control volume, and designate the entrance by 1 and the outlet by 2. We also
designate the horizontal coordinate by x (with the direction of flow as being the positive direction) and the
vertical coordinate by z. The continuity eguation for this one-inlet one-outlet steady flow system is
My =M, =m=30kg/s. Noting that n1= a4V . the inlet and outlet velocities of water are

v, = Mo _J.l]}kg,-'s —=20m/s
ady (1000 kg/m~ )(0.0150m~)
it 30kg/s 172 ms

Vy=—--=
© pdy (1000 ko/m?)(0.0025m?)
Taking the center of the inlet cross section as the reference level (z; = 0) and noting that P, = P,y the
Bernoulli equation for a streamline going through the center of the reducing elbow is expressed as

R V. __B 1V __ _ (- _ (B
B g T T gt — R-A= g TeTh = B oe=1E % "'-2.

Substifuting,

R e = (1000 kg/m*)(9.81 m;'sz{

ey . 1
Q2isy ~Qmis)” 4 LN _,]=73_9kN.-m—=?3_9kPa
2(9.81m/s™) N 1000kg - mfs™

The momentum equation for steady one-dimensional flow 1s Z_F" = Z_ﬂm - Z BV . We let the x- and
out n
z- components of the anchoring force of the elbow be Fp, and Fg.. and assume them to be in the positive

directions. We also use gage pressures to avoid dealing with the atmospheric pressure which acts on all
surfaces. Then the momentum equations along the v and = axes become

Fp +PB_ .4 =pfhlV,cos6— Gl and Fp - = @hl", sind

25 cm®

.gage
Solving for Fp, and Fp., and substituting the given values.
FR: = ﬁw(yj COSB_VI)_PLgagEAI
IKN
=1.03(30kg/s)[(12c0s45°-2) m/s]| —————— —
1000 kg -mv's”
—(73.9KN/m*)(0.0150m”) Water
=-0908 kN

Fp = BtV sin 8+ W =1.03(30 kg/s)(12sin45° ms) & +0.4905kN = 0.753 kN
1000 kg -m/s-
; . Fg
Fg =+ Fa +Fa =/(-0908)° + (0.753)° =1.18kN, &=tan” = =tan™ 0.3 _ 3972
Fre —0.908

Discussion Note that the magnitude of the anchoring force 15 1.18 kN. and its line of action makes -39.7°
from +x direction. Negative value for Fp, indicates the assumed direction is wrong.




