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Wind turbine “farms” are
being constructed all over the
world to extract Kinetic energy
from the wind and convert it * |
to electrical energy. The mass, peski.
energy,  momentum,  and e
angular momentum balances g8
are utilized in the design of afiee T =
wind turbine. The Bernoulli SEEEE==tEE
equation is also useful in the Z e
preliminary design stage.




Many fluid flow devices such as

this Pelton wheel hydraulic g

turbine are analyzed by applying

the conservation of mass and &

energy principles, along with the |8
linear momentum equation.
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EXAMPLE: Water Flow through a Garden
Hose Nozzle

A garden hose attached with a nozzle is used to
fill a 10-gal bucket. The inner diameter of the
hose iIs 2 cm, and it reduces to 0.8 cm at the
nozzle exit. If it takes 50 s to fill the bucket
with water, determine: (a) the volume and mass
flow rates of water through the hose, and (b)
the average velocity of water at the nozzle exit.




V 10 al
— L 2029/ _0.2x3.7854=0.757L
Q At 50 S A

m=rQ =1k%xo.757 L/ =0.757 k%

A, = mr: = w(0.4 cm)? = 0.5027 cm? = 0.5027 X 10~ % m?

«1m
O-AV - v= Q 75755 /OOOL
0.5027x10




Example: Discharge of Water from a Tank

A 4-ft-high, 3-ft-diameter cylindrical water
tank whose top is open to the atmosphere is
Initially filled with water. Now the discharge
plug near the bottom of the tank is pulled
out, and a water jet whose diameter is 0.5 In
streams out. The average velocity of the jet
IS approximated as V= \/ZTgh where h is the
height of water in the tank measured from
the center of the hole (a variable) and g Is
the gravitational acceleration. Determine
how long it takes for the water level in the
tank to drop to 2 ft from the bottom.

D[aml\'




dm .
m T mout — dt mil’l — O

b Moy = (PVA)oy = PV 28hA,, A_J-? = WDZJet/4

h Atank = 7TD2tank/4

- d(pA, .}

dt

p(mD?_ /4)dh
—p'\V 2gh (WDJet/4) 7




p(wD2. /4)dh

—pV2gh(mD} /4) = ——
‘ I df e thank dh
(Att=0 h=h, Di.. \/2gh

kAtt:th:hz ertz thank th dh —
L’ 0 D2\ 2g h, \Vh

_ Vaf- \/zft(3 X 12in

2
_ = 757 s = 12.6 min
\/32.2/2 ft/s? 0.5in )




5-15 Air enters a nozzle steadily at 2.21 kg/m? and 20 m/s
and leaves at 0.762 kg/m’ and 150 m/s. If the inlet area of the

nozzle is 60 cm?, determine (a) the mass flow rate through
the nozzle, and (b) the exit area of the nozzle. Answers:

m=rvA — m=221x 20x60x10~*
m=r,v,A — m =0.762x150x A,

m=m — 2.21x20x60x10™*=0.762x150x A,
Azz



5-17 A hair dryer is basically a duct of constant diameter
in which a few layers of electric resistors are placed. A small
fan pulls the air in and forces it through the resistors where
it is heated. If the density of air is 1.20 kg/m’ at the inlet and
1.05 kg/m’ at the exit, determine the percent increase in the
velocity of air as it flows through the hair dryer.

1.20 kg/m?

1.05 kg/m? BAAA
Wu
T

\J






5-12 A desktop computer is to be cooled by a fan whose
flow rate is 0.40 m*/min. Determine the mass flow rate of air
through the fan at an elevation of 3400 m where the air den-
sity is 0.7 kg/m?. Also, if the average velocity of air is not to
exceed 110 m/min, determine the minimum diameter of the

casing of the fan. Answers: 0.00467 kg/s, 0.0569 m
3

Q=VvA=0.4-"

min

M=rQ=0.7x0.4=0.28-2 =0.004672

min S



5-14 The minimum fresh air requirement of a residential Building is specified to
be 0.35 air changes per hour (ASHRAE, Standard 62, 1989). That is, 35 percent
of the entire air contained in a residence should be replaced by fresh outdoor air
every hour. If the ventilation requirement of a 2.7-m-high, 200-m? residence is to
be met entirely by a fan, determine the flow capacity in L/min of the fan that
needs to be installed. Also determine the minimum diameter of the duct if the
average air velocity Is not to exceed 5 m/s.

2.7 m




3
\ 5 (/:, Q=0.35x(200x 2.7) :189ﬂ2189><103£
& &5J ? h h
e Q=3.15x10°——
min

3 3 3

Q=189 =189 —0.0525"-
h 3600s S

Q=VA:V% R’

— R=0.1Im or D=20cm
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Performance of a Hydraulic Turbine-generator

The water in a large lake is to be used to generate electricity by the installation
of a hydraulic turbine-generator. The elevation difference between the free
surfaces upstream and downstream of the dam is 50 m. Water is to be supplied

at a rate of 5000 kg/s.

If the electric power generated IS
measured to be 1862 kW and the
generator efficiency 1s 95 percent,
determine (a) the overall efficiency of the
turbine-generator, (b) the mechanical
efficiency of the turbine, and (c) the shaft
power supplied by the turbine to the
generator.

— m = 5000 kg/s

Generator
ngenerator — 95%




(a)

b — A i Vizn o (2)ut
€mech,in ~ €mech, out — | 75 | T Z + 8z — Zow
0 0
= gh
= (9.81 m/s*)(50 m) ( ! KVke ) =0 491E
' 1000 m?*/s* kg

|AE

mech, fluid

| = 1y in — Conect o) = (3000 kg/s)(0.491 kI/kg) = 2455 kW

- - We]ect, out - 1862 kW — 0760
noverall nturbine-gen | AE.'mf:ch fluid| 2455 kw |




(b)

nturbine-gen . 0.76

nturbine—gen - nturbine ngenerator — n[urbine = i 0.95 — 0-800
ngeneralor '

(c)

1%

shaft, out

= Nourbine] A mech. fuia] = (0-800)(2455 kW) = 1964 kW =~ 1960 kW
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EFS = ma,
dV

L} PdA = (P + dP)dA — Wsin = mV — -
/ A
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d
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dz dV
—dP dA — pgdAdsd— = pdAdsV—

) ds

b —dP — pgdz = pVdV

VdVv = *zl*d(Vz)b @ i %d(v2) +gdz=0
p

‘ l dP V? :
— + ? + gz = constant (along a streamline)
p

PV
Steady, incompressible flow: ; + — + gz = constant (along a streamline)
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Example: Spraying Water into the Air

Water is flowing from a garden hose. A
child places his thumb to cover most of
the hose outlet, causing a thin jet of high-
speed water to emerge. The pressure In
the hose just upstream of his thumb is
400 kPa. If the hose is held upward, what
IS the maximum height that the jet could

achieve?

"( Water jet
|

f




Pz — Patm
@ Vv,=0
| =0
0 0
P W
/21/r = | +z —
pg 28
Py grge 400 kPa (1000 N/m? ) (1 kg-m/s?
pg (1000 kg/m’)(9.81 m/s?) 1 kPa IN

)



EXAMPLE: Water Discharge
from a Large Tank

A large tank open to the atmosphere
Is filled with water to a height of 5 m
from the outlet tap. A tap near the
bottom of the tank Is now opened,
and water flows out from the smooth
and rounded outlet. Determine the
maximum water velocity at the

outlet.

Water

LA




Pl — Patm (Pz — Patm
G< V, =0 9< V, =7
2 | 2=0

i se sl AV=cCONSstant —> A>A - V<KV,

~()
P/ W P/ V] O V3
g Do g 2g 28

V, = V2gz, = V2(9.81 m/s?)(5 m) = 9.9 m/s




EXAMPLE: Siphoning Out Gasoline from a Fuel Tank

During a trip to the beach (P= 1 atm = 101.3 kPa), a car runs out of gasoline,
and It becomes necessary to siphon gas out of the car of a Good Samaritan. The
siphon i1s a small-diameter hose, and to start the siphon it is necessary to insert
one siphon end in the full gas tank, fill the hose with gasoline via suction, and
then place the other end in a gas can below the level of the gas tank. The
difference in pressure between point 1 (at the free surface of the gasoline in the
tank) and point 2 (at the outlet of the tube) causes the liquid to flow from the
higher to the lower elevation. Point 2 is located 0.75 m below point 1 in this
case, and point 3 is located 2 m above point 1. The siphon diameter is 5 mm,
and frictional losses in the siphon are to be disregarded. Determine (a) the
minimum time to withdraw 4 L of gasoline from the tank to the can and (b) the
pressure at point 3. The density of gasoline is 750 kg/m
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P/ Vi V3
+ = 4z = +—+z/'—> 4= A
Zg 2¢ ! Egz : ' 28

b V, = V2gz, = V2(9.81 m/s2)(0.75 m) = 3.84 m/s

A=aD¥* = w5 X 1073m)*4 =196 X 107° m?
V=V,A=3.84m/s)(1.96 X 1075 m?) = 7.53 X 10" m%s = 0.0753 L/s

b At v 4L 53.1
e — — —_— L S
VvV  0.0753L/s




P, Vi o Py V3 Pam _ P
& + A =" 4 3-I-Z3 - —= =—3+Z3
pg g pgs 2

P; = P, — pgz;

= 101.3 kPa — (750 kg/m®)(9.81 m/s?)(2.75 m)( - )( o )
: 2 : - 1 kg-m/s?/\ 1000 N/m?

81.1 kPa



EXAMPLE: Velocity Measurement
by a Pitot Tube

A piezometer and a Pitot tube are tapped
Into a horizontal water pipe, as shown in
Fig., to measure static and stagnation
(static + dynamic) pressures. For the
Indicated water column  heights,
determine the velocity at the center of

the pipe.

h =12<sz
|
T

h, =7 cm

Water e

O

h1:3<;<£//

_.._Vl

N
Stagnation

point



P, = pg(h, + h,)
P, = pg(hy + hy + hy)

Noting that z; = z,, and point 2 is a stagnation point and thus Vv, = 0,

0
P, V? P, V vZ P, —P
_l+_l+;{1=_2+£ _|_%/2 1 _ "2 1
pg 2g ps  2g 28 P8
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V, = V2gh, = V2(9.81 m/s2)(0.12 m) = 1.53 m/s
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