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Chapter 5 Mass, Bernoulli, and Energy Equations
5-73 A fan is to ventilate a bathroom by replacing the entire volume of air once every 10 minutes while air
velocity remains below a specified value. The wattage of the fan-motor unit, the diameter of the fan casing,
and the pressure difference across the fan are to be determined.

Assumptions 1 The flow is steady and incompressible. 2 Frictional losses along the flow (other than those
due to the fan-motor inefficiency) are negligible. 3 The fan unit is horizontal so that =z = constant along the
flow (or, the elevation effects are negligible because of the low density of air). 4 The effect of the kinetic
energy correction factors is negligible, = 1.

Praperties The density of air is given to be 1.25 ky‘m“

Analysis (@) The volume of air in the bathroomis V=2mx3mx=x3m= 18 Ai —s
ma.Tbenmemlumemﬂlmssﬂuwmtesufaiﬂumlghibecasinguumbe n'
‘D & mis D
3
YV _18m b 03mYs
Ar 10x60s

= gV =(1.25kg/m® }0.03m" /s) = 0.0375 kg's

We take points | and 2 on the inlet and exit sides of the fan, respectively. Point 1 is sufficiently far from the
fan so that P, = P, and the flow velocity is negligible (V, = 0). Also, P = P, Then the energy equation
for this control volume between the points | and 2 reduces to

»{_+a]_+g:,]+w n{—+tz-.

SINCE Epech toss = E mects toss, e 10 thiS €858 308 W g, o = Wy — E e b, prmp - Substituting,

VI
+g:1]+ﬁ’_b_+£m —r me.u_mﬂzT

. . (fms)*{ IN W ]
Wi =ty ——=(0.0375kg/s)(1.0 -12W
fan, u M 2 ': kgfs}[ } 3 I\lkg- m.f;] IN-m/s

and Wi oy = ————=— _ =2.4W
Therefore, the electric power rating of the fan/motor unit must be 2.4 W.
(b} For air mean velocity to remain below the specified value, the diameter of the fan casing should be

W {40.03m’)s)
a¥, m(8m'z)

V=A,V, =(aD] 14W, —» D:=J =0.069m=6.9 cm

{¢) To determine the pressure difference across the fan unit. we take points 3 and 4 to be on the two sides of
the fan on a horizontal line. Noting that = = z; and V5 = F; since the fan is a nammow cross-section and
neglecting flow loses (other than the loses of the fan unit, which is accounted for by the efficiency), the
energy equation for the fan section reduces to

-P p P H} w F‘i} 5}
MW, =t 5 P-P=——t__
P I m/p v
12w l"lN -mis

Substituting, P, - P, = ) 40N/m” =40Pa

0.03m7s\ 1IW
Therefore, the fan will raise the pressure of air by 40 Pa before discharging it.

Discussion Note that only half of the electric energy consumed by the fan-motor unit is converted to the
mechanical energy of air while the remaming half is converted to heat because of imperfections.
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Chapter 5 Mass, Bernoulli, and Energy Equations
5-74 Water is pumped from a large lake to a higher reservoir. The head loss of the piping system is given.
The mechanical efficiency of the pump is to be determined. v

Assumptions 1 The flow is steady and incompressible. 2 The elevation difference between the lake and the
TESETVOIr 1S constant.

Properties We take the density of water to be p = 1000 kg/m’.

Analysis 'We choose points | and 2 at the free surfaces of the lake and the reservoir, respectively, and take
the surface of the lake as the reference level (z, = 0). Both points are open to the atmosphere (P, = P = Pyn)
and the velocities at both locations are megligible (F; = Fy = 0). Then the energy equation for steady
mmcompressible flow through a control volume between these two points that includes the pump and the pipes
reduces to

{pr ¥ . P £ : :
—ta, —+ +W, = —+ &, —+ gz, 1+ W, +E —»
"{P 1 7 FI] g {P ] -g:_] turbme mech.loss

“rp-q:.u =ﬂ-'g:3 +'Enn:h||m.m
since, in the absence of a turbine, E-.'m:.,_,cl|= = E_dmp_p, +£‘mmm and

meu=wm_gmdlm.p—p'wﬂﬁ“gﬂm EmmnnS:"-'Eh:'h““sfﬁ”P“mPPﬂ“f is

H-;Ipm:.p.u = nitgz, +mgh; = pVe(z, +h;)

— (1000 kg/m® }(0.025 m*/s)(9.81m / s2)[(25+T) m{¢
1000 ke -m/s”

=785 kNm's = T.B5 kW
Then the mechanical efficiency of the pump becomes

_ Woump.u _ 785KW

. —0.785 = 78.5%
L R T

Discussion A more practical measure of performance of the pump is the overall efficiency, which can be
obtained by multiplying the pump efficiency by the motor efficiency.




Chapter 5 Mass, Bernoulli, and Energy Equations
5-69 Underground water is pumped to a pool at a given elevation. The maximum flow rate and the pressures
at the inlet and outlet of the pump are to be determined. v

Assumptions 1 The flow 1s steady and mcompressible. 2 The elevation difference between the inlet and the
outlet of the pump is negligible. 3 We assume the frictional effects in piping to be negligible since the

maximum flow rate is to be determined, E_.'_d,h_m =10. 4 The effect of the kinetic energy correction
factors is negligible, a= 1.

Properties We take the density of water to be 1 kg/L = 1000 kg/m’".

Analysis (a) The pump-motor draws 3-kW of power, and is 70% efficient. Then the useful mechanical (shaft)
power it delivers to the fluid is

W ey, 4 = T pesp-emnor W etecesie = (0.T0)3 kW) = 2.1kW
We take point 1 at the free surface of underground water, which is also taken as the reference level (z, = 0},
and point 2 at the free surface of the pool. Also, both 1 and 2 are open to the atmosphere (P, = P> = Py), the
velocities are negligible at both points (F, = F> = 0), and frictional losses in piping are disregarded. Then the
energy equation for steady incompressible flow through a control volume between these two points that
includes the pump and the pipes reduces to

N : (P, ¥ . :
Hi +a + + W =m —+a@; —+ g7, [+ W +E
[P 1 2 gzl pump _P 2 1 SZ_ Harbime mech, boss

In the absence of a turbine, E_di‘h“ =E_=M_|m +E-u:llm.p'q:l'-g and
W amp,u = Wonamp — Emech toss, pap - THUS.
. . 30 m
Wm,l = Mmgzz
Then the mass and volume flow rates of water become @
W
W Zzg2 = —
Jﬁ: pump, u _ 2.]?.!"5 Iﬂll]m .IFS =T.]4 kgfs __ _
22 (9. 81m's™ }30m) 1kJ — ' -
1}‘=E=ﬂ_114x1ﬂ‘3 s - o
£ 1000 kg/m?
() We take points 3 and 4 at the inlet and the exit of the pump, respectively, where the flow velocities are
-3 3 -3 __3
v, =i v _T14=107" m'/s _186mss, ¥, =i v _T14=107" m/s _364ms
A, nﬂz 4 a(0.07Tm)* 7 4 Ay nﬂzﬂi o(0.05m)> / 4

We take the pump as the control volume. Noting that =; = z,, the energy equation for this control volume
reduces to

[ £ Vi : :
—+ —+ H’ —tay — + W, +E
o5 ng]"' P &y 2 22y trbime mech boss. pump

pa(Vf - V-lll . Wp—ni

5P, —P, = ;
4 1 2 v
Substituting,
p_p._ (1000kgim*)1.0)N(186ms)* ~G64ms)* ] 1RN | 21klis (lm-m]
v 2 1000kg -m's? | 7.14x10° ms\ 1K

=(—4.9+294.1)kN/'m” = 289.2kPa
Discussion In an actual system, the flow rate of water will be less because of friction in pipes. Also, the
effect of flow velocities on the pressure change across the pump is negligible in this case (under 2%) and can
be ignored.



Chapter 5 Mass, Bernoulli, and Energy Equations
5-84 Water enters a hydraulic turbine-generator system with a known flow rate, pressure drop, and
eiﬁciency.nenﬂelecﬁicpuwﬂmnpmislnbedmnined.q

Assumptions 1 The flow is steady and incompressible. 2 All losses in the turbine are accounted for by turbine
efficiency and thus h; = 0. 3 The elevation difference across the turbine is negligible. 4 The effect of the
kinetic energy comection factors is negligible, @y = e =a=1.

Properties We take the density of water to be lmkgfm’andlhedﬂmily ufmcmymhelliﬁﬂkgfms.
Analysis We choose points | and 2 at the mnlet and the exit of the turbine, respectively. Noting that the
elevation effects are negligible, the energy equation in terms of heads for the turbine reduces to

P, V2 F. Vi P -PF. |
Lz b e, e th thy o R, =2 +a{ V)
/2 e oz 2z PraecE g
)]
where

3 Y k)
¥, v__ v 06m’'s  _gaoms
A4, D2 /4 x(030m)° /4

r r i
_v_ i: - u'ﬁmff =122m's
A, aD; /4 x(025m)” /4

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

— P =Py — Pune )2h

]

B - N . 1kN
=[(13.560—1000) kg/m* |(9.81m's “Lzm{illl]]kg-nﬂsl]

=148 kN/m”® = 148 kPa
Substituting into Eq. (1), the turbine head is determined to be

=151-39=112m

2 2 2 _ 2
A 148 kN/m (mnm:gmfs ]+{1.0‘,- (8.49mis)” —(122 m’s)

T (1000kgm }O8Ims?)| 1kN 2(981m's7)

Then the net electric power output of this hydroelectric turbine becomes

. . . , IN kW
= 0.83(1000 kg/m” 0.6 m”/sH9.81m's Illlm{|kg.m|’SZIIMN'WS)_55kw

Discussion It appears that this hydroelectric turbine will generate 55 kW of electric power under given
conditions. Note that almost half of the available pressure head is discarded as kinetic energy. This
demonstrates the need for a larger turbine exit area and better recovery. For example, the power output can
be increased to 74 kW by redesigning the turbine and making the exit diameter of the pipe equal to the inlet
diameter, D). = D,. Further. if a much larger exit diameter is used and the exit velocity is reduced to a very
low level, the power generation can increase to as much as 92 kW.




Chapter 5 Mass, Bernoulli, and Energy Equations
5-77 Water flows at a specified rate in a honzontal pipe whose diameter i1s decreased by a reducer. The
pressures are measured before and after the reducer. The head loss in the reducer is to be determined.

Assumptions 1 The flow is steady and incompressible. 2 The pipe is horizontal. 3 The kinetic energy
comection factors are given to be & = a, = a= 1.05.
Properties We take the density of water to be p = 1000 kg/m’.

Analysis We take points 1 and 2 along the centerline of the pipe before and after the reducer, respectively.
Moting that z; = =, the energy equation for steady incompressible flow through a control volume between
these two points reduces to

l

P, s P Vs P-P, a(V}-V}
L ta, Ltz +h, =—+a,—+z,+h_,___+h -+ by = -+E{ 1)
e £ H: g e 2g
where
r r 3
v,=Y - ": - “‘“35"‘:5 ~1.98m/s 4T0kPa o y
4, D4 x(015m) 4 @ IS cm » 440 kPa
¥ 3 3
y oV u _ I].ﬂ!im:"s P
S 4, aDi/4 x(008m) /4 Reducer

Substituting, the head loss in the reducer 1= determined to be

(470-440) kPa {lm&nl lnuutg-nus’]+ 1.05[(1.98 m's)” —(6.96 m/s)” |
L

={1um1;gfm3](9_31mrsIJL 1kPa 1 kN 2(9.81m/s”)
=306-238=0.68m

Discussion Note that the 0.79 m of the head loss 1s due to fnictional effects and 2.27 m is due to the increase
in velocity. This head loss comesponds to a power potential loss of

: y 3 3 2 1M W
Emn:hlnnpi:ms = plkh, =(1000kg/m” }0.035m"/s}9.81 m's Hﬂ.??m{|kg_meZI]N_ﬂ5)=ET1w

gcm



Chapter 5 Mass, Bermoulli, and Energy Equations
5-81 Water flows through a horizontal pipe at a specified rate. The pressure drop across a valve in the pipe is
measured. The corresponding head loss and the power needed to overcome it are to be determined.
Assumptions 1 The flow is steady and incompressible. 2 The pipe is given to be horizontal (otherwise the
elevation difference across the valve is negligible). 3 The mean flow velocities at the inlet and the exit of the
valve are equal since the pipe diameter is constant.

Properties We take the density of water to be p = 1000 kg/m’.

Analysis We take the valve as the control volume, and points 1 and 2 at the inlet and exit of the valve,

respectively. Noting that =; = =z; and V) = V,, the energy equation for steady incompressible flow through this
control volume reduces to

P V2 P I-"'I P -P
Lt Ltz th = ta, Stz +h . +h - b =12
/e Iz E: 2z PE
Substituting, Valve
Sl 0) @
W 2kN/m’ (1000kg-mis® | 0 o0, 2
L1000 kg/m N9 8ImsT) - TkN h | 4
mu; \
The useful pumping power needed to overcome this head loss is

Wml =ﬁgﬁ[ =P{§*f_

= {1000 *N0.020m” sN9.81mvs” )0.204 IN 1w ]=4nw
(1000 kg/m™ ) m/sK | m{]kg-nﬂszllN-mfs

Therefore, this valve would cause a head loss of 0.204 m, and it would take 40 W of useful pumping power
to overcome it.

- - 1w
W pump = VAP = 0.020m°/sH2000Pa) —— _|=40W
( X {IP:-mjfs]



5-55 Air flows upward at a specified rate through an inclined pipe whose diameter is reduced through a
reducer. The differential height between fluid levels of the two arms of a water manometer attached across
the reducer is to be determined. ¥ Mod Feb'03.

Assumptions 1The flow through the duct is steady, incompressible and imrotational with negligible
frictional effects (so that the Bernoulli equation is applicable). 2 Air is an ideal gas. 3 The effect of air
column on the pressure change is negligible because of its low density. 3 The air flow is parallel to the
entrance of each arm of the manometer, and thus no dynamic effects are involved.

Properties We take the density of water to be p = 1000 kg/m’. The gas constant of air is & = 0.287
kPam’/kg K.

Analysis We take points 1 and 2 at the lower and upper connection points, respectively, of the two arms of
the manometer, and take the lower connection point as the reference level. Noting that the effect of
elevation on the pressure change of a gas is neglgible, the application of the Bemoulli equation between
points 1 and 2 gives

O L - Vi —¥
—I+;+Z|=—_+i+2] —5 _ﬁ—_ﬂ_.:p-;
/e 2g rE g 2
P 110kPa
where o =1.19kg/m’

TRT T (0.287kPa-m’/kg K)50+273K)

Y r 3
poV__ YV _oosmlYs o
4 aDT/4 x(006m) /4
Y y 3
v, =Y i: - “mj“‘fs ~358m's
A, aDI/4  x(0.04m)’ /4
Substituting,

P, —P, =(1.19kg/m®)

(358mis)° —(159ms)” [ IN

2 1kg-m/s”
differential height of water in the manometer comesponding to this pressure change is determined from
AP= e gh 10 be

]=lﬁ~]2hu|i."[|:|2 =612 Pa The

-_— I N ]
pofimf ﬂli*”m _ (Lkg-mss ~00624m = 6.24 cm
Praer®  (1000kg/m* ¥981mis”)|  IN

Discussion When the effect of air column on pressure change is considered, the pressure change becomes

wir (V2 =V7)
A-F =p++ﬁ-ﬁ-£[:1 -

=(1.19kg/m

B {{35_3 m's)® —(15.9m's)’
2

+(9.81 m/s” 0.2 m}ILz]
1kg - m's

=(612+2)N/m” =614 N/m” =614 Pa

This difference between the two results (612 and 614 Pa) is less than 1%. Therefore, the effect of air
column on pressure change is, indeed, negligible as assumed. In other words, the pressure change of air in
the duct is almost entirely due to velocity change, and the effect of elevation change is negligible.

Also, if we were to account for the A= of air flow, then it would be more proper to account for the
Az of air in the manometer, ating h. The additional air
column in the manometer elevation difference in the
flow in this case.

Toplam 38 sayfadan 31. sayfa



Chapter 5 Mass, Bernoulli, and Energy Equations
5-43 The static and stagnation pressures in a horizontal pipe are measured. The velocity at the center of the
pipe is to be determined. v
Assumprtions The flow 1s steady, incompressible, and wrotational with negligible frictional effects (so that
the Bernoulli equation is applicable).
Analysis We take points | and 2 along the centerline of the pipe, with point | directly under the piezometer
and point 2 at the entrance of the Pitot-static probe (the stagnation point). This is a steady flow with straight
and parallel streamlines, and thus the static pressure at any point is equal to the hydrostatic pressure at that
point. Moting that point 2 is a stagnation point and thus ¥, = 0 and z; = z, the application of the Bernoulli
eguation between points 1 and 2 gives

R W RV W _PR-H
—t—tF——+—%I; = —=—-

e 2z /e 2z g pE
Substituting the P, and FP; expressions give
W _ BB _ PRl + R = pRl + R) el = i) _
2 o e : e :
Solving for V', and substituting,

s~

V= 28 Ut~ haer) = 209 81m/s™)[(0.35-0.20) m] = 1.72 mis

Discussion Note that to determine the flow velocity. all we need is
to measure the height of the excess fluid column in the Pitot-static
probe.




Chapter 5 Mass, Bernoulli, and Energy Equations
5-45 Water discharges to the atmosphere from the onfice at the botiom of a pressurized tank. Assuming
frictionless flow, the discharge rate of water from the tank is to be determined. YEES

Assumptions 1 The orifice has a smooth entrance, and thus the frictional losses are negligible. 2 The flow
is steady, incompressible, and irotational with negligible fnctional effects (so that the Bernoulli equation is
applicable).

Praperties We take the density of water to be 1000 kg/m’_

Analysis We take point 1 at the free surface of the tank. and point 2 at the exit of orifice, which is also
taken to be the reference level (z; = 0). Noting that the fluid velocity at the free surface is very low (F, = 0)
and water discharges into the atmosphere (and thus P, = P,.), the Bemoulli equation simplifies to

Solving for V; and substituting, the discharge velocity is determined to

v, =JM+?_ _ [2(300-100) kPa 1000 N/im® Y 1kg-ms

]
l—u lﬂll'lkg.l"m"‘ |\ T XPa TN ]+1{9.3]mf5 W3im)

=21.4m/s
Then the initial rate of discharge of water becomes

i aD? 0.10m)”

U= Apusecl == y, - 2010m)
Discussion Note that this is the maximom flow rate since the
frictional effects are ignored. Also, the velocity and the flow rate
will decrease as the water level in the tank decreases.

(21 4m's)=0.168m’Is
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