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Chapter (5)

MASS & ENERGY ANALYSIS
OF A CONTROL VOLUMES

SOLVED PROBLEMS



Conservation of
Mass




Problem (1-C)

5—-1C Name four physical quantities that are conserved and
two quantities that are not conserved during a process.

3-1C Mass, energy. momentum, and electric charge are conserved, and volume and entropy are not
conserved during a process.




Problem (5-9C)

A hair dryer 15 basically a duct of constant diameter 1n
which a few layers of electric resistors are placed. A small
fan pulls the air in and forces 1t through the resistors where it
1s heated. If the density of air 1s 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 drver.

1.05 kg/m” 1.20 kg/m’




Problem (5-9C)

Assumptions Flow through the nozzle 1s steady.

Properties The density of air 1s grven to be
1.20 kg.'rﬂf at the inlet, and 1.05 kg/m” at |
the exit. <~

Amnalysis There 1s only one inlet and one
exit, and thus iy = m, = m . Then,
my =3
P AV = py AV,
7, o1 120kg/m’

¥, p 1.05kg/m3

=1.14 (or.and increase of 14%)

Therefore. the air velocity increases 14% as it flows through the hair drier.




Problem (5-11C)

A smoking lounge 15 to accommodate 15 heavy
smokers. The minimum fresh air requirement for smoking
lounges is specified to be 30 L/s per person (ASHRAE., Stan-
dard 62, 1989). Determine the minimum required flow rate of
fresh air that needs to be supplied to the lounge, and the
diameter of the duct if the air velocity is not to exceed 8 m/s.

Smoking — '1
lounge AN =/

Fan




Problem (5-11C)

Assumptions Infiltration of air into the smoking lounge 1s negligible.
Properties The mmimum fresh air requirements for a smoking lounge 1s given to be 30 L/s per person.
Analysis The required minimum flow rate of air that needs to be supplied to the lounge 1s determined
directly from

L:"m = {—;’mmpﬂm (No. of persons)

=(30L/s- person)(15 persons) =450 L/s =0.45m 3s

The volume flow rate of fresh air can be expressed as Smoking
Lounge
V=VA=V(aD?/4)
15 smokers

Solving for the diameter D and substituting,

4V |4045m°)s)

=.]— = =0.268
\ v | 7(8ms) N

Therefore, the diameter of the fresh air duct should be at least 26.8 cm if the velocity of air 1s not to exceed
8 m's.



Flow Work




Problem (5-18C)

5-18C  What are the different mechamisms for transferring

energy to or from a control volume?
.,

5-18C Energy can be transferred to or from a control volume as heat, various forms of work, and by mass.

Problem (5-19C)

S=19C  What 1s flow energy? Do fluids at rest possess any

flow energy?
e

5-19C Flow energy o flow work 1s the energy needed to push a fluud mnto or out of a control volume.
Fluds af rest do nof possess any flow energy.



Problem (5-20C)

5-20C How do the energies of a flowing fluid and a flud

at rest compare? Name the specific forms of energy associ-

ated with each case.

Kinetic Kinetic
energy energy energy

Flowin
a° @=Py +u+—+gz

Nonflowing o =y .|. —_— .|.
fluid | 82 fluid
Internal
Internal Potential B Potential
energy energy energy




Problem (5-23C)

5-13 A water pump mcreases water pressure. The flow work required by the pump 15 to be determned.

Assumptions 1 Flow through the pump 15 steady. 2 The state of water at the pump mlet 15 saturated liquid.
3 The specific volume remains constant.

Properties The specific volume of saturated liquid water at 75 kPa 1s

V=V gy 750 =0.001037m’/kg (Table A-5E)

o 350 kPa —
Then the flow work relation gives

Wiy =Pavy —Rup =v(P, - R)

- (0.001037 m kg)(350 - 75)kPa

Water

75 kPa

(g )
1kP3 -l]ljs'

=0.285kJ/kg




Nozzles & Diffusers

E . =E

out

j Vi - V3
m\ h l -+ ml h , 4 2
2 )

)

(since Q = 0, W = 0, and Ape = 0



Problem (5-42C)

Steam enters a nozzle at 400°C and 800 kPa with a
velocity of 10 m/s, and leaves at 300°C and 200 kPa while
losing heat at a rate of 25 kW. For an inlet area of 800 cm?,
determine the velocity and the volume flow rate of the steam

: at the nozzle exit.  Answers: 606 m/s, 2.74 mi/s




Problem (5-42C)

5-42 Heat 15 lost from the steam flowing in a nozzle. The velocity and the volume flow rate at the nozzle
exit are to be determned.

Assumptions 1 This 15 a steady-flow process since there

15 10 change with time. 2 Potential energy change 15
neglgible. 3 There are no work interactions.
400°C  STEAM 300°C

Analysis We take the steam as the system, which 15 a

control volume since mass crosses the boundary. The 800 kPa > 200 kPa
energy balance for this steady-flow system can be 10 m's
expressed i the rate form as 0
Energy balance:
E_-E, = AE_ "= _g
Rate of net energy ransfer  Rate of changein mternal kinetic,
by heat, work, and mass potential, efc. enermes

E.

1n=‘E-:|ut



Problem (5-42C)

E, =E,
w

2 2 '
I V.
by +—— = hy +— +Q*?“t

2 2 ]

2
. V. . . :
m{hz+ 23 ]+th since W = Ape = 0)

;'

The properties of steam at the inlet and exit are (Table A-6)

3 o
B =800kPa v 038429 m'kg T .0 =170.41°C
T, =400°C | jy =3267.7 kl/kg

P, = 200 kP: = 23 m’ _ :
- 3|V =1.31623 m/kg Teat, 2000 =120.21°C
T, =300°C | h, =3072.1kI/kg

The mass flow rate of the steam 1s

, 1 1
m=—Hd = (D 08m”~ }(1()1]1-“5} 2.082kgls
A 0.38429 m°/




Problem (5-42C)

Substituting,

. '. L '.
- : I|I - | FTII - k| r; i - I| - 1 2.5 FT.I|I'|
1‘1 Jw's) 1 — ke = |=3072.1kTke + Vy [ Lidke ~ KIls

32677 klkg + — — | —
s L1000 m~/s- ) 2 L1000m*/s= ) 2.082kg/s

——V; =606 mls

The volume flow rate at the exit of the nozzle 15

Uy = musy = (2.082 kg/s)(1.31623m /kg) = 2.74 m’/s




Compressors




Problem (5-50C)

P, = 10 MPa
T, =450°C
V) = 80 mis

J =

* STEAM

m =12 kg/ls

B 1T

P,=10kPa
x, = 0.92
Vy = 50 mis

(a) the change in kinetic energy, (b) the power output, and
(c) the turbine inlet area. Answers: (a) —1.95 kl/kg, (b} 10.2
MW, (c) 0.00447 m?




Problem (5-50C)

Assumptions 1 This 1s a steady-flow process since there 1s no change with time. 2 Potential energy changes
are negligible. 3 The device 1s adiabatic and thus heat transfer 1s neghgible.

Properties From the steam tables (Tables A-4 through &)

A =10 MPa | v, =0.029782 m’/ke Pr=10 Mpa
) T, =450°C
.Tl =450°C J .;'Il =32424 ]_"[Jl'fkg Fl =20 m/s
and
P, =10kPa
gy (M Ry +xag —19181+0.92x2392.1-2392 5 kilke
.1'2 =\l

Analysis (a) The change i kinetic energy 15 determined from

V-1t (50 ms) - (80 ms)? [ 1klkg |

‘= _1.95kT/ke
1000 m*/s* |

Alre = =
2 2

(b) There 15 only one inlet and one exit. and thus iy =m, = m . We take the

turbine as the system, which 1s a control volume since mass crosses the 2
boundary. The energy balance for this steady-flow system can be expressed

in the rate form as



Problem (5-50C)

R - . ' Al (steady) .
Ep—FBp = AE =0
Rate of net energy transfer  Rate of change in infernal kinetic
by heat, work, and mass {ll:lﬂ'tEl:Iﬂa]__ g-:.eua‘giﬁ ?

mhy + V7 12) =W, +m(hy +V5/2) (since Q = Ape = 0)

2 27
: Vy —F;
= —tit| By =y +——1
2 B J

H';

ot

Then the power output of the turbine 1s determuned by substitution to be
W =—(12 kg/s)(2392.5 3242 4 —1.95)kI/kg = 10.2 MW
(¢} The inlet area of the turbine 15 determined from the mass flow rate relation.

1 ' 12 ke/s)(0.029782 m" /k
=t v, 4 =" (12 kg/s)( m"/kg)

— 0.00447 m"



Throttling Valves

u, + P, = u, + Py,



During a throttling process, the temperature of a
fluid drops from 30 to —20°C. Can this process occur adia-

I batically? YES

Problem (5-62C)

5-64C  Would vou expect the temperature of air to drop as
it undergoes a steady-flow throttling process? Explain.

5-62C No. Because air 15 an deal gas and /i = (T) for 1deal gases. Thus 1fh remams constant, so does the
temperature.

Problem (5-63C)

5—-63C Would you expect the temperature of a ligmd to
change as 1t 1s throttled? Explain.

5-63C If it rematns 1 the liquad phase, no. But of some of the lquid vaportzes durig throttlmg, then yes.



Problem (5-67C)

S—67 Refrigerant-134a at 800 kPa and 25°C 1s throt-
tled to a temperature of —20°C. Determine the
pressure and the internal energy of the refrigerant at the final
state. Answers: 133 kPa, 80.7 kl/kg

5-67 Refrigerant-134a 15 throttled by a valve. The pressure and internal energy after expansion are to be
determined.

Assumptions 1 This 15 a steady-flow process smce there 15 no change with time. 2 Kinetic and potential
energy changes are negligible. 3 Heat transfer to or from the fluid 15 negligible. 4 There are no work

wteractions mvolved.

Properties The mlet enthalpy of R-134a 1s. from the refrigerant tables (Tables A-11 through 13).

B =08MPa
T, = 25°C

}hl =05 =8641 Klkg



Problem (5-67C)

Analysis There 1s only one inlet and one exit, and thus my = m, = m . We take the throttling valve as the

system. which 1s a control volume since mass crosses the boundary. The energy balance for this steady-
flow system can be expressed in the rate form as

Eyp —Eou =AE_ 70 =% _g P,=08MPa
oL T, =25°C
iy = i

by =h
b H R-134a

Sice Q;ﬁ’=ﬁ£;ﬁp€sD_ThEﬂ,

T, =-20°C }hf =2549 klkg, u,=2539klke

— 21884 kl/ke I;=-20°C

(hy=h) |h,=23841klkg u

g

Obwviously ;< hy <h,, thus the refrigerant exists as a saturated muxture at the exit state, and thus
P3 = .Pgatl"a;_zl:l“c' = 132.52 kPa

Also,

_h—hy  86.41-25.49
hg 212.91

X =0.2861

My =Uys + Xyl g =2539+02861x193.45=80.74 kd/kg



Heat Exchanger



Problem (5-80C)

m = 20,000 kg/h
.F' =20 kPa

M., = 20000kg /h

Sat. liquid




Problem (5-80C)

Assumptions 1 This 15 a steady-flow process since there 15 no change with time. 2 Kinetic and potential
energy changes are negligible. 3 There are no work mfteractions. 4 Heat loss from the device to the
surroundings 15 negligible and thus heat transfer from the hot fluid 1s equal to the heat transfer to the cold
fluad. 5 Liquid water 1s an incompressible substance with constant specific heats at room temperature.

Properties The cooling water exists as compressed liquid at both states. and 1ts specific heat at room

temperature 15 ¢ = 4.18 kI/kg-°C (Table A-3). The enthalpies of the steam at the mlet and the exit states are
(Tables A-5 and A-6)

P, =20kPa |
by =hs+x3hg = 25142 +0.95% 2357.5 = 2491.1 kl/kg
=095 |
P, =20kPa
b Uy 2 e g, = 25142 Kfkg
sat. liquid

Analysis We take the heat exchanger as the system. which 15 a control volume. The mass and energy
balances for this steady-flow system can be expressed i the rate form as



Problem (5-80C)

Mass balance (for each fluid stream):

My —M gy = A ° E=E) g

_.-'

My =My

”.?1 =Fi':i'1 =J’}.'.‘|'“. and ??.fl'j =J’1;.‘|'4=?:&1_5

Energy balance (for the heat exchanger):

Eﬁ - ‘E.|1:-1.1t = Es‘#st&mﬁﬂ () =0

-

—

—_— .
Rate of net energy ransfer  Rate of change in internal kinefic,
by heat, work, and mass ;ﬂw ;-:_Eﬂa'gig -

m

myhy + mshy = Wby +myhy (since Q =T = Ake = Ape = 0)
Combining the two.
Moy =iy )=m(hs = hy)
Solving for m,, :

i, =M,ﬁ.s ;&ms
hy — iy e, -1)

Substituting,

_ (2491.1-25142)kJ/kg
(4.18 kI/kg-" €)(10°C)

My

(20.000/3600 ke/s) = 297.7 kgls




Pipe & Ducts



Problem (5-98C)

The components of an electronic system dissi-
pating 180 W are located in a 1.4-m-long hori-
zontal duct whose cross section 15 20 cm X 20 ¢m. The
components 1in the duct are cooled by forced air that enters
the duct at 30°C and 1 atm at a rate of 0.6 m*/min and leaves
at 40°C. Determine the rate of heat transfer from the outer
surfaces of the duct to the ambient. Answer: 63 W

Matural
convection

30°C
0.6 m*/min




Problem (5-98C)

Assumptions 1 Steady operating conditions exist. 2 Air 15 an 1deal gas with constant specific heats at room
temperature. 3 Kinetic and potential energy changes are neghgible

Properties The gas constant of air 1s R = 0.287 kI/kg °C (Table A-1). The specific heat of air at room
temperature 1s ¢, = 1.005 kJ’kg °C (Table A-2).

Analysis The density of air entering the duct and the mass flow rate
are

40°C
P 101.325kPa

RT (0287 kPam’/ke K)(30+273)K
W= pl =(1.165kg/m> )} 0.6 m’ / min) = 0.700 ke/min

We take the channel, excluding the

=1.165kg/m’

o

: electronic components. to be the system, Air

which 1s a control volume. The energy
balance for this steady-flow system can be
expressed in the rate form as

25°C
E_—E. = AE_ TME=N 0 _g

system
Rate of net energy fransfer  Rate of change in internal, kineti
by heat, work, and mass puteunilﬁc EnETZIEs =

E.

m=Em:|r




Problem (5-98C)

O, + iy =mhy (since Ake = Ape = 0)
Oy =mc,(l 1)
Then the rate of heat transfer to the air passing through the duct becomes

Qah = [JJ'rmlEb T:—T )], =(0.700/60kg/s)(1.005kIkg.°C)(40-30)°)C=0117kW =117TW

The rest of the 180 W heat generated must be dissipated through the outer surfaces of the duct by natural
convection and radiation.

0.y = 0oy = Oy =180-117=63 W




Unsteady Flow
Process



Problem (5-127C

5-133 A 03-m’ ngid tank is filled with saturated liqud
water at 200°C. A valve at the bottom of the tank 15 opened,
and hgquid 1s withdrawn from the tank. Heat 1s transferred to
the water such that the temperature in the tank remains con-
stant. Determine the amount of heat that must be transferred
by the time one-half of the total mass has been withdrawn.

E.
HED in

V=03m
T = 200°C
Sat. liquid

i

F




Problem (5-127C

Assumptions 1 This 15 an unsteady process since the conditions within the device are changing during the
process, but 1t can be analyzed as a umform-flow process since the state of fluid leaving the device remains

constant. 2 Kinetic and potential energies are negligible. 3 There are no work interactions mvolved. 4 The
direction of heat transfer 15 to the tank (will be verified).

Properties The properties of water are (Tables A-4 through A-6)
’ 3
I =200°C p*"l =V ramec = 0.001157 m"/kg
sat. iqud | 1 =u famrc = 85046 kl’kg

T =200°C |
ﬂ *h=%@wc

- 852.26 kJ/ke

sat hiqud |




Problem (5-127C

Analysis We take the tank as the system. which 15 a control volume since mass crosses the boundary.

Noting that the microscopic energies of flowing and nonflowing fluids are represented by enthalpy / and
internal energy u, respectively, the mass and energy balances for this uniform-flow system can be

expressed as

Mass balance:  my —mgy =Am o — m, =m—m

Energy balance:

Em -E, = ﬁEmm

"'-Ietmg;.rmfer Ehangemmta'ﬂal,hmu-:
by heat, work, and mass potential_etc. energies

O, =m., +myuy —mmy (since W=ke= pe=

The imitial and the final masses m the tank are

0)

H,0
Sat. liqud
T=200°C

V=03m’
/

-

0




Problem (5-127C

The 1mmiti1al and the final masses in the tank are

03m’
_ - —2594k

0.001157m’ kg )}
my =Lm =1(259.4kg)=129.7 kg

Then from the mass balance,
m,=my; —my =259.4-129.7=129.7 kg
Now we determine the final internal energy,

3
0.3
v, =L 2™ 002313 m’/ke
my 1297kg

. Va—Vy 0.002313-0.001157
: Vg 0.12721-0.001157

T, = 200°C

=0.009171

‘= D_mgm}ug =y + X1 5 =850.46+(0.009171)1743.7) = 866.46 kl/kg

Then the heat transfer during this process 1s determuned from the energy balance by substitution to be

0 =(129.7 kg )852.26 kI/kg )+ (129.7 kg )(866.46 kI’kg )—(259.4 kg 850.46 kl/kg)
=2308 kJ




THE END
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