5—16 Refrigerant-134a enters a 28-cm  diameter pipe
steadily at 200 kPa and 20°C with a velocity of 5 m/s. The
refrigerant gains heat as it flows and leaves the pipe at 130
kPa and 40°C. Determine (a) the volume flow rate of the
refrigerant at the inlet, (&) the mass flow rate of the refriger-
ant, and (¢) the velocity and volume flow rate at the exit.

5-16 Refrigerant-134a flows through a pipe. Heat is supplied to R-134a. The volume flow rates of air at
the inlet and exit. the mass flow rate, and the velocity at the exit are to be determined.

Q
R-134a
200 kPa 180 kPa
20°C — > 40°C
5mls

Properties The specific volumes of R-134a at the inlet and exit are (Table A-13)
P, =180kPa
T, = 40°C

B, =200 kPa

vy =0.1374m° kg
T, = 20°C

}ul =0.1142m° kg

Analysis (a) (b) The volume flow rafe at the inlet and the mass flow rate are

aD? 7(0.28 m)°

V=4V = = L (m) = 0.3079m’/s
2 - 2
=ty = Ly L FOM 02 606kgls
vy v, 4 0.1142m’ kg 4

(c) Noting that mass flow rate is constant. the volume flow rate and the velocity at the exit of the pipe are
determined from

V, = nitv, = (2.696kg/s)(0.1374 m’ /kg) = 0.3705 m’/s

¢, 03705m°/s
=2 =220 2 _6.02mis
4. 7(0.28m)

4

5-17 Consider a 300-L storage tank of a solar water heal-
ing system initially filled with warm water at 45°C.
Warm water is withdrawn from the tank through a 2-cm
diameter hose at an average velocity of 0.5 m/s while cold
water enters the tank at 20°C al a rate of 5 L/min. Determine
the amount of water in the tank after a 20-minute period.
Assume the pressure in the tank remains constant at 1 atm.
Answer: 212 kg



5-17 Warm water is withdrawn from a solar water storage tank while cold water enters the tank. The
amount of water in the tank in a 20-minute period is to be determined.

Properties The density of water is taken to be

rorfmd . . - .
1000 kg/m” for both cold and warm water. Cold water
Analysis The initial mass in the tank is first 20°0C  ——
determined from 5 L/min

; ; 300L
my; = pV . =(1000kg/m”)(0.3m)=300kg
1= PV = ( g/m”)( ) g 45°C Warm water

The amount of warm water leaving the tank —— 45°C
during a 20-min period is 0.5m/s

7(0.02 m)?
(74) (0.5m/s)(20x60s) =188.5kg

m, = pA_VAt = (1000 kg/m*)

The amount of cold water entering the tank during a 20-min period is
m; = p{.;{:At = (1000 kg/m*)(0.005 m*/min)(20 min) = 100 kg
The final mass in the tank can be determined from a mass balance as

m; —m, =, — My ——>n, =my +m; —m, =300+100-188.5=211.5kg

5-23 A house is maintained at | atm and 24°C, and
warm air inside a house is forced to leave the house at a rate
of 150 m*h as a result of outdoor air at 5°C infiltrating
into the house through the cracks. Determine the rate of
net energy loss of the house due to mass transfer.  Answer:
0.945 kKW

5-23 Warm air i a house 1s forced to leave by the infiltrating cold outside air at a specified rate. The net
energy loss due to mass transfer 1s to be determuned.

Assumptions 1 The flow of the air into and out of the house through the cracks 15 steady. 2 The kinetic and
potential energies are negligible. 3 Air 1s an ideal gas with constant specific heats at room temperature.
Properties The gas constant of air is R = 0.287 kPa-m’/kg-K (Table A-1). The constant pressure specific
heat of air at room temperature is ¢, = 1.005 kI/kg-°C (Table A-2).

Analysis The density of air at the indoor conditions and 1ts mass flow rate are

o P 101.325kPa
RT  (0.287kPa-m’/kg-K)(24+273)K
i = pV =(1.189 kg/m> )(150 m”/h) = 178.35 kg/h = 0.0495 kg/s
Noting that the total energy of a flowing fluid 1s equal
to its enthalpy when the kinetic and potential energies
are negligible, and that the rate of energy transfer by
mass is equal to the product of the mass flow rate and

-1.189kg/m’

the total energy of the fluid per unit mass. the rates of . .
. : Cold air Warm air

energy transfer by mass into and out of the house by air so¢ 245C

are i

B i =6, =1ith
E s out = 180 = 11
The net energy loss by air infiltration 1s equal to the difference between the outgoing and incoming energy
flow rates. whach 1s
Ay = Enres ot = Eas o = 11y = Iy) = i (T = T})
= (0.0495 kg/s)(1.005 kl/kg - °C)(24 - 5)°C = 0.945 kI/s = 0.945 kW

This quantity represents the rate of energy transfer to the refrigerant in the compressor.
Discussion The rate of energy loss by mfiltration will be less in reality since some air will leave the house

before it 15 fully heated to 24°C.



5-24  Air flows steadily in a pipe at 300 kPa, 77°C, and 25
m/s at a rate of 18 kg/min. Determine (a) the diameter of the
pipe, (k) the rate of flow energy, (c) the rate of energy trans-
port by mass, and (d) also determine the error involved in
part (c) if the kinetic energy is neglected.

5-24 Air flows steadily in a pipe at a specified state. The diameter of the pipe. the rate of flow energy. and
the rate of energy transport by mass are to be determined. Also, the error involved in the determination of
energy transport by mass s to be determined.
Praperties The properties of air are R
=0.287 kI/kg K and ¢, = 1.008

kI'kg K (at 350 K from Table A-2b)

Analysis (a) The diameter 1s determined

300 kPa Air 25 mis
77°C —» 18 kg/min

as follows

RT (0287 kIkeK)(77+273K

v BL_L eR)I7+2T3K) _ 3349 mi ke
P (300kPa)
; 18/60ke/s) (03349 m’ /k

yome _( 2ol m %) _ 5004018 m?
¥ 25mfs
. 2

Do ||ﬂ= ||4(D.004018m ) _0.0715m
1IJ Fid 1li a

(&) The rate of flow energy is determined from
Waow = mPv = (18/60 kg/s)(300 kPa)(0.3349 m°/kg) = 30.14 kW
(¢) The rate of energy transport by mass is

mass

rs
B, = 1+ ko) = i cpnlrfz]
Ty

- (18/60 kg.fs}{(l.ﬂﬂs kg K)(77 + 273K) + %(25 m/s)’ Lklke ﬂ

L1000 m*/s”
=105.94 kW
(d) If we neglect kinetic energy in the calculation of energy transport by mass
E e = ith = e, T = (18/60 kg/s)(1.005 kJ/kg K)(77 + 273K) =105.84 kW

mas!

Therefore, the error involved if neglect the kinetic energy is only 0.09%.



5-30  Air enters an adiabatic nozzle steadily at 300 kPa,
200°C, and 30 m/s and leaves at 100 kPa and 180 m/s. The
inlet area of the nozzle is 80 em?. Determine (@) the mass
flow rate through the nozzle, (F) the exit temperature of the
air, and (¢) the exit area of the nozzle. Answers: (a) 0.5304
kefs, (b} 184.6°C, (c) 38.7 cm?

5-30 Aw 15 accelerated in 2 nozzle from 30 m's to 180 m's. The mass flow rate, the exit temperature, and
the exit area of the nozzle are to be determmined.

Assumprions 1 This 15 a steadv-flow process since there 1 no change with time. 2 Air 15 an 1deal gas with
constant specific heats. 3 Potential energy changes are neghgible. 4 The device i1z adiabatic and thus heat
transfer 15 neghzible. 5§ There are no work mteractons.

Properties The gas constant of air is 0.287 kPam™ kg K (Table A-1). The specific heat of air at the
anticipated average temperature of 450 K is ¢, = 1.02 kJ’kg.°C (Table A-2).

Analysis (a) There i= only one mlet and one exit, and thus my = m, = m. Using the 1deal gas relation, the
specific volume and the mass flow rate of air are determmned to be

3 )
v = RT, _ (0287kPa-m kg K)4TIK) _ 04525 m ke S “'I-...,...
R 300 kPa T, = X0=C ATR P=1M kM
V,=30m's E— Vo= 180m's
A, =80 an’

1 -
m=—AF;, = ———— (0008 m"™ )30 m'z) = 0.5304 kg's
" S ryrer m kg

(5) We take nozzle as the system, which 15 a control volume since mass crosses the boundary. The energy
balance for this steady-flow system can be expressed in the rate form as

-Em_fm - AE AL (smady) =0
Hateof notanargy tmsfar Rt F Changs i imtarmal Kinatic.
Ty hoat, work, and moss 2], o0 emeTEeE
milhy +F2 1 2y =mi(hy +F3i2) (since 0 = W = Ape = 0)
Fi-v N
':'=}l: _.;Il'l'-—l — 0 =§PIM{T: —_T1J+‘TI'
] 180 m's)* —(30mis)? | 1kTkg |
Substitutimg,  0=(1.02 klkg. K)(T, — 2007 )+ o0 2s)” ~ (30 m/s) £ t
- 2 xll:'ﬂﬂ'm'-'s'x
It yields T: = 184.6°C
(¢} The specific volume of air at the nozzle exit 1s
RT, (0.287kPa-m’/kz E)(1846+273K
vy = 2§ a-m kg KX }=1_313m3-"kg
P, 100 kPa
= AV, — 5 05304 kgls= ! A5 (180 m/s) — 4,=0.00387 m* = 38.7 cm®

vy 1313 m kg



P]:]-E[Ikpa\

T,=200°C AlR P =100 kPa
V,=30m/s Vo= 180 mis
Al =80 {'m/

FIGURE P5-30|

£-3% Air is accelerated in 2 nozzle from 120 m's to 380 m's. The exit temperature and pressure of air are to
be determinad.

Assumprions 1 This 15 a steadv-flow process since there 1s no change with tme. 2 Aw 15 an 1deal gas with
wvanable specific heats. 3 Potential energy changes are neghgzible. 4 The device 15 adiabatic and thus heat
transfer 15 neghgible. & There are no work mnterachions.

Preperties The enthalpy of ar at the mlet temperature of 500 K 15 by = 503.02 kI'kg (Table A-17).
Analysis {a) There 15 only one mnlet and one exit, and thus my = ny =m. We take nozzle as the system,
which 15 a control volume since mass crosses the boundaryv. The energy balance for this steady-flow svstem
can be expressed in the rate form as

E:in - 'Eeut = £n11mz{l () =0
Rottn of mat hargy TN Hamg of chamge b intermal Hinstic,
by haat, work, and mavs potantial, sic. smargies
mihy +F7 12y =mihy + Vi2) (since 0= W = Ape=0) /
O hy—hy+22 70 ;F]'
or,
-,,] -_ rl § "E\F —112 ";F i J 1
by =hy — Vi~ _ 503,00 kg — 220 =5 (120 misf {1 U"kf _|=438.02 kIg
2 2 1000 m=~/s~ )

.

Then from Table A-17 we read T:=436.5 K
(b) The exit pressure 15 determined from the conservation of mass relation,

1 1 1
ATy = — A —— 4T, =
vy ey Y RT, /P, °

;_J]Ir‘i
RT, /B,

Thus,
_A4TH B = 2 (4365 K120 m's)
AN, 17 (500 K380 m's)

P, (600 kPa) = 330.8 kPa



5-36  Air at 80 kPa and 127°C enters an adiabatic diffuser
steadily at a rate of 600 kg/h and leaves at 100 kPa. The
velocity of the airstream is decreased from 230 to 30 m/s as it
passes through the diffuser. Find (a) the exit temperature of
the air and (F) the exit area of the diffuser.

£-36 Awr 1= decelerated in a diffuser from 230 m's to 30 m's. The exit temperature of awr and the exit area of
the diffuser are to be determined.

Assumprions 1 This 15 a steadv-flow process since there 15 no change with tme. I Air 15 an 1deal gas with
vanable specific heats. 3 Potential energy changes are neghizible. 4 The device 15 adiabatic and thus heat
transfer 15 neghzible. § There are no work interactions.

Preopernies The gas constant of air 15 0287 kPa.ms-'kg.K (Table A-1). The enthalpv of air at the imnlet
temperature of 400 K 13 by =400.98 kIkg (Table A-17).

Analysis (a) There 1= only one inlet and one exit, and thus my = M = m . We take diffuser as the sy=tem,
which 15 a control volume =since mass crozses the boundary. The energy balance for this steady-flow sy=tem
can be expreszed in the rate form as

'E-':'m - Eent = ﬂ:\:‘hm]{l () =0
by hisatt, wrork, and mass potantial gic. exargies ' AR
. 1 2
E =E_ —
wirlhy +V7 1 2 =mialhy +VF/2) (simce 0= W = Ape =0} \
vi-r :
0=hy —hy +———2
2
ar,
2 2 ;12 i ; yE ™
5 — Y e ! !
by =i ~T2 P _ 400 95 kg — B0 E) —(230 mis) | 1 ke |= 426.98 kTke
2 2 L1000 m*/s” |
From Table A-17, T.=4256 K

(5) The specific volume of air at the diffuser exit 1z
_RT, (0287%Pa m kg K[4256K)
TR (100 kPa)

W =1221m’ kg

From conservation of mass,

=0.0678 m’

1 mu, (60003600 kgiz)l.221 m3.'kg}
A,T, y Ay =—== _
vy - Fs 0 m's



5—41 Nitrogen gas at 60 kPa and 7°C enters an adiabatic
diffuser steadily with a velocity of 2000 m/s and leaves at 85
kPa and 22°C. Determine (a) the exit velocity of the nitrogen
and () the ratio of the inlet to exit area A /A,

5-4]1 Nifrogen 15 decelerated mn a diffuser from 200 m's to a lower velocity. The exit velocity of mifrogen
and the ratio of the mlet-to-exit area are to be determmed.

Assumprions 1 This 15 a steadv-flow process since there 15 no change with ttime. 2 Nitrogen 15 an 1deal gas
with vanable specific heats. 3 Potennal energy changes are negligible. 4 The device 15 adiabatic and thus
heat transfer 15 neghgible. £ There are ne work interactons.

Praperes The molar mass of mtrogen 15 M = 28 kzg'kmol (Table A-1). The enthalpies are (Table A-18)
I=T"C=280K — E =8141 kIlonol
I, =22°C=295K — E: =8580 kJ/lomol

Analysis (a) There 15 only one mlet and one exit. and thus gy =my = m. We take diffuser as the system,
which 15 a control volume since mass crosses the boundary. The energy balance for this steady-flow system
can be expressed in the rate form as

Ein - E-:ut = J‘En'.mnz{l (i) =0
Faiw of et snargy mamslar Ra.tnuf-i;nw:ininhuna],ki.mﬁ.c
by beat, work, and mass potantal, sic. sargies ’
E:in = Eﬂ'ﬂi
mlhy + 72 1 ) =mlhs +F512) (since @ = W = Ape=0) /
R B e S 1 Ny 2
Vi-1" -k PP —
O=hy—m+—2—L -2 1. 2" 1
2 M 2 e —
Substituting,
0o (8580 - 8141) kT kmol . P (200 misF{ 1kTkg ’
28 kg/kmol 2 | 1000 m¥/s”
It yields V;=93.0m/s

(b) The ratio of the imlet to exit area 15 determuned from the conservation of mass relation,
4 V, (RL, /BT,
1 A7 =L_41V1 N AN —L iz
- 5] _'{: ] Vl \ RT} ! P] ), Fl

L]

ar,

#

4
Ay

I, /R |¥, _ (280 K/60 kPaEB‘S.CI m-':::l 0s
T,/P P, (295 K/85kPa 200 m's)

- &



5—44 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/fs, 2.74 m3s

nnec

10 m/s
_______...—-"
‘Q

5-44 Heat 15 lost from the steam flowing in a nozzle. The velocity and the volume flow rate at the nozzle
axit are to be defermined.

Assumprions 1 This 15 a steady-flow process since there 15
no change with tme I Potential energy change 1=
neghgible. 3 There are no work mteractions.
400°C STEAM 300°C

Analysis We take the =team az the system which 15 a 800

L R .
control volume since mass crosses the boundary. The 10 m."sa 200 kPa
energy balance for this steady-flow system can be expressed
in the rate form as Q

Energy balance:
. . . i
E,-E, = AE  J'&=% g
[ — M
Eateof net nergy i Ramof iz intgrnall kinotic,
by st weomke, and mass ial, oir. anETEiEs

E . =E_,

Xl Yy
m|i:1+%|=m

Copy _
h3+TJ +(Q,, since W = Apaz=()
£

.

or hl+£=h:+ﬁ+g;_“’

2 2 i
The propertes of steam at the inlet and exit are (Table A-6)
R =800 kPa |y =0.38429 m*/kg
I =400°C [k =3267.7 kTkg
P, =200 kPa Ju, =1.31623 m¥ ks
5 =300°C  [hy=30721LkTkg

The mass flow rate of the steam 1=

1 ) .
m=— = (008 m )10 m'sy = 2.082 kg's
w ol 038429 ms
Substtuting,
= ! 3 2 [ 3 25kVis
3267 7u0ng + L0 [ KR | 5opy jugne e 2 _ETRE |, DRE
2 L 1000 m=/s= | 2 11000 m=/s~ ) 2.082kg's

—F, =606 m/s
The volume flow rate at the exit of the nozzle 15
V, = rirws = (2082 kg/s)(131623m ke) = 2.7T4 m%ls



549 Steam flows steadily through an adiabatic turbine. The
inlet conditions of the steam are 10 MPa, 450°C, and 80 m/s,
and the exit conditions are 10 kPa, 92 percent quality, and 50
m/s. The mass flow rate of the steam is 12 kg/s. Determine
() the change in kinetic energy, (b) the power output, and
(c) the turbine inlet area. Answers: (a) —1.95 klkg, (b) 10.2
MW, (c) 0.00447 m?

P,=10MPa
T, =450°C
V=80 mis

P,=10kPa
=09
Vy = 50 mis

5-49 Steam expands in a twbine. The change in kinetic energy, the power output, and the turbine inlet area

are to be determmed.

Assumprions 1 This 15 a steady-flow process since there 15 no change with time. 2 Potenhal energy changes

are neghgble. 3 The device 15 adiabatic and thus heat transfer 15 neglipble.
Propernes From the steam tables (Tables A-4 through 6)

B =10MPa | v; =0.029782 m* kg

T,=450°C | b =324244Thke

and
P, =10kPa’
= = = Tx P30T 1= 7 ]
£ =092 }h! hy+xyhg =19181+0.92x 2392 1= 2392 5 kTke

Analysis (a) The change in kiretic energy is determimed from

FE-17  (50mis) —80mis)? [ 1kTke |
ake=l2H _L m's|* —(80 m's) !En ——195kTke
2 2 | 1000 m= /s J
(b) There 15 only one mnlet and one exit, and thus my = m, = m . We take the
turbine as the system which 1= a confrol veolume since mass crosses the
boundary. The energy balance for thiz steady-flow system can be expressed
in the rate form as

Ei:n _-Em = ﬂEs-nhnnﬂ (seady) =0
Bty of ztemergy Tunfr  Rargof dl;mglin imtomal kinatic
Ty bt wrork, and moas potuntial, stc. snargies '
Eih = .Em

mihy +T32 12 =W, +mihy +F72) (since Q= Ape=0)
I - .y
_ pi_pl
W =—m| hy—hy +%
i = K}
Then the power output of the turbine 1= determined by substiution to be
W = —(12 kg/s)(2392.5-3242 41 95)kTkg = 10.2 MW

() The mlet area of the turbine 1= determined from the mass flow rate relation,

i ? kaf 2978 m
=l ap, 4y =T _ (2 kg/s)0.02978) m’ k)
vy 14 B0 m's

B, =10MPa
T, =450°C
F, =80 m's

P.=10kPa
x, =092
F;=50mfs

=0.00447 m?



5-51 Steam enters an adiabatic turbine at 10 MPa and
S00°C and leaves at 10 kPa with a quality of 90 percent.
Neglecting the changes in kinetic and potential energies,
determine the mass flow rate required for a power output of 5
MW. Answer: 4 852 kgis

£-£] Steam expands mn a turbine. The mass flow rate of steam for a power ouwtput of 3 MW 15 fo be
determined.

Assumprions 1 This 13 a steady-flow process since there 15 no change with fime. I Kinetic and potential
energy changes are neglipible. 3 The device 15 adiabatic and thus heat transfer 15 neghgble.

Properaies From the steam tables (Tables A-4 through 6)

R =10 MPa) 1
Ul = 33751 kT

T, = 500°C
B kR b = 1918409023921 = 23447 KTk
= - = . . =X L1 =L . !
=090 |27 hr ¥k : 3

Analysis There 15 only one mmlet and one exit, and thus sy = . = . We take the

turbine as the system, which 1= a control volume since mass croszes the boundary.
The energy balance for this steadv-flow swstem can be expressed in the rate form

as 2
Ei.n _-Em = E:-“hn?m frwad) =0
' [ A ——
tutmmne T
Ep=Eu

mithy = W, +mhy (since 0= Ake = Ape=10)
Wy =—mih, —hy)
Substituting, the required mass flow rate of the steam 15 defermined to be
5000 kT s =-m(2344.7 -3375. ) kI kg—— m = 4,851 kg/'=



5-54  Arpon gas enters an adiabatic turbine steadily at 900
kPa and 450°C with a velocity of 80 m/s and leaves at 150
kPa with a velocity of 150 m/s. The inlet area of the turbine
is 60 cm? If the power output of the turbine is 250 kW,
determine the exit temperature of the argon.

A= 60 cm?
P, =900 kPa
T, =450°C
Va = 80 m/s

= 150kPa
Vy= 150 mls

£-24 Argon gas expands in a turbime. The exit temperature of the argon for a power output of 250 kW 1= to

be determined.

Assumprions 1 This 15 a steady-flow process since there 15 no change with fime. I Potential energy changes

are neglizible. 3 The device 15 adiabatic and thus heat fransfer 15 neghzmble. 4 Argon 15 an ideal gas with

constant specific beats.

Prap#rn#; The gas constant of Ar is B = 0.208] kPam® kg K The constant pressure specific heat of Ar is
=0.5203 kTkg-“C (Table A-2a)

_-lﬂﬂl':.';r's There 15 only one mlet and one exit, and thus my =my =m . The mlet specific volume of argon

and 1ts mass flow rate are

RT, (02081%Pa-m ke K723 K)

p=—=- A = 016Tm kg A =60 e’
el 900 kPa P, =000 kPa
T, = 450°C
Thus, F,=80mis
== 47 = —— (0,006 m? 80 mis) = 2874 ke's
v 0.16Tm " 'kg
/e take the furbine as the system, which 15 a control velume since ARGON &
mass crosses the boundary. The energy balance for thiz steadv-flow 0kW
system can be expressed in the rate form as
Ep—Epe = AE " =0 !}
Rata of net anargy wansfe  Ratg of change & fmtaral ks in intarzal, kingtic, Py =150 kPa
by baat, m and mas puggmr SDECEEG Fi = l;ﬂ mis
E =E,
miy +F2 =W, +iiu(h! + V-?-""} (since O = Ape = 0]
W, = —ml hy— by + 2T Fl |
Substituting,
[ . . 50 m/=)? —(80 m's)? | ke |
250 kVs=—2874 kg/=} (0.53203 klkg." C)(T, —430°C) + (50 mPs) lklkf — |
| 2 1000 m=/f5= |

It yields I,=187.3°C



5-57 Air enters the compressor of a gas-turbine plant at
ambient conditions of 100 kPa and 25°C with a low velocity
and exits at 1 MPa and 347°C with a velocity of Y m/s. The
compressor is cooled at a rate of 1500 kJ'min, and the power
input to the compressor is 250 kW. Determine the mass flow
rate of air through the compressor.

£-87 Air 1z compreszed by a compressor. The masz flow rate of aw through the compressor 1= to be
determined.
Assumprions 1 This 15 a steady-flow process since there 1= no change with fime I Potential energy changes
are neghgible. 3 Auris an 1deal gas with vanable specific heats.
Propernes The mlet and exit enthalpies of aw are (Table A-17)
N=25"C=28EK — hi=hgmmk=2982kTke
L=M7"C=6MEK — by =hg g = 628.07 klkg
Analysis We take the compressor as the system, which 1= a2 confrol
volume since mass crosses the boundary. The energy balance for this
steady-flow system can be expressed in the rate form as

Ei:n _Em = E&\.\‘iﬂnzn (steady) =1
Batoof Satemergy TASSr e o s & S st
E.=E, 1500 kT/min
W, +mlhy +F2 /0 =0_, +mihy +V32) (since Ape = () 1
i .3 77
. Fi-T
Wy — 0o = tit| by —ly 2L J

bt

Substituting, the mass flow rate 15 determuned to be
(90 misf -0 1kIke
T {1000 m?ss?

250kNs - (150060 k]/s) = iuiu|:l|513.ﬂ'? —2982+ J] — m = 0674 kg's



5-61 Carbon dioxide enters an adiabatic compressor at 100
kPa and 300 K at a rate of (.5 kg/s and leaves at 6(M) kPa and
450 K. Neglecting kinetic energy changes, determine (a) the
volume flow rate of the carbon dioxide at the compressor
inlet and (b) the power input to the compressor.

Answers: (3) 0.28 m¥s, (b) 68.8 kW

£-61 CO; 15 compressed by a compressor. The volume flow rate of CO; at the compressor mlet and the
power input to the compressor are to be deternuned.

Assumprions 1 This 15 a steady-flow process since there 15 no change with time. 2 Kinetic and potential
energy changes are nmegligible. 3 Helum 15 an 1deal gas wath vanable specific heats. 4 The device 15
adiabatic and thus heat transfer 15 neghgible.

Properties The gas constant of CO; s R = 0.1889 kPam’kz K. and its molar mass is M = 44 kg/kmel
(Table A-1). The mlet and exit enthalpies of CO are (Table A-20)

L,=300K = &k =9431kI/kmol 2
T,=450K — hy, =15483 kJ/kmol
Analysis (a) There 15 only one mnlet and one exit, and thus my =my =m.
The mnlet specific volume of air and its volume flow rate are .
RT, [0.1889 kPa-m?/kg-K)300 K)
by =—L= ( 2w ke KIS0OK) ;o000 m’ ke
) 100 kPa
V =riv, = (0.5 ke/s)(0.5667 m*kg) = 0.283 m*/s 1

(b)) We take the compressor as the system, which 15 a control velume since mass crosses the boundary. The
energy balance for thus steady-flow system can be expressed in the rate form as
'Eh _Em = 'i'EI]'mal} (e =0
Eatzof netenergy TEGfX g of iz imbarnal kinetic,
Ty beat, work, and mass ial, otr: enscgies

'E.‘i.'n = Eunt
W, +sithy = mhy (since 0= Ake = Ape =)
W = m(hy — hy) = rinhy —hy) M
_ (0.5 ke/s)15.483 - 9,431 Kl kmol)

Substituting W, = 44 g/bmal = 65.3 KW




5-06 Refrigerant-134a is throttled from the saturated liquid
state at 700 kPa to a pressure of 160 kPa. Determine the tem-
perature drop during this process and the final specific volume
of the refrigerant. Answers: 42.3°C, 0.0344 m3kg

Py =T00 kPa
Sat. liquid
—

|
R-134a XH

|

A
Py = 160 kPa

£-66 Fefrigerant-134a is throtfled by a valve. The temperature drop of the refnizerant and specific volume
after expansion are to be determined.

Assumprions 1 This 15 a steady-flow process sinee there 1= no change with fime. 1 Kimnetic and potential
energy changes are neglizible. 3 Heat fransfer to or from the flwd 15 neghzible. 4 There are no work
mteractions mvolved.

Propernes The mlet enthalpy of R-134a 15, from the refrigerant tables r =".,r|;";|.kpa
(Tables A-11 through 13), Sat. liquid

B=07MPa | I,=T,=2663°C |

sat liquid | By =h, =88.82 k]ike

E-134a

Analysis There 15 only one mlet and one exmt, and thus my =ny =m. We 11r
take the throtthng walve as the systemn, which 15 a confrol volume smce
mass crosses the boundary. The energy balance for this steady-flow system
can be expressed in the rate form as P;=160LkPa

ELn_'E.m=ﬂE5}1hmHn[‘w=D = Eg=En - mly=mhy— =0
since &= W = Ake= Ape=0_Then,
B =lﬁ-ﬂkPa_] hy =3121KkIkg, T, =-15.60°C
(ha=h) |k, =24111k)kg

Obviously by <hy <hg, thus the refngerant exists as a saturated mixiure at the exit state and thus Ty =Ty, = -
15.60°C. Then the temperature drop becomes
AT =T, -1, =-15.60- 26,69 =—42.3°C
The quality at this state iz deternuned from
hy—h; §8.82-3121
h g 20950

=0.2745

Iy =

vy =, +xyu g = 0.0007437 +0.2745% (0.12348-0.0007437) = 0.0344 mTkg

5—68 A well-insulated valve is used to throttle steam from 8
MPa and 500°C to 6 MPa. Determine the final temperature of
the steam. Answer: 490.1°C



5-68 Steam 13 throttled by a well-insulated valve. The temperature drop of the steam after the expansion 15
to be determuined.

Assumprions 1 This 15 a steady-flow process =since there 1= no change with time. 2 Kinetic and potential
energy changes are neglizible. 3 Heat fransfer to or from the flmd 15 neglizible. 4 There are no work
interactions mvelved.

Prapernes The mlet enthalpy of steam 15 (Tables A-6),

R=SMPa 3395wk St
T, =500°C } 1=oaeEs KRe T ":":fc
Analysis There is only one inlet and one exit, and thus sy =, =i . We take ._1,

the throtthng valve as the system, which 15 a control volume since mass
crosses the boundary. The energy balance for thus steady-flow system can be
expressed m the rate form as ..l,

Ep-E=0E .7 "% =0 5 B =E, - siby=mhy—> b=k

.0

.. P, =6 MPa
since 3= W = Ake = Ape = Then the exit temperature of steam becomes
Py, =6MP
1T ]T1=4ED.'1°C
(hy=hy) |

5-71 Carbon dioxide gas enters a throttling valve at 5 MPa
and 100°C and leaves at 100 kPa. Determine the temperature
change during this process if CO, is assumed to be (g) an
ideal gas and (P) a real gas.

Co,
5MPa —= 100 kPa
100°C @

5-Tl Carbon dioxide flows through a throtthng valve. The temperature change of C0; 15 to be determined
1f CO4 15 assumed an 1deal gas and a real gas.

Assumprions 1 This 13 a steady-flow process since there 15 no change with fime. I Kinetic and potental
enerzy changes are neghzible. 3 Heat transfer to or from the flmd 15 neghmble. 4 There are no work
interactions imvelved
Analysis There 15 only one mlet and one exit, and thus my =my =m . We take the throttling valve as the
system, which 15 a control velume since mass crosses the boundary. The energy balance for this steady-
flow systemn can be exprezsad in the rate form as

Eom B =AE. 7 %20 5 B =E, - mhy=miby— b=

since QE i?'=dkﬂéi'.pa§ﬂ.

CO,
{a) For an 1deal gas, h = W), and therefore, 5 MPg —— E g ! 100 kPa
100°¢C

Ty=T; =100°C — 3 AT =T, -T: =0°C

{b) We obtain real gas properties of C0; from EES software as follows

B=3MPal, e
T=100°C [ R
P, =100kPa ]

T, = 66.0°C
hy=hy =3477kIkg| °

Mote that EES uses a different reference state from the textbook for CO, properties. The temperzture
difference in this case becomes

AT =T, -T, =100-66.0=34.0°C

That 1z, the temperature of CO, decreazes by 34°C 1o a throttling process if its real gas propertes are used.



5-75 A hot-water stream at 80°C enters a mixing chamber
with a mass flow rate of 0.5 kg/s where it is mixed with a
stream of cold water at 20°C. If it is desired that the mixture
leave the chamber at 42°C, determine the mass flow rate of the
cold-water stream. Assume all the streams are at a pressure of
250 kPa. Answer: 0.865 kg's

H,O

- _ [a]
(P = 250 kPa) T3=42°C

5-75 A hot water stream 1= nuxed with a cold water stream. For a spectfied mixture temperature, the mass
flow rate of cold water 15 to be determined.

Assumprions 1 Steady operatmg conditions exist. 1 The muxmyg chamber 15 well-insulated so that heat loss
to the swroundings 1z meghgible. 3 Changes i the kinetic and potential energies of flmd streams are
negligible. 4 Fluid properties are constant. & There are no work interactions.

Properties Noting that T < Ty g 20 1 = 12741°C, the

water in all three streams exists as a compressed liqud, T' SEF;E . \

which can be approximated az a saturated ligwd at the £ HO

given temperature. Thus, > (P =250kPa)
b = hygeee = 3353.02k1kg Ti=42°C
hy = hrgzee = 83915kIkg E::u»c /_
hs = hpgarc = 17590 klke

Analysis We take the mmxmg chamber as the system, which 15 a control volume. The mass and energy
balances for this steady-flow system can be expressed in the rate form as

Mass balance: sy, — ity = At ™ U = 0 5 iy £y = g

Energy balance:
Ep-E, = A7 0=% =g
Rats of st anargy £ai%r R of chamgs in imvernal kinetic,
by hsat, woek, and mae potantial, stc sneTEies

E =E,
finhy + ninhy = gk (simee O = W = Ake = Ape = 0)
Combining the two relations and solving for ni, gives
sty by + migly = (i <+ ainy g

. In—hy
Ty = ————
1 s — Iy M
Substituting, the mass flow rate of cold water siream 15 determuned to be
71—
Ij_'!-i 02-17590)kIke , "ﬂ 5 kel

M'-
* T [175.90-83.915) kIkg

)= 0.865 ke's

5-76 Liguid water at 300 kPa and 20°C is heated in a
chamber by mixing it with superheated steam at 300 kPa and
300°C. Cold water enters the chamber at a rate of 1.8 kg/s. If
the mixture leaves the mixing chamber at 60°C, determine
the mass flow rate of the superheated steam required.
Answer: 0.107 kgi's



£-T6 Ligmd water 15 heated 1n a chamber by mixing it with superheated steam For a specified mixing
temperature, the mass flow rate of the steam 15 to be determuned.

Assumprions 1 This 15 a steady-flow process since there 1= no change with fime. 2 Kinetic and potential
energy changes are neghgible. 3 There are no work interactions. 4 The device 15 adiabatic and thus heat
transfer 15 neghgible.

Properfies Moting that T < Ty 5 300 ape = 133.52°C, the cold water stream and the mixture exist as a
compressed ligmd, which can be approximated as a saturated howd at the given temperature. Thus, from
steam tables (Tables A-4 through A-6)

fl] = h__r’gzu-[: = §391 H-'-kg

by = hygarc = 25118 kTkg

B =300kP
2 * J hy = 3069.6 kIkg

T, = 200°C

Analysis  We take the miming chamber as the system which 15 a control volume smmce mass crosses the
boundary. The mass and energy balances for this steadv-flow system can be expressed m the rate form as

Mass balance: Mg — Wiy = ﬁni',_.l.,mzn ol =g 5 M = Mgy —» Wi T 10y = g
Enerzy balance:
E -E. = ":"Er:r:m&ﬂ (=) =g
Rate of zat ‘trmnsdar in i gt TI T
o btk Tve o chamgs B el bt oIS
. . HO
E.=E, > (P = 300 kPa)
) R T, = 60°C
ﬂflhl+m:h!—ﬂ13h5 (JMEQ—FF—&E=$PE=D}
N _ _ o T, = 300:C f
Combining the two, myly + mqhy, = {ml +my }53 o
Solving for m,: M:=h1_h3"’1
by =k
Substituting,

_ (83.91-251 18)kJke
(251.18 - 3069 6)kT/kz

sty 1.8 kg's) = 0.107 kg's

5-77 In steam power plants, open feedwater heaters are fre-
quently utilized to heat the feedwater by mixing it with steam
bled off the turbine at some intermediate stage. Consider an
open feedwater heater that operates at a pressure of 1000
kPa. Feedwater at 50°C and 1000 kPa is to be heated with
superheated steam at 200°C and 1000 kPa. In an ideal feed-
water heater, the mixture leaves the heater as saturated liquid
at the feedwater pressure. Determine the ratio of the mass
flow rates of the feedwater and the superheated vapor for this
case. Answer: 3.73

H,0 Sat.
(P=1000 kPa) liquid




5-77 Feedwrater 1z beated 1 a chamber by mixming it with superheated steam. If the mowhure 1= saturated
hguad, the ratio of the mass flow rates of the feedwater and the superheated vapor 1s to be determined.
Assumprions 1 This 15 a steady-flow process since there 1= no change with ttime. 1 Kinetic and potential
energy changes are neglizible. 3 There are no work interactions. 4 The device 1z adiabatic and thus heat
transfer 15 neghgible.

Properdes MNoting that T = Ty g g ape = 179.88°C, the cold water stream and the mixture exist as a
compressed ligmd, which can be approcumated as a saturated hgmd at the given temperature. Thus, from
steam tables (Tables A-4 through A-6)

}I] = ‘J__r @ e = 20934 H."kg'
hg = h)'_ﬁ‘E]MPJ=?l52'Sl H'kg

=1MPa )
? b, =2828 3K0 ks
T, =200°C| °

o

Analysis  We take the mixing chamber as the system which 15 a contrel velume smce mass crosses the
boundary. The mass and energy balances for this steadv-flow svstem can be exprezsed m the rate form as

A (shaady)

Mass balance: My~ Wl = AW T =0 my S, — Wty =g
Enerzy balance:
E —-E = AF 0 (smady) =1
o in out . Tysmm T, = 50=C
o r— e -
SETEEm i - N—
E.=E_, ®=1Mpa)
Sat. liguid

piyhy + Hishy = mghy (zinee O = 7 = Ake = Ape = ()

Combining the twa, vin Iy + wigdry = iy + wing iy
Drvidimg by my yields yhy +hy = {_1-'+1:h|1_1

hy — ks
Solving for y-: y= =

by = by

where v =iy [ miy 15 the desired mass flow rate ratio. Substituting,

_ 76251-28283 _

yEe TR 73
20934 — 762 51



5-79 A stream of refrigerant-134a at 1 MPa and 12°C is
mixed with another stream at | MPa and 60°C. If the mass
flow rate of the cold stream is twice that of the hot one,
determine the temperature and the quality of the exit stream.

£-T9 Two streams of refngerant-134z are mixed in a chamber. If the cold stream enters at twice the rate of
the hot stream. the temmperature and quality (1f saturated) of the exit stream are to be deterrmined.

Assumprions 1 This 15 a steady-flow process since there 15 no change with tme. 1 Einetic and potential
enerzy changes are negligible. 3 There are no work interactions. 4 The device 15 adiabatic and thus heat
transfer 15 neghgible.

Propernes From E-134a tables (Tables A-1] through A-13),

by = hyg e = 68.18k1kg

h: = hgiwpre sre = 29338 klkg
Analysis  We take the mixing chamber as the system, which iz a control velume smce mass crosses the
boundary. The mass and energy balances for this steadv-flow svstem can be expressed m the rate form as

Mass balance: sy, —m, = Am,__ 7" W80 =y g = m_, —smy + 1y = my = I, since my = 2n,

Energy balance:
. . - " T, =12=C
D (smady - .
Ep—E = ":"‘Er_'.'nm:fl =i =0 oy = I,
Fam of mat anargy tramsfar — Rapg of 2 imtarna], kinetic, B-134a
by b, ek, and mzas b e > (®=1MPa)
x

Ein = -Eeut
sihy + sitghy = mighy (since O = 7 = Ake = Ape = 0) L=ere
Combining the two gives gl +sitshy = 3titghy or hy = (20 +hy )/ 3
Substituting,
hs=(2%68.18 + 293.38)/3 = 143.25 kIl'ke
Ar1MPa, hy=107.32 kTkg and b, = 27099 kI’kg. Thus the exit stream is 2 saturated nuxfure since
by < by < hy. Therefore,
Ii=Ta@ i e =3937°C
and
hs —hy _143.25-107.32
hg 16367

=0.220

;=



5-81 Refrigerant-134a at 1 MPa and 90°C is to be cooled
to | MPa and 30°C in a condenser by air. The air enters at
100 kPa and 27°C with a volume flow rate of 600 m*/min
and leaves at 95 kPa and 60°C. Determine the mass flow rate
of the refrigerant. Answer: 100 kg/min

AIR
V5 = 600 m*/min
Py =100 kPa
ln:mw

R-134a

Py =1MPa
T, = 90°C

P,=95kPa
T,=60°C

5-81 Eefngerant-134a 15 to be cooled by air in the condenser. For a specified volume flow rate of aiwr, the
mass flow rate of the refrigerant 1= to be determined.

Assumprions 1 This 15 a steady-flow process since there 15 no change with fime. I Kinetic and potential
energy changes are negligible. 3 There are no work imterachons. 4 Heat loss from the device to the
swrroundings 1= neglgible and thus heat transfer from the hot flud 15 equal to the heat transfer to the cold
flud. & Auris an ideal gas with constant specific heats at room temperature.

Properries The gas constant of air is 0.287 kPam’ kg K (Table A-1). The constant pressure specific heat of
air is g5 = 1.005 kIkg"C (Table A-2). The enthalpies of the R-134a at the inlet and the exit states are
(Tables A-11 through A-13}

B=IMPa] . 64rik
T,=90°C [ T E
P,=1MPa’

I, =30°C }h"' = hf@!-:ﬁ.".‘ =93.58 klkg

Analysis The inlet specific velume and the mass flow rate of air are

AT, (0287kPa-mkz EI300E
p]=—1=( a-m ke K| ]'=|:r.351m’rkg
) 100 kPa

e take the entire heat exchanger as the system, which 15 a control volume. The mass and energy balances
for this steady-flow svstem can be expressed in the rate form as

Mazs balance { for each fluid stream):

Mty = ity = At ™ =) = 03 iy = ity > Hiy = ity = st and iy = g = ity

Energy balance (for the entire heat exchanger):

-Eh_Em = ﬂf;:lmzn (staady) =0
—_— L e
PR — P ‘.
Yy bt wrork, and mass Mmimf]‘m
E.=E.
sy + sl = wighy +vitghy (since 0= = Ake = Ape = )
Combimng the two, e, |:,I|-1 —h J= iy |:|;',3 —hs :I
- = e IL-T)
Solving for my - "';’R=h' h]"'i’.aé p{_ ]Jﬁ'a
by =l hy—hg
Substituting,

(1.005 klkg -*C)(60— 27)°C
e =
# (324.64-93.58) klkg

(696.9 kg/min) =100.0 ke/min



5—83 Refrigerant-134a at 700 kPa, 70°C, and 8 kg/min is
cooled by water in a condenser until it exists as a saturated
liquid at the same pressure. The cooling water enters the con-
denser at 300 kPa and 15°C and leaves at 25°C at the same
pressure. Determine the mass flow rate of the cooling water
required to cool the refrigerant.  Answer: 42.0 kg/min

5-83 Refngerant-134a 15 condensed m a water-cooled condenser. The mass flow rate of the cooling water
requred 1s to be deternuned.

Assumprions 1 This is a steadv-flow process since there 1= no change with tme. I Einetic and potential
enerzy changes are negliztble. 3 There are no work inferactions. 4 Heat loss from the device to the
swroundings 1= neglizible and thus heat transfer from the bot flwd 15 equal to the heat transfer to the cold
fluid.

Propernes The enthalpies of B-134a at the inlet and the exit states are (Tables A-11 through A-13)

= 700 kP
A 2 | hy = 308.33 Kl/kg
L=70°C |

Fy, =700 kPa
sat. hqmd

-

Fhs =Ry g ose, = 88.82 kIkg

Water exists as compressed liqmd at both states, and thus (Table A-4)
Iy = ke = 6298 kIke
h: = H'_r,;&x't: = 10483 k]"]‘ig
Analysis We take the heat exchanger as the syvstem, which 15 a
control volume. The mass and energy balances for this steady-flow
system can be expressed in the rate form as
Mazz balance (for each flmd stream):

A0 (smwaiy) _

Min — Mgy = il‘mf_“m

It}

D—}ﬁlh=ﬁjw—hrﬁl=ﬁg=ﬁfh-andﬁq=ﬂ-q =H-‘Fg

Energy balance (for the heat exchanger):
A (steady)

Fo-Epe = AF pm =0
[ —— -~

Raim of net energy ransfer  Ratecf in inferzal kinetic,

by heat, work, and mass 12l eic. enargiss

En=Em
iy + titghy = ighy +vigh, (since O = I = Ake = Ape = 0)
Combining the two, 1, (hy —hy J=m g (h; —hy)
hy—hy

Selving for ey, - Ty, = T R
A |

Substtuting,
- Vi T
W, = (308.35 - 88 82)kTke (8 kg/min) = 42.0 kg/min
(10483 -62.98)kT ke




5-85 Steam enters the condenser of a steam power plant at
20 kPa and a quality of 95 percent with a mass flow rate of
20,000 kg/h. It is to be cooled by water from a nearby river
by circulating the water through the tubes within the con-
denser. To prevent thermal pollution, the river water is not
allowed to experience a temperature rise above 10°C. If the
steam is to leave the condenser as saturated liquid at 20 kPa,
determine the mass flow rate of the cooling water required.
Answer: 297.7 kgls

my= 20,000 kg/h

P,=20kPa

x,=0.95

Steam
Water
Tl
T, +10°C

P,=20kPa

Sat. hiquid



£-85 Steam 1= condenszed bv cooling water in the condenser of a power plant. If the temperature nze of the
cooling water 15 not to exceed 10°C, the mmimum mass flow rate of the cooling water required 15 to be
determined.

Assumprions 1 Ths 15 a steady-flow process since there 1= no change with time. 2 Einetic and potential
energy changes are neglhizible. 3 There are no work interachons. 4 Heat loss from the device to the
swroundings 1= neglimble and thus heat transfer from the hot fluad 15 equal to the heat transfer to the cold
flmd. & Liquid water 15 an mcompressible substance with constant specific heats at room temperature.
Propernes The coolmg water exists as compressed hiquid at both states, and iz specific heat at room

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

B =20kPa | ] o
095 | hy=hp+x3he =351.42+0.95%3357.5 = 2491 1 kTlkg
x; =095
P, =20kPa’ i
sat ]_|quld } III'_1, = ht'ﬁ.'ll}l']"a =25142 k]'kg

Analysis We take the heat exchanger as the system, which 1z a control volume. The mass and energy
balances for this steady-flow system can be expressed in the rate form as

Mazs balance (for each fimd stream):
Tty — Tty = At 7RI = 0y i = g — iy = iy = aiv,, and wing = vty = i,

Energy balance (for the heat exchanger):

- _F - AT Al (vmady) =
i Mo~ =0 o Steam
h_mn:mmhmsﬁa“ Batoof chn :.:n.bﬂmal_hmh.r_ 20 kPa
- - & —f—
L —
rinhy +mghy = wighy +ghy (since O =T =fkez Apez0) | ————3)
-
N N . -. 4
Combining the twa, sty [y =y ) = s, (g =g ) ———————
——
hy -1 by —1
Solving for i, - e B S B S C 3 —-—
by —hy c, (I -T;) —U Water
Substituting, '
_(2491.1-251 42)kT kg

(20,000/3600 kg/s) =297.7 ke/s
{4.18 kIkg-° C)(10°C)



5-86 Steam is to be condensed in the condenser of a steam
power plant at a temperature of 50°C with cooling water

Steam
s0°C

Cooling
water

| -—
18°C

27°C

b soec

from a nearby lake, which enters the tubes of the condenser
at 18°C at a rate of 101 kg/s and leaves at 27°C. Determine
the rate of condensation of the steam in the condenser.
Answer: 1.60 kg's

£-86 Steam 15 condensed by cooling water in the condenser of a power plant. The rate of condensation of
steam 15 to be determaned.

Assumprions 1 Steady operating conditions exist. 2 The heat exchanger 15 well-insulated so that heat loss
to the surroundmgs 1= neghgble and thus heat transfer from the hot flmd 15 equal to the heat transfer to the
cold flmd. 3 Changes in the kinetic and potential energies of flud streams are peghizible. 4 Flud properties
are constant.

Praperties The heat of vaporization of water at 50°C is by, = 2382.0 kTkg and specific heat of cold water
15 cp =418 klkg.*C (Tables A-3 and A-4).

Analysis We take the cold water tubes as the system, which +
15 a control volume. The energy balance for this steady- Steam
flow system can be expressed in the rate form as ,] S0°C 1700
E.-E, = AE_ T0Gm® _g ( -
Boate of mat ‘transfar i et \r_
o e T of S el Ko —
E_=E_ :‘_: )
- - - . &% =
O +mhy =mh, (since Ake = Ape = () ( s lﬂ-f_:

Oy = e, (T, -T) | Water
Then the heat transfer rate to the cooling water mn the condenser becomes 1
. S0°C
o= [nhGF'I:Tm - Tm}]mﬁngm

= (101kg/s)(4.18 kIkg °C)(27°C — 18°C)

=3B00kT's
The rate of conden=ation of steam 1= determmed to ba
: . . o 3B00KNs
g':{“hﬂjmm_’“m:;:——lﬁﬂ kg_.;



588 A heat exchanger is to heat water (¢, = 4.18 kl/kg -
“C) from 25 to 60°C at a rate of 0.2 kg/s. The heating is to be
accomplished by geothermal water (c, = 4.31 kl/kg - °C)
available at 140°C at a mass flow rate of 0.3 kg/s. Determine
the rate of heat transfer in the heat exchanger and the exit
temperature of geothermal water.

£-88 Water 15 heated in a heat exchanger by geothermal water. The rate of heat transfer to the water and the
ex1t temperature of the geothermal water 15 to be determined.

Assumprions 1 Steady operating conditions exist. 2 The heat exchanger 15 well-insulated so that heat loss
to the sumroundmgs 1s neghgible and thus heat transfer from the hot flwd 15 equal to the beat ransfer to the
cold flmd. 3 Changes m the kinetic and potential energies of flud streams are neghgible. 4 Flud properties
are constant.

Propernes The specific heats of water and geothermal fhud are given to be 4.18 and 431 kTkgz"°C,
respectively.

Analysis We take the cold water tubes as the system, which 15 a control volume.

G
The energy balance for this steady-flow system can be expressed in the rate form
as
- _ T - AF AQ (mady) - Brme
ELH'E_"“% AE e 0 140°C
Fam of et enargy temfer  Bate of changs o imvermal, Kinetic, — - ——
by hisatt, wrock, and maas mim
E.=E,
: . . . Water
O +mby = mhy, (ance Ake = Ape = () 3500

Qﬁ = ﬂ:'ﬂrﬂ-: =1)
Then the rate of heat transfer to the cold water mn the heat exchanger becomes
0= (e (T — Tin Mty = (0-2kg/s}(4.18 kTkg “C)(60°C - 25°C) = 19.26 kW
Noting that heat transfer to the cold water 15 equal to the heat loss from the geothermal wrater, the outlat
temperature of the geothermal water 15 determmed from
o] 2926 LW

0 = [ (T = T lguotamss— Tous = Tog = = 140°C - =1174°C

e, (03kz/=}4 31Kk °C)

589 A heat exchanger is to cool ethylene glycol (¢, =
256 kl/kg - °C) flowing at a rate of 2 kg/s from 80°C to
40°C by water (c, = 4.18 kl/kg - °C) that enters at 20°C and
leaves at 55°C. Determine (a) the rate of heat transfer and (F)
the mass flow rate of water.



5-89 Ethvlene glveol 15 cooled by water in a heat exchanger. The rate of heat transfer in the heat exchanger
and the mass flow rate of water are to be deternuned.

Assumprions 1 Steady operating condifions exist. 1 The heat exchanger is well-insulated so that heat loss
to the surroundmngs 1= neghgible and thus beat transfer from the hot flud 15 equal to the heat transfer to the
cold fluid 3 Changes m the kinetic and potential energies of fluid streams are neghzible. 4 Flnd properties
are constant.

Propernes The specific heats of water and ethylene glyeol are given to be 4.18 and 256 kNkg °C,
respectively.

Analysis (a) We take the ethyvlene glveol mbes as the system, which 1z a confrol

volume. The energy balance for this steady-flow system can be expressed m the rate

form as

Ep—En = AEE =0 Cold Water +
Ramof et anargy THSSE Ra of champs i ivemmal kingtic e
by hsat, woek, and mass potantial st smergiés
. . Hot Glycal
Eiu. = E:lﬂ — - — -
by = O, +sithy (since Ake = Ape = 0) e s
Qe = it (T, — ) !

Then the rate of heat transfer becomes
0 =lne , (T, =T M ggyen = (2 kg/s)(2.56 kT ke “CH(B0°C —40°C) = 204.8 kW
(b)) The rate of heat transfer from glycol must be equal to the rate of heat transfer to the water. Then,

a _ 204.8kT/s
e —Ty)  (4.18k1/kz "C)55°C —20°C)

0 = [rie , (Toy = T M rater —— Mlognses = =1.4kgis

5-92 Cold water (c, = 4.18 kl/kg - °C) leading to a shower
enters a thin-walled double-pipe counter-flow heat exchanger
at 15°C at a rate of 0.60 kg/s and is heated to 45°C by hot
water (o, = 4.19 klfkg - °C) that enters at 100°C at a rate of
3 kgfs. Determine the rate of heat transfer in the heat
exchanger and the exit temperature of the hot water.



£-91 Cold water 15 heated by hot water in a beat exchanger. The rate of heat transfer and the et
temperature of hot water are to be determuned.

Assumprions 1 Steady operating condiions exist. 1 The heat exchanger 15 well-insulated so that heat loss
to the surroundmgs 1= neghgible and thus heat ransfer from the hot fiwmd 1= equal to the beat transfer to the
cold flmd. 3 Changes in the kinetic and potental energies of flmd streams are neghgzble. 4 Fhud
properties are constant.

Propernes The specific heats of cold and hot water are given to be 4.18 and 4.19 kIkz.°C, respectively.

Analysis We take the cold water tubes as the system, which
1z a control volume The energy balance for thus steady-

flow system can be expressed in the rate form as Cold *
Eiu. _ -Em - i'-E“-mm (steady) =0 Water
— i 15°C
Ram of zat s far i et ¢
h-]rhmt.wmm'-'- Rmﬂmiu..mma]_.km. Haot water -
E =E, 100°C
. i . . 3kg's
Q. +mhy =mh, (zince Ake = Ape =0}
Qh=ﬁ¢F(T: -1 *

Then the rate of heat transfer to the cold water m this heat exchanger becomes
0= [m.:F(Tm =L ctgmare = (060 kg =4 18 kT ke "CH45°C -15°C) = T5.24 kW
MWotmg that heat gain by the cold water 15 equal to the heat loss by the hot water, the outlet temperature of
the hot water 15 determmed to be
o 75.24EW

= =100"C - - =94,0°C
mep (Gkels¥4.19kIkg °C)

0= [#iie o (Tin — T Moot vt = Tome = T —

5-94 A well-insulated shell-and-tube heat exchanger is
used to heat water (c, = 4.18 kl/kg - °C) in the tubes from
20 to TOC at a rate of 4.5 kg/s. Heat is supplied by hot oil
(e, = 2.30 kl/kg - °C) that enters the shell side at 170°C at a
rate of 10 kg/s. Determine the rate of heat transfer in the heat
exchanger and the exit temperature of oil.

5-94 Water 15 heated by kot o1l in a heat exchanger. The rate of heat transfer in the beat exchanger and the
outlet temperature of ol are to be deternuned.

Assumprions 1 Steady operating condiions exist. 2 The heat exchanger 15 well-insulated so that heat loss
to the surroundmgs 1= neghgible and thus beat transfer from the hot flud 15 equal to the heat transfer to the
cold flmd 3} Changes in the kinehc and potenhal energies of flud streams are neglimible. 4 Flmd
properties are constant.

Prapernes The specific heats of water and cul are ziven to be 4.18 and 2.3 kI'kz."C, respectively.

Analysis We take the cold water tubes as the system which 15

a control volume. The energy balance for thiz steady-flow ?,J‘lw
system can be expressed in the rate form as a] lt_:r ks
El» - 'Eo-'ni = ":"E:\'man (stmady) =0— 'Eh = Eﬂ-‘ﬂt |

L — N - F] '-'I:I‘IC-..-—
Rt of net anargy sl Rarg of changsin intemal kimatic,

- hoat ok and . ) —,':Il.
e ok s posearil et ssargies Water Er:E;r

O, +mily = mhy (since Ake = Ape =)

20°C —-— -
Qm = ,,;,.fp L -1;) 435kgs LJ
Then the rate of heat transfer to the cold water m this heat exchanger becomes +

0 = [ p (T — T eae = (4.5 kg/=)(4. 18 KTk *C)(70°C — 20°C) = 9405 kW

Notmg that heat gain by the water 15 equal to the heat loss by the oul, the outlet temperature of the hot water
15 determuned from
— ' 540 SEW
o= [mcF(Tm -Tolag— T, =T, - _Q =170°C

e, T (0kz/=)(2 3kT/kz "C)

=129.1°C




596  An air-conditioning system involves the mixing of cold
air and warm outdoor air before the mixture is routed to the
conditioned room in steady operation. Cold air enters the mix-
ing chamber at 5°C and 105 kPa at a rate of 1.25 m¥s while
warm air enters at 34°C and 105 kPa. The air leaves the room
at 24°C. The ratio of the mass flow rates of the hot to cold air
streams is 1.6, Using variable specific heats, determine (a) the
mixture temperature at the inlet of the room and (b) the rate of
heat gain of the room.

Cold air
5°C

—= Room —1— 24°%C

‘Warm air
MrC

5-96 Two streams of cold and warm air are mixed mm a chamber. If the ratio of hot to cold awr 15 1.6, the

mixhue temperature and the rate of heat gamn of the room are to be determined.

Assumprions 1 This 15 a steady-flow process =zince there 15 no change with fime. I EKinetic and potential
enerzy changes are negligtble. 3 There are no work interactions. 4 The device 15 adiabatic and thus heat

- Foom

Ll

transfer 15 neghzible.
Propernies The gas constant of ar 1s ':_':"Id
R = 0287 kPam kg E. The enthalpias a:r S
of air are obtained from air table (Table = < — ]
A-1Tyas
ki =hgme =278.13 klkg Warm
h: = h & 307K = 30723 H-'-kg air '.__f..-"""-.-_—
Buom = h g 20 =297.18 kTkg 34°C

Analysis (a) We take the mixang chamber as the system, which 1= a control volume smmee mass crosses the
boundary. The mass and energy balances for this steadv-flow system can be expressed m the rate form as

Wass balance:
iy — Ty = Al ) = (3 Higy = ity — i + 16y = sty = 26y since 1y =1 6y
Enerzy balance:
E,-E,_ = &Emm"} sadil  _
Fatg of natsnargy afid  Ragof i inbarmal, kinstic.
by baat, work, and mas potamtiog o anargims
E:in = Em

sihy + Wighy = vighy  (sinee O = T = Ake = Ape = 0)

Combining the two gives  myhy +1.6myhy = 26myhy or hy =k +1.6h,)/ 26
Substituting,

hy=(278.13 +1.6x 30723026 =296.04 kTkg
From air table at this enthalpy, the muxture temperature 1s

I =T gh-meoaung =295.9 K =129°C
{b) The mass flow rates are determined as follows
R, (D387 LkPa. mikeg KN5+273E)

P 105 kPa

i = W_ 13 mf‘j.-'s 1645 kels
v 07399 m kg

ey = 2 6my = 2601645 kg's) = 4277 kg/'s
The rate of heat gam of the room 15 determined from

=0.7599m’ ks

M=

0. = tity (o — i) = (4.277 kg/s)(297.18 - 296.04) K kg = 4.88 kW



S-98 A desktop computer is to be cooled by a fan. The
electronic components of the computer consume 60 W of
power under full-load conditions. The computer is to operate
in environments at temperatures up to 45°C and at elevations
up to 3400 m where the average atmospheric pressure is
66.63 kPa. The exit temperature of air is not to exceed 60°C
to meet the reliability requirements. Also, the average veloc-
ity of air is not to exceed 110 m/min at the exit of the com-
puter case where the fan is installed to keep the noise level
down. Determine the flow rate of the fan that needs to be
installed and the diameter of the casing of the fan.

£-98 A desktop computer 15 to be cooled safely by a fan m hot emironments and hagh elevations. The air
flowr rate of the fan and the diameter of the casing are to be determmed

Assumprons 1 Steady operation under worst conditions 1= cormdered. 2 Aw 15 an 1dezal zas with constant
specific heats. 3 Kinetic and potential enerzy changes are neglizible.

FProperties The specific heat of air at the average temperature of I, = (436002 =315°C=3155K15 e,
= 10065 kI'kg °C. The gas constant for air s B =0.287 klkz K (Table A-2).

Analysis The fan selected mwust be zhle to meet the cooling requrements of the computer at worst
conditions. Therefore we assume ar to enter the computer at 66.63 kPa and 45°C, and leave at 60°C.

We tzke the air space in the computer as the system whech = a control volume The enerzy
balance for ths steadw-flow systemn can be expressed m the rate form 2=
E-'m _E{'u.l: = ":"EP:MZU R =0

Fusof netenergy TS  pueof change in intemal, ki,
by heat, work, and mass poleanal, Sic energics

E =E,
O, +1ivh, =nith, (since Ake = Ape = ()
g, =mic,(T,-T)

Then the required mazs flow rate of air to absorb heat at 2 rate of 60 W =
determaned to be

R 60W

oM —T,)  (1006.51kz C)(60-45)°C
=0.00397 kg/s = 0.238 kg/min

The density of air entering the fan at the ecat and its volume flow rate are

_P_ 66.63kPa

T RT (0287 kPam’ kg K)(60+ 273K

0 =1ie, (T, ~T,)

o =0.6972kg/m’

For an average exat velocity of 110 mmun, the diameter of the casng of the fan 1= determmned from

o F—=D= |'E= [(4)(0.341 m® fmin)

—0.063m=6.3
3 V& ~ | #(10m/mn) mERsem

V=AF=



5-101 A sealed electronic box is to be cooled by tap water
flowing through the channels on two of its sides. It is speci-
fied that the temperature rise of the water not exceed 4°C. The
power dissipation of the box is 2 kW, which is removed
entirely by water. If the box operates 24 hours a day, 365 days
a year, determine the mass flow rate of water flowing through
the box and the amount of cooling water used per year.

5-101 A sealed electronic box is to be cooled by tap water flowing through channels on two of its sides.
The mass flow rate of water and the amount of water used per year are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Entire heat generated is dissipated by water. 3 Water is
an incompressible substance with constant specific heats at room temperature. 4 Kinetic and potential
energy changes are negligible.

Properties The specific heat of water at room temperature is i Water l
cp=4.18 kI/kg.°C (Table A-3). Lnlet
Analysis We take the water channels on the sides to be the system. 1 1
which is a control volume. The energy balance for this steady-tflow
system can be expressed in the rate form as
S F _ - A0 (steady) _
jEin Eou[ - AEE}'EIEIII ) =0 Electronic
— =
Rate of net energy transfef  Rate of change in internal, kinetic, box
by heat, work, and mass potential, etc. energies 2 kW
Ei.n = Eout
Qm +mly = mh, (since Ake = Ape = 0)
N Water
On = 1ic, (T, = 1) -
Then the mass flow rate of tap water flowing through the electronic box becomes I 2 l
: 0 2k/s

O =1c,AT e =0.1196 kg/s

¢, AT (4.18KJ/kg.°C)(4°C)

Therefore, 0.1196 kg of water is needed per second to cool this electronic box. Then the amount of cooling
water used per year becomes
m=mAr=(0.1196 kg/s)(365 days/yr = 24 h/day »x 3600 s/h) = 3.772.000 kg/yr = 3,772 tons/yr

5105 The components of an electronic system dissi-

pating 180 W are located in a 1.4-m-long hori-
zontal duct whose cross section is 20 cm = 20 cm. The
components in 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
40°C
25°C

==y 180w
v 2
=== I.4m

30°C
0.6 m¥min L




5-105 [dlso solved by EES on enclosed CD] The components of an electronic device located in a horizontal
duct of rectangular cross section are cooled by forced air. The heat transfer from the outer surfaces of the
duct 1s to be determuned.

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

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

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

are
P 101.325kPa
p=——= : -1.165kg/m’
RT (0287 kPam’ ke K)(30+273)K
i = pV = (1.165 kg/m” )(0.6 m® / min) = 0.700 kg/min
We take the channel, excluding the electronic components, to be the AT

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

- L
— %—a
Fate of net ensrgy transfar Rate of change in infermal kefic,
by heat, work, and mass potential et energies Air
E -E 30°C
: . . . 0.6 mi.-'mjg/
Q. +mhy =i, (since Ake = Ape = 0)

Oy =me, (I, )
Then the rate of heat transfer to the air passing through the duct becomes
0, =[1ie (T — T,y = (0.700/60 kg/s)(1.005 kT/kg °C)(40 —30)°C = 0.117kW = 117 W

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

Qmmnal =Qmial _themal =180-117=63 W

51100 Hot water at 90°C enters a 15-m section of a cast
iron pipe whose inner diameter is 4 cm at an average velocity
of 0.8 m/s. The outer surface of the pipe is exposed to the
cold air at 10°C in a basement. If water leaves the basement
at 88°C, determine the rate of heat loss from the water.



5-110 Hot water enters a pipe whose outer surface 1s exposed to cold air i a basement. The rate of heat
loss from the water 15 to be determined.

Assumptions 1 Steady flow conditions exist. 2 Water 1s an mcompressible substance with constant specific
heats. 3 The changes in kinetic and potential energies are negligible.

Properties The properties of water at the average temperature of (90+88)/2 = 89°C are p =965 lig-"nzl3 and
cp=4.21 kI/kg °C (Table A-3).
Analysis The mass flow rate of water is

2
= pd V = (gﬁgkg;mS}w

(0.8m's)=0970kg/s

We take the section of the pipe in the basement to be the system. which is a control volume The energy
balance for this steady-flow system can be expressed in the rate form as

: . AD (steady)

Ein —Egu = AEen =0 Q
e —_— 4
Fate of netenergy tansfer  Rlate of chanse in infernal kinetic, 1 2
by heat, work, and mass potential etc.ensrmies
. . Water
Ep=Egy
ly . . B ~ 00°C 83°C
mhy = O, + My (since Ake = Ape = 0) 0.8 m/s

Quut =My (I —T3)
Then the rate of heat transfer from the hot water to the surrounding air becomes
Ot = 1€ 5[ Ty, — To by = (0.970kg/s)(4.21kT/kg °C)(90 —88)°C = 8.17 kW



5-112 A 5-m X 6-m * §-m room is to be heated by an
electric resistance heater placed in a short duct in the room.
Initially, the room is at 15°C, and the local atmospheric pres-
sure is 98 kPa. The room is losing heat steadily to the outside
at a rate of 200 kI/min. A 200-W fan circulates the air
steadily through the duct and the electric heater at an average

mass flow rate of 30 kg/min. The duct can be assumed to be
adiabatic, and there is no air leaking in or out of the room. If
it takes 15 min for the room air to reach an average tempera-
ture of 25°C, find (a) the power rating of the electric heater
and (k) the temperature rise that the air experiences each time

it passes through the heater.

£-111 A room 15 to be beated by an electnie resistance heater placed in a duct m the room. The power rating
of the electnc heater and the temperature nise of amr as 1t passes through the keater are o be determimed.

Assumprions 1 Steady operating conditions exist. 2 Air is an ideal gas with constant specific heats at room
temperatare. 3 Einetic and potential energy changes are neglizible. 4 The heating duct 15 adiabatic, and

thus heat transfer through it 15 peglizible. 5 No awr leaks in and out of the room.

Preopersies The gas constant of aw 1= 0.287 kPa..mE."kg.K {Table A-1). The specific heats of awr at room

temperature are ¢, = 1.005 and ¢,=0.718 kTkg K (Table A-2).
Analysis (a) The total mass of air in the room 1=
V=5x6x8m’ =240m’
BV (98 kP2 )(240 m™)
m=—1_=

=2846Lkz
RT, (0287 kPa-m’/kz K)}288K)

e first take the emfive room as our system, which 15 a closed system
since no mass leaks in or out. The power rating of the electric heater 1=
determined by applying the conservation of energy relation to this
constant volume clozed svstem:

E.-E, = AFE —
ITEES, CmmEmme
Wom t W — O, =AU (since AKE = APE =0}
-"!"r[]'frq,:in + Ffln.‘ln - chm .h= Mﬂu.m‘glzri - IEI:I
Solvmg for the electncal work mwput grves

Woin = Ot ~ Wamin + M, (T, — 1)/ A

200 El'min

5x6x% m’

]

= (200/60 kT/s) — (0.2 kl/s) + (284.6 kg}(0.718 Klke " C)(25—15)°C/(15% 60 <)

= &40 EW

(b) We now take the heafing duct as the system, which 15 a control volume since mass crosses the
boundary. There is only one mlet and one exit. and thus my =m,; =m. The energy balance for this

adiabatic steadv-flow svstem can be expressed 1n the rate form as
'Em- _ E.M = AE MGy} _ g

wyhum
Rateof tranafar e —
b}'hﬂ?ﬂmﬂll B.rhufmdnmmﬁi il.mmﬂl.ur!in?nmr.
Erl = EM
Wyin + Wi n +1ithy = rithy (since 0 = Ake = Ape = 0)
Woin + Mo = iy = ) = mive (T =)

Thus,
_Fain+Fomm _ (5.40+0.2) kJis

.:'.I = T: _Tl =
e, (50/60 kg/sN1.005 kIke - K)

=67°C



5-113 A house has an electric heating system that consists
of a 300-W fan and an electric resistance heating element
placed in a duct. Air flows steadily through the duct at a rate
of 0.6 kg/s and experiences a temperature rise of 7°C. The
rate of heat loss from the air in the duct is estimated to be
300 W. Determine the power rating of the electric resistance
heating element. Answer: 4.22 kW

5£-113 A house 15 heated by an electric resistance heater placed mn a duct. The power rating of the elecine
heater 15 to be deternuned.
Assumprions 1 This is a steady-flow process since there 15 no change with tme. 2 Air 15 an 1deal gas with
constant specific heats at room temperature. 3 Kinetic and potential energy chanpes are neghgible.
FPraperries The constant pressure specific heat of air at room temperature is ¢ = 1.005 kIkg K (Table A-2)
Analysis We take the heating duwcr as the system, which 15 a2 control volume since mass crosses the
boundary. There 15 only one mlet and one exit, and thus my =my = m . The energy balance for this steady-
flow system can be expressed o the rate form as
'E-h:l. - Ecrni = Enmzﬂ (stsady) =0
Fate of nat anergy monadar Ra.uo\fd:.;nwhimnmal.kimﬁ.c
by hsat, work, and mass potantal st smargisn
E =E_
B+ W +1ithy = O +mby (smee Ake = Ape=0)

Woin* Weomin = Qo + 1y — Iy} = Oy +1ite, (T, - Ty)
Substituting, the power ratng of the heating element 1= determined to be
H:",'h = {;‘m + ﬂ"fcpﬁf - H:'m = (03 kFs)+ (0.6 kg/sW1.005 kXke - “CHTC)—03 kW =412 EW

5—114 A hair dryer is basically a duct 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. Air
enters a 1200-W hair dryer at 100 kPa and 22°C and leaves at
47°C. The cross-sectional area of the hair dryer at the exit is
60 cm?. Neglecting the power consumed by the fan and the
heat losses through the walls of the hair dryer, determine
{a) the volume flow rate of air at the inlet and () the velocity
of the air at the exit. Answers: (3) 0.0404 m3s, (b) 7.31 m's

T,=47°C P, = 100kPa

A, =60 cm? M T,=22°C
I
A

W= 1200 W




£-114 A hawr drver consumes 1200 W of electric power when munming. The mlet volume flow rate and the
exit velocity of air are to be determimed.

Assumprions 1 This 15 a steadv-flow process since there 15 no change with time. 2 Air 15 an 1deal gas with
constant specific beats at room temperature. 3 Kmetic and potential energy changes are neghable. 4 The
power consumed by the fan and the heat losses are negligible.

Properties The gas constant of air is 0.287 kPam* kg K (Table A-1). The constant pressure specific beat of
am at room temperature is ¢ = 1.005 kJkz K (Table A-2)

Analysis We take the hair drver as the system which is a control volume since mass crosses the boundary.
There 15 only one mlet and one ext, and thus my = m; = m . The energy balance for this steady-flow swstem
can be expressed in the rate form as

E, -E. = ﬂE._m"” (eady) — _

Ras of oot strgy onsfie  Rang of changes internal, kinatic
by beat, work. 2nd o potntial ot amgior

E =E_

#'nin+:|ﬁh1=iiuh: {since Qm15ﬂkeé Ape = 0)
Woia = mly —hy) = e, (Ty - T;) W.=1200W
Substtuting, the mass and velume flow rates of air are determmined to be
w,; 1.2klis
= = 0.04776 kg's

" L-T) [L.005Kke Cl47-22FC
o L (0.287 kP2 -mj."kg-\K:[lE*S K) _osugr ke
k) {100 xPa)
V) = tivy = (0.04776 ke/s 10,8467 m ke = 0.0404 m? s
(5) The exit velocity of aw 15 determuned from the mass balance m =mn =m to be
RT, (0.287kPa-m’/kg-K)(320K)

vy =—>= =09184 m ks
P, (100 kPa)
1 v, (004776 ke/s)(0.9184 m¥ Kk
=gy — sy =z = }E_1 4 ke 531 s
v A G0=10" m"

5-119 Steam enters a long, horizontal pipe with an inlet
diameter of D)} = 12 cm at 1 MPa and 300°C with a velocity
of 2 m/s. Farther downstream, the conditions are 800 kPa and
250°C, and the diameter is D, = 10 cm. Determine (a) the
mass flow rate of the steam and (5) the rate of heat transfer.
Answers: (g) 0.0877 kgls, (b) B.87 klis



£-119 Steam pipes pass through an unheated area, and the temperature of steam drops as a result of heat
loszes. The mass flow rate of steam and the rate of heat loss from are to be determuned.

Assumprions 1 This 15 a steady-flow process since there 15 no change with ttime. 1 EKmetic and potential
energy changes are neglhigble. 4 There are no work mteractions mvolved.
Preperies From the steam tables (Table A-6),

R=1MPa |\, =0.25799 m’ kg

T,=300°C | By =3051.6klke 1 MP STEAM  S00KPa
. —_— .
P, =800kPa’ 300°C \ -
hy = 2950.4 kT'kg N
n=250C | p

Analysis (a) The mass flow rate of steam 15 determuned divectly from
m=— AT, = ;3

vl 025799 m kg

(b) We take the sream pipe as the svstem, which 15 a2 control vohume sinee mass crosses the boundary.
There is cnly one inlet and one exit, and thus #; = m, =m. The energy balance for this steady-flow system

can be expresszed in the rate form as

[:r(ﬂ.c:ﬁ m l:z w's )= 0.0877 kgls

Eg-E, = AE U= g
imTEm T
Ey=FEou
mhy =0 __+mhy (since " = Ake = Ape = 0))
Oy = mlly —hy)

Substtutng, the rate of heat loss 15 determined to be

0., = (0.0877 kg/=)(3051 6 -2950.4) k1kg = B.BT kdis



5-127 A 2-m° rigid tank initially contains air at 100 kPa and
22°C. The tank is connected to a supply line through a valve.
Air is flowing in the supply line at 600 kPa and 22°C. The
valve is opened, and air is allowed to enter the tank until the
pressure in the tank reaches the line pressure, at which point
the valve is closed. A thermometer placed in the tank indicates
that the air temperature at the final state is 77°C. Determine
(@) the mass of air that has entered the tank and (&) the amount
of heat transfer. Answers: (a) 9.58 kg, (b) @, = 339 k)

P, =600 kPa
T Tr=1°¢C -
%ﬁ
|
/
V=2nr
[
P =100 kPa »




5-117 A ngid tank mitally contams air at atmosphenc conditions. The tank 1= connected to a supply hne,
and air 15 allowed to enter the tank until mechanical equilibrium 15 established. The mass of air that entered
and the amount of heat transfer are to be determuned.

Assumprions 1 This 1s an unsteady process since the condifions within the device are changing during the
process, but it can be analyzed as a umform-flow process since the state of flud at the mlet remams
constant. 1 Aw 15 an ideal zas with vanable specific beats. 3 Emetic and potential energies are neglizible. 4
There are ne work inferactions invelved. § The direction of heat transfer is to the tank (will be venified).
Properties The gas constant of air is 0.287 kPam’ kg K (Table A-1). The properties of air are (Table 4-17)

I =205EK — h,=29517 klkg

L=25EK — uw =21049klkg

IL,=350 K — u, =250.02 kI'kg
Analysis (a) We take the tank as the system, which 15 a confrol volume since mass crosses the boundary.
Motmmg that the oucroscopic energies of flowing and nonflowing flmds are represented by enthalpy h and
internal energy u, respectively, the mass and energy balances for this uniform-flow system can be
expressed as

Mazs balance: Bl = My = A pn — My =My~
Energy balance: ‘{-Ein —E . = LY A
Irg.'-h:.r_w E‘mﬂll mm
o +mhb, = mou, —myuy (simece Wzke= pe=0)
The mitial and the final masses mn the tank are

_Av _ {100 kPa)(2 m*) 2367 ke
YURT, (0287 kPa-mkz-K)(295 E) , P=600kR:
5 3 T,=23°C
m, =2V _ (600 kp;’j(‘ m ) =11946 kg
° RT, (0287 kPa.m’fke E)350 K) ! o
Then from the mass balance, V=1m' ﬂq
m, = my —my =11946—2.362 = 9.584 ke P'Tjg‘;fga

(b)) The heat transfer during this process 15 determined from
O, = —myh, +mau, — mty
= —(9.584 kz)295.17 kI kg)+ (11.946 kzN250.02 kI kg ) (2.362 kg [210.49 kT ke
=-339k] = @, =339KkJ

Discussion The negative sign for heat transfer indicates that the assumed direction is wrong. Therefore, we
reversad the direction



5-130 A wvertical piston—cylinder device initially contains
0.01 m* of steam at 200°C. The mass of the frictionless pis-
ton is such that it maintains a constant pressure of 500 kPa
inside. Wow steam at | MPa and 350°C is allowed to enter
the cylinder from a supply line until the volume inside dou-
bles. Neglecting any heat transfer that may have taken place
during the process, determine (@) the final temperature of the
steam in the cylinder and (&) the amount of mass that has
entered.  Answers: (8) 261.7°C, () 0.0176 kg

5130 A cylinder mitially comtains superheated steam The cylinder is comnected to a supply line, and is
superheated steam is allowed to enter the cylinder untl the volume doubles at constant pressure. The final
temperanare in the cylinder and the mass of the steam that entered are to be determined.

Assumprrons 1 This is an unsteady process since the condidons within the device are changing dunng the
process, but it can be analyzed as a unmiform-flow process since the state of flmd at the inlet remains
constant I The expansion process is gquasi-equilibriom 3 Einetc and potentizl energies are neglizible. 3
There are no work inferactions involved other than boundary work. 4 The device is insulated and thus heat
amsfer iz negligible.

Properties The properiies of steam are (Tables A-4 throngh A-6)
F, =500kPa ] vy = 042503 m* kg

T =200°C | wy=26433KTke
F-IMPa . serwn T l;’gg

Amnalysiz (g) We take the cylinder as the system, which is a confrol volume since mass crosses the
boundary. Noting that the microscopic ensrgies of flowing and nonflowing fluids are represemted by
enthalpy & and internal energy w, respectively, the mass and energy balances for this uniform-flow system
can be expressed as

Mass balance: My — Mg =AM, L — =M —
Energy balance: E -E, = AE e
Wl cnrgy bl Clamge in inemal, kincic,

by heat, wonk aed mams polensial en: energics
mly =T, L ma, — iy (since O e ke s po o 0)

Bt

Combining the two relations gives 0 = FF, |my —m,jlhl + Mgy, — Ml

Gl

The boundary work done during this process is

1kPa-m®

L]

Wy = j: Pdt =PV, —14 ) - (500 kPa )(0.02-0.00jm? L] -5k

The initial and the final masces in the cylinder are

3
m=d B0 g gaske
v 042503 mikg
¢ 02m’
My o-—-—————
T vy
'
Substimting, 0= 5—| 02 00235 }(3153.1)+ o —(00235)26433)
\ U: I.-":

Then by trial and error (or using EES program), T.=261.7°C and w=04858 m'kz
(%) The final mass in the cylinder is
v, 0.02 m?
My = tm . 0.0412 kg
v, 04858m°kg

Then, my=m,-m, =0.0412-0.0235 = 0.0176 ke



