TERMODINAMIK CALISMA SORULARI
KISILMA VANALARI

5-62 Adyabatik bir kilcal boru sogutma sisteminde sogutucu akiskanin basincini
yogusturucu seviyesinden buharlastirici seviyesini dislirmek icin kullanilmaktadir.
R134a kilcal boruya doymus buhar olarak -20 °C' de girmektedir.Sogutucu akiskanin
buharlastirici 6ncesi kurulugunu belirleyiniz.

5-63 Islak buhar olarak adlandirilan suyun doymus sivi-buhar karisimi 2000 kPa basing
olan buhar hattindan 100 kPa basin¢ ve 120 °C' ye kisilmaktadir. Buhar hattindaki kuruluk
nedir ? ¢éziim: 0.957

5-65 Su buhari iyice yalitilmis bir vanayla sirekli akista 8 MPa basing ve 350 °C
sicakliktan, 2 MPa basinca kisilmaktadir.Su buharinin ¢ikis sicakhigini hesaplayiniz.
¢6ziim: 285 °C

KARISIM ODALARI VE ISI DEGISTIRICILERI

5-71 Sabit hacimli bir karisim odasinda bir akiskanin sicak ve soguk akimlari
karismaktadir. Sicak akiskan karisim odasina 5 kg/s ile ve 150 kj/kg eneriji ile
girmektedir.Soguk akiskan 15 kg/s ile girmekte ve 50 kj/kg enerji tasimaktadir.Karisma
odasina cevreden 5.5 kW isi transferi gerceklesmektedir.Karisim odasi stirekli akis
sartlarinda calismakta zamanla kiitle ve enerji kaybi ve kazanci olmamaktadir.Akiskan
vasitasiyla karisim odasindan tasinan enerjiyi birim kitle icin hesaplayiniz.

5-72 0,5 kg/s debisinde ve 80 °C sicaklikta sicak su ile 20 °C sicaklikta soguk su , stirekli
akish bir karisma odasinda karistirilmaktadir.Cikan akisin 42 °C sicaklikta olmasi
isteniyorsa, soguk su akisinin kitle debisi ne olmahdir? Her Ug¢ akisin da 250 kPa basingta
olduklarini kabul ediniz. ¢c6ziim: 0.865 kg/s

5-76 20000 kg/saat debisindeki su buhari, bir gi¢ santralinin yogusturucusuna 20 kPa
basing ve ylzde 95 kuruluk derecesi ile girmektedir. Yogusturucuda, borularin icinden
akan nehir suyuna isi gecisi olmaktadir.Isil kirlenmeyi 6nlemek i¢in nehir suyunun sicaklik
artisi 10°C ile sinirlanmistir.Suyun yogusturucu cikisindaki hali, 20 kPa basin¢ta doymus
sivi olduguna gore, sogutma suyunun debisi ne olmalidir? ¢éziim: 297.7kg/s

5-81 Hava (cp = 1,005 kj/kg.°C ) capraz- akisli bir isi degistiricisinde firina girmeden 6nce
sicak egzoz gazlari ile 6n i1sitmaya tabi tutulmaktadir. Hava is1 degistiricisinde 95 kPa
basing 20°C sicaklik ve 0,8 m3/s debi ile girmektedirYanma gazlari (cp = 1,10 kj/kg.°C)
160 °C sicakhk 0,9 kg/s debi girmekte ve 95 °C sicaklikta ¢tkmaktadir. Havaya olan 1si gegisini ve
havanin dis ortam sicakligini hesaplayiniz.



5-86 100 kPa basinc ve 30 °C sicaklikta 5 m3/s hacimsel debisindeki havayi 8°C sicaklikta
su kullanarak 100 kPa basing ve 18 °C sicakliga diislirmek icin sogutulmus su i1si degisim
Unitesi tasarlanmistir.Suyun kitlesel debisi 2kg/s oldugunda maksimum su ¢ikis
sicakhgini hesaplayiniz. ¢éziim: 16.3°C



5-44
Throttling Valves

5-62C The temperature of a fluid can increase, decrease, or remain the same during a throttling process. Therefore, this
claim is valid since no thermodynamic laws are violated.

5-63C No. Because air is an ideal gas and /4 = i(7) for ideal gases. Thus if h remains constant, so does the temperature.

5-64C If it remains in the liquid phase, no. But if some of the liquid vaporizes during throttling, then yes.

5-65C Yes.

5-66 Refrigerant-134a is throttled by a capillary tube. The quality of the refrigerant at the exit is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 Heat transfer to or from the fluid is negligible. 4 There are no work interactions involved.
Analysis There is only one inlet and one exit, and thus 1 = m1, = m . We take the throttling valve as the system, which is a

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

E- _E . ZAE . 20 (steady) =0
m oul system

Ein = Eout SOOC .

. . Sat. liquid

mhy = mh, a

hy = hy
] . J| R-134a
since Q=W =Ake=Ape=0.
The inlet enthalpy of R-134a is, from the refrigerant tables (Table A-11), o
-20°C

T, =50°C

by =h, =123.49kI/k
sat. liquid} 1A s

The exit quality is

0.460

T, =-20°C } . hy—hy 123.49-2549
, = - -

hy =h hy 21291
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5-67 Steam is throttled from a specified pressure to a specified state. The quality at the inlet is to be determined.

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

Analysis There is only one inlet and one exit, and thus m; = m, = m . We take the throttling valve as the system, which is a

control volume since mass crosses the boundary. The energy balance for this steady-flow system can be expressed in the

rate form as

E- _E = AE 20 (steady) =0
in ou

system
Ein = Eout
mhy = mh, Steam
hy = h, 2 MPa

Since Q=W =Ake=Ape=0.
The enthalpy of steam at the exit is (Table A-6),

P, =100kPa

hy =2716.1kJ/kg
T, =120°C

The quality of the steam at the inlet is (Table A-5)
P, =2000 kPa

Throttling valve

100 kPa
120°C

— X

hy=h;  2716.1-908.47

hy = hy = 2716.1kJ/kg } T,

A 1889.8

=0.957
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5-47
5-69 Steam is throttled by a well-insulated valve. The temperature drop of the steam after the expansion is to be determined.

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

Properties The inlet enthalpy of steam is (Tables A-6),

P -8 MP P,=8MPa
= a °
! h, =2988.1kl/kg Ty =350°C
T, =350°C q
Analysis There is only one inlet and one exit, and thus 7y =1, = . We take the
throttling valve as the system, which is a control volume since mass crosses the ':‘ H,O
boundary. The energy balance for this steady-flow system can be expressed in the
rate form as
O
: : : 70 (stead
Ein - Eout = AEsystem (steady) 0 P, = 2 MPa
Ein = Eout
mhy = mh,
hy =h,

since Q =W = Ake = Ape = 0 . Then the exit temperature of steam becomes

P, =2MPa

T, =285°C
(hzzhl) } ?
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5-50

Mixing Chambers and Heat Exchangers

5-72C Under the conditions of no heat and work interactions between the mixing chamber and the surrounding medium.

5-73C Under the conditions of no heat and work interactions between the heat exchanger and the surrounding medium.

5-74C Yes, if the mixing chamber is losing heat to the surrounding medium.

5-75 Hot and cold streams of a fluid are mixed in a mixing chamber. Heat is lost from the chamber. The energy carried
from the mixing chamber is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 There are no work and heat interactions.

Analysis We take the mixing device as the system, which is a control volume. The energy balance for this steady-flow
system can be expressed in the rate form as

AR _ - 70 (steady) _

Ein Eout - AEsystem =0 Cold stream Q

— -
Rate of net energy transfer  Rate of change in internal, kinetic, 15 ke/s

! . g
by heat, work, and mass potential, etc. energies 50 kJ /kg
E in = E out \ @
myey +nye, =msey + Qgy }—s

@

From a mass balance
Hot stream -7

my =my +m, =5+15=20kg/s 5 kg/s
o . . 150 kJ/kg
Substituting into the energy balance equation solving for the
exit enthalpy gives
mye, + nye, =He; + Q

out

ey ey — 0o (5kg/s)(150 ki/kg + (15 kg/s)(50 kI/kg) — 5.5 kW

ey = =74.7kJ/kg
nily 20 kg/s
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5-76 A hot water stream is mixed with a cold water stream. For a specified mixture temperature, the mass flow rate of cold

water is to be determined.

Assumptions 1 Steady operating conditions exist. 2 The mixing chamber is well-insulated so that heat loss to the
surroundings is negligible. 3 Changes in the kinetic and potential energies of fluid streams are negligible. 4 Fluid properties

are constant. 5 There are no work interactions.

Properties Noting that T < T @ 250 kpa = 127.41°C, the water in all three
streams exists as a compressed liquid, which can be approximated as a
saturated liquid at the given temperature. Thus,

hy = hf@gooc = 335.02 kJ/kg
hy = hrgaoec = 83.915kl/kg
h3 = hf@42°c = 175.90 kJ/kg

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

Mass balance:

; ; A 20 (steady) _ . L
My — Moy = AWlsystem =0 > my +my =y

Energy balance:

. . _ 2 J0 (steady) _
Ein - Eout - AEsystem =0
e
Rate of netenergy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
E in = E out

riyhy + 1iyhy = mshy (since O = W = Ake = Ape = 0)
Combining the two relations and solving for m, gives
sighy + rivyhy = (1 + 1y g

h—h
_m—hy
my =——m

hy = hy
Substituting, the mass flow rate of cold water stream is determined to be

o (335.02-175.90) kl/kg
> (175.90 —83.915) kl/kg

(0.5 kg/s)=0.865 kg/s

T, =80°C
m; = 0.5 kg/s

H,0
(P = 250 kPa)
T; = 42°C

T,=20°C /
ny
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5-56

5-81 Steam is condensed by cooling water in the condenser of a power plant. If the temperature rise of the cooling water is
not to exceed 10°C, the minimum mass flow rate of the cooling water required is to be determined.

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

Properties The cooling water exists as compressed liquid at both states, and its specific heat at room temperature is ¢ = 4.18
kJ/kg-°C (Table A-3). The enthalpies of the steam at the inlet and the exit states are (Tables A-5 and A-6)

P, =20 kPa
hy = hy +xshy = 25142 +0.95% 2357.5 = 2491.1 kl/kg
X3 = 0.95 .
etz = 251.42 kI/k
sat. liquid 4 = Mp@oo kpa = 221 g

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

Mass balance (for each fluid stream):

. . AL 210 (steady) _
My, — My, = Am =0

system Steam
.

. 20 kPa
in = Mout

. . . . . . S —
iy =ty =i, and iy =i = iy :)

Energy balance (for the heat exchanger):

- . _ - 20 (steady) _
E in E, out - AEsystem =0
S —_—
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies C 3 ———
E; in = E out u Water

tihy + tighy = finhy + 1inghy (since Q = W = Ake = Ape = 0)
Combining the two, ‘
’hw(hz _hl): mg (h3 _h4)

Solving for m,, :

h,—h h,—h
mw: : - m\ : . m\
hy —hy cp(TZ_Tl)

I

Substituting,

_(2491.1-251.42)kl/kg
(4.18 kJ/kg-* C)(10°C)

(20,000/3600 kg/s) = 297.7 kgls
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5-61

5-86 Air is preheated by hot exhaust gases in a cross-flow heat exchanger. The rate of heat transfer and the outlet
temperature of the air are to be determined.

Assumptions 1 Steady operating conditions exist. 2 The heat exchanger is well-insulated so that heat loss to the
surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the cold fluid. 3 Changes
in the kinetic and potential energies of fluid streams are negligible. 4 Fluid properties are constant.

Properties The specific heats of air and combustion gases are given to be 1.005 and 1.10 kJ/kg.°C, respectively.

Analysis We take the exhaust pipes as the system, which is a control volume. The energy balance for this steady-flow
system can be expressed in the rate form as

E, -E,, = AE Y 0 E =

system out

[ —
Rate of net energy transfer  Rate of change in internal, kinetic,

by heat, work, and mass potential, etc. energies
b, = O, +mh, (since Ake = Ape = 0)
: . Air |
Qout = mcp(]i - T2) 95 kPa %
20°C Cb
Then the rate of heat transfer from the exhaust gases 3 %
b 0.6 m’/s Q} %
ecomes | Q)
Q = [mcp (Tm - Tout )]gas _—_ %\‘ ®\
=(0.95 kg/s)(1.1kJ/kg.°C)(160°C — 95°C) N o
=67.93 kW Exhaust gases

0.95 kg/s, 95°C
The mass flow rate of air is

. PV (95 kPa)(0.6 m>/s)
RT  (0.287 kPa.m’/kg.K) x 293 K

=0.6778 kg/s

Noting that heat loss by the exhaust gases is equal to the heat gain by the air, the outlet temperature of the air becomes

+ —.Q =20°C + 67.93 kW =120°C
me, (0.6778 kg/s)(1.005 kJ/kg.°C)

T

c,in

Q:mcp (Tc,out _Tc,in)—>T

cout —
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5-66

5-91 A chilled-water heat-exchange unit is designed to cool air by water. The maximum water outlet temperature is to be
determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 There are no work interactions. 4 Heat loss from the device to the surroundings is negligible and thus heat
transfer from the hot fluid is equal to the heat transfer to the cold fluid. 5 Air is an ideal gas with constant specific heats at
room temperature.

Properties The gas constant of air is 0.287 kPa.m’/kg.K (Table A-1). The constant pressure specific heat of air at room
temperature is ¢, = 1.005 kJ/kg-°C (Table A-2a). The specific heat of water is 4.18 kJ/kg-K (Table A-3).

Analysis The water temperature at the heat exchanger exit will be maximum when all the heat released by the air is picked
up by the water. First, the inlet specific volume and the mass flow rate of air are

_ RT, (0.287 kPa-m’/kg-K)(303K)
P, 100 kPa
v 3

Y zsm—j —5.750 kg/s

v, 0.8696m>/kg

=0.8696 m> /kg

1
a

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

Mass balance ( for each fluid stream):

20 (steady)

Miy —Moy = AWlsystem =0—> Miy =Moy => My =Mz =m, andmZ =my =m,

Energy balance (for the entire heat exchanger):

Ein _ Eout _ AE A0 (steady) =0

system

%/—J
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies

Ein = Eout
tihy +tiyhy = titshy +1itghy  (since Q=W = Ake = Ape = 0)
Combining the two,
i, (hy —hy) =i, (hy —hy)

macp,a (Tl _T3):mwcp,w(T4 _TZ)

Solving for the exit temperature of water,

myCpa(h=T3) goc 4 (3750 ke/s)(1.005 ki/kg -°C)(30-18)°C

C s (2 kg/s)(4.18 kl/kg-°C)

T, =T, + ~16.3°C
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