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by heat. work, and mass potential, elc., energies
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N T e

howad W) e Ol e ) Al !t
E = E dE._. _Jdt (kW)

out } system

Rate of net energy transfer Rate of change in intemnal.
by heat, work, and mass  kinetic, potential, etc., energies
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5.42 A cylinder fitted with a frictionless piston contains
2 kg of superheated refrigerant R-134a vapor at 350
kPa, 100°C. The cylinder is now cooled so that the
R-134aremains at constant pressure until it reaches
a quality of 75%. Calculate the heat transfer in the
process.



Solution:
C.V:iR-134a  my=m =m;

Ein o Eoul = AE

system

: M ! o e P
Net energy transfer Change in internal, Kinetic,
by heat, work, and mass potential, elc., energies

0 0
O — W= AU + AKE + APf

12 Wa=m,-u))

Process: P = const. = IW2 = deV = PAV = P(V2 - Vl) = Pm(vz -v))

\"
.-V -

State 1: Table B.5.2  h, =(490.48 + 489.52)/2 = 490 kl/kg
State 2: Table B.5.1  h, =206.75 + 0.75 x194.57 = 352.7 kJ/kg (350.9 kPa)
IQ2 =m(u,-u,)+ ,wz =m(u,-u)+ Pm(v2 - m(h2 - hl)

1Qy =2 % (352.7 - 490) = -274.6 kJ



EXAMPLE 5.5 A vessel having a volume of 5 m® contains 0.05 m® of saturated liquid water and 4.95 m*
of saturated water vapor at 0.1 MPa. Heat is transferred until the vessel is filled with
saturated vapor. Determine the heat transfer for this process.

Control mass. All the water inside the vessel.

CP.

State 2
saturated
vapor

VAP H,0 2

FIGURE 5.5 Sketch Q Q Q
for Example 5.5. — ! FIGURE 5.6 Diagram

for Example 5.5. vy =V



Ein - Eout — AE

system
Net energ?y transfer Change in internal, kinetic,
by heat, work. and mass potential, etc., energies

0 0 0
Q_M:AU-FA,K/E-FAPE

Solution

The heat transfer will be found from the first law. State 1 is known, so U/; can be calculated.

The specific volume at state 2 is also known (from state 1 and the process). Since state 2

is saturated vapor, state 2 is fixed, as is seen in Fig. 5.6. Therefore, U, can also be found.
The solution proceeds as follows:

i 0.05
. — 47.94K
Ml = =077 = 0.001 043 5
Vg~ 4.95

=2.92kg

Im = =
P v, 16940
Then
U = m liqU1 liq + 1111 vap U1 vap

— 47.94(417.36) + 2.92(2506.1) = 27 326 k]



To determine #» we need to know two thermodynamic properties, since this determines
the final state. The properties we know are the quality, x= 100%, and 3, the final specific
volume, which can readily be determined.

m = my yq + M) vap = 47.94 + 2.92 = 50.86 kg

LV 50
= m " 50.86

In Table B.1.2 we find, by interpolation, that at a pressure of 2.03 MPa, v, = 0.098 31
m®/kg. The final pressure of the steam is therefore 2.03 MPa. Then

= 0.098 31 m®/kg

uy = 2600.5 kJ/kg
U, = mu = 50.86(2600.5) = 132 261 K]
10y = Uy — Uy = 132261 — 27 326 = 104 935 K]
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5.49 Two kilograms of water at 200 kPa with a quality of
23% has its temperature raised 20°C in a constant-
pressure process. What are the heat transfer and
work in the process?
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Take CV astheair. my=m;=m ;

9

Energy Eq.5.11 m(uy —uy)=1Qr, — W

Process Eq.: Pv" = Constant  (polytropic)
From the 1deal gas law and the process equation we can get:

-Nn -1.5
State 2: P,=P;(vy/v{) =4000x10 ~ =126.5kPa

126.5 x 10
4000

T2 =T1 ( P2V2 i Plvl) =(1527 +273) =569.3 K



m mR
From process eq.: Wy = I P dV = Tn (Prvy = Pyvy) = Tn (T, =Ty

_0.1x0.287

15 (569.3 - 1800) = 70.64 kJ

P=Cv-l.5
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