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Sonntag, Borgnakke and van Wylen

5.45

Two kg water at 120°C with a quality of 25% has its temperature raised 20°C in a
constant volume process as in Fig. P5.45. What are the heat transfer and work in the

process?
Solution:
C.V. Water. This is a control mass p \i]:@]
Energy Eq.:  m(uy —u; ) =1Q;— W,
Process : V = constant
> (W= [PdV=0 TTEN)
State 1: T, x; from Table B.1.1
V1 = Vet xp v =0.00106 +0.25 x 0.8908 = 0.22376 m3/kg
up =upt X ug =503.48 +0.25 x 2025.76 = 1009.92 kl/kg
State 2: Ty, vy = v <vg =0.50885 m3/kg so two-phase
V2-Vp  0.22376 - 0.00108
T v 050777 0438

U =Uup + Xy ufg2 =588.72 + Xo x1961.3 = 1448.84 kJ/kg
From the energy equation
1Qr =m(up —u;) =2 (1448.84 — 1009.92 ) =877.8 kJ

A" cP A cr.
140 C
361.3+ 1 120 T %3'8 4
198.5 T / ~
»V »V
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Sonntag, Borgnakke and van Wylen

A closed cylinder is divided into two rooms by a frictionless piston held in place by a
pin, as shown in Fig. P5.138. Room A has 10 L air at 100 kPa, 30°C, and room B has
300 L saturated water vapor at 30°C. The pin is pulled, releasing the piston, and both
rooms come to equilibrium at 30°C and as the water is compressed it becomes two-

phase. Considering a control mass of the air and water, determine the work done by
the system and the heat transfer to the cylinder.

Solution:
C.V. A + B, control mass of constant total volume.
Energy equation:  mu(uy —uj)s + mp(ugy —ug) = 1Q2 — 1 W2
Process equation: V=C = [W,=0
T=C = (up—uj)p =0 (ideal gas)
The pressure on both sides of the piston must be the same at state 2.
Since two-phase: Py =Py 13,0 at 30°c = Pa2 = Ppp =4.246 kPa
Al LG PAjVa = mARAT =PpoVa2 =Py 0at30°c Va2

100 x 0.01
-V =Wm3 =0.2355 m’

Now the water volume is the rest of the total volume
Vgy=Va1+ Vg1 - Vaz = 0.30 +0.01 - 0.2355 = 0.0745 m>
VBl 03

_ A -3 . B 3
B~ v5, =35 g9 = 9-121x107 kg => vpy =8.166 m’/kg

8.166 = 0.001004 + xp, * (32.89 - 0.001) = xp, = 0.2483
up, = 125.78 + 0.2483 x 2290.8 = 694.5 kl/kg, ug; = 2416.6 ki/kg

1Q, = mp(ug, — ug)) = 9.121x1073(694.5 - 2416.6) = -15.7 kJ




6.28
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Steam at 3 MPa, 400°C enters a turbine with a volume flow rate of 5 m/s. An
extraction of 15% of the inlet mass flow rate exits at 600 kPa, 200°C. The rest
exits the turbine at 20 kPa with a quality of 90%, and a velocity of 20 m/s.
Determine the volume flow rate of the extraction flow and the diameter of the
final exit pipe.

Solution:
Inlet flow : m;=V/v=5/0.09936=5032kg/s  (Table B.1.3)
Extraction flow : rhe =0.15 rhi =7.55kg/s; v=0.35202 m3/kg
Vey = MgV = 7.55 x 0.35202 = 2.658 m*/ s
Exit flow : m=0.85m;=42.77 kg /s

Table B.1.2 v=0.001017 + 0.9 x 7.64835 = 6.8845 m3/kg

m=AV/v= A= (n/4) D? =1 v/V=42.77 x 6.8845/20 = 14.723 m>
=D=433m

Inlet 1 Extraction flow

flow

= Wy
3

Exit flow
LP section

HP
section
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A R-12 heat pump cycle shown in Fig. P6.71 has a R-12 flow rate of 0.05 kg/s
with 4 kW into the compressor. The following data are given

State 1 2 3 4 5 6
P kPa 1250 1230 1200 320 300 290
T°C 120 110 45 0 5
h kJ/kg 260 253 79.7 - 188 191

Calculate the heat transfer from the compressor, the heat transfer from the R-12 in
the condenser and the heat transfer to the R-12 in the evaporator.

Solution:

CV: Compressor

Qcomp = m(hy - he) + Weomp
=0.05(260-191) - 4.0 =-0.55 kW
CV: Condenser

QCOND = Ii’l (h3-h2) =0.05 (797 - 253) =-8.665 kW
CV: Evaporator  hgq = h3 =79.7 kl/kg (from valve)

Opyap = M (hs- hg) = 0.05 (188 - 79.7) = 5.42 kW
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