5-86

5-109 A cylinder is initially filled with saturated liquid-vapor mixture of R-134a at a specified pressure.
Heat is transferred to the cylinder until the refrigerant vaporizes completely at constant pressure. The initial
volume, the work done, and the total heat transfer are to be determined, and the process is to be shown on a
P-vdiagram.

Assumptions 1 The cylinder is stationary and thus the kinetic and potential energy changes are negligible.
2 The thermal energy stored in the cylinder itself is negligible. 3 The compression or expansion process is
quasi-equilibrium.

Analysis (a) Using property data from R-134a tables (Tables A-11 through A-13), the initial volume of the
refrigerant is determined to be

P, =200kPa | v, =0.0007533, v, =0.099867 m*/kg
x; =0.25 u, =3828,  u, =18621kl/kg

=0.0007533+0.25%(0.099867 — 0.0007533) = 0.02553 m* /kg
uy =u,+xuy, =3828+0.25x186.21=284.83 kl/kg

200 kPa

Y = mo, = (02 kg)0.02553 m*/kg)=0.005106 m®
(b) The work done during this constant pressure process is P

P, =200 kPa }vz = Vy@a00 pa = 0.09987 m*/kg

sat. vapor Uy = Ug@aoo kpa = 224.48 kl/kg
2 1> 2
Wyou = [ PAV = PV, =) = mP(v, ~w))
= (0.2 kg)(200 kPa)(0.09987 — 0.02553)m*/kg % v
1 kPa-m

=297 kJ

(c) We take the contents of the cylinder as the system. This is a closed system since no mass enters or
leaves. The energy balance for this stationary closed system can be expressed as

AE,

Ein - Eout system
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Qin - Wb,out =AU

Qin = m(”Z - ul) + Wb,out

Substituting,
Oin = (0.2 kg)(224.48 - 84.83)kJ/kg +2.97 = 30.9 kJ
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