13-33

13-59 The mass fractions of components of a gas mixture are given. This mixture is compressed in a reversible, isothermal,
steady-flow compressor. The work and heat transfer for this compression per unit mass of the mixture are to be determined.

Assumptions All gases will be modeled as ideal gases with constant specific heats.

Properties The molar masses of CH,4, C3Hg, and C4H1g are 16.0, 44.0, and 58.0 kg/kmol, respectively (Table A-1).

Analysis The mole numbers of each component are

Ny = e __60KG 5754 ey
Mcps 16 kg/kmol
Negig = Meas __ 25K0 4 5680 kmol
Mcsng 44 kg/kmol
N _Mearso __ 15K9 _oopasymo
C4HI0 ™ "4 canto D8 kg/kmol

The mole number of the mixture is

N = Ncha + Negng + Nearo
=3.75+0.5682 + 0.2586 = 4.5768 kmol

The apparent molecular weight of the mixture is

_ My 100Kg 59 g5 yarkmol
N, 4.5768 kmol

m

The apparent gas constant of the mixture is

r_ Ry _8.314KkJ/kmol-K

M 21.85 kg/kmol

= 0.3805 k/kg - K

For a reversible, isothermal process, the work input is

w,, =RT In P = (0.3805 kJ/kg - K)(293 K)In (MJ:
P 100 kPa

An energy balance on the control volume gives
E _ Eout _ AE 20 (steady) -0

Rate of net energy transfer
by heat, work, and mass

E, =E
mh, +Wm =mh, +Q'Out
Win _Qout =m(h, —hy)
Win — 0oyt =Cp (T,-T;)=0 since T, =T,
Win = Uout

in system

R e —
Rate of change in internal, kinetic,
potential, etc. energies

out

That is,
Qout = Win =257 kJ/kg

1 MPa

60% CH4)A
25% CsHg
5% C4H10
(by mass)

K

100 kPa
20°C

Gout ‘

257 kd/kg
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