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Thermodynamics and energetics I: Exercise 4, Solution

The system is closed, therefore m = const. Using ideal gas law:

_pVM

m =396.92 g
RT
V 1.3
Dy = Py <7:> — 1.22 bar
M
7= 2V M s 6s K
mR
With pV'!3 = const
2 2 1.3
dVv mV; _ _
_ _ 1.3 _ 1 0.3 0.3\ __
le—/l pdV =pVi* | 7= g3 VTV = 1877k

2
AUy, = / medT =m [0.6 (T, —Ty) +1.25- 1074 (15 — 17)] = —14.93 kJ
1

Q12 = AUp + Wiy = 3.84 kJ

The system is closed, well insulated (no heat transfer) and the container is rigid (no
work exchanged). Therefore, the internal energy of the system, the mass of the gases
and the total volume are constant.

The variation of the internal energy of the system is equal to the sum of the changes
of the inner energies of its components and equal to zero.

\AOU, = AUVCO + AU’air + Avaaurtition
0
In equilibrium, the temperatures and the pressures in the two chambers are equal.

. ~ ~ g Cy C .
Rearranging ¢, — ¢, = R, ¢, = i and k = =2, we obtain:
Cy

R
Mk —1)

cy =
The previous equation becomes thus:

AUco + AUy = [mcocy,co (T2 — T1,co) + MaicCy air (T2 — T air)] = 0
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Considering M,;, = 29 g/mol and Mco = 28 g/mol

air vairT air v T
T, — MairCy aird 1,2ir T McoCv,co1 1,00 — 41732 K

MairCy air + mco Cv,CO

At equilibrium, the pressure is the same in both chambers (the partition moves until
the pressure forces equalize). The total volume of the system is the sum of both
volumes, and does not change (rigid container):

Mair R air  Mco T co
Mairpl,air MCOpl,CO
mairRT2 + mCORTZ
M5 pa Mcops

Mair | McO
P2 = (—Mair MCO) RT, = 2.39 bar
‘/tot

=3.076 m*

‘/tot = ‘fl,air + ‘/I,CO =

‘/tot = Vv2,air + ‘/2,CO =

Using the ideal gas law, we obtain:

mairéTg mco §T2

Va.air = =1.01 m® and Va0 = =2.07 m?
> Mairp2 and o Mcope .
The system is closed:
Vi M,
T

After the expansion, the volume is doubled: V5 = 2 m?
The pressure in the cylinder is determined by the atmospheric pressure plus the pres-
sure induced by the force of the spring:

V-V
T) = Patm + with z =
p( ) Pat Apiston Apiston
k(Ve — V,
D2 = Patm + —(A22 J = 1.47 bar;
piston

To=120m; 21 =0m

x1 is chosen to be zero as a reference.
The temperature is calculated using the ideal gas law: 75 = 881.25 K

2 T 2
2 k
4! 12 — / pdV = Apiston/ p(l‘)dl’ = Apiston * PatmT2 + % =123.44 kJ
1

1
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T2
Wepring = / —kxdr = ——= = —23.44 kJ
1
The work transferred is negative because the spring receives work from the cylinder.

(d)
Q12 = AUy + Wiy = mey(Ty — Th) + Wiy = 607.04kJ

k(V —V,
4. The p-V diagram is characterized by p(V) = patm + %
piston2
p y N
2
1
v

Air in the tank and cylinder is a closed system. Taking air in both the tank and the
cylinder, the first law of thermodynamics applied for closed systems is:

A[]12 = Q12 - W12
0

The specific internal energy of an ideal gas only depends on the temperature (u = u (7))
and the system composed by cylinder and tank has constant mass. Therefore, AU;5 = 0.
The first law of thermodynamics becomes:

Q12 = W12

The work is given by:

2
Wia = / pdv = Pcyl (‘/Q,Cyl - ‘/l,cyl)
1
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Note: The volume of air in the tank is constant (Viank1 = Viank2 = Viank) and is deleted
(Viank — Viank = 0), so only the volume of gas in the cylinder appears in the formula
although the system is composed by both tank and cylinder.

ml,tankRT;:ank

‘/tank = =0.329 Hl3

MCngl,tank

.. . p2,tank‘/;ank
Mass remaining in tank: mgtank = Mco,—=——

RTlcank
Mass entering the cylinder: Am = my tanx — M2 tank = 1.800 kg, with Mco, = 44 g/mol

mi,cyl + Am) éTcyl
MCOzpcyl

2
W12 = / pdv = Pcyl (VvQ,cyl - VVl,cyl) = 98.63 kJ
1
Q12 = Wip = 98.63 kJ

‘/2,cyl = ( = 0.543 Hl3




