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A piston-cylinder assembly contains a mixture of 1 kg
of H2 (Cv = 10352 JkgK) and 2 kg of N2. The
mixture is compressed in a polytropic process which
follows pVJj.2§=C. The temperature increases from
22 degrees C to 150 degrees C. Calculate heat and
work interaction. The piston-cylinder assembly is
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Figure 1.
Solution of the problem in Fig. 1:

my, = 1kg,my, =2kg,mp;xy =3 kg, T, =22°C=295K,T, =150°C =423 K

The polytropic process follows, pV1? = Constant.

The system here is the mixture of gases inside the piston-cylinder assembly. We assume that the

mixture is an ideal gas.

We know the expression for the work done by the system in a polytropic process.

W = p1Vi—p2V> — MpmixRmix(T1
n—1 n—1

") (for an ideal gas, p,V;, = mRTy, p,V, = mRT,)




We need to find R,y

J

R R R 8314.5 ——— ]
NOwW, R,ix = = = = kmolK  — 1583.7 —
mix M., 1 1 1 kg ka'K
mix /zﬂ /ﬂﬂﬂ /1><1+3><i kmol g
M; My, My, 372 3728
3X1583.7X(295-423
Now, W = ( )= —3x10°]

1.2-1

The work interaction is negative. Work is done on the system.

The first law in the integrated form for a process, AU = Q — W (there are no changes in kinetic

and potential energy of the system). To calculate Q, we need to calculate AU.

AU = mmivamix(TZ —T)
There are different ways to findout ¢, ; C, = % orC, . = 2yCy,.

Since the mixture is made of diatomic gases, y = 1.4 for the mixture. Hence, C, . = Rmix

y—-1
1583.7 — 3959 L
0.4 kg-K
Cy,.. = XYiCy, should give the exact value if we consider sufficient digits after the decimal

point in all the calculations.

Now, AU = mupCp. . (T, — Ty) = 3 X 3959 x (423 — 295) = 1.52 MJ

Vmix
The first law implies Q = AU + W = 1.52 x 10® — 3 x 10® = —1.5 x 10°J.

The heat interaction is also negative. It means heat is leaving the system. However, the change in
internal energy is positive. It means the internal energy of the system increased after the process.
Since, for an ideal gas, internal energy is only a function of temperature, the temperature has also

increased after the process.
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A piston-cylinder assembly contains a mixture of 1 kg
of H2 (Cv = 10352 JIkgK) and 2 kg of N2. The
mixture is compressed in a polytropic process which
follows pVA.2)=C. The temperature increases from
22 degrees C to 150 degrees C. Calculate heat and
work interaction. The piston-cylinder assembly is
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A piston-cylinder assembly contains a mixture of 1 kg
of H2 (Cv = 10352 JIkgK) and 2 kg of N2. The
mixture is compressed in a polytropic process which
follows pVA.2)=C. The temperature increases from
22 degrees C to 150 degrees C. Calculate heat and
work interaction. The piston-cylinder assembly is
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