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Air and N, are contained in an insulated piston cylinder apparatus as
shown in the figure, The thin rigid wall that separates the two
chambers is perfectly thermally conducting. Initially, the air is at
500 kPa and 473 K and N, is at 1500 kPa and they each occupy
0.01 m* The air is now compressed slowly till the pressure of N,
reaches 1580 kPa. Determine the work and heat interaction for the
air and its final temperature. For air and N, pv = 288 T, Cv = 742
Jkg K, where p is in NIm?Z, v is in m¥/kg, and T is in K. Neglect any
internal energy changes in the partition wall
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Figure 1.

Solution of the problem in Fig. 1:
P1air = 500 kPa, Ty gi = 473 K, V1 qir = 0.01 m3
p1n, = 1500 kPa,V; 5, = 0.01 m3

J
=288T,C, =742 —;,

P2y, = 1580 kPa,V,y, = 0.01 m>(as the separating wall is rigid)

Since the separating wall is perfectly conducting, the temperature of air and nitrogen is equal
all the time, Tg; = Ty,. AlSO, Ty iy = Ty, = 473 K.

As the air gets compressed, it gets heated and transfers some amount of heat to nitrogen.

There is no work interaction for nitrogen as the separating wall is rigid.

Using pv =288 T, we can calculate T, y, .



pl,szl,Nz _ pZ,NZVZ,Nz - pl,N2V1,N2 _ pZ,NZVZ,NZ

since m =m
Tl,NZ TZ,N2 Tl,N2 TZ,NZ ( 1’N2 Z,Nz)

Also, Vi n, = Vo,
Therefore, T, y, = 498.2 K =T, 4;r

For nitrogen, the first law is dU = 6§Q — 6W. As the work interaction is zero for nitrogen,
dU = 6Q.

After integration, AU = Q. AU = my, C,AT. Hence, we need the mass of nitrogen.

Now, 282202 — 288 T,y > my, = 011 kg

ml,Nz
For nitrogen, Q = AU = 0.11 X 742 x (498.2 —473) = 2 kJ

Heat interaction for nitrogen is positive as it is receiving heat from air. The heat interaction

for the air is negative of the heat interaction for nitrogen (air is losing heat to nitrogen).
The first law for air in the integrated form is AU = Q — W. We are asked to find out W.

For air, AU = my;,-C,AT. We need the mass of air.

NOW, PrairV1,air = 288 Tl,air N Myir = 0.036 kg

mi,air
Now, AU = m;,C,AT = 0.036 x 742 x (498.2 — 473) = 686 ]
Therefore, forair, W = Q — AU = (—2000]) —686] = —2686]

Work interaction for air is negative as work is being done on the system (air).

Therefore, forair,Q = -2 kJ,W = —2.686 k], T, = 498.2 K
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Air and N, are contained in an insulated piston cylinder apparatus as
shown in the figure, The thin rigid wall that separates the two
chambers is perfectly thermally conducting. Initially, the air is at
500 kPa and 473 K and N, is at 1500 kPa and they each occupy
0.01 m?, The air is now compressed slowly till the pressure of N,
reaches 1580 kPa. Determine the work and heat interaction for the
air and its final temperature. For air and N,, pv = 288 T, Cv = 742
Jikg K, where p is in N/mZ v is in mkg, and T is in K. Neglect any
internal energy changes in the partition wall,
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Air and N, are contained in an insulated piston cylinder apparatus as
shown in the figure, The thin rigid wall that separates the two
chambers is perfectly thermally conducting. Initially, the air is at
500 kPa and 473 K and N, is at 1500 kPa and they each occupy
0.01 m?, The air is now compressed slowly till the pressure of N,
reaches 1580 kPa. Determine the work and heat interaction for the
air and its final temperature. For air and N,, pv = 288 T, Cv = 742
Jikg K, where p is in N/mZ, v is in m¥kg, and T is in K. Neglect any
internal energy changes in the partition wall.
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