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Arigid container contains 1.2 kg of Argon (Molar mass
= 40, Cv = 392 JlkgK) at 300 K and 101 kPa.
Another similar tank contains 1 kg of 02 (Molar
mass = 32, Cv = 696 J/kg K) at 400 K, 500 kPa. The
tanks are connected by a pipe with a valve. The
valve is opened and the gases are allowed to mix
until they reach an equilibrium temperature of 360 K.
Determine (a) the volume of each tank (b) final
pressure and (c) the heat interaction. Use ideal gas o
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Solution of the problem in Fig. 1:

My, = 1.2 kg,moz =1 kg’TlAr = 300 K,T102 = 400 K’plAr =101 kPa,ploz =

J J k k
500 kPa, Cy,, =392, Cyp, = 696 =, My, = 40— My, =32 Ty =T, =

Yo, — kg'K

360 K.

Both the gases can be treated as ideal gases. Hence, they follow ideal gas relationship. We are
asked to calculate volume of each tank.

(R T. -
So, Vy, = Marfliyr _ 1 C/rar) 0 = 0.74 m3 = volume of the tank containing Argon

plAT‘ plAT

Similarly, V,, = 0.207 m* = volume of the tank containing Oxygen

After  mixing, My = Mayr + Mo, = 2.2 kg, Vinix = Var + Vo, = 0.947 M3, T, = Ty =
360 K

The mixture is also an ideal gas. Hence, pmixVinix = MmixRmix Tmix-

kJ

Now, R, = —— = R _ R = B ok _ 231.3 2L [Mmix = Usummation(yi/Mi)]
VU Mgy yal T Mar 0z 35,951 - " kgK - Y
i mo

i Mmix Mmix

Therefore, p,,;, = —miximixlmix — 193 4 kPq

Vimix



The work interaction for this process of mixing is 0, i.e., W=0 (there is no shaft work,

electrical work, magnetic work, surface tension work, etc.).

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

potential energy).

Since W:O, Q = AU = mArAuAT + mozAqu = mAerAT(TZ - TlAr) + moz CVOZ (T2 -

Tloz) =1.2%x392 X (360 —300) + 1 x 696 x (360 —400) = 384 ]

Q is positive. Hence, there is a flow of heat into the system (both the tanks considered

together) during the process of mixing and the internal energy increases.





