COE_58

Two well-insulated, rigid tanks filled with carbon monoxide (CO) gas are connected by a valve. In tank A, 1 kg of gas
is stored at 100 kPa (abs) and 300 K. In tank B, 5 kg of gas are stored at 500 kPa (abs) and 870 K. The valve is
opened, and the contents of the two tanks are allowed to mix until equilibrium is attained.

Assuming ideal gas behavior for the carbon monoxide, determine:
a. the volume of each tank, in m3,
b. the final temperature, in K, and
c. the final pressure, in kPa (abs).
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SOLUTION:
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The tank volumes may be found using the Ideal Gas Law,

pV =mRT => V = ’”TRT (1)
Using the given data along with,
Mg, = 12.011 % 4;]16.00 % = 28.011 %, (2)
_ Ru _ 83 mom _ kJ
R,p = — = —tmolk — (2968 3
€0 ™ Mco ~ 28011 k:fol kg.K’ (3)

ma=1Kkg, Ta1 =300 K, pa1 = 100 kPa (abs) => |Va=0.890 m3,
ms =5 kg, Te1 = 870K, pe1 = 500 kPa (abs) => [V =2.582 m?

Apply the First Law to the two tanks before (state 1) and after (state 2) the valve is opened,

AEsys,lz = Qinto sys,12 Wby sys,127 (2)
where,

AEsys12 = AUgys15 + AKEgys 15 + APEg, 15 = AUy 10 = U, — Uy (no changes in KE or PE), (3)

Qinto sysi2 = 0 (the tanks are well-insulated), (4)

Wy sys12 = 0 (the tanks are rigid). (5)
Thus,

U, =U,, (6)
where,

Uy = myuy; +mpup,, (7)

U, = (my + mg)u, (the tanks are mixed and in equilibrium at the end of the process). (8)

Using the given data and the Ideal Gas Table for carbon monoxide (Table A-23 in Moran et al., 8" ed., Wiley; refer
to the end of this document),

Ua1 = Uco(Ta1 = 300 K) = 6229 ki/kmol,

Ug1 = Uco(Ts1 = 870 K) = 18858 kl/kmol,

=> up = 16753 ki/kmol => |T, = 781 K| (interpolating from the Ideal Gas Table).

Use the Ideal Gas Law to determine the final pressure in the tanks,
pV = mRT => p2 = w_ (9)

Va+Vp
From the given and calculated data, [pz =401 kPa (abs)|.
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Tables from Moran et al., 8" ed., Wiley.
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