COE_50

Ten kilograms of nitrogen (N2) gas is contained in a closed, rigid tank surrounded by a 2.00 kg water bath. The
initial temperature of the nitrogen and water are 50.0 °C and 20.0 °C, respectively. The entire unit is well insulated
and the nitrogen and water interact until thermal equilibrium is achieved. The measured final temperature is 34.1
°C. The water can be modeled as an incompressible substance with a specific heat of 4.179 kJ/(kg.K) and the
nitrogen is an ideal gas with constant specific heats. Determine the average value of nitrogen’s specific heat at
constant volume.
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SOLUTION:
Apply the 1% Law to a system consisting of the nitrogen and water.

nitrogen

insulation

AEsys = Qinto sys — Wby sys»
where,
AEg,s = AUy + AKE,,¢ + APE,,¢ = AUy, (neglecting changes in KE and PE),
Qintosys = 0 (since the tank is well insulated),
Wy sys = 0 (since the tank is rigid and there are no other sources of work).
Thus,
AU, = 0.
The change in the system’s internal energy may be written as,
AUSYS = AUy, + AUy, = (Uf.Nz - Ui,Nz) - (Ufszo - Uiero)’
where,
Usn, = Uin, = My, Con, (Tf’,\,2 - TL-'NZ) (assuming perfect gas behavior),

Urnyo = Uinyp = mHZOCHZO(Tf,HZO - Ti,HZO) (assuming incompressible and constant specific heat).

Combining Egs. (5) — (8) and also noting that at equilibrium,
Trny = Trmpo = T
we obtain,
My, Cy,N, (Tf - Ti,NZ) + mHZOCHzo(Tf - Ti,HgO) =0,
c —_ mHZOCHZO(Tf_Ti,HZO)
VN2 my, (Tr=Tin,)

Using the given values,
mmo = 2.00 kg,
mn2 = 10.0 kg,
cmo =4.179 kJ/(kg.K),
Tr=34.1°C,
Tin2o =20 °C,
Tin2 =50 °C,
2 lewna = 0.741 kJ/(kg.K)|.
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