Thermodynamics
Professor Anand TN C
Department of Mechanical Engineering,
Indian Institute of Technology Madras
Lecture 39
Tutorial Problem — Part 2
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Q1 Consider an ideal gas mixture of 1 kmol of
hydrogen and 1 kmol of nitrogen. Find the mass
fractions and mole fractions of hydrogen and
nitrogen. Also find the molecular weight, specific
gas constant R and the specific heats C, and C, of
the mixture. If this mixture is heated from an
initial temperature of 300 K to the final
temperature of 400 K at constant pressure, find:
Au, Ah, Qand W for the process.
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Q1 Consider an ideal gas mixture of 1 kmol of
hydrogen and 1 kmol of nitrogen. Find the mass
fractions and mole fractions of hydrogen and
nitrogen. Also find the molecular weight, specific
gas constant R and the specific heats C; and C, of
the mixture. If this mixture is heated from an
initial temperature of 300 K to the final
temperature of 400 K at constant pressure, find:
Au, Ah, Qand W for the process.

Figure 1.
Solution of the problem in Fig. 1:

— — _ o _kg _ kg _ . .
ny, = 1 kmol,ny, = 1 kmol, My, = Zﬁ,MN2 = 28m,y = 1.4 for a diatomic gas.
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Now, xy, = —2 —=-=05and xy, = —=2— =05
2 ny,+nn, 2 2 ny,+nn,

Molecular weight of the mixture, M,,;;,, = Y. x;M; = 0.5 X 2 + 0.5 X 28 = 15 kffol
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Mass fractions, yy, = x”MZﬂ = 0.066 and yy, = 1 — 0.066 = 0.934

mix

We can find R,,;, using different ways, R,,ix = Y. ViR; Of Rppix = R

mix

_ R 831452 J
We use the second option, R,,;, = = g = 554.3k7
mix lskmol g
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Q1 Consider an ideal gas mixture of 1 kmol of
hydrogen and 1 kmol of nitrogen. Find the mass
fractions and mole fractions of hydrogen and
nitrogen. Also find the molecular weight, specific
gas constant R and the specific heats C; and C, of
the mixture. If this mixture is heated from an
initial temperature of 300 K to the final
temperature of 400 K at constant pressure, find:
D, Ah, Q and W for the process.

We need to find C, and C, of the mixture. Let’s also find C,, and C,, of the mixture.

R
YR 1'4( /MHZ) 1.4x4157.25

Now, C, =-1-= - — 14550—— and fp _ YR _ 14x83145
Hy, y-1 1.4-1 0.4 kg'K Hz — y-1 1.4-1
J
29100 ——.
Now,C,. =C, —R= - =10393 2L_and(,, = C,, —R= - =20786 —L
ow, VHy, — YPH; T oy-1 kg'K an VHy T “PH; T oy-1 kmol-K
In the similar fashion, C, =1040 2, c, =7425-L,C,  =29100 —L—,
Ny kg-K’ VN kgk’ PNz kmol-K

J

C,
v kmol-K

, = 20786 (v = 1.4 for both the gases)

N



J
kg'K

Now, Cpm .= 2 YiCp, = 0.066 X 14550 + 0.934 x 1040 = 1931

Cp .. = Xx;C,. = 0.5x 29100 + 0.5 x 29100 = 29100 km{)l_K (Cp, .. can also be
Cp_ .
calculated as Cpmix = _Ajm_lx)

Now, C, . =Cp, . — Rmix = 1385.7 kgLK

J

> =0C, — R=29100 —8314.5 = 20786 ———
Vmix Pmix kmol - K
— Pmix _ ZPmix _ 1 4

Umix Umix

There are various ways to calculate C,, . and C, . . You get the same values through all the

ways if you consider sufficient digits after decimal point.
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We are also asked to calculate Au, Ah, Q and W.

It is a constant pressure process. T; = 300 K, T, = 400 K.

Q = mAh = mC,AT =30 X 1940 X (T, = T;) =58 MJ (m = ny, My, +ny,My, =2 +
28 =30 kg)

AU = mAu = mC,AT = 30 x 1385 x 100 = 4.1 MJ

According to the first law in the integrated form, W = Q — AU = 1.7 MJ.



