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Note: add / in the denominator in the expression for ®



Preliminary Thermal — May 2024

Easy Problems:

L.

In a vacuum tube of pressure 2x107 Pa, at 27 °C, calculate:

a. number of gas particles per m?,

b. volume occupied per particle,

c. mean free path of the particle (assuming the particle has a radius of 155 pm).

Hint: You need to calculate the scattering cross-section and scattering volume. There is a factor of
/2 when considering the relative motion between particles.

Solution:

a. Using PV=nRT or PV = NkgT, one can calculate the particle density N/V = P/kgT =
4.83x10"/m?.

b. Volume occupied per particle is: V/N=2.07x10"¥m3.

c. Scattering cross-section is 47r?

v
V2N
compared to the static case due to the relative motion between two particles [v; — v,| =

(Iv7 = w21)Y? = (Iv71” = 2111wz + [v;19) Y2 = V2[4,

Average scattering volume is 41?2 = . Here the mean free path is reduced by a factor of v2

. v o
Mean free pathis 1 = m_4'85 m.

Find the thermal expansion coefficient a=(0V/0T)p/V, isothermal compressibility Kr=-(0V/0P)1/V for
ideal gas.

Solution:

For idea gas, V=nRT/P.
av nR [0V nRT
so.(57), =5 Gr), =~ 5+

_1(6V) _nR 1 Ko = 1(6V) _ 1( nRT)_l
“=vr),"pw T T ver),, T v U p2) TP

A material’s density is ps and p; for solid and liquid phase respectively. Given that the latent heat for
the solid -> liquid transition is L/kg at pressure P, find the change of internal energy during the
transition per kg.

Solution:
According to the first law, AU=Q-W.

The work done by the material during the solid->liquid transition is:



W=[PdV = PJdV=PAV=P(1/pi-1/py).
AU=Q-W=L- P(1/pr-1/py).

A4






Hard Problems:

1. A rigid adiabatic container is divided into two parts containing n; and n, mole of ideal gases
respectively, by a movable and thermally conducting wall. Their pressure and volume are P, Vi for
part 1 and P, V, for part 2 respectively. Find the final pressure P and temperature T after the two gas
reaches equilibrium. Assuming the constant volume specific heats of the two gas are the same.

Solution:

For the initial state T1= P;Vi/niR, To= P,Va/nzR.

After the two gas reaches equilibrium, their volumes can be assumed as V’; and V.
Since the internal energy does not change:

Cv n; (T-T1) = Cv ny (T»-T)

So, T= (n1 Ti+ny T2)/(ni+n2) = (P1Vi/R + P2V2/R)/(n1+n2)

The pressure of the two gas are the same. Therefore,
P=nRT/V’1=nRT/V’;

Hence, P = (n2n)RT/(V’1+V?2)

Since Vi + Vo=V’ + V’,

one has

P = (n2:n)RT/(V1+V2) = (n2+n)R/(V+V2) (P1VI/R + P,V2/R)/(ni+n2)
=(P\Vi+P,V2) /[(Vi+V2)

2. In a throttling process, the Joule-Thompson coefficient is defined as u= (0T/0P)u.

a. Given the relation (0H/0P)r=V-T (0V/0T)p, show that u=V(Ta-1)/Cp, where a=(0V/0T)p/V.
(Hint, use the cyclic rule)

b. Show that for ideal gas, u=0.

Solution:
a. Using the cyclic rule, (Z—Z)H (Z—:)T (Z—I:)P = —1.
: (55)
Therefore, T = L = T
o) = e, =,

Since (Z—Z)P = Cp and (Z_I;)T =v-T (Z_Z)p’

_pr(9V
(@) =Tk v _r@) )L a-ra),

1 (av)
wherea = =(—) .
v \oT P

b. Forideal gas, ¢ = %(%)P = % So, (a—T)H =2 (1 - Z) =0



The cycle of a hypothetical engine is illustrated below. Let Piow = 1 x 10° Pa, Ppigh =2 % 10° Pa, Vipw =
5 x 107°m?, and Vhigh = 25 % 107°m’. If the energy absorbed by heating the engine is 5 x 10* J, what is
the efficiency of the engine? Calculate the highest and lowest temperature (T, and T,) in the cycle

T, .
and calculate 1 — T—C, assume that the pressure of the Viigh point is (PiowtPhign)/2.
h

<Y

high
Solution:

We construct the table:

52 (P, + Py)(V, — V1)

—(Pth—Pth)>0 > >0
2—-3 3 <0 P+ Py)(V, =V,
3-1 3 >0 0

E(thl -PV)>0

Cycle (P —P)(Vy — V)
2

Assuming ideal gas law, the temperatures are:

PV _ PoVp _ Py
nR’ 2 nR 3 nR

T1 =
The heat in to the system:

3 Pp+Py)(Vyp—V
Qin = Quz + Q31 = 5 (PoVy — Py + LEESET0 — 50 fg

Therefore, Py =1E6 Pa =P;..SoT, >T; > T;

The total work: W = CrzPOWVAV) _ 20E — 3 % 156 =10kJ,
. w10
Efficiency: n = o =50 0.2
In comparison: 1 ——==1— Lo1-2_pg
Th Tz POVh
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