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Answer any five questions. 
Notations have their usual meaning 

1. (a) Apply the law of mass action to an ionizing, monatomic gas (say, Argon). The 

chemical reaction is of the type 

A+ +e =A. 

The electron gas can be assumed' perfect. Since the mass of an electron is very 
small, the masses and hence the gas constants of A+ and A are approximately 
equal. Assume constant specific heat of all three gases. If x denotes the degree of 
ionization (mass fraction of A+), show that: 

x2 TS/2 
--2 = C-· -exp(-e0 / RT) where Cis a constant. 
1-x p · 

(b) A flat plate is exposed to a uniform stream of air flowing at Mach 20 with ambient 
temperature of 245 K. The wall temperature is held fixed at 370 K. The recovery 
factor of the plate is 0.8. A self-similar solution of the boundary layer gives 

gi(O) = 89.4 where g =.!!:_and the superscript'/' denotes derivative with respect 
he 

u y 
to 77 = ~ fpdy. Calculate the heat transfer coefficient (Stanton number). 

v2c; o · 

Express your answer in terms of nondimensional parameters (Reynolds number, 
Prandtl numbers and other ratios). The air can be treated as a perfect gas with 
y = 1.28. 

2. (a) What are thermally and chemically equilibrium and frozen flows? 
(b) Derive an expression for the equilibrium constant for a reacting mixture containing 

n gaseous species at a fixed temperature and pressure. · 
(c) Consider air as an 80:20 mixture ofN2 and 0 2 by weight. At a certain temperature 

and pressure it becomes an equilibrium mixture ofN2, 0 2, N, 0 and NO. Show the 
steps involved in computing the composition and the necessary chemical 
reactions. 

3. (a) Explain molecular energy states and the degeneracy of an energy state. What is the 
difference between the energy modes of an atom and a molecule? 

(b) What are bosons and fermions? Derive the most probable macrostate of fermions 
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and establish -the relationship between specific internal energy and the partition 
function. 

(c) Considering a reacting chemical mixture of three arbitrary species in equilibrium, 
show that the equilibrium constant can be expressed in terms of the partition 
functions of the species present. 

(d) What is ~ero-point energy and how can it be obtained? 

4. (a) Why thermal and chemical nonequilibrium are important for high-temperature 
high-speed flows? 

(b) Consider a diatomic gas is in thermodynamic nonequilibrium. Derive the 
vibrational rate equation assuming only translational/rotational to vibrational (T
V) transfer of energy. What modifications are required if the gas is monatomic? 

(c) Using the vibrational rate equation, write down the vibrational energy equation 
appropriate for a nonequilibrium flow. 

5. (a) A high-speed high-temperature flow of air is to be simulated where the air need to 
be considered a gaseous mixture ofN2, N, 0 2, 0, NO, NO+ and e· at thermal and 
chemical nonequilibrium. Write down the most pertinent chemical reactions and 
develop the complete mass conservation/continuity equations for the species 0 2 

and NO+_ 
(b) Define binary diffusion coefficient? On what parameters it depend? 
(c) Under what flow conditions the radiation transport needs to be considered? What 

changes will be required in the flow equations to include radiation transport? 
(d) Define extinction coefficient and optically thin and gray gaseous medium. 

6. (a) The quantum energy levels of a rigid rotator are Ej = JU + 1)h2 /8rr2ma2 , where 
j = 0, 1, 2, ..... The degeneracy of each level is g j = 2} + 1. Find the general 
expression for the partition function and show that at high temperatures it can be 
approximated by an integral. Evaluate the high-temperature energy and heat 
capacity. Find the low-temperature approximation to the partition function, 
energy and heat capacity. 

(b). Assume that the air in chemical equilibrium at 0.1 atm and 4500 K consists of 
0 2 , N 2 , 0 and N . Compute the equilibrium composition and enthalpy per unit 

mass of the mixture. Use the following physical data: Planck's constant 

2 

h=6.625x10-34 J·s, Kp,o
2 

=12.19atm, Kp.N
2 

=0.7899 xl0--4 atm;for 0 2 , 

llHJ ::;:: 0, and v = 4.73 x 1013 s-1
; for N2 , llHJ = 0, and v = 7.06 x 1013 s-1

; 

for 0, llHJ = 2.47 x 108 J/(kg. mol), for N, llHJ = 4.714 x ~08 J/(kg. mol). 11: 
may be assumed that air consists of 80% N'2 and 20% 0 2 at standard 
temperature. The electronic levels may be ignored. 




