
Homework #4   ME501 Spring 2023  Due Feb 21, 2023 

1) This is a simplified problem of chemical relaxation behind a strong shock wave.   

Consider a gas of pure O2 at 0.1 atm and 300 K, where the only other species of interest 

is O (neglect O3 for this problem).   A normal shock an incident velocity of 2500 m/s 

generates heated gas downstream at a temperature T2 and P2.    The values of T2 and P2 

depend on the gas composition. 

 

a) Use Gordon-McBride to solve this problem for the downstream conditions for two 

limiting cases:  frozen chemistry (downstream gas is pure O2), and equilibrium 

chemistry (downstream gas is an equilibrium mixture of O2 and O).  You’ll have to 

follow the manual to set up the input file for an incident shock problem. 

 

Now, consider that the actual situation is that the shock is very fast such that the 

conditions immediately behind the shock correspond to the “frozen” case, while those far 

downstream from the shock correspond to the “equilibrium” case.  What you are asked to 

do is to use kinetics to solve for the characteristic times and distances associated with the 

relaxation from frozen to equilibrium conditions. 

 

b) Start with the frozen solution and assume constant P and h.  Get the kinetics for the 

dissociation/recombination reactions, and write the equations for the change in 

concentration of O2 and O with time as a function of concentrations and temperature. 

You can use the constant volume approximation here to simplify the equations. 

c) You’ll need to maintain h as composition and temperature changes.  To do that, 

generate simple equations for hO2(T) and hO(T) over the range of temperature from 

equilibrium to frozen solutions by fitting the enthalpy of O2 and of O to functions of 

the form h = a + bT.  Use the detailed polynomials to get actual hi(T) data, then fit it 

to the linear form. 

d) Write a simple expression for temperature (T2) as a function of mole fraction of O 

and/or O2 at the given value of h and P.  This is not an equilibrium calculation, just a 

simple energy conservation using your results from c). 

e) Setup a spreadsheet with columns for time, temperature, mole fraction of O2, and 

mole fraction of O.  On the first row, put the frozen conditions.   You’ll choose a 

timestep (t), which is the difference in time between rows, and enter formulas to 

calculate the change in mole fraction of O and O2 based on how much reaction 

occurred in t.  Based on the new composition, you’ll calculate a new temperature 

using your result from d).   You’ll have to adjust the timestep until you get small 

changes in compositions. 

f) Paste your formulas down the sheet, and run until you get to 95% of the equilibrium 

O mole fraction.   Plot XO and T versus time.   Using the downstream velocity data 

from your solution in a), plot XO and T versus distance from the shock .  


