Thermodynamics II  

Quiz 2


May 13, 2004

90 minutes
Hello people. Please read the questions carefully. As you solve them, indicate clearly your system/CV boundaries and any assumptions you might make.  When possible, please state in words what you are trying to solve/your approach so that I can follow your work and give you credit.  This is especially important if you run out of time.  Most importantly, relax!

Useful data: (reference temperature is 298K):



     M, kg/kmol
        hfo, MJ/kmol       cp, KJ/kmol-K   

CO2

44

-393.5

37.22

Ru = 8.314 J/mol-K

O2

32

0

29.41

N2

28

0

29.12

H2

2

0

28.64

H2O(g)

18

-242.0

33.57

C12H22O11(s)
342

-2.221

205.2

Short answer: “The Sacred Car”, by Eduardo Galeano (10 pts)

1. What were the statistics related to the number six six six? 

2. Why does Galeano refer to the car as “sacred”?  In what sense is it “sacred”? Give a few examples to justify your answer.

Problem 1 (10 pts)

Write a short computer code (in any language you like) to solve for h from time t=0 to t=10s the following differential equation using a finite difference method (as you have done in your previous assignments), given the initial value of hi at t=0 and a time step, dt = 0.1s.
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Problem 2 (25 pts)

An adiabatic gas turbine fueled by hydrogen (H2) gas has a pressure ratio of PR. A measurement reveals that the gases exiting the combustor are at a temperature of T3, and that there is 100% excess air. Assuming that the turbine is isentropic, what is the overall thermodynamic efficiency of the gas turbine?  The air and fuel entering the turbine are at the reference temperature To. H2 gas has a heating value of Qhv MJ/kmol.  Assume the air and combustion products have constant specific heats, and that the combustion products have a mixture specific heat ratio of k. Solve in terms of these variables: T3, To, PR, k, Qhv, hfo  & cp (of the relevant gases), and any others you may need .  You do not need to simplify the expression to the very end. Simply demonstrate that you can get an answer if numbers were given.

Problem 3 (55 pts)

In one scene of Quentin Tarantino’s Kill Bill, Part 2, the Bride (played by a rather sculpted Uma Thurman) is buried alive in a coffin.  Knowing that she will lose consiouness when approximately half the oxygen is consummed, we’d like to test the thermodynamic feasibility of this scene by asking: How many minutes does she have before she consumes half the oxygen in the coffin? Hint: how many moles of sucrose per minute does she consume? Assume the following (and clearly specify any other assumptions you make):

1) As she struggles to break out of the coffin she is capable of a continuously burning 400 W of food energy. 

2) The food that she burns to produce this 400 W can be modeled as pure sucrose (C12H22O11), which is burned to completion stoichiometrically in the body, at a temperature of 37C. We will assume that air used to oxidize the sucrose is always available to the body as 79/21 N2/O2, ignoring the effects of the continuously changing composition of the air in the coffin.

3) The coffin dimensions are 180cmx65cmx40cm, and initially filled with fresh air at 25C.  Because the coffin is buried deep in the cool soil, we will assume that though no gas leaks in or out, the heat generated by the Bride is essentially balanced by heat loss to the soil, so that the temperature in the coffin remains approximately constant at 25C.

4) That all the products of combustion can be well modeled as having constant specific heats.
Bonus(3pts): what is happening to the pressure inside the coffin?why?

Bonus(2pts): explain the implications of assuming a constant 79/21 N2/O2 ratio. Why are we making this assumption?
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