MER026 – THERMODYNAMICS I
SPRING 2004

Practice FINAL EXAM

NAME:________________________________ 
Team#__________

BONUS:__________________________________________________

Directions:
Multiple guess:  There are 15 Multiple guess problems on this exam.  They are worth 3 points each, for a total of 45 points. There can be any integer number (between zero and five) of correct choices per question.  Partial credit is possible.  There is a point penalty for selecting incorrect answers, so don’t guess at random.   The maximum score for each problem is 3, the minimum is 0.

Calculation Problems:   There are 3 calculation (long form) type questions on this exam. Points are assigned as indicated at the top of the problem.   These Problems are worth 55 points total.  You may “buy” a hint for 5  points on these problems.
- YOU MUST SHOW ALL WORK TO RECEIVE CREDIT FOR ANY PROBLEM OR PART OF A PROBLEM!!!

- NO CREDIT WILL BE GIVEN FOR UNSUBSTANTIATED WORK!!!!
(a correct answer without the associated work will receive zero credit)

- If you are stuck on one part of a problem you may use the answers given for that part to allow you to proceed.  You must clearly state “I am not able to solve for part ??? so I will use the value of ??? in future calculations.”  if you choose to do this.  You will receive no credit for the part of the problem whose given answer you use. 
- Do NOT attach any significance to the “given” answers ... they may be right, they may be the result from common mistakes, or they may just be random numbers picked to allow you to move forward.

-  If you do something and then decide that it is wrong AND YOU DO NOT WANT ME TO GRADE IT you must clearly cross out that work, otherwise I will consider it when grading, and you will loose points for mistakes it contains.

-  DO NOT  UNDER ANY CIRCUMSTANCES PANIC!!!!!

1) Which of these sets of properties would not “fix” the state of a simple compressible substance?


a) Any 2, Any Situation


b) P & T for an Ideal Gas


c) T& h for an Ideal Gas


d) P and v for saturated water


e) P and T for Saturated water

2) Consider a system which is in thermodynamic equilibrium with its surroundings, which of the following MUST be true?


a) The system is in thermal equilibrium with (Temp is equal to) the surroundings.


b) The system can contain no mass.


c) The internal energy of the system is zero.


d) The system is useless in terms of producing useful work.


e) The system’s entropy is zero.

3) What strategies are helpful to improve the efficiency of a Rankine cycle?

a)  Raise the peak boiler temperature.

b) Raise the boiler pressure, but do not raise the peak temperature.
c) raise the condenser pressure.

d) lower the condenser temperature.
e) increase the specific volume of the fluid passing through the pump.

4)  What is (are) the difference(s) between high octane and low octane gas?
a) High Octane gas contains more energy (has a higher “heating value”) than low octane gas.

b) High Octane gas burns more slowly (closer to quasi-equilibrium) than low octane gas.

c) High octane gas burns at a higher T than low octane, thereby helping efficincy.

d) High octane gas is less likely to pre-ignite before the spark fires.

e) There is no difference ... except in marketing and price!
5) Which, if any, of the following are the major factors that limit the peak performance of a “real” diesel cycle?

a) Irreversibilities due to friction between the moving parts.

b) The (relatively long) time required for injecting, mixing, and burning the fuel.
c) difficulties in achieving adequate mixing at very high loads (near stoichiometric air to fuel ratios) .

d) Pumping losses associated with throttling.

e) relatively low compression ratios.
6) Is it possible to have a process between two different states a and b that is:


a)  Isothermal and “iso-internal energy” with an ideal gas?


b) Isochoric and Isothermal with water?


c) Isentropic and Isothermal with an ideal gas?


d) Isochoric and Isenthalpic with water?

e) Adiabatic, Reversible and isentropic with an water?
7) Can processes A and B, shown below, both produce the same amount of work? 

                  (neglect KE and PE and assume a closed system)


a. yes


b. no


c. not enough information given


8. Which of the following statements about entropy is (are) true?

a) The principle of the increase in entropy makes evolution impossible.

b) heat transfer is always associated with entropy transfer.

c) it is impossible for a process to increase the net entropy (system + surroundings) unless it is reversible.

d) Entropy can be viewed as a measure of disorder of a system.

e) for a reversible process the change in entropy of the surroundings may be negative.

9.  Consider a 1kg block of ice at -10˚C, and a 1kg of saturated liquid water at 200˚C both sitting in a room which is at 25˚C and 1 Atm. Pressure.  Which of the following is (are) true?
a) Uice > Uwater , X​ice > Xwater.  
note: X = Exergy

b) Uice < Uwater , X​ice < Xwater.
  “      “          “

c) Uice < Uwater , X​ice > Xwater.
  “      “          “

d) Uice > Uwater , X​ice < Xwater.
  “      “          “

e) Any of the above, depending on the reversibility of the process used.

10.  For an reversible heat engine operating between 400K and 800K, how much heat is required to produce1 kJ of work?

a) 3.25 kJ

b) 2.0 kJ

c) 1 kJ

d) 0.5 kJ
                     e)   not enough information is given to answer this question

11.  For a control volume (neglecting KE and PE)

a) w = ( vdP  all processes

b) w = ( vdP for all internally reversible processes
c) w = ( vdP for all reversible steady state processes

d)  w = ( vdP for all steady state process

e) none of the above
12.  Consider a water what would happen if 10 kg of a saturated mix of this substance were placed in a rigid, sealed vessel with a volume of 1 m3 and then heated?

a) if sufficient heat were added, all of the liquid would boil off, eventually leaving only superheated vapor

b) if sufficient heat were added, the liquid would expand and eventually fill the entire vessel


c) if sufficient heat were added, the fluid would pass through its critical point


d) It is impossible to tell what would happen without knowing the path (process)


e) It is impossible to tell without knowing the initial temperature

13.  An SSSF turbine operating isentropically between State 1 and State 2 produces 50 kW of work.  What can be said about a different SSSF turbine, operating between the same two states, that produces 45 kW of work?


a) it is irreversible

b) it could (in theory) be improved upon

c) it violates conservation of energy (1st law) principles


d) it violates 2nd law principles


e) it does not violate any physical laws (at least not based on the info given)

14. Given a heat engine that runs between surroundings at TL = 300 K and a hot reservoir at TH =  600K and which at steady state produces 45 kW of power while rejecting 35 kW of heat to the surroundings, you can safely say that:

a) it is impossible


b) it is possible


c) it is reversible


d) it is irreversible 


e) nothing, without knowing what kind of cycle is used.

15.  why is the steam leaving the turbine condensed before pumping it to higher pressure in a Rankine cycle?
a) to reduce the specific volume of the steam and hence the work input.

b) to eject qL which the second law says you’ve got to do ...even though it seems stupid.

c) liquid is not as harmful to pump blades as vapor.
d) the lower temperature of the liquid (compared to the steam leaving the turbine) is easier on machine parts (lower temp materials can be used).

e) It is impossible to tell without conducting a detailed analysis of the cycle (which would take far longer than it is worth given that this is a 3 point question!)

1) (20 Points)  Air, contained in a piston cylinder arrangement undergoes the following cycle (shown below):

- Starting at State 1:  T1=300 K, P1 = 100 kPa


- from state 1 to state 2 the air undergoes a reversible Isothermal
compression to P2 = 1MPa.


- From state 2 to state 3 the air undergoes an isochoric heat addition 
where 2200 kJ/kg of heat are added.

- The cycle is closed by a linear (straight line) process on a 
P-v diagram from state 3 back to state 1.

a) What is T2?  
b) What is T3?  
c) What is wnet for the cycle?  

d) How much heat is rejected in the process from 3-1?  
e) what is the thermodynamic efficiency of this cycle? 
f) Draw the cycle on a T-s diagram

2) (20 Points) Given a refrigerator which uses R-134a.  The Evaporator is at a temperature of -10 ˚C.  The Condenser is at a pressure of 400 kPa the R-134 always leaves the condenser with a quality of 0.  The adiabatic compressor has an isentropic efficiency of 70%.  Which would improve the thermodynamic efficiency more; replacing the compressor with an isentropic compressor, or replacing the (adiabatic) throttling valve with an isentropic turbine to recover some of the work and use it to help drive the compressor?  Show both processes on  T-s and a P-v diagrams.
3) (15 points)  What is the net entropy generation per kg of steam associated with running an adiabatic steam turbine with an isentropic efficiency of 80%.   between the states of 5 MPa 400 C, and an outlet pressure of 100 kpa?  Is entropy really “generated” in this process, or is it just being transported in from somewhere else.
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