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ME 200  Thermodynamics 1 

Fall 2018 – Exam 2 
 

Circle your instructor’s last name 

Division 1 (7:30): Naik Division 2 (9:30): Choi 

Division 3 (1:30): Wassgren Division 4 (8:30): Holloway 

Division 6 (11:30): Sojka Division 7 (2:30): Vuppuluri

Division 8 (12:30): Buckius 

 
INSTRUCTIONS 

 
 Do not remove staples from any page. If you use extra paper, attach it at the end of the exam 

with a paper clip and indicate above how many extra sheets were attached. 
 Do not write on the back of any page because it will not be scanned so will not be graded. 
 This is a closed book and closed notes exam.  Equation sheets and all needed tables are 

provided.   
 Significant credit for each problem is given if you identify your system and its boundary, draw 

the relevant energy flows on a diagram, i.e., Energy Flow Diagram (EFD), start your analysis 
with the basic equations, list all relevant assumptions, and have appropriate units and use three 
significant figures.  There is no need to re-write the given and find. 

 Do not hesitate to ask if you do not comprehend a problem statement.  For your own benefit, 
please write clearly and legibly.  You must show your work to receive credit for your 
answers. 

 
IMPORTANT NOTE 

The use of PDAs, Blackberry-type devices, cell phones, laptop computers, smart watches or 
any other sources of communication (wireless or otherwise) is strictly prohibited during 
examinations.  Doing so is cheating.  If you bring a smart watch, cell phone, or other 
communication device to the examination, it must be turned off prior to the start of the exam, 
placed in your backpack, and the backpack must be stored below your seat.  It shall be 
reactivated only after you leave the examination room for the final time.  Otherwise it is a 
form of cheating and will be treated as such. 
 

SECOND IMPORTANT NOTE 
The only calculators allowed for use on this exam are those of the TI-30X series.  No others.

Number of 
extra papers 
used if any 
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1. [20 points]  
Circle the correct answer(s) (no partial credit) for (a) through (d).  
 
(a) [2 points] A constant mass system having energy interactions with its 

surroundings always operates at steady state. (True or False) 
 

(b) [2 points] A flow system with one inlet and one exit having energy interactions 
with its surroundings always operates at steady state. (True or False) 
 

(c) [2 points] Net work in a refrigeration cycle is always positive. (True or False) 
 

(d) [2 points] Which of the following device(s) result in a pressure drop from inlet 
to exit? (Nozzle, Diffuser, Turbine, Throttling Valve) 

 

(e) [6 points] Air at 450 K (h1 = 452.0 kJ/kg, u1 = 322.6 kJ/kg) enters a horizontal, 
adiabatic nozzle operating at steady state with a velocity of 5 m/s.  At the exit, 
the air temperature is 300 K (h2 = 300.1 kJ/kg, u2 = 214.1 kJ/kg).  Calculate the 
velocity (m/s) of air at the nozzle exit.  Show supporting calculations.  
 
 
 
 
 
 
 
 

(f) [6 points] Air, considered as an ideal gas, enters an adiabatic, no work 
throttling valve at 450 K and flows with negligible changes in KE and PE.  
What is the temperature (K) of air at the exit of the throttling valve? Show 
supporting calculations.  
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2. [40 points] A closed, piston-cylinder device contains air at an absolute 
temperature of T1 = 300 K and specific volume of v1 = 2 m3/kg (State 1).  The air 
undergoes a power cycle composed of the following four processes.  Data at each 
state is included in the table below.   
 
Process 1-2: Isothermal compression from v1 = 2 m3/kg to v2 = 0.2 m3/kg 
Process 2-3: Heat transfer at constant volume until T3 = 1500 K  
Process 3-4: Isothermal expansion until v4 = 2 m3/kg 
Process 4-1: Heat transfer at constant volume back to State 1 
 
Molecular weight of air: 28.97 kg/kmol 
 

State T, K v, m3/kg u, kJ/kg h, kJ/kg 
1 300 2 214.1 300.1 
2 300 0.2 214.1 300.1 
3 1500 0.2 1205 1636 
4 1500 2 1205 1636 

 
(a) Show the cycle on a P-v diagram.  Label the axes and four states, show the lines  
of constant temperature, and indicate the process directions with arrows. 
(b) Calculate the specific work and specific heat transfer for each of the four  
processes in the cycle.  Report your answers in kJ/kg. 
(c) Determine thermal efficiency of the cycle.  Report your answer in %. 
 
Identify the system, show mass/energy interactions (EFD), list any assumptions 
and basic equations, and provide your solution.  There is no need to re-write the 
given and find. 
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Extra Space for Problem 2  
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3. [40 points] Refrigerant 134a is contained in a rigid tank of total volume 1 m3 at 
a temperature of 20C and quality of 10% (State 1).  A leak develops at the top 
such that saturated vapor slowly escapes from the top of the tank.  The leak is 
stopped when all the liquid inside the tank has evaporated and only saturated vapor 
remains in the tank (State 2).  Heat transfer occurs such that temperature remains 
constant during the process.  Data for refrigerant is included in the table below. 
 

 
 

T, C Psat, bar vf, m
3/kg vg, m

3/kg uf, kJ/kg ug, kJ/kg hf, kJ/kg hg, kJ/kg 

20 5.72 0.0008161 0.035997 78.857 241.02 79.324 261.60 
 
(a) Calculate the mass of the refrigerant escaping from the tank.  Report your 
answer in kg.   
(b) Find the magnitude of heat transfer during the process.  Report your answer in 
kJ. 
(c) Determine whether heat transfer is into the system or out of the system. 
  
Identify the system on the sketch provided, show mass/energy interactions (EFD), 
list any assumptions and basic equations, and provide your solution.  There is no 
need to re-write the given and find. 
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