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Problem 1. A container has two gas species, where neon and argon are stored and
separated by a partition. The given conditions are shown in the image below. The molar
masses and specific heats of Ne and Ar are 20.18 kg/kmol, 39.95 kg/kmol, 0.6179
kJ/kg.°C, and 0.3122 kJ/kg.°C, respectively. (20%; 5 pts each)

Ne Ar
100 kPa 200 &Pa
20°C 50°C

N\
SkT

Q1. Estimate the mole number of each gas species in the container.

Q2. If the partition in the box is removed and a heat loss takes place during the mixing
process, how do you simplify the 1% law below to evaluate the mixture temperature
at its equilibrium state? The first law of thermodynamics for transient processes is
expressed as:

Oretin = Wresou + N1hy(hiy 5 V7 + 9Zi) - Bing(hoy 5 VE + gZo) = tha(uy +

VR +9Zy) -1 (uy +SVE + gZy)

Subscripts 1 and 2 are states; subscripts i and o are inlet and outlet, respectively.
Q3. Using the simplified equation to calculate the mixture temperature at its equilibrium

state.
Q4. Determine the mixture pressure at its equilibrium state.

Problem 2. Complete the questions below (16%; 8 pts each):

Q1. To estimate the steady-state heat transfer rate of the liquid-to-steam in the
serpentine pipe shown below, how do you simplify the 1% law of thermodynamics in
Problem 1-Q2 to do the estimation?

Typically hot ;
combustion gas in  ~#Egn

Liquid water in

Steam exit

Q2. The questions below are relevant to the humidity in the air conditioning:
Q2-1. In the equation of the humidity ratio, ® = m/m, = 0.622* Py /(P-Py), what are P
.and Py, my and m3?
Q2-2. In the equation of the relative humidity, RH = Py /P,, what is Ps? How can Pg
be obtained? ‘

Problem 3. Assume that you are a thermal engineer working for a cryogenics company.
Your project is to design the operational parameters for controlling fluid mixture (liquid
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and gas) temperature that is cooled by ice cubes in an insulated container. To help you
to conduct this project successfully, the following questions are to be answered (20%;
10 pts each): \

Q1. Sketch the temperature of the ice cube versus time, as it, solely exposed to air at a
room temperature, slowly turns from a solid state to a complete liquid state. .

https://www.productplan.com/product-innovation-slow-melting-ice-cube/

Q2. The project is based on a problem that an insulated container is partially filled with
a liquid in gas at an isothermal condition where the fluid temperature is higher than the
ice temperature. Then, several ice cubes are dropped into the container (see the image
below). Regarding this transient process of heat transfer, you are asked to develop a
formula based on the first law of thermodynamics to predict the needed ice mass or
needed ice initial temperature to achieve a targeted final temperature at its thermal
equilibrium. Assuming that you know the liquid mass, liquid temperature, gas mass,
gas temperature and thermodynamics properties of liquid, gas and ice. To simplify the
analysis, let us assume that the mass of gas remains unchanged after the addition of ice
to the container and the process of heat transfer in the container is isobaric. To derive a
practical equation for the analysis described herein, how do you make assumptions
and simplify the first law of the thermodynamics based on the equation shown in
Problem 1-Q2? List the notations for each parameter and variable in the equation
proposed by you.

LiQuUID

Problem 4. The P-v and T-s diagrams below are to describe an air standard cycle.

P —
A 4,

v

Y

Answer the questions below (24%; 4 pts each):
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Q1. Identify the processes by numbers where the heat addition, heat rejection,
compression and expansion are involved in one cycle.

Q2. Using the first law of thermodynamics to derive equations for each term in Q1 in
terms of the gas temperature.

Q3. Mathematically prove that the ratio of Ty to T3 is the reverse of the compression

ratio.
Q4. In thermodynamics, we learned that the entropy balance relation can be written as:

Nkt Tings; — SriteSe +Sgen = (52 = Sy)ev/dt,

where any process (A to B) of the entropy change of ideal gases can be
approximated with constant specific heats:
ds = Cy, ,avg 1n(TB/TA) +R 1n(vB/vA) - Cp avg ln(TB/TA) R ln(PB/PA)
Usmg the equation above to mathematically derive the 75/T3 = &V, and Po/P3 =
#*, where k is the ratio of ¢y to ¢y and r is the compression ratio.

Q5. Derive the cycle thermal efficiency in terms of the gas temperature.

Q6. Derive the cycle thermal efficiency in terms of » and £.

Problem 5. Choose the correct answer in each question below and show the equations
and calculations used to get the answers (20%; 10 pts each):

Q1. A boiler consumes 500 kJ/s to produce heat at 1300 K in an environment at 300 K.
Determine which value below is the maximum work that can be yielded by the heat in
the boiler: (a) 192 kW, (b) 115 kW, (c) 385 kW, (d) 500 kW, (e) 650 kW.

Q2. Indoor heat of 800 W is leaving via a wall to outside. The inner wall surface is 20°C
and outer wall surface is 5°C. The ambient temperature is 0°C outside.

800W

Determine which value below is the rate of exergy destruction within the wall: (a) 0 W
(b) 17,500 W (c) 765 W (d) 32,800 W (e) 40 W



