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Problem 1 (9 pts). '
Please fill in (1) through (6) in the following description.
a. Energy can be transferred by (1), (2), and (3). :
b. Entropy can be transferred by (4) and (5), and generated by (6).

Problem 2 (10 pts)

A piston-cylinder device contains helium gas initially at 150 kPa, 20 °C, and 0.5 m>.
The helium is now compressed to 400 kPa and 140 °C in a polytropic process.
Determine the heat loss or gain during this process. Cy= 3.12 kJ/kg-K and R = 2.08
kJ/ kg-K for helium.

Problem 3 (12 pts)

A system that utilizes the recycled heat from combustion products to generate steam is
shown below. At steady state, combustion products enter and exit the steam generator
at 478K and 400K, respectlvely, with an entering flow rate of 70 kg/s. The pressure of
the steam generator remains 100 kPa throughout the process A separate water stream
enters the steam generator at 310K and 0.3 MPa, with an entering flow rate of 2 kg/s.
At the exit of the turbine, the pressure is 10 kPa, and the quality is 93%. Assume the
steam generator and the turbine are adiabatic, and the potential and kinetic energy of
flowing streams can be ignored. The combustion products can be modeled as air and
ideal gas (Cp=1.00 kJ/kg-K for air). Tables for water properties are listed in Appendix
L.

* Please determine:

a. The inlet temperature of the turbine.

b. The power output of the turbine.

—— Combustion products in

Combustion products out« < <
Power out
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Water in —

Steam generator

Woater out

Problem 4 (11 pts) ,
Starting from the T'ds relation, derive the first isentropic relation of ideal gas under

k-1
constant specific heat assumption. The first isentropic relation is (,:—2) = (V—z) ;
1 1
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Problem 5 (8 pts)

A refrigerator with a coefficient of performance of 6 transfer heat from a cold region
of -20°C to a hot region of 30 °C. Calculate the total entropy change of the process.
Will the refrigerator satisfy the second law?

Appendix I:
Saturated water—Temperature table
Specific volume, Internal energy, Enthalpy,
m¥/kg kl/kg kl/kg
Sat.  Sat. Sat. Sat.  Sat. - Sat. Sat.
Temp., Press., liquid, vapor, liquid, Evap., vapor, liquid, Evap., vapor,
T°C P ikPa v, v, us iy, u, by by, h,
25 3.1698 0.001003 43.340 104.83 23043 2409.1 104.83 2441.7 25465
30 4.2469 0.001004 32.879 125.73  2290.2 24159 12574 2429.8 2555.6
35 5.6291 0.001006 25.205 146.63 2276.0 24227 146.64 24179 2564.6
40 7.3851 0.001008 19.515 167.53 22619 24294  167.53 2406.0 2573.5
45 9.5953 0.001010  15.251 18843 22477 2436.1 18844 23940 25824
Superheated water ) ~Superhcated water
T v u h 5 T v u h s
°C m’fkg  kl/kg kl/kg ki/kgK °C mikg  klkg klkg - K/kgK
P =0.01 MPa (45.81°C)* P =0.30 MPa (133.52°C)
Sat.! 14.670 24372 25839 8.1488 Sat.  0.60582 25432 27249 69917
50 14.867 24433 2592.0 8.1741 150  0.63402 2571.0. 27612 7.0792
100 17.196 25155 2687.5 8.4489 200 0.71643 26510 28659 7.3132
150 19.513 25879 2783.0 8.6893 250  0.79645 27289 29679 7.5180
200 21.826 26614 2879.6  8.9049 300 0.87535 2807.0 3069.6 7.7037
250 24,136  2736.1 29775 9.1015 400 1.03155 2966.0 32755 8.0347
300 26.446 28123 30767 9.2827 500 1.18672 3130.6 3486.6 8.3271
400 31.063 2969.3 3280.0 9.6094 600 1.34139 3301.6 37040 8.5915
Problem 6 (15 pts).

One kmol of methane (CHy) is burned with an unknown amount of air during a
combustion process. If the combustion is complete and there are 1 kmol of free O; in
the products, the air-fuel mass ratio is which one of the following choices?

(a) 34.6, (b) 25.7, (¢) 17.2, (d) 14.3, (e) 11.9

Note: Show your work, otherwise points will not be given.

Problem 7 (15 pts).

A rigid tank is divided into two compartments by a partition. One compartment
contains 3 kmol of N at 400 kPa pressure and the other compartment contains 7 kmol
of CO; at 200 kPa. Now the partition is removed, and the two gases

form a homogeneous mixture at 250 kPa. The partial pressure of N in the mixture is
which one of the following choices?

(a) 75 kPa, (b) 90 kPa, (c) 125 kPa; (d). 175 kPa, (¢) 250 kPa
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Note: Show your work, otherwise points will not be given.

Problem 8 (20 pts).

A mass flow rate 1M, flow of steam at the pressure P; and temperature T; should
be brought to a lower temperature level T3 by spraying in liquid water at the pressure
P, and temperature T, in a steady flow. Describe the procedure (including equations
and unknown properties to be looked up and calculated) to show how you can use the
given conditions to further evaluate the rate of irreversibility, assuming that
surroundings are at the temperature T.

Hint: the rate of irreversibility is the product of T; and the entropy generation Sgep,.
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