AREN 2110
Practice Problems: State, Properties, and Work

1. A device consisting of a piston-cylinder with an attached spring
containing 0.25 kg air is operated in the cycle described below
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1 > 2: Atstate 1 P, =200 kPa and V, = 0.25 m°. The compressed linear
spring is released and the air is compressed until the spring no

longer stores energy and the piston is just resting on the stops: P, =
300 kPa, , V,=0.10 m’

2 = 3: After compression, heat is removed and the pressure drops to 100
kPa at state 3.

3 = 1: Then heat is added, the linear spring is compressed, and the air
expands until it reaches state 1.

a) Draw the process on the P-V diagram below.
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b) Find the temperature of the air at states 1 and 3 (T, and Tj).
c¢) Calculate the total work done during process 1 = 2.
d) Calculate the total work done during process 3 = 1.

e) Calculate the net work for the cycle, and note if work is being done by the
system or on the system.

f) Calculate the work done by the spring in process 1 = 2. How does it
compare with the work done on the spring in process 3 2 1?

g) If the spring constant = 375 kN/m and the area of the piston is 0.75 m?,
what is the displacement of the spring for process 1 =2 2?

2. Complete the following table

substance P (kPa) T (°C) v (m’/kg) x* phase
H,O 200 0.4
H,O 200 85
air 200 0.9
R-134a 200 0.0500
R-134a 200 0

* use "na" for "not applicable" where quality does not apply




3. Use the P-V diagram below to answer the following questions

P

4 <« 3

RS

1 — 2

The net work for the cycle is:
a) Zero

b) Positive
c) Negative
d) Cannot tell from the diagram

The processes from states 1 =2 2 and 3 = 4 are:
a) Isothermal

b) Isobaric
c¢) Isochoric

d) Isometric

ii1) The net enthalpy change for the cycle is

a) Zero

b) Positive

c) Negative

d) Cannot tell from the diagram




4. Ten (10) kg of saturated liquid water at 100 °C and 0.10133 MPa with a specific
volume of 0.001044 m’/kg is contained in a tank connected to an evacuated second
tank through a pipe with a closed valve at state 1. The valve is opened and the water
expands isothermally into the second tank until equilibrium is reached with 10 kg
water at 100 °C and 0.01 MPa at state 2.
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a) Draw the process on the P-v diagram below, showing process direction:

a) P-v diagram for water
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b) Calculate the total volume of the two-tank system.



75 One (1) kg of water in a piston cylinder device has an initial volume = 0.2 m>, and
pressure of 300 kPa (constant throughout process).

a) What is the water temperature?

b) How much heat is required to expand the water to 0.6058 m>?

c) What is the temperature after expansion?

d) More heat is added until the volume = 0.8753 m>. What is the final temperature?
e) Draw the process on a T-v diagram, showing values of for T and v.
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6. The temperature of two kilograms of water contained in an 0.20-m’ rigid tank is 200
°C. Determine:

a) the pressure in the system

b) the specific enthalpy of the system
c¢) the mass of the vapor phase

d) the volume of the vapor phase

7. A piston/cylinder contains 10 kg of ice at 7=0 °C and P=100 kPa. The ice is melted
and then warmed to 150°C at constant pressure. (Latent heat of fusion of ice=333.7 kJ/kg

@ 0 °C).

P=100kPa P=100kPa
7=0°C T=150°C
m=10kg m=10kg
Start Finish

a) How much energy is required to convert the ice to a saturated liquid?
b) How much energy is required to convert the saturated liquid to the final state?
c) What phase is the water at the end of the process?



8. The Rankine scale is an absolute temperature scale. The ice point for water on the
Rankine scale =491.7 R.

a) Calculate the factor for converting from temperature in the Kelvin scale to the Rankine
scale.
b) What is the boiling point of water at 1 atm pressure in the Rankine scale?

9. Helium at 100 °C is compressed in a closed-system, isothermal process from an initial
volume of 20 m” to a final volume of 2 m’. The initial pressure of the helium is 100 kPa.

a) What is the mass of helium in the system?
b) What is the boundary work done on the helium during the compression?

After compression, the helium is expanded at constant pressure to its initial volume.
c) What is the final temperature of the helium?

d) What is the net work of the entire two-step process?
e) Draw the process on the P-V diagram below.
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10. How much total energy is required to raise the temperature of 3 kg of hydrogen (H»),
an ideal gas, from 400K to 800K in a constant pressure process where the volume of the
gas increases from 10 m’ to 20 m®? (Assume the temperature change is small enough that
the specific heat is constant over the process.) At what pressure does this process take
place?



11. A closed-system piston-cylinder device contains refrigerant (R-134a) at
a pressure of 0.1 MPa, temperature of 241K and initial volume of 0.1 m’.
The refrigerant is expanded in an isobaric process until the temperature
reaches 303K.

a) What is the mass of refrigerant in the system?
b) What is the total volume of the system after expansion?

c) What is the change in energy of the system during the expansion (in kJ)?

When the refrigerant temperature reaches 303K, energy is removed in an
isothermal process until it is a saturated liquid.

d) What is the pressure of the refrigerant at the end of the isothermal
process?

e) Draw the two-step process on the T-v diagram for refrigerant below using
values for temperature and specific volume:
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f) What is the net change in energy of the refrigerant over the two-step
process?

g) Draw the two-step process on the P-v diagram for refrigerant below using
values for pressure and specific volume.

Saturated Liquid-Vapor Phase Diagram R-134a
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