Problem Sheet 1B (Sonntag & Van Wylen)

of 0.2 m’. Weights are added to the piston
such that the gas compresses according to the rela-

2 A piston/cylinder device contains 0.1 kg of air at 10
kPa and 400 K that goes through a polytropic com
pression process with » = 1.3 to a pressure of
kPa. How much work has the air done in

_ process?

3 A balloon behaves so the pressure is P = C,/"?
C; = 100 kPa/m. The balloon is blown up with
from a starting volume of 1 m® to a volume
3 m’. Find the final mass of the air, assuming it if
at 25°C, and the work done by the air.

4 A piston/cylinder arrangement shown in Fig. P4.61
nitially contains air at 150 kPa and 400°C. The
“petup is allowed to cool to the ambient temperature

§f.20°c.

@ Is the piston resting on the stops in the final

state? What is the final pressure in the cylinder?

b. What is the specific work done by the air during
~ the process?

e o

FIGURE P4.61

onless piston of such mass that a pressure of 150
a will float it, is initially empty. The valve is
pened and argon flows into B and eventually
aches a uniform state of 150 kPa and 30°C

R—
FIGURE P4.33

A piston/cylinder contains air at 600 kPa, 290 K
and a volume of 0.01 m’. A constant-pressure
process gives 54 kJ of work out. Find the final vol-
ume and temperature of the air.

Air in a spring-loaded piston/cylinder setup has a
pressure that is linear with volume, P = 4 + BV.
With an initial state of P = 150 kPa, ¥ = 1 L and a
final state of 800 kPa and volume 1.5 L, it is simi-
lar to the setup in Problem 3.113. Find the work
done by the air.

A piston/cylinder assembly contains 1 kg of liquid
water at 20°C and 300 kPa, as shown in Fig. P4.42.
There is a linear spring mounted on the piston such
that when the water is heated the pressure reaches
3 MPa with a volume of 0.1 m’.

a. Find the final temperature.
b. Plot the process in a P-v diagram.
¢. Find the work in the process.

FIGURE P4.42
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PROBLEMSHEET 1 (continued)

9 A mass of 2.4 kg of air at 150 kPa and 12°C is con-
tained in a gas-tight, frictionless piston—cylinder device. The
air is now compressed to a final pressure of 600 kPa. During
the process, heat is transferred from the air such that the tem-
perature inside the cylinder remains constant. Calculate the
work input during this process. Answer: 272 kJ

10 A gas is compressed from an initial volume of 0.42 m?
to a final volume of 0.12 m* During the quasi-equilibrium
process, the pressure changes with volume according to the
relation P = aV + b, where a = —1200 kPa/m* and b =
600 kPa. Calculate the work done during this process (a) by plot-
ting the process on a P-V/ diagram and finding the area under the
process curve and (b) by performing the necessary integrations.

GAS

P=aV+b

11 A frictionless piston—cylinder device contains 2 kg of
nitrogen at 100 kPa and 300 K. Nitrogen is now compressed
slowly according to the relation PV'4 = constant until it
reaches a final temperature of 360 K. Calculate the work
input during this process. Answer: 89 kJ

12 Carbon dioxide contained in a piston—cylinder device
1s compressed from 0.3 to 0.1 m? During the process,
the pressure and volume are related by P = aV™2, where a =
8 kPa - m®. Calculate the work done on the carbon dioxide
during this process. Answer: 53.3 kJ

[from Cengel

and Boles|

To attempt later, when the Properties of Steam will be
covered

13 A piston—cylinder device contains 50 kg of water at
250 kPa and 25°C. The cross-sectional area of the piston is
0.1 m?2 Heat is now transferred to the water, causing part of it
to evaporate and expand. When the volume reaches 0.2 m?,
the piston reaches a linear spring whose spring constant is
100 kN/m. More heat is transferred to the water until the pis-
ton rises 20 cm more. Determine (a) the final pressure and
temperature and (b) the work done during this process. Also,
show the process on a P-V diagram. Answers: (a) 450 kPa,
147.9°C, (b) 44.5 kJ
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H,0
m =50 kg

14 An insulated piston—cylinder device contains 5 L of
saturated liquid water at a constant pressure of 175 kPa.
Water is stirred by a paddle wheel while a current of 8§ A
flows for 45 min through a resistor placed in the water.
If one-half of the liquid is evaporated during this constant-
pressure process and the paddle-wheel work amounts to
400 kl. determine the voltage of the source. Also. show the
process on a P-v diagram with respect to saturation lines.
Answer: 224 V

H,0
P= constant
——
WF
15 A piston—cylinder device initially contains 0.8 m® of

saturated water vapor at 250 kPa. At this state, the piston is
resting on a set of stops, and the mass of the piston is such
that a pressure of 300 kPa is required to move it. Heat is now
slowly transferred to the steam until the volume doubles.
Show the process on a P-v diagram with respect to saturation
lines and determine (a) the final temperature, (») the work
done during this process, and (c) the total heat transfer.
Answers: (a) 662°C, (b) 240 kJ, (¢) 1213 kJ

From Cengel and Boles
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