CLOSED SYSTEMS

Exercise 1:
A rigid container equipped with a stirring device contains 1.5 kg of motor oil. Determine the rate of specific internal energy increase when heat is transferred to the oil at a rate of 1 W, and 1.5 W of power is applied to the stirring device.

Exercise 2:
A frictionless piston-cylinder device initially contains 200 L of saturated liquid refrigerant 134a. The piston is free to move, and its mass is such that it maintains a pressure of 900 kPa on the refrigerant. The refrigerant is now heated until its temperature rise to 70C. Using Table A-11 through A-13, calculate the work done if 47.5 MJ of heat is transferred to the refrigerant during this process. 



Q


R-134a

P = constant






Exercise 3:
A 4-m  5-m  6-m room is to be heated by a base-board resistance heater. It is desired that the resistance heater be able to raise the air temperature in the room from 7 to 23C within 15 min. Assuming no heat losses from the room and an atmospheric pressure of 100 kPa, determine the required power of the resistance heater. Assume constant specific heats at room temperature.

Notes: 
· Air is considered as an ideal gas. 
· Gas constant and specific heats values can be found in table A-2.


Exercise 4:
A student living in a 4-m  6-m  6-m dormitory room turns on her 150 W fan before she leaves the room on a summer day, hoping that the room will be cooled when she comes back in the evening. Assuming all the doors and windows are tightly closed and disregarding any heat transfer through the walls and the windows, determine the temperature in the room when she comes back 10 hr later. Use specific heats values at room temperature, and assume the room to be at 100 kPa and 15C in the morning when she leaves.

Notes: 
· Air is considered as an ideal gas. 
· Gas constant and specific heats values can be found in table A-2.

Exercise 5:
Air is contained in a variable-load piston device equipped with a stirring wheel. Initially, air is at 500 kPa and 27C. The stirring wheel is now turned by an external electric motor until 50 kJ/kg of work has been transferred to the air. During this isobaric process, heat is transferred to maintain a constant air temperature while allowing the gas volume to triple. Calculate the required amount of specific heat transfer q.




Air
500 kPa
27C
q








Notes: 
· Air is considered as an ideal gas. 
· Gas constant and specific heats values can be found in table A-2.
· For the isobaric process of an ideal gas, the boundary work relation is, 


Exercise 6:
A mass of 15 kg of air in a piston-cylinder device is heated from 25 to 77C by passing current through a resistance heater inside the cylinder. The pressure inside the cylinder is held constant at 300 kPa during the process, and a heat loss of 60kJ occurs. Determine the electric energy supplied in kJ.
[image: ]
Notes: 
· Air is considered as an ideal gas, Table A-17 can be used (or not).
· Gas constant and specific heats values can be found in table A-2.
· [bookmark: _GoBack]For the isobaric process of an ideal gas, the boundary work relation is, 
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4-79 A cylinder is initially filled with air at a specified state. Air is heated electrically at constant pressure,

and some heat is lost in the process. The amount of electrical energy supplied is to be determined.

Assumptions 1 The cylinder is stationary and thus the kinetic and potential energy changes are zero. 2 Air
is an ideal gas with variable specific heats. 3 The thermal energy stored in the cylinder itself and the
resistance wires is negligible. 4 The compression or expansion process is quasi-equilibrium.

Properties The initial and final enthalpies of air are (Table A-17)

Iy = g a0 ¢ =298.18 kI /kg
Iy = lig 3505 = 35049 kI /kg

Analysis We take the contents of the cylinder as the system. This is a
closed system since no mass enters or leaves. The energy balance for
this closed system can be expressed as

AE,

system

Ein -E

out

Change in internal. kinetic.
potential. etc. energies

Net energy transfer
by heat, work. and mass

e,

I/Ve.i.u = Oout — Wb.oul =AU —— Wi =m(hy = Iy) + Oy

AIR

P = const.

since AU + W, = AH during a constant pressure quasi-equilibrium process. Substituting,

V. = (15 kg)(350.49 - 298.18)kT/kg + (60 kJ) = 845 kJ

1kWh

W, =(845k])| ——— |=0.235 kWh
en =( )3600 kJ
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nless piston-cylinder device initially contains 200 L of saturated liquid refrigerant 134a. The
piston s free to move, and its mass is such that it maintains a pressure of 900 kPa on the refrigerant.

The refrigerant is now heated until its temperature rise to 70°C. Using Table A-11 through A-13,
calculate the work done if 47.5 ki of heat is transfer to the refrigerant during this process.

R-134a

P = constant

Exer
A 4-m x 5-m x 6-m room is to be heated by a base-board resistance heater. It is desired that the

resistance heater be able to raise the air temperature in the room from 7 to 23°C within 15 min.
Assuming no heat losses from the room and an atmospheric pressure of 100 kPa, determine the
required power of the resistance heater. Assume constant specific heats at room temperature.

Notes:
o Airis considered asan ideal gas.
o Gas constant and specific heats values can be found in table A-2.

A student living in a 4-m X 6-m x 6-m dormitory room turns on her 150 W fan before she leaves the
room on a summer day, hoping that the room will be cooled when she comes back in the evening.
Assuming all the doors and windows are tightly closed and disregarding any heat transfer through
the walls and the windows, determine the temperature in the room when she comes back 10 hr
later. Use specific heats values at room temperature, and assume the room to be at 100 kPa and
15°C in the morning when she leaves.

Notes:

is considered as an ideal gas.

Gas constant and specific heats values can be found in table A-2.

2013 | Worasi763 | B _Englsh 00

Notes:
o Airis considered asan ideal gas.
o Gas constant and specific heats values can be found in table A-2.
o For the isobaric process of an ideal gas, the boundary work relation is, w; = P. (v, —v;)

Exercise 8:
A mass of 15 kg of air in a piston-cylinder device is heated from 25 to 77°C by passing current

through a resistance heater inside the cylinder. The pressure inside the cylinder is held constant at
300 kPa during the process, and a heat loss of 60kl occurs. Determine the electric energy supplied in

K.

Notes:
o Airis considered as an ideal gas, Table A-17 can be used (or not).
o Gas constant and specific heats values can be found in table A-2.

o For the isobaric process of an ideal gas, the boundary work relation is, w, = P. (v, — v;)

ome et —— -9
Calibri(Body) ~ 11 - AT A" Aa- % s a8 Find -
ibri Body) N ] nsbcene AaBbC: AaBbCe AQDB 4aBice. acsbeeo aasbcen: AasbceD. AaBbCeDe AaBbCCD( AaBbCCD( AABSCCDC AABSCCDT AABBCCDE | & Reptace
* pate - | A-w-A- 0 Spaci. Heading  Headn We  Subtile SubtieEm.. Emphasis Intense ron uote  Intense Q.. SubtleRer.. IntenseR.. BookTiie | Change
g romatpaner| B £ B e % ¢ | AW A Thospad. Headngl Mooz  THe  Swie  SwieEn. fnonss beneE. St Qute  WeseQ SueRd. inemen. soortue | Swnae S
Gipboard Font Paragraph syes dting
5] e e e e e =
C R — GES : - s - - - - - - : : z

B 0 -«




