CLOSED SYSTEMS
SOLUTIONS

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.

SOLUTION:
[image: ]m = 1.5 kg
 = 1.5 W
 = 1 W (positive)


According to the non-flow energy equation, we have:




The result for  being positive, there was an increase of the rate of internal energy in the system of 2.5 W.
Dividing this by the mass of the system will give the specific (i.e. per unit mass) energy increase:


Note:
This problem is solved writing a dot over the different symbols to indicate that we are talking in term of rate:


Watt (W) is the unit that measures the rate of energy conversion. It is defined as one joule per second:



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






SOLUTION:




P1 = P2 = 900 kPa
V1 = 200 L = 0.2 m3
T2 = 70C

Q = 47.5 MJ





· State 1: (Table A-12)


Hence,


· State 2: (Table A-13)



Therefore,













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.

SOLUTION:
[image: ]AIR
V = 456
= 120 m3
T1 = 7C
T2 = 23C










According to Ideal Gas Equation ,









Therefore,








Hence,



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.

SOLUTION:
[image: ]
P1 = 100 kPa 
ROOM
V = 4  6  6 = 144 m3
T1 = 15C 












According to Ideal Gas Equation ,









And,




Therefore,












Discussion:
Note that a fan actually causes the internal temperature of a confined space to rise. In fact, a 100W fan supplies a room with as much energy as 100W resistance heater.



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









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, 

SOLUTION:








According to Ideal Gas Equation ,





And,




Therefore,







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.
· For the isobaric process of an ideal gas, the boundary work relation is, 

SOLUTION:
















According to Table A-17,

Therefore,







Alternative Solution:
As air is an Ideal Gas, instead of Table A-17, we can use the equation,



Therefore,








[bookmark: _GoBack]Which is very close to the solution determined using Table A-17.



image3.png
™| thermo_6th_sm_chap_4.pdf - Adobe Reader - i e I —— o = T Thermodynamics_Tabless be Reader

x

File Edit View Document Tools Window Help

o) 7 /19 100% - ] Fina -

B S e s 166% - ] | Fina -
0 o 0 TC=U.Z57 KPaII 7KK (Td0Ie A=T). AIS0; T, = U.

at room temperature (Table A-2).
932 | Thermodynamics

Analysis We take the room as the system. This is a closed system since the doors and the windows are said TABLE AT

to be tightly closed, and thus no mass crosses the system boundary during the process. The energy balance Superheate refigerant-134a (Continuea)

for this system can be expressed as T v « h s v u b s v u hos
°C_ mkg kilkg  kikg klikg - K| mikg kikg  kikg kg - K| milkg kilkg kilkg klikg - K

Ey,~Epw = AE tem P = 0,50 NP (T, = 15.71°C) P~ 0.60 MPa (T, = 21.55°C) P = 0.70 WPa (T, = 26.69°C)
o ysten Sot 0041118 23875 26930 09240 | 0034295 24183 26240 09218 | 0029361 26448 26503 0.9199
transfer ; i 20 002115 24240 26345 09383
by by s Change n intemal, kinctie, ROOM % oz 25088 57301 09705 | ocason 2822 2081 0569 | 0095 2748 zeeas 053
y - P - ete. energi 40 0.046436 269.26 282.48 10011 | 0.037855 25786 28058 09816 | 0.031696 25633 27857 09641
- . 50 0048499 26772 29196 10309 | 0039650 26648 2028 10121 | 0033322 26520 28853 09954
W, =AU 6 0050485 27625 0150 10599 | 0041389 27515 29998 10417 | 0034875 2740l 29842 10256
' 4mx6mx6m 70 0052427 28489 31110 10883 | 0.043069 28389 30973 L0705 | 0.036373 28287 30833 10545
o = 80 0056331 29364 2080 11162 | 0044710 29273 31955 LOS7 | 0037829 29180 31828 10835
Wein =muy —uy) =me, (I, =T) %0 005705 30251 3081 Lias | Ooassis 0y swds Lissh | Ocesse soom s Lina
Fan 0058053 31150 36053 11705 | 0047900 31073 33947 11536 | 0.040642 30995 33840 11389
P 0059880 320.63 35057 1.1971 | 0.049458 319.91 34959 1.1803 0.042010 319.19 34860 1.1658
The mass of air is 0061687 32989 360.73 12233 | 0.050997 329.23 359.82 12067 | 0.043358 32855 35890 1.1924
0063479 33929 37103 12091 | 0052519 33867 37018 12327 | 0044688 3304 36932 12186
0.065256 34883 381.46 12747 | 0.054027 348.25 380.66 1.2584 | 0.046004 34766 379.86 1.2444
U= 4x6x6 =144 m3 G067021 3651 29202 13999 | 00ssEas 35796 s91sr izasm | Oosrsoe sy eams 12008
0.068775 368.33 402.72 1.3249 | 0.057006 367.81 40201 13088 | 0.048597 367.29 401.31 1.2951

RV (100 kPa)(144 m®) P = 080 WPa (7, = 3131°0) P = 0.90 WPa (7, = 35.51°0) P = 100 WPa (7, - 39.37°0)

= 5 0025621 24675 26729 05183 | Qozzams zeass 20975 03169 | OONAI3 25088 27099 09156
RL (0287 kPa-m’/kg-K)(288 K) 0.028547 26356 28669 09802 | 0024603 26244 20477 0960 | 002176 26094 28274 09508

m= =1742kg 3
S 0027035 25482 27645 09480 | 0023375 25313 274.17 09327 | 0020406 25130 27171 09179
0029973 27283 29681 10110 | 0026146 27160 29513 09976 | 0023068 27032 29338 09850
. L 0031340 28181 30658 10408 | 0027413 28072 30533 10280 | 0024261 27959 30385 10160
The electrical work done by the fan is 0032659 29084 31697 10698 | 0.028630 28986 31553 10574 | 0.025398 28386 31425 10458
0033941 29995 327.10 10981 | 0.029806 299.06 32583 10860 | 0.026492 29815 32464 10748
. i . 0035193 309.15 337.30 11258 | 0.030951 30834 33619 11140 | 0027552 307.51 33506 11031
W, =W,At = (0.15KJ /s)(10 x 3600 s) = 5400 kT 0036420 318.45 34759 11530 | 0032068 31770 34656 1.1414 | 0028584 31694 34553 11308
€ € 0037625 327.87 357.97 11798 | 0033164 327.18 357.02 11684 | 0029592 32647 35606 1.1580
0038813 337.40 36845 12061 | 0034241 33676 36758 11949 | 0030581 33611 36669 11846
N 1 1 1 7 X I [ 0.039985 347.06 379.05 1.2321 | 0.035302 346.46 37823 1.2210 0.031554 345.85 377.40 1.2109
o
SUbsnnnlu: aud uSlng the C"\alue atroom telllpemt‘llle. 0.041143 356,85 389.76 1.2577 | 0.036349 356.28 389.00 1.2467 0032512 35571 38822 1.2368
0042290 366,76 40059 12830 | 0037384 36623 39988 12721 | 003357 366,70 39915 12623
54 = 4.2 k: T /ke-© - 15)° 0043427 37681 41155 13080 | 0.038408 37631 41088 12972 | 0034392 37581 41020 12875
5400 kT = (174.2 kg)(0.718 kl/kg-°C)(1; - 15)°C Goiasss 33658 4226e 13527 | Gosoaes ey a0 Vszzt | cosssty 3waos stres voree
T, = 58.2°C P = 120 WPa (7 = 4629°C) P = 140 WPa (T, = 52.40%) P=160MPa (T, ~5788°0)
2 e 0.016715 25381 27387 09130 | 0014107 256.37 276.12 0.9105 0.012123 25847 27786 0.9078
0017201 25763 27827 09267

0018404 26756 28964 D614 | 0015005 26446 28547 09389 | 0012372 26089 28063 09163

0019502 277.21 30061 09938 | 0016060 27462 29710 09733 | 0013430 27175
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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

L ——— '
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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.
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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;)
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5 The room is air-tight so that no air leaks in and out during the process.

832 ! Thermodynamics

Properties The gas constant of air is R = 0.287 kPa.m’/kg.K (Table A-1). Also, ¢, = 0.718 kJ/kg K for air

at room temperature (Table A-2). Superheated refrigerant-134a (Continued)

. .. P . T v u h s v u h s v u h s i
Analysis We take the air in the room to be the system. This is a closed system since no mass crosses the C mikg kg kg kg K| mihg  kikg Kikg  Khg-K| mike  kikg ke Wikg- K
system boundary. The energy balance for this stationary constant-volume closed system can be expressed P = 0.50 WP (T, = 15.71°0) P = 0.60 WPa (T, = 21.55C) P = 0.70 wpa 650

Sot 0041118 23875 25930 0920 | 0.034295 24183 26240 09218 | 0029361 26448 26503 0.9199

as 20 0062115 262.40 263.46 0.9383

30 0044338 25084 27301 09703 | 0.03598¢ 24322 27081 05499 | 0.029965 26745 26845 0.9313

E. _E \E 40 0046455 25926 26248 10011 | 0037865 257.8 28058 OSBLS | 0.0316% 25633 27857 0.9641

in ~ “out - system 50  0.048499 267.72 291.96 1.0309 | 0.039659 266.48 29028 10121 | 0033322 26520 288.53 0.9954
¥ |
— —_— 60  0.050485 276.25 301.50 1.0599 | 0.041389 275.15 299.98 1.0417 0.034875 274.01 298.42 1.0256 |
Net energy transfer Change in internal, kinetic, 70 0052427 284.89 31110 10883 | 0.043069 283.89 309.73 10705 | 0.0363/3 28287 308.33 10549 |
by heat, work, and mass ; i 5 0054331 29364 32080 Lll62 | 0.04710 29273 319.55 10987 | 0037829 29180 31828 10835 |

3 potential, ete. energies

9 0056205 30251 33061 11436 | 0046318 30167 32945 Lizeé | 0.039250 30082 32829 L1lis |

_ ~ _ ;i _ 100 0058053 31150 34053 11705 | 0.047900 31073 33947 11536 | 000642 30995 33840 11389

Wein =AU =me, 4, (T, =T,) (since O =KE =PE =0) 110 Qossem 2063 30057 1171 | Ootoss 31001 959 19 | Oosor0 ore oo 1ioes

120 0061687 32989 36073 12233 | 0050997 32023 35982 12067 | 0.043358 32855 W0 11924
3 130 0063479 33929 37103 12491 | 0052519 33867 /018 12327 | 0.0AM6SS 33BOL 36932 12186
4x5x6 nr 140 0065256 34883 38146 12747 | 0054027 34825 38066 12584 | 0046004 34765 37986 12644
150 0067021 35851 39202 12999 | 0055522 357.95 39127 12838 | 0.047306 35741 39052 12698
i 160 0068775 3833 40272 13249 | 005006 36761 40201 13088 | 0.048597 36729 40131 10951 |
WeiulMt = micy 4o (T, = T) P = 080 WP 7, = 3131%0) P = 050 WP (1, = 3851°0) P = 100 WP (T, - 3937°0)
Set  0.025621 2679 267.09 09183 | 0022663 20885 26926 09169 | 0020313 25068 27099 09156
. 40 0027035 25682 27645 09480 | 0023375 253.13 27417 05327 | 0.020408 25130 27.71 08179
The mass of air is 50 0028547 26386 28669 0.9902 | 0.024809 26244 26477 09650 | 0.021796 26094 28274 09525
G0 0029973 27283 29681 10110 | 0026146 27160 29513 05976 | 0.023068 27032 29338 09850
70 0031360 25181 30688 10408 | 0027413 28072 30533 10280 | 0024261 27959 30385 10160
V= 4x5x6=120 m? B 003265 29084 31697 1069 | 0.078630 28986 31553 10574 | 0025398 28886 31425 10458
90 0033941 29995 327.10 10981 | 0.029806 299.06 32583 10860 | 0.026492 23815 32464 10748
3 100 0035193 309.15 33730 11258 | 0.030951 30834 33619 11140 | 0027552 307.51 33506 11031 |
RV (100 kPa)(120 m”) 110 0036620 31845 34759 11530 | 0.032068 31770 34656 11414 | 0.028584 31694 34553 11308 |
L 5 1493 kg 120 0037625 32787 35797 11798 | 0.033164 327.18 35702 11684 | 0029592 32647 35606 11580
130 0038513 337.40 36845 12061 | 0034241 3376 3758 11949 | 0030581 3311 36669 11846 |
RL (0.287 kPa-m’/kg-K)(280 K) WO 00w%Es 3706 31905 12321 | 00302 Mede ags 12210 | 003isse 4585 37740 12100
150 0041143 35685 389.76 12577 | 0.036349 35628 38900 12467 | 0032512 3571 38822 12368
160 0042290 36676 40059 12830 | 0037384 366.23 39988 12721 | 003357 3650 39915 12623
170 0043627 37681 41155 13080 | 0.038408 376.31 41088 12072 | 0034392 7581 41020 12875
180 0044554 38699 42264 13327 | 0.039423 3852 42200 13221 | 003317 38604 42136 13124

Substituting, the power rating of the heater becomes

= 1.20 MPa (T, = 46.29°C) P = 140 MPa (7,, = 52.40°C) P = 160 MPa (7,, = 67.88°C)

=1.91 kW Sat. 0016715 25381 27387 09130 | 0014107 25637 27612 09105 | 0012123 25847 277.86 0.9078

50 0017201 257.63 27827 0.9267 | |
60 0018404 267.55 28964 09614 | 0.015005 264.46 28547 09389 | 0012372 26089 28069 0.9163
70 0019502 277.21 30061 09938 | 0.016060 27462 297.10 0.9733 27176 5 09535

i~ (1493kg)0.718 kike )23 -7)°C





