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472 A cylinder equipped with a set of stops fot the piston is inithally filled
Heat is transferred to the air until the volume doubled, The wark done by the
wansfer are to be determined, and the process is o be showi on 4 Py diagram,
Assumptions 1 Air is an ideal gas with variable specific heats, 2 The kinetic and povntial energy Chiamigns
are negligible, Ake = Apes0. 3 The thermal energy stored in the cylinder ielf is negligivle, 4 The
COMPression oF expansion process is quagi-equilibrium.

Properties The gas constant of air is K= 0287 kiam’ kg K (Table A<},

Analysis We take the air in the cylinder as the system, This i a closed systom since no mas erowes the
boundary of the system. The energy balance for this closed system can be expressed as

With wir 8t & sprafed sl
aiy arid the amount of hest

B =By AlLlggem

csimnss,

; s
Net energgy transfer — Change in internal, kinefic,
by heat, work, and mass potential, e1c, energies A0 ¥¥a
Qi = Woou = AU = m(uy = 14) h

Op = Mty = i)+ Wy g AlR

= ; ’ 250 ¥z _

The initial and the final volumes and the final temperature of air are o
v

_ mRT; _ (3 kg)(0:287 kPa-m’ /g KIBO0K) g 0 V4
P, 200 kPa :
U, =2V, =2x1.29=2.58 m’

P]V! P3V3 g P1 V; 400 kPa
= y 7.l LT e 5 2% (300 K 1200 K 4
R =y T 200 kP pse 2
No work is done during process 12 since Y, = V. The presaure

remains constant during process 2.3 and the work done during this p

process is _ i

Wy o = fpd,(/ = PV~ V) = (800 KPa)(2.58-129)m" = 816 I

Y

“The initial and final internal energies of air are (Table A<17)
M =ugk = 214,07 kilkg
St e el WU@]M',K -933:33 k-’/kﬁ

1 the energy balance, o
13,33 - 214,07k + 516K = 2674 k)

ai ot the average tempereture of Ty (300 + 12002 = 750 K
1511 'iﬁ 20 YO : ‘ x : ,
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4-73 [A{.w 591»‘3(1' by EES on enclosed CDJ] A cylinder equipped with a set of stops on the top is initially
filled with air at a specified state. Heat is transferred to the air until the piston hits the stops, and then the
pressure doubles. The work done by the air and the amount of heat transfer are to be determined, and the
process is to be shown on a P-v diagram.,

Assumpfiqns 1 Air is an ideal gas with variable specific heats. 2 The kinetic and potential encrgy changes
are negligible, Ake = Ape = 0. 3 There are no work interactions involved. 3 The thermal energy stored in
the cylinder itself is negligible.

Properties The gas constant of air is R = 0.287 kPa.m’/kg.K (Table A-1).

Analysis We take the air in the cylinder to be the system. This is a closed system since no mass crosses the
boundary of the system. The energy balance for this closed system can be expressed as

Em Eout T AEsystcm
Net energy transfer ini Seti
h by Change in internal, kinetic,
by heat, work, and mass potential, etc_energies

O = Wo 0w = AU = m(u; —u;)
O = mluy =)+ Wy o
The initial and the final volumes and the final temperature of air are determined from
_ mRT, _ (3ke)(0.287 kPa-m’/kg K)BOOK) _ | g s
A 200 kPa
V, =2V, =2x129=2.58 m’

RU_PYs 5 By 400Kn
T AV, 200 kPa

200 kPa

Y

% 2% (300 K) = 1200 K

No work is done during process 2-3 since ¢4 = Vi The pressure : :
remains constant during process 1-2 and the work done during this 5

process is

W, = f PdV = P, (V, —V,) = (200 kPa)(2.58~1.29) m{%—

3}=258kJ
a-m

The initial and final internal energies of air are (Table A-17)
U = u@300K = 214.07 kJ/kg
Uy = u@lzoox = 933.33 kj/kg

Substituting,
On= (3 kg)(933.33 - 214.07)kJ/kg + 258 k= 2416 kJ

lternative solution The specific heat of air at the average temperature of 7,,, = (300 + 1200)/2 = 750 K
om Table A-2b, Cavg = 0.800 ki/kg K. Substituting ,

. Q= mly — 1)+ W o = m‘v(ﬂ‘Tt) I ot : e st
= (3kg)(0-800kIkgK)(1200~300) K + 258 k] = 2418kS
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4-43

4-67 A cylinder initially contains nitrogen gas at a specified state. The gas is compressed polytropically
until the volume is reduced by one-half. The work done and the heat transfer are to be determined.

Assumptions 1 The eylinder is stationary and thus the kinetic and potential energy changes are zero. 2 The
N is an ideal gas with constant specific heats. 3 The thermal energy stored in the cylinder itself is
negligible. 4 The compression or expansion process is quasi-equilibrium.
Properties The gas constant of N, are R = 0.2968 kPa.m’/kg.K (Table A-1). The ¢, value of N; at the
average temperature (369+300)/2 = 335 K is 0.744 kl/kg.K (Table A-2b).

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

By = Egut = AEsy.f.lem
Net energy transfer Change in internal, Kinetic,
by heat, work, and mass potential, ete. energies i’i
Wb,iu ok Qout =AU = m(“z "'“l)
,’Vb.in qir Qom =mc, (Tz 3 Tl) N
; 100 kPa
The final pressure and temperature of nitrogen are 7°c T Q
V 1.3 PVIJ — C
RV = B —— B = [-V—‘] P, =2"(100 kPa) = 246.2 kPa
2
B _P% o Bl MOZKR 5, 00K =3693K
1 7, A Y 100 kPa

Then the boundary work for this polytropic process can be determined ﬁ'qm

2 PV, —PV  mR(T—-T)

o == fpay = 2= T
(0.8 kg)(0.2968 ki/kg - K)(369.3=300K _ g4 ¢y 5
=iy =13 i

Substituting into the energy balance gives
Qout 7 Wb,in —me, (Tz s Ti)
— 54.8 kI — (0.8 kg)(0.744 kl/kg K)(369.3— 360)K
=13.6kJ
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