HW # 4
[image: image1.png]4-25 An ideal gas undergoes two processes in a piston-cylinder device. The process is to be sketched on a P-/diagram: an
expression for the ratio of the compression to expansion work s to be obtained and this ratio is to be calculated for given
values of n and 7.

Assumptions The process is quasi-equilibrium.

Analysis (a) The processes on a P-Vdiagram is as follows: 2 P=comst
(b) The ratio of the compression-to-expansion work s called the 3
back-work ratio BWR.

>
Process 12 Wy, j‘ Pdv PV =const 1
The process is PV’ = constant, , P= <2 014 the integration resuits in v

where the ideal gas law has been used. However. the compression work is

WR(T, -T,)
Poawp =T =— 5575
s
Process2-3:  Wy,ps :J Pdv
i

The process is P= constant and the integration gives
W3 =P(Vs=V2)

where P=P; = P;. Using the ideal gas law. the expansion work is
Wesp =Wh23 =mR(T3 1))

‘The back-work ratio is defined as

mR(T -T,)
o Tem a1 _ 1 @M-T)_ 1 L (-R/T)_ 1 (-L/Ty
Wy mR(T;-T,) n1(5-T) n1T, (I;/T,-1) n-1(G/T-1)

Since process 1-2 is polytropic, the temperature-volume relation for the ideal gas is

L ()"
I

where 7 s the compression ratio U4/ Va. Since process 2-3 is constant pressure. the combined ideal gas law gives

The back-work ratio becomes

P B (s
n-1 (r-1)

(¢) Forn =14 and r = 6. the value of the BWR is

Lis
R=— 4= _g.256
T4-1 (6-1)



[image: image2.png]4-32 Water contained in a rigid vessel is heated. The heat transfer is to be determined.

Assumptions 1 The system is stationary and thus the kinetic and potential encrgy changes are zero. 2 There are no work
interactions involved 3 The thermal energy stored in the vessel itsclf is negligible.

Analysis We take water as the system. This is a closed system since no mass enters or
Ieaves. The energy balance for this stationary closed system can be cxpressed as

E,~E, = AE
N T Chnge ot ke v
byt well s pEsan e et 0L o
0, =AU =m(u; —u;) (since KE = PE=0) 100°C
x=0.123
‘The properties at the initial and final states are (Table A-4)
T, =100°C| v, =, +xv g =0.001043+(0.123)(1.6720—0.001043) = 02066 m’ / kg
x,=0.123 | u =u s +xu gy =419.06+(0.123)(2087.0) = 675.76 ki/kg
v —v
. 4y = 2TYs 020660001091 0 .
T, =150°C vy 039248-0.001091
vy =y =02066m° /kg | 4y =uy +Xpug 2
= 631.66+(0.5250)(1927.4) = 16435 kI/kg
The mass in the system is A
Y __ 0100
L= =004841kg [7
v 0.2066m’ kg
Substituting,

Oy =m(uy —uy) = (0.04841kg)(1643.5 - 675.76) ki/kg = 46.9 kJ



[image: image3.png]4-43 Two tanks initially separated by a partition contain steam at different states. Now the partition is removed and they are
allowed to mix until equilibrium is established. The temperature and quality of the steam at the final state and the amount of
heat lost from the tanks are to be determined.

Assumptions 1 The tank is stationary and thus the kinctic and potential encrgy
changes are zero. 2 There are no work interactions.

Analysis (a) We take the contents of both tanks as the system. This is a closed
system since no mass enters or leaves. Noting that the volume of the system is
constant and thus there is no boundary work, the cncrgy balance for this
stationary closed system can be expressed as

Ein—Eow = Ay
Netenerey Gmster  Change el kinetic. ]

by e s Changen e et
— O =AU 4 + AU =[m(uy —up)], +[m(uy ~uy)]; ~ (since” =KE=PE =0)

‘The propertics of steam in both tanks at the initial state are (Tables A~4 through A-6)

Py, =1000kPa |y, , = 025799 m’/kg
T4 =300°C  [uy , =2793.7 kikg

Tis ZISO”C}V, =0.001091, v, =0.39248 m’ kg
u

x =050 =631.66, ug =1927.4kIkg
g =V; +x,0;, =0.001091+[0.50x (039248 -0.001091)] = 0.19679 m* /kg
g =ty +xu g =631.66+(0.50x1927.4)=1505.4 ki/kg

The total volume and total mass of the system are

V=V, +Vs =m0, 4 +myv; 5 = (2kg)(0.25799 m* kg) + (3kg)(0.19679 m* /kg) =1.106 m*
m=m +mg =3+2=5kg

Now, the specific volume at the final state may be determined

106

2 -022127m’/kg
Ske

which fixes the final state and we can determine other properties
T, = Ty a0, =133.5°C
B, =300 kPa vy = 27Yr _ 0.22127-0.001073
v, =022127m¥ke| © v, —v; 0.60582-0.001073
y =g +xp =561.11+(0.3641x1982.1) = 1282.8 ki/kg

=0.3641

(5) Substituting,

= O =AU 4 + AU =[m(uy )] +[m(uy )]y
=(2kg)(1282.8 - 2793.7)kI/kg + (3kg)(1282.8 - 1595.4)kI/kg = —3959 kT

0, =3959kJ



[image: image4.png]4-77 Air at a specified state contained in a piston-cylinder device undergoes an isothermal and constant volume process
until a final temperature. The process is fo be sketched on the P-V/ diagram and the amount of heat transfer is to be
determined.

Assumptions 1 Air is an ideal gas since it is at a high temperature relative fo its critical temperature of 304.2 K. 2 The
kinetic and potential encrgy changes arc negligible, Ake = Ape=0.

Properties The properties of air are R =0.287 kI/kgK and ¢, = 0.718 kI/kg K (Table A-2a).

Analysis (a) The processes 1-2 (isothermal) and 2-3 (constant-volume) are
sketched on the P-/diagram as shown.
(b) We take air as the system. This is a closed system since no mass crosses

the boundaries of the system. The energy balance for this system fort he
process 1-3 can be expressed as

En—Eow = AEguen
Netenerey trmsfer  Change n nernal. kinetic,

ybest work s poraal e enerer

P12 + On =AU =me, (T; ~T;)

The mass of the air is

wBY_ (600kPa)(0.8m>)

— SR 304kg
RT; ~ (0.287kPa-m® kg K)(1200K)

The work during process 1-2 is determined from boundary work relation
for an isothermal process fo be

v bil
Wy out 12 =mRT In—2 =mRT; In -
bout-2 il il

>, v ()
600kPa
=(1.394kg)(0.287 kPa - m’ kg - K)(1200 K)ln.
@ 2)(( 2 -’ /kg - K)(1200K)ln 7o
=3328K7
since 2 =B for an isothermal process.
v B

Substituting these values into cnergy balance cquation,

O =Wyoue12 +me, (T~ 1)
=332.8K7 + (1.394kg)(0.718 kI/kg - K)(300~ 1200)K.
=-568kJ

Thus,
O =568 kJ



[image: image5.png]4-142 An insulated rigid tank is divided into two compartments, cach compartment containing the same ideal gas at
different states. The two gases are allowed to mix. The simplest expression for the mixture temperature in a specified
format is to be obtained.

Analysis We take the both compartments together as the system. This is a closed system since no mass enters or leaves. The
cnergy balance for this stationary closed system can be cxpressed as

_E. =
e i
byhent ok mdmass el e e

0=AU (since Q= ~KE=PE=0) . -

0=me, (L =T) +mye, (G -T) T T

(my+my)T; = mT+mTy
ad  my=my+m,
Solving for final temperature, we find

T =g+ b
ms




