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The total tnitial volume is

U= +mpv, =2x0001048+3x13750=4.127

H0
Then the total and specific volumes at the final state are 5 itg

V=120 = ].2,(4'127:4'953 i
A
)

L)
b A s

{I!:g: Skg

Thus,
E 1= 300 ](Pﬂ.
v, 209905 m’/kg

T, =3T36°C T_)_q

(B) When the piston firs starts moving, P, = 300 kPaand 4= ¥ =4,127 ut,
The specific volume ot s tae i :

v, =—-—-03254 m*/kg

which is greater than , = 060582 kg at 300 kPa, Thus no iquid is left in the cylinder when the piston starts moving,

(¢) Nowork is done during process 1-2 since ¥} =14, The pressure remains constant during process 2-3 and the work done
during this process is

=176k

3
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Wb-LPdU-Pz{vz V,)= 000 ka4 9534127 | Py’
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Ey—Epy =  AEgp
Net coergy mmafer  Changs in imternal, kineric,
— Qo =AU 4 + AU 5 =[mlu; —uy)), +[m(u; —y)], (sincc =KE=PE=0)

The properties of steam in hoth tanks st the initial state are (Tables A~4 through A-6)

B4 =1000kPs |y, | =0.25799 m3/kg

T, 4 =300°C u, , =2793.7 kl/kg

Ty5 =150°C| v, =0.00109], v, =0.39248 m*/kg

x, =0.50 u; =631.66, ug=19274kl/kg

Vig =V + X v =0.001091+[0.50x(0.39248 - 0.001091)] = 0.19679 m*/kg

Wy =y +X . =631.66+(0.50x1927.4)=1595.4 ki/kg
The total volume and total mass of the system are

V=, +Up =m0 4 +myv, 5 =(2kg)(0.25799 m*/kg) + (3kgX0.19679 m? /kg) =1.106 m?

m:ﬂid +my =3+2=5kg
Now, the specific volumne at the final state may be determined

vV 1L106m®

which fixes the final state and we can determine other properties
P, =300 kP Wy = -
2 a g Va— Yy _ 0.22127 - 0.001073 — 0.3641
vy =022127 mkg| ~ v, =v, 0.60582-0.001673
Uy =, + X = S61.11+(0.3641x1982.1)= 1282 8 k¥/kg

(b) Substituting,

— Do =AU , + AU 5 =[m(uy — )], + [y —4))),
= (2 kg)}(1282.8 — 2793.7)kVkg + (3 kg)(1282.8 — 1595.9)k)/kg = —3959kJ

Qi = 3959 kJ

0\ dmiio AY-AF pgo Jluoss



WWW.20FILE.ORG
TR ok alsiiita A\

7

(VDS :J|§m‘5,u:.a‘$ .&»_,‘ a.ax; HOR\ PR )l ¢ - #"Mi’jé’l %\\\‘

VY il —— S {aids) geil e Oiupl i g il Shasd
VSl dge yi «Soladgo i 1 yupd ol
CS b Olaolo— Y lawy @yl yo LSWilo —Ladlgd— Y1V B- 5,095 cwiito JU yiogm (oS 3 (owckigeo 1 g 30 W/ (e 4l

WA &, ool of y —udgig

ey * Em,(ﬁ; + %% + ng)
=Em,(ﬁ,+¥+ gz') N
4 [m;(u; t % + 811) - ("1 4 %i + gZ‘)L . Wm 3 | 
Oy, =0, Wy, = 0,m, = 0, 2nd )y, =0

mihl = Mty My = W h; =l h; == 30404 kﬂkg

e the fnalpresur 5 given 85 1.4 MPa, we know o propete f the B
state and therefore the final state is determined. The temperature corresponding to 2
pressure of 1.4 MPa and an infernal energy of 3040.4 kffkg is found to be 452°C.
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Analysis The coefficient of performance of the Camot heat pump is 62,000
" ki

1
- = 1475
I-(T,/T,) 1-Q+213K)(24273K)

CORgp =

Then power input to the heat pump, which is supplying heat to the
house at the same rate as the rate of heat loss, becomes

P L

=003 ki
o~ COBpe 1475

which s half the power produced by the heat engine. Thus the power
output of the heat engine is

Wt = Wgip = 4203 K1) = 8406 kI

To minimize the rate of heat supply, we must use a Camot heat engine whose thermal efficiency is determined from

[ . 9K

2]-Lz]-
e =T =k

=0.727

Then the rate of heat supply to this heat engine 1§ determined from the definition of thermal efficiency to be

.
O =22 S0CUR 1560
iy HE 0.727
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Analysis (a) The steam in tank A undergoes a reversible, adiabatic process, and thus s5; = 5. From the steam tables (Tables
A-4 through A-6),

V= ?g@JSDkPa =().52422 ma-"kg

P, =350 kPa
s:" - Uy = U, 0 ips = 2548.5 ki/kg
- S, =5, gusokre = 69402 kikg K
Ta= Tm@zuu wa =120.2°C
e 1 o = 2ATSr_69402-1.5302 000
5 =4 ST 5.5968

(sat.mixture) J Va A=+ X v =0.001061 +(0.9666)(0.88578 - 0.001061) = 0.85626 m? kg
Uy 4 =Uy+ X 4l g =504.50 +(0.9666)(2024.6 kl'’kg) =2461.5 kl/kg

The initizl and the final masses are

3
;q_fﬁ:Lm]:n_ms kg
via 052422 m’ kg e

vV, 02m? vapar

my 4= =—={12336 k
2,A Via 085626 Ini-"kg E 350 kP_‘a 200 kPa
0.2m
myg=m 4—m, 4 =03815-02336=0.1479 kg
{b) The boundary work done during this process is ;

5
Wi, our = L PV = PylVs -0)= Pyimy gva g

Taking the contents of both the tank and the cylinder to be
the system, the energy balance for this closed system can be
expressed as

Ein o Eunl = ":“anllm

e
.\'ﬂm:ra transfer  Changein internal, kinetie,
by heat, work, and mass poiential, elc, enéngies

- “{"m =AlU= {J'—‘*U}A"'{""‘Lr}s

W +(AU) +(AU) =0

or, Pammy s i+ ity = myuy ) + () = 0
ity gy g+ (myity — myuy ) = 0

Thus,

(myu, —myu, ),  (0.3815)(2548.5)-(0.2336)2461.5)
hyp= =
' m g 0.1479

= 2685.8 kl'kg

At 200 kPa, hy=504.71 and h,= 2706.3 kl/kg. Thus at the final state, the cylinder will contain a saturated liquid-vaper
mixture since hy< h; < h,. Therefore,

Tf,[f - T“t@m iy = 120.25°C
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