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Clapeyron Equation

13.120

A special application requires R-22 at —150 F. It is known that the triple-point
temperature is less than —150 F. Find the pressure and specific volume of the
saturated vapor at the required condition.

The lowest temperature in Table F.9 for R-22 is -100 F, so it must be extended
to -150 F using the Clapeyron eqn. At T, =-100 F =359.7 R,

1.9859
R =%26.469

P, =2.398 Ibf/in.” and =0.022 97 Btw/lbm R

| P b (TT) 1079 (309.7-359.7) ) 1084
"P,T R TxT, 002297 309.7x359.7

P = 0.2912 Ibf/in.2

_RT_0.022 97 x 778 x 309.7

g Pg 0.2912 x 144

v =132 ft3/lbm
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13.121

Ice (solid water) at 27 F, 1 atm is compressed isothermally until it
becomes liquid. Find the required pressure.

Water, triple point T =32.02 F =491.69 R, P =0.088 67 Ibf/in.?
vp=0.016 022 ft3/lbm, v;=0.017 473 ft3/lbm
hg=0.00 Btu/lbm h; = -143.34 Btu/Ibm

dP;;  hg-h 143.34x778.2
if _ Do h a = -1085.8 psia/R

dT ~ (ve-v)T ~ -0.001 451x491.69x144
AP~ AT = -1085.8 (27 - 32.02) = 5450.7 Ibf/in.

P =P _-+AP=5451 1bf/in.2
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13.122
The saturation pressure can be approximated as In P, = A — B/T, where A and B
are constants. Use the steam tables and determine A and B from properties at 70 F
only. Use the equation to predict the saturation pressure at 80 F and compare to
table value.

dPS&t .
dT

so we notice from Eq.13.7 and Table values from F.7.1 and F.4 that

hg, 1053.95
R 85.76 /778

Now the constant A comes from the saturation pressure as

9561.3
A=InPgy +B/T=1n0363 + 750779

Use the equation to predict the saturation pressure at 80 F as

9561.3
In Py =A—B/T=17.038 - 7o o ——=n = -0.6789

459.67 + 80
P, = 0.5071 psia
compare this with the table value of Pg,; = 0.507 psia and we have a very close

In Py, =A—B/T = P (-B)(-T2)

B= =09561.3 R

=17.038

approximation.
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13.123
Using thermodynamic data for water from Tables C.8.1 and C.8.3, estimate the

freezing temperature of liquid water at a pressure of 5000 Ibf/in.2.

P dPyr  hy
H2 dT — TVif ~ constant

At the triple point,
TP Vip= V- v; = 0.016 022 - 0.017 473

T =-0.001 451 ft3/Ibm
hig="he- h. = 0.0 - (-143.34) = 143.34 Btw/lbm

dPip 143.34 7782
dT ~491.69(-0.001 451)™ 144 ~

—  at P =5000 Ibf/in?,

(5000-0.09)
(-1085.8)

-1085.8 Ibf/in.2 R

T=32.02+ =274F
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Volume Expansivity and Compressibility

13.124
Determine the volume expansivity, ap, and the isothermal compressibility, Bz,

for water at 50 F, 500 Ibf/in.? and at 500 F, 1500 Ibf/in.? using the steam tables.
Water at 50 F, 500 Ibf/in.? (compressed liquid)

1eovy 1AV

Vv OT/P ™ vAAT/P

Using values at 32 F, 50 F and 100 F

1 0.016 106 - 0.015 994
~ - -1
Op ~ 0015 998 100 - 32 0.000 103 F

op =

Pp=- _aPT )T

Using values at saturation, 500 and 1000 Ibf/in.?

1 0.015971-0.016 024 ,
Br~-0015998  1000-0.178 _ ~ 0-000 0033 in.*/Ibf

Water at 500 F, 1500 Ibf/in.? (compressed liquid)

1 0.021 579 - 0.019 264
~ = -1
%P~ 0.020 245 550 - 450 0.001 143 F

1 0.020 139 - 0.020 357 ,
Br~-0020245  2000-1000  — 0-000 0108 in.*/Ibf
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13.125
A cylinder fitted with a piston contains liquid methanol at 70 F, 15 1bf/in.? and

volume 1 ft3. The piston is moved, compressing the methanol to 3000 1bf/in.? at
constant temperature. Calculate the work required for this process. The isothermal

compressibility of liquid methanol at 70 F is 8.3 x 1070 in.2/Ibf.

2 P 2
W, = { Pdv = Jp(a_lv))T dPp = - [ vB, PdPy
1

For v ~ const & B.. ~ - - V—BT(P2 Pz)
or v = const BT~const. = W, =-"5 - P

For liquid methanol, from Table F.3 : p =49.1 lbm/ft>
V, =10, m=10x49.1=49.11lbm

1.0x 83 x 106
w, = BB (300012 - (152 | 144 = 5378.4 1 1bf = 6.9 Btu
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13.126
Sound waves propagate through a media as pressure waves that causes the media
to go through isentropic compression and expansion processes. The speed of

sound c is defined by ¢2 = (AP/ op)s and it can be related to the adiabatic

compressibility, which for liquid ethanol at 70 F is 6.4 x 10 in.%/Ibf. Find the
speed of sound at this temperature.

Zz(g_g ( ST 1/A0N :BLSP

16V)p

From Table F.3 for ethanol,  p = 48.9 Ibm/ft>

- 32.174x144 \12
==\ ax100xago) 848 1Us
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13.127
Consider the speed of sound as defined in Problem 13.79. Calculate the speed of

sound for liquid water at 50 F, 250 Ibf/in.? and for water vapor at 400 F, 80
Ibf/in.? using the steam tables.

. 2_( p) T 2( A4
From problem 13.79 : C P S \% P S

Liquid water at 50 F, 250 1bf/in.”

e (), (2
ssume ov/s = AV/T

Using saturated liquid at 50 F and compressed liquid at 50 F, 500 Ibf/in.?,

(0.016024+0.015998)2((500—0. 18)x144x32.174

= 6
2 0.015998-0.016024 J = 22:832x10

C2:_

c = 4778 ft/s
Superheated vapor water at 400 F, 80 Ibf/in.?

v=6.217 ft*/lbm, s=1.6790 Btu/lbm R
AtP =60 Ibf/in.? & s =1.6790: T =343.8 F, v=7.7471 ft’/lbm
AtP =100 Ibf/in.? & s =1.6790: T =446.2 F, v = 5.2394 ft*/Ibm

2 ) ((100-60)x144x32.174) .
& =-62177 ( 5239477471 ) ~2:856x10

¢ =1690 ft/s
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13.128

Liquid methanol at 77 F has an adiabatic compressibility of 7.1 x 10" in%/Ibf.
What is the speed of sound? If it is compressed from 15 psia to 1500 psia in an
insulated piston/cylinder, what is the specific work?

From Eq.13.43 and Eq.13.40 and the density from table A.4

OP aP) 1 1

2 ( _ 2 _ 2,2

¢z = = = = 144 x 32.174 {t°/s
op/'s v \ov/s BSP 7.1x10°%%x49.1

=13.290 x 10° ft%/s2

c =3645 ft/s
The specific work becomes

2
wzfpdvzp(-st)sz—fBSdepz—stdeP
1

2 2
49.1
=—0.163 (ft-Ibf/Ibm) (ft/in)* = =23.4 ft-Ibf/Ibm = -0.03 Btu/lbm

= 7.1 x 100 in%/Ibf x 7= f3/Ibm x (15002 — 152) psi2
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Equations of State

13.129

Calculate the difference in internal energy of the ideal-gas value and the real-gas
value for carbon dioxide at the state 70 F, 150 lbf/in.z, as determined using the
virial equation of state. For carbon dioxide at 70 F,

B =-2.036 ft3/1b mol, T(dB/dT)=4.236 {t3/1b mol

Solution: CO2 at 70 F, 150 Ibf/in®
.. RT BRT BR RT
virtal:  P="+—">5"; -
v A%
o [er(2P ooR_Tz(d_B _ R_T2 dB
o [Tr(®), ] - -j (85 g, - KT 2
\'% \'%
3 dB 3
B =-2.036 ft°/Ibmol T it~ 4.236 ft°/Ibmol

Solution of virial equation (quadratic formula):

V= 1 RT[I + \/ 1+4BP/RT]

RT  1545x529.7

But =" 0144

=37.8883

7= 0.5x37.8883 [ 1 ++/T+4(2.036)/37.8883 | = 35.7294 ft¥/Ibmol

Using the minus-sign root of the quadratic formula results in a compressibility
factor < 0.5, which is not consistent with such a truncated equation of state.

-+ -1.9859x529.7

u-u = 357204 4.236 =-123.9 Btu/lbmol
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Generalized Charts
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13.130

A 7-ft rigid tank contains propane at 1300 Ibf/in.%, 540 F. The propane is then
allowed to cool to 120 F as heat is transferred with the surroundings. Determine
the quality at the final state and the mass of liquid in the tank, using the
generalized compressibility charts.

Propane C H,:

V=7.0f, P, =1300 Ibf/in.%, T, = 540 F = 1000 R
coolto T, =120 F =580 R

From Table F.1: T.=665.6 R, P =616 Ibf/in.”

1300 1000
P, = 616 =2.110, T = =1.502

665.6
From D.1: Z1 =0.83

~ ZRT, .83 x35.04 x 1000
27V17 P T 1300 x 144

=0.1554 ft3/lbm

FromD.1at T ,=0.871, saturated => P_,=0.43 x 616 =265 Ibf/in.”

~ 0.715 x35.04 x 580 3
o 265 x 144 =(.3808 ft’/Ibm
~ 0.075 x35.04 x 580 3
Vi, = 265 x 144 =(.0399 ft’/Ibm

0.1554=10.0399 +x,(0.3781-0.0399) => x,=0.3388

7.0

= (1-0.3388) 57557 = 29-8 Ibm

My 192

These tanks
contain liquid
propane.
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13.131

A rigid tank contains 5 Ibm of ethylene at 450 Ibf/in.2, 90 F. It is cooled until the
ethylene reaches the saturated vapor curve. What is the final temperature?

C,H, m=5Ilbm
CoHy
P, =450 Ibf/in®, T, =90 F = 249.7 R
T
1 450 5497
/ P =731 70016, T, =5553= 1082
) Fig. D.I = Z, =082
7 <
Vv
Z. T Z_.T
2712 G2 712 .
Pr2 = Prl Z1Tr1 =0.616 082 x 1.082 0.6943 ZG2Tr2

Trial & error to match a saturated P, T, and the Z , so Eq. is satisfied.

Guess a T , and find the rest and compare with computed P , from Eq.

TrZ ZGZ Pr2 Pr2 CALC

0.871 0.715 043 0432 ~OK => T,=442.7TR
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13.132
A piston/cylinder contains 10 Ibm of butane gas at 900 R, 750 1bf/in.2. The butane
expands in a reversible polytropic process with polytropic exponent, n = 1.05,
until the final pressure is 450 1bf/in.>. Determine the final temperature and the
work done during the process.

CH,, m=10lbm, T ,=900R, P =750 lbflin>

Rev. polytropic process (n=1.05), P, =450 Ibf/in.2

900 _ 750 .
T,= 7654 1.176, P =351 =136l => FromFig.D.1: Z =0.67
~ 10x0.67 x26.58 x 900 3
vV, = 750 % 144 =1.484 ft

1
n o om B 750)@_ ;
P1V1 = P2V2 - V2 =1.484 (450 =2.414 ft

PV
V2 450 x 144 x 2.414
2T " mRT, ~ 10 x 26.58 x 765.4 07688

atP = 450/551=0.817
Trial & error: T =1.068, Z =072 => T2 =817.4 R

W= (pay 22 PiVi_(450x2.414-750 x 1484 144
12" I-n 1-1.05 778

=98.8 Btu
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13.133
Calculate the heat transfer during the process described in Problem 13.132E.

From solution 13.132,

V, =1473 17, V,=239% ft’, 'W,=98.8Biu

1
T,=1.176, P, =1361, T_ =1.068, P_=0817, T,=8174R
rl rl 2 2 2

~(hhy (h*-h) B
From D.1: (RTC =136, RT, ,=0.95

hy - h; = 0.415 (817.4 - 900) = -34.3 Btw/Ibm

26.58x765.4
778

U,-U, = m(hz-hl) -PV,+PV,

hy-h, =-343+ (-0.95 + 1.36) =-23.6 Btw/Ibm

450x144x2.414 N 750x144x1.484
778 778

Q,=U,-U,+ W, = -132.3 Btu

=10(-23.6) - =.231.1 Btu
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13.134

A cylinder contains ethylene, C,H,, at 222.6 Ibf/in.2, 8 F. It is now compressed in

a reversible isobaric (constant P) process to saturated liquid. Find the specific
work and heat transfer.

Ethylene C,H, P, =222.6 Ibf/in.2 = P, T =8F=467.7R
State 2: saturated liquid, x, = 0.0

R =55.07 ft Ibf/lbm R = 0.070 78 Btu/lbm R

467.7 222.6

=0920 P, =P

T=5083 0= 731 0305

From D.1 and D.2:

RT /1

Z\RT, .85 x 55.07 x 467.7

VIT P, T 222.6x 144

=0.683

(hy-h ) =0.070 78 x 508.3 x 0.40 = 14.4
From D.1 and D.2: T2 =0.822 x 508.3=417.8 R

h*-h
Z,=0.05, (

=442
RTC 2

ZRT,  0.05 x 55.07 x 417.8

27 P, T 2226x 144

=0.03589 ft’/lbm

(hy-h,) = 0.070 78 x 508.3 x 4.42 = 159.0 Btu/Ibm

(hy-hy) = C,(T,-T,) = 0.411(417.8 - 467.7) = -20.5 Btw/lbm

144
W, = deV P(v,-v,) =222.6(0.035 89 - 0.683) x 775 = -26.7 Btu/lbm

778 ~
1

4, =, -u)+ w,=(h-h) =-159.0 - 20.5 + 14.4 = -165.1 Btu/lbm
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13.135

Carbon dioxide collected from a fermentation process at 40 F, 15 Ibf/in.? should
be brought to 438 R, 590 Ibf/in.? in a steady flow process. Find the minimum
amount of work required and the heat transfer. What devices are needed to
accomplish this change of state?

R —%— 0.045 12 Btu/lbm R

;= 52(;04_0913 Pri To7g - 0014
From D.2 and D.3: RT

Trez%ZO.SO, Pre—%—OSSI

FromD.2andD.3: h-h =450RT,  s.-s =470 R
(§ [§

(h-h ) = (h;-h) + (h; -hg) + (hg-h.)

=-0.045 12 x 547.4 x 0.02 + 0.203(500 - 438) + 0.045 12 x 547.4 x 4.50
=123.2 Btu/lbm

(si_se) =- (Si -Si) + (Si 'Se) + (Se'se)
0,045 12x0.01 + 0203 10 22 . 0,045 12 In == + 0.045 12x4.70
- Y <. T 1590 x
= 0.4042 Btu/lbm R

= (h-h) -Ty(s;-s,) = 123.2 - 500(0.4042) = -78.4 Btu/Ibm

= (h-h)+w* =-123.2-78.9 = -202.1 Btu/lbm
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13.136

Saturated vapor R-22 at 90 F is throttled to 30 Ibf/in.” in a steady flow process.
Calculate the exit temperature assuming no changes in the kinetic energy, using
the generalized charts, Fig. D.2 and repeat using the R-22 tables, Table F.9.

R-22 throttling process
T,=90F,x, =1.00, P, =30 Ibf/in.”

Energy Eq.: h,-h, = (h,-hy) + (hy-hy) + (hy-h)) =0
. _549.7
Generalized charts, Trl 6647 0.827
* 1.9859x664.7
To get C,, use h values from Table F.9 at low pressure (5 psia).

121.87-118.72

Cpo 100-80 0.1572 Btu/lbm R

Substituting into energy Eq.: (h2—h;) +0.1572(T, - 30) +8.40=0

0
at Pr2 =71 0.042
503.4
Assume T2 =434F=503.1R => Tr2 6647 0.757
* 1.9859%664.7
(hy-h)) = 86469 (0.07)=1.07
Substituting,
-1.07 + 0.1572(43.4 - 90) + 8.40 =0.005 = 0
= T2 =434 F

b) R-22 tables, F.9: T, =90F, x, =10 => h =111.62Btu/lbm

h,=h, =111.62 Btwlbm, P,=301bf/in? => T,=42.1F
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13.137

A 10-ft3 tank contains propane at 90 F, 90% quality. The tank is heated to 600 F.
Calculate the heat transfer during the process.

V=101
C3Hg

T1 =90F=549.7R, X, = 0.90

T 2 Heat to T2 =600 F=1059.7R
M = 44.094, TC =665.6 R

1 )
f .S PC =616 Ibf/in.
Y,

R=35.04, C,,=0.407 Btu/lbm R
T ,=02826 Figs. D.landD.2 — Z, =0.1x0.053+0.9x0.78=0.707,

hy-h,

R—Tc= 0.1 x44+09x0.55=0.935

P =031; P =031x616=191 Ibffin2
. 191x 14410 ___ 0

T ZRT ~ 0.707 x 35.04 x 549.7
202 xZ,%x35.04x1059.7  Z,
0= 616 x 144 x 10 ~1.183

P_=0.79 P.=490 Ibf/in.2
12 2
-

P atT _ =1.592
r2

h

Trial & error: h )

Z,=0.94 RT

c

=0.36

(hy-hy) = 0.407(600-90) = 207.6 Btw/lbm

(hi-h,) = 0.935 x 35.04 x 665.9/ 778 = 28.0

(hy-h,) = 0.36 x 35.04 x 665.9/ 778 = 10.8
Q,, =m(h,-h)) - (P,-P )V

144 x 10

=20.2 (-10.8 +207.6 +28.0) - (490 - 191) x—==

=+4541 - 553 = 3988 Btu
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13.138

A cylinder contains ethylene, C,H,, at 222.6 Ibf/in.2, 8 F. It is now compressed

isothermally in a reversible process to 742 Ibf/in.%. Find the specific work and
heat transfer.

Ethylene C,H,, R =55.07 ft Ibf/lbm R = 0.070 78 Btu/lbm R
State 1: P, =222.6 Ibf/in?, T,=T =8F=467.7R
State 2: P, =742 Ibf/in.>

467.7 222.6

=0.920; P, =753-=0.305

T, =T, =5083

FromD.1,D.2and D.3: Z =085, (h 'h) =0.40
1 RTC 1

(hy-h,) = 0.070 78 x 508.3 x 0.40 = 14.4 Btw/Ibm

(sT-sl) =0.070 78 x 0.30€/0.0212 Btu/lbm R

742 .
P, = 731~ 1.015 (comp. liquid)

From D.1, D.2 and D.3: 22 =0.17
(hy-h,) = 0.070 78 x 508.3 x 4.0 = 143.9
(s-5,) = 0.070 78 x 3.6 = 0.2548

(hy-h) =0

. s 742
(sp5) = 0 - 0.070 78 In 555 ¢ = -0.0852

19 = T(s,-s,) =467.7(-0.2548 - 0.0852 + 0.0212) = -149.1 Btu/Ibm
(hy-h))=-143.9+ 0+ 14.4=-129.5
(u,-u)) = (hy-h)) - RT(Z,-Z,)

=-129.5-0.070 78 x 467.7 (0.17 - 0.85) =-107.0

W, =4, - (u,-u)=-149.1+107.0 = -42.1 Btu/lbm
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13.139

A geothermal power plant on the Raft river uses isobutane as the working fluid as
shown in Fig. P13.42. The fluid enters the reversible adiabatic turbine at

320 F, 805 Ibf/in. and the condenser exit condition is saturated liquid at 91 F.

Isobutane has the properties Tc = 734.65 R, Pc = 537 Ibf/in.2, Cpo = 0.3974
Btu/lbm R and ratio of specific heats £ = 1.094 with a molecular weight as
58.124. Find the specific turbine work and the specific pump work.

R =26.58 ft Ibf/lbm R = 0.034 166 Btu/lbm R
Turbine inlet: Trl =779.7/734.7=1.061, Prl =805/537=1.499
Condenser exit: T3 =91F, Xy = 0.0 ; Tr3 = 550.7/734.7=0.75

From D.1 : Pr3 =0.165, Z3 =0.0275
P =P, =0.165 x 537 = 88.6 Ibf/in.>
From D.2 and D.3,
(hT—hl) =0.034 166 x 734.7 x 2.85=171.5 Btu/lbm

(s1-5,) = 0.034 166 x 2.15 = 0.0735 Btw/lbm R

550.7 88.6

7797 - 0.034 166 In Q05 -0.0628 Btu/lbm R

(5,-51) = 0.3974 In

(5-5,) = (53-5p) - XSpy = 0.034 166 x 6.12 - x,x 0.034 166(6.12 - 0.29)
= 0.2090 - x,x 0.1992
(5,-5,) = 0= -0.2090 + x, x 0.1992-0.0628 + 0.0735 => x,=0.9955
(hy-h) = Cpy(T,-T,) = 0.3974(550.7-779.7) = -91.0 Btw/lbm
From D.2,
(hy-hy) = (hy-h,.)) - x,h,..) = 0.034 166x734.7[4.69 - 0.9955(4.69 - 0.32)]
= 117.7-0.9955 x 109.7 = 8.5 Btw/lbm
Turbine: w. = (h;-h))=-71.5+91.0 + 8.5 =28.0 Btu/lbm

_ZesRTs  0.0275 x 26.58 x 550.7

= - 3
Pump v, P, 336 x 144 0.031 55 ft*/lbm
4
144
W, = - deP ~ Vpy(P, -P;) =-0.031 55(805-88.6) x 778 = -4.2 Btu/lbm
3
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13.140

A line with a steady supply of octane, CgHyg, is at 750 F, 440 Ibf/in.2. What is

your best estimate for the availability in an steady flow setup where changes in
potential and kinetic energies may be neglected?

Availability of Octane at T, =750 F, P. =440 Ibf/in.?

R =13.53 ft Ibf/lbm R = 0.017 39 Btu/lbm R

440 1209.7

Pi=361 = 1219 T,=T0233

From D.2 and D.3:

=1.182

(h’f-hl) =0.017 39 x 1023.8 x 1.15 = 20.5 Btu/Ibm

(s;-5,) = 0.017 39 x 0.71 = 0.0123 Btw/lbm R

Exit state in equilibrium with the surroundings

Assume T, =77 F, P = 14.7 Ibf/in.?

536.7 14.7
0=To23 8= 0524, P =377 =0.041

361
From D.2 and D.3:

T

(hg-h)) =RT.x5.41=963 and (S9-s,) =R x 10.38 = 0.1805

(h; -hg) = 0.409(1209.7 - 536.7) = 275.3 Btw/Ibm

1209.7 440
536.7 ~0-01739In7575

(h-h)) =-20.5+275.3 +96.3 = 351.1 Btu/lbm

(s: -5) = 0.409 In ~ 0.2733 Btw/lbm R

(s;-8,) = -0.0123 + 0.2733 + 0.1805 = 0.4415 Btu/lbm R

Wy, =W = (h-h)) - T (s5,) =351.1-536.7 (0.4415) = 114.1 Btu/Ibm
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13.141

A control mass of 10 Ibm butane gas initially at 180 F, 75 Ibf/in.2, is compressed
in a reversible isothermal process to one-fifth of its initial volume. What is the
heat transfer in the process?

Butane C4H10 m = 10 lbm, Tl =180 F, Pl =75 Ibf/in.2

Compressed, reversible T = const, to V2 = Vl/S

640 75
T,= 7654 =0.836, P, =351 =0.136 => FromD.land D.3: Z, =0.92
* 26.58
(s1-8,) = 0.16 x 778 0.0055 Btu/lbm R

CZRT, 0,92 x 26.58 x 640
17 P, T 75x 144

= 1.449 ft3/lbm

v, = v,/5=0.2898 ft’/lbm

AtT,=T =0.836
r2 rl
FromD.1 and D.3: P, =0.34 x 551 =187 Ibf/in.?

sat. liq.:  Z;=0.058 ; (s*—sF) =R x5.02=0.1715 Btu/lbm R

sat. vap.: Z,=0.765; (s'-s;) =R x0.49=0.0167 Btw/Ibm R
Therefore
0.058 x 26.58 x 640 0.77 x 26.58 x 640
VET 187 x 144 00366 v =T e qag 04864
VorVg
Since v <V, <V, — two-phase X, = =0.563
V6 VF

(52_52) = (I'Xz)(SZ_Sl:z) + X2(SZ_SG2)
=0.437 x 0.1715 + 0.563 x 0.0167 = 0.0843 Btu/lbm R

T P
* o 2 2 26.58 187
(s2-81) = Cp, lnT1 - RlnPl =0- 778 % In—=¢ 75

(s,-s,) =-0.0843 - 0.0312 + 0.0055 = -0.110 Btu/Ibm R

=-0.0312 Btu/lbm R

1Q, = Tm(s,-s,) = 640x10(-0.110) = -704 Btu
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13.142
A distributor of bottled propane, C3Hg, needs to bring propane from 630 R, 14.7

Ibf/in.? to saturated liquid at 520 R in a steady flow process. If this should be
accomplished in a reversible setup given the surroundings at 540 R, find the ratio
of the volume flow rates Vin/Vout, the heat transfer and the work involved in the

process.
R = 35.04/778 = 0.045 04 Btu/lbm R
630 14.7
T =%665.6~ 0-947 P =gy = 0-024

From D.1, D.2 and D.3 : Zi =0.99
(h;-h,) = 0.045 03 x 665.6 x 0.03 = 0.9 Btw/Ibm

(5;-5.) = 0.045 04 x 0.02 = 0.0009 Btw/Ibm R
T =520/665.6=0.781,

From D.1,D.2 and D.3 :
P _==021, P =021 x 616 =129 Ibf/in>
Z,=0.035

(he-h ) = 0.045 04 x 665.6 x 4.58 = 137.3 Btu/Ibm
(s.-5,) = 0.045 04 x 5.72 = 0.2576 Btw/lbm R
(ho-h; ) = 0.407 (520 - 630) = -44.8 Btw/Ibm

* ok 520 132
(S¢-s;) = 0.407 In 630 " 0.045 04 In 147~ -0.1770 Btu/lbm R

(h-h)=-137.3 - 44.8 + 0.9 = -181.2 Btu/lbm
(s,-s;) =-0.2576 - 0.1759 + 0.0009 = -0.4326 Btu/lbm R

CZTP 099 630 129 2007
TZT /P 7003575207 147 T

ut

n

\
1

\%
)

w'® = (h-h ) -T,(s-s ) = 181.2 - 540(0.4326) = -52.4 Btu/Ibm

q" = (h -h) + W' = -181.2 - 52.4 = -233.6 Btu/Ibm
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Mixtures

13.143
A 4 Ibm mixture of 50% argon and 50% nitrogen by mole is in a tank at 300 psia,
320 R. How large is the volume using a model of (a) ideal gas and (b) Kays
rule with generalized compressibility charts.

a) Ideal gas mixture

Eq.12.5: Mpix = > ¥i M;=0.5x39.948 + 0.5 x 28.013 = 33.981
_ mRT  4x154536 x320 3
=M, P 33981 x 300 x 144 13471t
b) Kay’s rule Eq.13.86
P, mix = 0.5 x 706 + 0.5 x 492 = 599 psia
Temix = 0.5x271.4+0.5x227.2=2493 R
300 320
Reduced properties: P.= 399 =050, T,= 2493 =1.284

Fig. D.1: Z2=0.92

mRT
MleP

V=2 =0.92 x 1.347 =1.24 ft
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Review Problems
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13.144

A 7-ft rigid tank contains propane at 730 R, 500 Ibf/in.%. A valve is opened, and
propane flows out until half the initial mass has escaped, at which point the valve
is closed. During this process the mass remaining inside the tank expands
according to the relation Pv!# = constant. Calculate the heat transfer to the tank
during the process.

C,H;: V=701, T =730R, P, =500Ibf/in>

T, =%= 1.097, P, 2(1)(6) =0812 = FromD.l: Z, =0.76
v, = CTESNETI0_ 0270 ftbm, v, = 2v, = 0.54 £¥Ibm
m, =7.0/0.270 = 25.92 Ibm, m, = m,/2 = 12.96 Ibm,
() ;?2 189.5 Ibf/in 2
189.5 Trial & error: saturated with
P, =1 = 0.308 | T,=0.825x665.6=549.4 R &

Pv.=ZRT _ 189.5x 144 x 0.54
272 22 2= 3504 %5494

Zy=Zpy +x,(Z5y - Zyy)

0.764 = 0.052 + x,(0.78 - 0.052) => x,=0.978

=0.764

(h}k-hl) =35.04 x 665.6 x 0.85 / 778 = 25.5 Btw/lbm

(hy-h) = 0.407 (549.4 - 730) = -73.4 Btu/Ibm

35.04 x 665.6
(hy-h) = (hy-h) - x,h ) = T[Ml-0.978(4.41-0.54)]=18.7

Energy Eq.: Q.,=m,h,-mh +(@P, -P)V+mh_ ,

Let h;=0then:  h =0+ (h, -h})=-25.5 Btu/lbm

h,=h) + (hy - hy) + (h, - hy) =0 - 73.4 - 18.7 = -92.1 Btw/Ibm

h_ v = (h, +h))/2 = -58.8 Btu/lbm

144
Qey = 12.96 (-92.1) - 25.92(-25.5) + (500-189.5)x7.0x7¢

o5+ 12.96(-58.8)
=-892 Btu



Sonntag, Borgnakke and van Wylen

13.145

A newly developed compound is being considered for use as the working fluid in
a small Rankine-cycle power plant driven by a supply of waste heat. Assume the
cycle is ideal, with saturated vapor at 400 F entering the turbine and saturated
liquid at 70 F exiting the condenser. The only properties known for this
compound are molecular weight of 80 Ibm/Ibmol, ideal gas heat capacity

Cpo = 0.20 Btu/lbm R and Tc = 900 R, Pc = 750 Ibf/in.. Calculate the work
input, per lbm, to the pump and the cycle thermal efficiency.

T1=4OOF=860R
X1=1.0
T3=7OF=530R

Xy = 0.0

Properties known:
M =80, C,,=0.2BtwlbmR

— — -2
T.=900R, P, =750 Ibf/in.

860 530

17900 0.956, Tr3 =900~ 0.589

FromD.1: P =0.76, P, =0.76 x 750 = 570 Ibf/in.> = P

T

4

- — a2 -
P.=0.025 P,=191bf/in."=P, Z. =0.0045

27
0.0045 x 1545 x 530
19 x 144 x 80

Vpy = Zp RT/P. = =0.0168 ft*/Ibm

144

778 = -1.71 Btu/lbm

4
w,=- JvdP~ v (P, -Py) = 0.0168 (570 - 19)
3

dy Jrh4 =h1 , but h3 = h4 tw, = qy= (hl-h3) +wp
From D.2,
(h?—hl) = (1.9859/80) x 900 x 1.34 = 30.0 Btu/Ibm

(hy-h,) = (1.9859/80) x 900 x 5.2 = 116.1 Btw/lbm

(hy-h3) = C, (T, -T;) = 0.2(400-70) = 66.0 Btu/Ibm
(h,-h,) =-30.0 + 66.0 + 116.1 = 152.1 Baw/lbm
qy; = 152.1 + (-1.71) = 150.4 Btw/lbm
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Turbine, (s,-s,)=0= —(sZ—s2)+(sZ—sT)+(sT—sl)
From D.3,
(sT-sl) = (1.9859/80) x 1.06 = 0.0263 Btu/lbm R

* ok 530 19
(S5-51) =0.20 In g - 0.024 82 In =55 = -0.0124 Btu/lbm R

860 ~ 570~
Substituting,
(53-5,) = - 0.0124 +0.0263 = 0.0139 = (5,-5..)) - X5,
0.0139 = 0.024 82 x 8.77 - x, x 0.024 82 (8.77 - 0.075)
= x,=0.9444

(ho-h,) = (hy-hp)) - X,y
From D.2,
hfg2 =0.024 82 x 900 (5.2 - 0.07) = 114.6 Btu/Ibm
(hy-h,) = 116.1 - 0.9444 x 114.6 = 7.9 Btw/lbm
.= (h,-h,) =-30.0 + 66.0 + 7.9 = 43.9 Buw/lbm

~ WNer 439-17
Ny~ q, 1504

=0.281



	SOLUTION MANUAL
	CHAPTER 13
	Clapeyron Equation
	13.120E
	13.121E
	13.122E
	13.123E

	Volume Expansivity and Compressibility
	13.124E
	13.125E
	13.126E
	13.127E
	13.128E

	Equations of State
	13.129E

	Generalized Charts
	13.130E
	13.131E
	13.132E
	13.133E
	13.134E
	13.135E
	13.136E
	13.137E
	13.138E
	13.139E
	13.140E
	13.141E
	13.142E

	Mixtures
	13.143E

	Review Problems
	13.144E
	13.145E



