[image: image1.png]6.54 a. From the Cox chart, at 77°F, p; =140 psig,p:B = 35 psig, p:B =51 psig
Total pressure P=x - p; X 5 Pup TXin Pin
=0.50(140)+ 0.30(35) + 0.20(51) = 91 psia = 76 psig

P <200 psig, so the container is technically safe.

b. From the Cox chart, at 140°F, p, = 300 psig, p. = 90 psig, p;z = 120 psig
Total pressure P = 0.50(300) + 0.30(90) + 0.20(120) = 200 psig

The temperature in a room will never reach 140°F unless a fire breaks out, so the container
is adequate.
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m kg H,O(v)/ minl . m_ [kgH,O() / mln]
Tbar, sard 7| 20W) 27°C
m kg C,H, / min] _ X m,[kg C,H, / min]
16°C, 2.5 bar 93°C, 2.5 bar

(@) C,H, mass flow: me:795nf |10° L |250bar | 1 K-mol [30.01g | Ikg
min| m®| 289K [ 0.08314L-bar |  mol |1000g
=2487x 10% kg/min

. =941 kl/kg, Hf =1073 kJ/kg
EnergyBalance onCZHG:AEp, W,=0, AE, =0=> O=AH

2487x 10° kJ | 1 mi
0=2487x10° <& kg (1073 - 941) KL | _ 228X 107 | 1 min
kg min ‘ 60 s

=547 x 103 kW

(b) I%Sl (3.00 bar, sat'd Vapor) =2724.7 kJ/kg (Table B.6)
I%Sz (liquid, 27°C)=113.1 kJ/kg (Table B.5)
Assume that heat losses to the surroundings are negligible, so that the heat given up by the
condensing steam equals the heat transferred to the ethane (5.47 x 10° kW)
Energy balance on H,0: O =AH = 11'1(1?1‘?2 - I—AISl )
O  -547x10° kJ a

kg ‘
1131-2724.7)k] |

= Vs=(209 kg /5)(0.606 m’ /kg): 127 m*/s

=2.09 kg/s steam

Table B.6

Too low. Extra flow would make up for the heat losses to surroundings.

(¢) Countercurrent flow Cocurrent (as depicted on the flowchart) would not work, since it

would require heat flow from the ethane to the steam over some portion of the exchanger
(Observe the two outlet temperatures)
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Basis: 100 mol humid air fed

Q(kJ) \

100 mol

n, (mol), 20°C, 1 atm
: >

~~a

y1 (mol H,O/mol)
1-y; (moldry air/mol)

50°C, 1 atm, 2° superheat

y2 (mol H,O/mol), sat’d
1-y, (mol dry air/mol)

n3 (mol H,O(1))

>

There are five unknowns (n,, 13, y1, y2, Q) and five equations (two independent material
balances, 2°C superheat, saturation at outlet, energy balance). The problem can be solved.

2°C superheat = y, =

saturation at outlet = y, =

p*(48°C)

p(20°C)

hS]

dry air balance: (100)(1-y,)=n,(1-y,)

H,0 balance: (100)(y;) = (n,)(»,)+ "3

References: Air (25°C), H,0(/, 20°C)

Substance ny, H o Aoyt }AIOm
Air 100- (1-y,) I—AI1 (1-y,) 1:13 n in mol
H,0(v) 100- y, H, Ny Y, H, | Hin kJ/mol
H,0(/) - - ny 0

=()

( )H ,0()

= ()()754 dT +40.656+

j;f[o.02894+ 04147x107°T+03191x 10477 = 1965x 102 7° a1

dT+ Af[v(l()()" C)+J15£O(Cp)Hzom T

jmo [0.03346+ 0.688x 10T+ 0.7604x 107872 —3593x 107" T3]dT

1:13 = -[ZZSO(CP)air dr

~ 100

b :Jzo ( P)Hzoa)

dT +AH,(100°C) + |

20
100( p)HZO(v) ar
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- - 100 mol[8.314 Pa-m®| 323K
=AH = H. — H. Vi =

Q an i an i air | mol- K ‘101325)( 105 Pa

out in
§ ”iHi_§ n;H,;

Q out in
4 ir

= = -
ar 100 mol[8.314 Pa- m’ 323K

| mol'K  |101325x10° Pa

p(48°C) 8371 mm Hg
p 760 mm Hg

20°C) 17
pQROC) 17535 mmHg 050 ) H,0/mol
p 760 mm Hg

2°C superheat = y, = =0.110 mol H,0/mol

saturation at outlet = y, =

dry air balance: (1()())(1 -01 1()) =n, (1 - ().()23) = n, = 91.10 mol

890 mol H,O | 0.018 kg
’ 1 mol

H,0 balance: (100)(0.110) = (91.10)(0.023)+n; = ny =
=0.160 kg H,O condensed

O=AH=> nH,~> nH =-4805k]

out in

100 mol[8.314 Pa-m®| 323K

=265m’
| mol K |101325x10° Pa

V. =

air

N 0.160 kg H, O condensed
2.65m’ air fed
—480.5kJ
2.65 m? air fed

=0.0604 kg H,O condensed / m® air fed

=—181kJ/m? air fed

e. Solve equations with E-Z Solve.

. 181k [250m’ airfed| 1h | 1kW
" m? air fed| h 13600 s| 1 kJ /s

= -126 kW
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