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The generalized, time-dependent energy balance is written as

d "o V2 & Y
= M(u Eat gh) =21, (H t5+ 9”;) £l

where
tis time.
M is the total mass of the system.
U is the specific internal energy of the system.
vis the velocity of the system.
h is the height of the system.
g is the acceleration due to gravity, equal to 9.81 m/s? on Earth.

m_andm,  are the mass flow rates of individual streams entering and leaving

JALY

the system, respectively, and the summations are carried out over all such streams.
Flj and Flk are the specific enthalpies of streams entering and leaving the system.
v, and v, are the velocities of streams entering and leaving the system.

h/ and h, are the heights at which streams enter and leave the system.

WEc is the rate at which work is added to the system through expansion or

contraction of the system.
W, is the rate at which shaft work is added to the system.
Q is the rate at which heat is added to the system.
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The complete energy balance is as iollows J
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= NDSolve([
(D[fa[t], t] = 10A4Exp[-10A4/1.987/ (300 + 4000 fa[t] / (421.8 - 7.8 fa[t]))]
(1- fa[t]), fa[(e) =0}, fa[t], (t, 6, 1200})

= {{fa[t] -’InterpolatingFunction[ 0 / Domain: {{0‘.1‘20)(103}} ][t]}}
Output: scalar

= Plot[fa[t] /. %12[[1]], {(t, ©, 1200}, AxesLabel » {"time (s)", "fractional conversion"}]

fractional conversion

05
04
0.3
0.2

01}
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(fa[t) /. %12[[1]]) /. t - 1158

0.499921

= Plot[((300 + 4000 fa[t] / (421.8 - 7.8fa[t]))) /. %12[[1]], (t, ©, 1158},
AxesLabel » {"time (s)", "Temperature"}]

Temperature
305
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time (s)

200 400 800 80 1000

(((300 + 4000 fa[t] / (421.8 - 7.8fa[t]))) /. %12[[1]]) /. t - 1158

304.785
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= Plot[fa[t] /. %[[1]]), (t, ©, 500}, PlotRange » {0, 1)}]
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J= Plot[T[t] /. %167[[1]], {t, ©, 500}]
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Figure 9.4.1 |
Schematic of differential fluic
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- Integrate[l/ (AExp[-E./R‘/(T, -AH/Cp/ f.)] (1 - f.)), fa]

g “q A}l :
eT0 Ry El( AH ¢4 )_ ¢ 70 Ry (Tq Cp-2H] Ei(- -*"Crfa’ (fa~1) ‘ )
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%38 /. {aa-» 1074, ea-» 30000, rr » 8.314, TO »298, 6H » -20000, cp-» 30, fa-0} |
-0.885891

%38 /. {aa-» 10724, ea» 30000, rr » 8.314, TO 298, 6H » -20000, cp» 30, fa+0) |

-0.885891
%56 - %54

-42.1206 ExpIntegralEi |- 7—;:1:‘:0‘;;':” + ExpIntegralEi| YT ’2”1:?2“ 2 ]
0.885891 + 2 m(;eo Lo i

= Plot[%57, {fa, ©, .1}, AxesLabel » {"fa", "t"}]
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- Plot[ 298 + 20000/30 fa, (fa, 0, .1}, AxesLabel » {"fa", "T"}]
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= Plot[{plotexp20k, plotexp36k, plotexp4ok}, {(fa, 0, .1}, AxesLabel » {"fa", "c"},
PlotLegends » "Expressions")

D
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0'55 — plotexp20k
i — plotexp30k
F&\-eraS:"' — plotexp40k

02}

0.1}

a i A . A A A " A A " " " A A " " A fa
0.02 0.04 0.06 0.08 0.10

= Plot[ {298 + 20000/30 fa, 298 + 30000 /30 fa, 298 + 40000/ 30 fa}, (fa, 0, .1},
AxesLabel » {"fa", "T"}, PlotLegends » {"AH = 20000", "AH = 30000", "AH = 40000",}]
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