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Simulation optimization and exergy analysis of a cryogenic air separation

Xiong Jie Zhao Haibo Zheng Chuguang

( State Key Laboratory of Coal Combustion Huazhong University of Science and Technology Wuhan 430074 China)

Abstract: Regarding to the special oxygen demand of the oxy-eombustion technology a conceptual
cryogenic air separation system was simulated using ASPEN PLUS. And a design optimization was conduc—
ted to the distillation column. Three parameters were chosen to optimize the column: feed stage total num—
ber of stages and reflux ratio. After the minimal total number of stages and minimal reflux ratio were ob—
tained the optimum total number of stages and reflux ratio can be found out by using some experiential al—
gebraic equations. Based on these optimum results the optimum feed stage can be fixed. Finally an exer—

gy analysis was performed to the air separation system based on the optimum case.
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Fig.1 Schematic diagram of Oxy-combustion system
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Fig.2 Simulation flowsheet of cryogenic air separation system



3 1 41
1 () () .
Table 1 Thermodynamic parameters and chemical ( -183 C -196 C)
composition of inlet air flow .
I IkPa ! 1.5x10°Pa 5.8 x10°
(kg/h) N, 0, Ar P.
25 101. 325 1 0.780 8 0.2095 0.009 7 o
30; 15;
4 ( B/F)
0. 215, 95%
20 °C ASPEN PLUS
6.3 x10° Pa 0.8 (0.1—
0.97. 100) o
( )
o 3 o
0.1 x10’ Pa. 2 o
2
Table 2 Simulation results of cryogenic air separation system
W/w rc
NZ 02 027\' NZOUT 02{)UT
0.967 58.98 1.58 -172.8 -192.0 -162.9 -179.7 -33.1 -33.1 99.1%
3 3
Table 3 Simulation results for different
. total stages numbers
3
89 . 3 8 30 20 16 14 13
. . 15 10 8 7 7
3.1 0.97 1.42 2.58 6.86 >100
3.2
= x2+2°%, o
( 100) = x1.2%,
(N./N) N./N °
3 4
(13)
28 (0.87) 1.044,
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Table 4 Simulation results for different reflex ratios N
11 5
30 40 50 60 70
15 20 25 30 35
0.97 0.89 0.87 0.87 0.87 5
Table 5 Reference environment definition
3.3
. T, /K po /kPa (T, Py)
. 298.15 101.325 N, 0.7 567
0, 0.2 035 ( CaCO3)
() 5 H,0 0.0 303 ( CaSO, +2H,0)
Ar 0.0 091
° CO, 0.0 003
o 28 i i
10 12 o 6
’ P iy 1
3
6 G
° 16 Table 6 Exergy calculation results of the
L2r 1 cryogenic air separation system
L L] - [0] 327 % T 45
e A O i ] () W /W
1.08} . j44 = 0 1284.92
¥ 106 W\ Sl B 75 199.70 1284.92
= Y . ] el
E 104 b vy o E 188 643.73 1284.92
N ) ) i=
L.ozy N e e / 1 N, 79 073.76 7784.76
h . 441
1.00f N ] 0, 63 590. 49 1 2861.19
0.98 . . . . 40 )
0 2 14 16 T 30 N, our 12 933.98 7 784.76
AR 0,00t 3533.85 12861.19
3 0,y 62 608. 06 12861.19
. . . . A 102 242.90 -
Fig 3 Simulation results for different feed stages
6 il
4 (exergy destruction E;) 4 ( exergy
1 . 1 loss E,) R il
10 J;EH J;EH
o 15.84% .
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Table 7 Exergy destruction and exergy loss analysis

results of cryogenic air separation system

El)i( Elli) ﬂEDi/EDT ]’El)i(EI,i) /EF
27 043.20 40.72% 26.12%
11 769.96 17.72% 11.37%
26 618.46 40.08% 25.71%
982.43 1.48% 0.95%
pail 66 414.04 100.00% 64.15%
JH 20 718.74 - 20.01%
Mmoo kW 87 132.78 84.16%
HH kW 103 527.82
Cm 1 T
il o
5
ASPEN
PLUS
(95%) .
99. 1%
3
3
2815 1.044,

il

i i

40% . vl 15.84%
i I 64.15% 20.01% »
0,/C0,
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