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Exergy Analysis and Evaluation
of Cryogenic Nitrogen Production Process
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Abstract - The exergy method is used for
analysis and evaluation of the cryogenic
nitrogen production process which is
operated by expansion turbine and liquid
nitrogen. The exergy loss and
thermodynamic efficiency are calculated
for the each process. Also the operating
efficiency and the exergy distribution are
examined for each unit of process. The
optimal conditions to minimize the exergy
loss of nitrogen column are found that
nitrogen recovery ratio is maximum and
operating pressure is 5.0 kg/cm2g. The
exergy method can be used to design a
plant and to evaluate its process.
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Figure 1. Steady state flow
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Table 1. Conditions of Air Separation Process Calculation

AP EEAE ¥

AAEA v

B AEIH o] & AANA L o] & Design Az A

YEZ71%F (Nm?/h) 3,730 3.600 3.600 3,800

A AF e (Nm®/h) 1,600 1,550 1,551

AFE ¢ ke/em’e) 5.5 5.4 5.2

Rk AdA=aay 44 44

Tk O2 ( 3ppm O2 ( 3ppm

ZHFHEE (ke/cme) 5.8 5.7
o} T exergy €49 & FEE AAsa 3 a8z AAIZHA FFE exergy FFL
e unit$39 A HAFHE iy IB=E product®) exergy@ol w9 Jl7lE=z Awd

A W3lo)] BE exergy E¥ ¥ exergy t@. 5
AAstd exergy £40°] FasgE HHY F
HZAE Zol By,

2. £ £

2.1 Exergy Z|&22H 4

AN S ol HA o= EVNE W, HAF
A2 52 Al(system) 7t 719 A< Ade] ol A
n kmol®l EAZFo=Z GAANZ T Hie

ideal work® Th&3 o] EAT

Wdeal ( H— 1

—_ (HJ

ToS; + nut/2 + nZlg)
T()Sz + ﬂuz/z + nZZg)

old] ideal worke 7= A9 17t F
A3 9% Ho=Ho, S2=S0, uz=0, Z2=20%
BolX Hzmzl H3, o] #H1e ideal workE
exergyeil ¥t &F BAZEANAN < ZH
9 exergy(E)¥ ideal workst 2Zow x|
Uzl FAYA7E FAE =E 2 A9
exergyt 2(2)¢ 2ol dHAY.

E= — I/Vitz'ealz(ffh H()) - T()(S_ S()) (2)
a8 3 A leA 2z HEgd W exergy
sl 4EE A (3)7 2oy

AE':Ez‘"El (3)

d29 Q7 dE Aol exergy €4% E 2
21 (4) =2 AArEc

E,=T,25—Q

A2)~(HE FHAMA
BB exergy &3 AulE
@9 JF1HE exergy &4 Zo] A
3 EAL FAEE TS B
gd9std 2&(7)L (5 ERH
(5).

=

21

7 ( work requived) =

exergy %9 @I o}

2.2 Exergy AN

B d7e Hge FaAiE 1600 Nm’/h
o] A& BIE a]:gzogi Fiqure2. 374 %
o F2 FATAH 8AEE ¢279 F dud
7], AAF7 dudrl, FHE. 571, £,
PAME 7} 9len Figure 2.9 FFHNe
FAdo g sAENol AMEH T ot Figure
39 FAHAE AAALE R FTFstq A}
g5z g F 9o 3AHE Az B2 o
A ERuZ AAze FACln, FAe ZAL

7t HEMD
HIba [ g2l ]
o
FIDE
1—1'— —fux 37|
el 1
+
HotAa2

Figure 2. Air Separation Process
using Expansion Turbine
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using Liquid Nitrogen
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Table 2. Results of Exergy Analysis for Air Separation Process.
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Figure 4. Exergy Distribution
of Distillation column
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Figure 5. Exergy loss of distillation
to N2 recovery Ratio
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