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The Analysis on Exergy Loss and its Reduction Methods
in Steam Desuperheating and Depressurizing Process

Joong Yong Yi', Chan Lee"
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Steam Utilization( 57| 2, 2 Jaw of Thermodynamics( g &8} A2 % Z))

ABSTRACT

The present paper presented and applied an exergy analysis method to evaluate the magnitudes and the locations of exergy
losses in the conventional desuperheating and depressurizing process of high pressure and temperature steam delivery system.
In addition, for the reduction of exergy losses occurred in conventional process, the present study proposed new alternative
processes in which the pressure reducing valve and the desuperheater of conventional process are substituted with steam turbine
and heat exchanger, and their effects on exergy loss reduction and exergy efficiency improvement are theoretically investigated
and compared. From the present analysis results, the total exergy loss caused in conventional desuperheating and depressurizing
process accounted for 66.5% of exergy input and 85% of the total exergy loss was due to the mixing between steam and cold
water(e.g desuperheating). However, it was shown from the present analysis results that the present alternative processes can
additionally reduce exergy loss by maximum 92.7% of the total exergy loss in conventional process, and can also produce
additional and useful energy, the electricity of 220.6 kWh and the heat of 54.3 MJ/hr.
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Fig. 2 CASE 2 : Depressurizing process after water spray
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Fig. 3 Exergy components in the change of system
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Ep, @ AR £ (Loss of Exergy)
Ep : A A] 1}3](Destruction of Exergy)
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Fig. 4 Exergy components in the pressure change
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Fig. 5 Exergy components in the temperature change

Table 1 Conditions of steam and spray water

Symbol Value Symbol Value

P 10 bar,a P, 10 bar,a

Ty 250C To 50C

m 9315.6 kg/hr my 684.5 kg/hr

el 9305 kJ/kg e 4.148 kJ/kg

Py 6 bar,a Py -

Ty 1589T Ty -

m3 10000 kg/hr my -

es 290.7 kJ/kg e -

Py 10 bar,a Py 10 bar,a

Ty 250C Ty 50C

my 9311.2 kg/hr my 683.2 kg/hr

er 9305 kJ/kg er 4.148 kJ/kg

Py 6 bar,a Py -

Ty 1589T Ty -

my 10000 kg/hr my -

ey 290.7 kJ/kg er -
&, AARGE UEiH, shdAe S718aEolA 9
7z} 352 onlsh= ez o5 gt AEigl= Table 10
Uegich, FaE 55 49] Aege BATA Bl o

e} AAbElS gol B2 Table 14 LhebiA] gkgret,
WA o] WA oFojx]3 1 Fof Zeo] o] Fojx|t

CASE 1] thate] W] @ ANA 4 AL 4] (6)~

CEESLECS

©)

m + mp = my + my = ms
(7

(mre1) = (mges) + Ero

®)

(myeq) + (m2e2) = (mses) + Er@

22

- 0|

Xt
Table 2 Exergy losses occurred in CASE 1
Symbol Value Symbol Value
my 9315.6 kg/hr my 634.4 kg/hr
el 930.5 kJ/kg e 4.148 kJ/kg
M-el 8668.2 MJ/hr m2-e2 2.84 MJ/hr
m3 10000 kg/hr my 93156 kg/hr
€3 290.7 kJ/kg e 854.4 kJ/kg
m3.e3 2907.0 MJ/hr Myt 7959.2 MJ/hr
(mra) - (mue) = 709.0 MJ/hr = Erg
(Mue) + (M2e2) - (m3e3) = 5055.04 MJ/hr = Ero
(mra) + (M) - (m3@) = 5764.04 MJ/hr = Erg + Eio

o0 2 7heo] WA o]2o]x|l 11 Fof 7to] o]Fo]
A= CASE 20| tjsfiA= ARl 4 (6)1 sYsh o
MR A A2 A (9)~(10)T Z,

©)

(mpe) + (Mge2) = (Mger) + E

(mger) = (mge3) + Er@ (10)
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Table 3 Exergy losses occurred in CASE 2

f2 - ZAIPHOIAM S AMX] &4 D XjZidiot

A
Al

4

L

Table 4 The alternatives for reducing exergy losses in each CASE

CASE '8 £ &4
5,200
150+ -m—EPd4AELCASE 1)

-2 42 &L (CASE 2)
5,100

00 --.-z.—'—I—H_._.__._._.
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4,950
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Fig. 6 The changes of mixing exergy losses according to the
temperature differences between two fluids
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Symbol Value Symbol Value CASES DESCRIPTIONS
my 9311.2 kg/hr my 6888 kg/hr CASE 1-1| #stin s Z7|gdl oz oA
er 9305 kJ/kg ey 4.148 kJ/kg CASE 1-2 | 22715 dug7|= A
my-er’ 8664.1 MJ/hr my-e2 2.86 M]J/hr CASE 1-3 AtilE = FUIERIoR A7 dud|E
- 10000 kg/hr my 10000 kg/hr A oA
, 2007 k ' 3749 k AR Ade] 3er)E dusR g4
mei 20070 l\jl/JkAglr m? 37420 1\5{?{;; T e gee gsan fuos o 4
363 . e -
CASE 2-2 | 7] $99 7t g S7IEwoR A
el 2.62) er) = 492496 M = Ep
(mrer) + (M) - (Myger) J/hr = Eis deols Az aauns 2/ duos
(myer) - (mg.g) = 83B.0MJ/hr = Eig CASE 2-3 77} A
(my.er) + (mpe2) - (my.eg) = 5759996 MJ/hr = Evg + Era
Py STG

1 i Iy L1 my
P, ey e
T,
m;
€
@ : CASE 1-1
P;= 10bara

Tg=1043T
mg= 5,000kg/hr
eg= 37.7k]/hr

P, P, HX P,
T T, ~ T;
m. <l o,
e, ©s e;
P;= 10bara
T.=25T
mg= 5,000kg/hr
e; =0 kJ/hr
® : CASE 1-2
Pg;= 10bara
Tg=66.17T
mg= 5,000kg/hr
ee=10.85k]/hr
Py STG
T: P. HX P,
my T, ~ Tz
€1 = m, = m;
€y e
P;= 10bara
T.=25T
ms = 5,000kg/hr
es=01J/hr
© : CASE 1-3

Fig. 7 The alternatives for reducing exergy losses in CASE 1
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AZPYHS EAIBEIL QUL Fig, 82 CASE 2] tfat 94
&4 AZREe EAISI 9tk ol Fig. 73} Fig. 804
A7 44 A 1) Aol EE B8-S 77t 51
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Pg= 10bara
T¢=9537T

mg= 5,000kg/hr

P, e¢=30.17k]/hr P, P,
T, Ty 1 T,
m, my my
e . ey ey
P;= 10bara T;
T;=25T m..
m; = 5,000kg/hr e
e;=0Kkj/hr °
@ : CASE 2-1
P
T,
m, P,
ey To | s16
my P..
e,
Pg- 4 - Tm3
T, o
m,. 3
ey
® : CASE 2-2
P.= 10bara
T =95.37C
mg= 5,000kg/hr
e;=30.17k]/hr
Py P,
T, Ty
1 Y STG
My N Py
ey HX e« T
5
P;= 10bara £ m;
Te=25T o
m; = 5,000kg/hr s
e;=0kJ/hr
© : CASE 2-3

Fig. 8 The alternatives for reducing exergy losses in CASE 2

AN A X
3t o] ol
AXA] EAE(E) = XA EA(E) + (mre) (11)
A X2 =A A HEA(D)
= [Eucase 1 — Ercase 1-n] + Euease n X 100(%)

Hi}\f_‘ = [EL(CASE 2) — (EL(CASE 27n)] - EL(CASE 2) X 100(%)
(12)

Table 59} Table 69] £4] ATZKE], CASE 19] H$
A2 &4 AE Fll 2 220.6 kWho] 719} 54,3
MJ/hro] &S AL 4= glom CASE 29] #$ 188.4
kWhe] 2719} 150.9 MJ/hré] & Ak 4= 3l Aoz
oAt

CASE 17} CASE 20]| tigh HxA] &4 A7t 2-8-4]

24

-0l &

Table 5 The results (benefits) of reducing exergy losses in CASE 1
(2H21 = MJ/h)

It CASE CASE CASE CASE
ems 1 1-1 1-2 1-3
my-el 8667.3 8667.3 8667.3 8667.3
Mp-e2 2.8 2.8 - -
MY-e4 7959.2 7655.0 T98.7 7655.0
m3.e3 2907.2 2907.2 7395.6 7395.6
M5-e5 N.A N.A 0.0 0.0
M§-e6 N.A N.A 1885 .3
Exergy
losses (EL) 5763.0 4966.0 1083.7 423.3
Reduction of - 7970 | 46793 | 53397
Exergy losses
Ratio of exergy | 5o 0573 0.125 0.049
losses( €)
Percent of
reduction of 0 138 812 97
exergy
losses(®,%)
Results 220.6 kWh
(Benefits) 2206 kWh | 1885 +54.3

Table 6 The results (benefits) of reducing exergy losses in CASE 2
(k2| = MJ/hn)

It CASE CASE CASE CASE
ems 2 2-1 2-2 2-3
my-er’ 8663.6 8663.6 8663.6 8663.6
my-e2 29 29 29 -
my-ef 3742.0 7441.4 3484.0 8169.8
mg-e3 2907.2 2907.2 2907.2 73925
ms-e5 N.A 0.0 - 0.0
Mg-e6 N.A 150.9 - 150.8
Exergy losses | rnos | 56056 | 50485 4419
(EL)
Reduction of 1508 | 7108 | 53174
Exergy losses
Ratio of exergy | o | 067 | 0583 0.051
losses( €)
Percent of
reduction of 0 26 123 ©3
exergy
losses(®,%)
Results 188.4 kWh
(Benefits) 15091 1975 kWh +150.9
a1 N B a2 ek AR AEE &

Pargon, AAH A= 1% °

3} Table 89| LeRygict.
3719 e - YT TS ANA 24 AR

Qo] thato] AR Aot o That AANS B
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Table 7 Criteria of Economic Analysis of improvements

Items Units Values
Type of Fuel - Natural Gas
LHV" of Fuel keal/m' 10550
Price of Fuel 4/m’ 850
Operating hours AZA 8000
Boiler Efficiency % &
Price of Electricity €1/kWh 100

"LHV : Lower Heating Value

Table 8 The results of Economic analysis of improvements

(Bt HHEHR/A)

Ttems CASE CASE CASE
1-1 1-2 1-3
Baipments | 70 | dmas | g0
Investment Costs 300 56 334
Benefits 176.5 34.1 186.3
Payback Periods 1.7 1.6 1.8
Ttems CASE CASE CASE
2-1 2-2 2-3
: 71wl
Equipments R 71e %ﬂ%ﬁ]y
Investment Costs 32 290 322
Benefits 21.3 1580 1781
Payback Periods 1.2 1.8 1.8

N

AA] A AZET= CASE 1-37}F CASE 2-3

Ao A = o= Agtat

oL X
(] FP,L'
—
I
N
12

Y
ru
o o
o
e Hu

T o
o
of T
:?L_‘
=
N

,d
N
ne
filo

N
<o
i)
32
lul

O
rr
ol

[

<
9 i
g
oN

FolTbg ol A WAISHE o] £
o =A Bska, 4

FeTlolAe] i) A

| = . ==

['lOlN
N

s

~

e &
o M

o kI 1o alo
morot o
lo fu
r
:‘.’é
k3
o=
_C|>lr‘
(e o
(o2
o e

ol

ﬂllO o_NL, lO i
fl
2
-
Hl
kY

O ol),]
N
1o
o
fo
N
5
i
)
=
R
1

i)
=
fru
oZ

>~
3
>
32
N

=0l Zog FAH
CASE 1-2, CASE 1-33} CASE 2-32 FZzo=a
= 5719 AARZLe] tE A-Eol vlsl ¢
< o 5 9, ols 3719 e - Ay
o] gt ® QIgt AAR] E4o] glojA]aL, &
oA FAZE Al HIlEE A oA dojuhs JIERY F
7hE QIgh EAro] WhAgsty| wjitolot,

AAA B4 ATfo| A= CASE 1-29} CASE 2-10] 7}
ek Aow EAES=T, ol dughy] AXFEAH]o|
Hall F7|ERl AXFAH]7F =24 vhef Adayt Sl

dgn] Agaart A9 ddael vis) 453] &1
1 Aog2 EAHEL,

)

ot o
ol
2
of
uall

ol
i

4 1°
b >,i

A !

18 X

X
R

S=ERADIHSE =2&: M182, X6Z, 2015

12 - ZUIPHOIAS] AMK| A4 Y HZYer

PS|
Al

L

el olo} e A AANOE Bt 7t el
Sxju] Bl47izke Aol7t whe Hom F710] e - 4
Qabge] 7| 44 AZPYIEORE CASE 1-33} CASE
2-g0] 7V FakAlel Wtole} B 4= ik,

CASE 13} CASE 29] H|ulofA4]= CASE 19| CASE 2 H
o SN XEA ARt o 2 AR BAE, $70
7he - I FAA] CASE 10] CASE 28th g o

S ol ¥ 4 Ut THYLS FAT » AUk

me

o
ny
M

FoAE YA BN BRE S 3718 o
2 FHep) S8 nease) 20t ge - 3
1= ZgelAl gshe o

b, 2717 ke - gstapgel o
ox7] 4

Zokabgel A HAlskE oA &4
Ho

by fie
e
|o

Ir

Wi

2

ol r

rE o

o
AN tlo nlo
0 rO

oo 2
Of

}_

2

m

z o
N
g
i)
El

ol
ok
2
)

o
IS
ES

J
-

N
~

d
r

Kol o of ke

b b
o
_O|L
N,
O
o
o
]
-0,
filo
H
i
ol
2 r
2
oo
:og
u
|
o
x
2
>

2

J ofr
j ne r

o wx P~
)
e oy
Shol
>
i

2o

e
<
2
i3
;
flo
o
go ¢
£ o
L

S
I
10
olN
N

N

R - Aol M Ashe & AR &
o] 719k A2 Yos Tt EH
7] Edof o3l F= WA, 9t
Yol 2reatol| viFjsto] &gt x| &
7RIt & $71 A - A Y] S A
| fleliAe S0l 8shs S71&
L0 =& Eshe 2] RSt
2) 714 CHgIE ) Ao ERIE S

7Rl 7|2 iAo 2 @ARE AAA] &

A Aol 7hsstH, ol dMA] HAAT ek

S7IHRCR F71E WA Adstal 1 $of] dughy)
2 eske 497 dMA BEs St = e
e,

>
=
;
R
o o

T

o|N

olN o

7]

Ho2>Xomx 1ok
o . flo rr o= rlo
N~ )
= fr

olN ol o Ho i
I =
ETN !

N
o

[

e
E
righ

B e
>

)

oyl

3) AAA|

18 ol o
JENORN (e
lo 1:019

ﬂllH = ofd

[m
1o
-

F

References

(1) Sama, D. A., 1980, Looking at the true value of steam,
Oil & Gas Jounal, APR. 14, pp. 13~119.

25



(2) Jan Szargut, 1994, Distribution of the heat transfer area
between parallel installed heat exchangers:critical remarks
about the pinch method, Engineering Systems Design
and Analysis, Vol. 3, pp. 66~70, ASME.

(3) Sama, D. A, 2005, Sama’'s Rules on Exergy, Proceedings
of IMECE 2005, 2005 ASME International Mechanical
Engineering Congress and Exposition, pp. 1~10.

(4) Semenyuk, L. G., 1983, Exergy loss on mixing working
bodies with different temperatures. Journal of Engineering
Physics, Vol. 44, Issue 6, pp. 617~619.

(5) Tirandazi, B., Mehrpooya, M., and Vatani, A. 2008,

Effect of valve pressure drop in exergy analysis of C2+

recovery plants refrigeration cycles. International Journal

of Electrical Power and Energy Systems Engineering,

1(4), pp. 213~219.

Leites, I. L, Sama, D. A, and Lior, N, 2003, The

theory and practice of energy saving in the chemical

industry:

6

Nl

some methods for reducing thermodynamic
irreversibility in chemical technology processes, International
Journal of Energy, Vol. 28, Issue 1, pp. 55~97.

(7) Moran, M. J., Shapiro, H. N. Boettner, D. D., and

M. B, 2001,
Thermodynamics. 4t edition, John Wiley & Sons.

(8) Ganapathy, T., Alagumurthi, N. Gakkhar, R. P., and
Murugesan, K. 2009, Exergy analysis of operating

Bailey, Fundamentals of Engineering

lignite fired thermal power plant, Journal of Engineering
Science and Technology Review, 2(1), pp. 123~130.

26

(9) Horlock, J. H, Young, J. B, and Manfrida, G., 2000,
Exergy analysis of modern fossil-fuel power plants,
Journal of Engineering for Gas turbines and Power, Vol.
122, pp. 1~7.

(10) Jin, H., Ishida, M., Kobayashi, M., Nunokawa, and M.,
1997, Exergy Evaluation of Two Current Advanced
Power Plants: Supercritical Steam Turbine and
Combined Cycle, Trans. of ASME, Vol. 119, pp. 250~256.

(11) Sama, D. A. and Shu, T. K, 1990, Exergy Losses at
Flash Valves in Refrigeration & Heat Pump Systems,
Proceedings of FLOWERS'90, A Future for Energy.

(12) Wagner, T. C., DeBlois, R. L., and Young, D. L., 1994,
Energy and exergy analyses of the scroll compressor,
International Compressor Engineering Conference, pp.
665~670.

(13) Moran, M. J. and Scuibba, E., 1994, Exergy analysis:
principles and practice, Journal of Engineering for Gas
Turhines and Power, Vol. 116, No.2, pp. 285~290.

(14) Bejan, A., Tsatsaronis, G., and Moran, M. J., 1996,
Thermal Design & Optimization, John Wiley & Sons.

(15) Wagner, W., 2000, The IAPWS
formulation 1997 for the thermodynamic properties of

et al, Industrial
water and steam, ASME Journal of Engineering for
Gas Turbines and Power, Vol. 122, No. 1, pp. 150~182.

(16) Lee, C., Yun, L J., and Park, M. H., 2011, Design of
small-scale steam turbine using waste pressure and its
verification through the flow and performance analyses,
Journal of Energy & Climate Change, Vol. 6, No. 2,
pp. 19~28

S=ERADIASE =28 M182, M6S, 2015



	증기의 감온 · 감압과정에서의 엑서지 손실 및 저감방안 분석
	ABSTRACT
	1. 서론
	2. 대상 공정(대상 열역학 계)
	3. 엑서지 이론 및 분석 방법
	4. 엑서지 손실 해석결과
	5. 엑서지 손실 저감방안 및 적용 결과
	6. 결론
	References


