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ABSTRACT: Optimization procedures of performance analysis for ORC(Organic Rankine Cycle)
system are established to the characteristics of low temperature heat sources such as open-type
and closed-type. Effective heat recovery and heat extraction related to maximum power of the cycle
as well as heat quality and thermal efficiency must be considered in the case of the open—-type
low temperature heat source. On the other hand, in the case of the closed-type low temperature
heat source, only thermal efficiency is important due to constant heat input. In this study, thermal
efficiency and exergy efficiency representing a level of close to Carnot cycle are studied, as useful
index for the optimization of the ORC system. To validate the results of cycle analysis, those are
compared with appropriate experimental data of ORC system as a thermal efficiency point of view.
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Table 1 Results of energy and exergy analysis for various evaporator temperatures(Zy )(Closed
type)

T?’ ]11 n Z}ut T):Lr N QH Wn et Mtn s ys €7 N nsys.[[

(C) () () (kg/s) (KW) | (KW) (%) (%) (%) (%)

50 100 44.6 1.195 | 0.692 | 232.11 | 12.86 55 3.8 0.898 37.0 33.2

60 100 525 1.006 | 0593 | 198.93 | 14.37 7.2 4.3 0.822 45.1 37.1

70 100 62.1 0.794 | 0474 | 15897 | 13.76 8.7 4.1 0.706 50.3 35.5

Table 2 Results of energy and exergy analysis for subsystems of ORC with fixed evaporator

temperature( 7y

= 60C)(Closed type)

Component Exergy Loss
State(i) 7(C) P(bar) Rate
Input(kW) Output(kW) (kW)
Condenser
1 25.0 6.65 Q; = 18456 3.13(17.9%)
(E; = 313)
Pump
2 25.7 16.82 Wi = 1.04 . 0.21(1.2%)
.y E- = 084
(E5 = 1.04)
Evaporator b
o 60.0 16.82 Qr, = 5191 Q,, = 5191 2.29(13.1%)
(E), = 6.09) (E,, = 3.80)
Evaporator a
3 65.0 16.82 Q. = 14583 0. = 145.83 8.09(46.3%)
(B, = 25.75) (E,, = 1765)
Expander
4 30.6 6.65 : WE 15.41 3.75(21.4%)
ET = 1916 :
' (E, = 1541)
— - — ; -
I(Energy) Qirmae = 33533 Qy = 19893 W, — W = 1437
e = 0593 n = 7.2% n,,. = 43%
+ _ nt = ot
[(Exergy) Elmee = 3873 Bl = 3183 Ep— Ej = 1437
€ir = 0.822 N = 45.1% Nsys, 11 = 37.1%
&) 72%, 2" Z8(n,,) 4.3%, Ax A E4o] 7oA st 58] Wujo] F

s Al 24 AR A 2AR A &
82.2%, Atol& AM A G&(n,)< 45.1%, A28 <

/HZ] E%(nsys,[[)% 371%0114'

Table 2+ z‘E”'iE(TZr)ﬂ 60CY dl, ORC Al~
Fol e oA R o4
A 2% 4@ Rolth o 60%

=2 Ke) ‘4 ?—/\-] =]

W 2t o

= OE(G[[)\__

B3t

3.2 71

e} o
Fu&, d

g N2

M A

o o] AHo] AU LEAT} W AXE BA
A ol gel a FRrlA oF 46%9) A o]



56

o2
ol
2
Ho
A

HE A= 259 1 kg/s9] A#aF#
Hol =9 #-A ORC Al=gle] =
st Ed¥ Yool A &
zkel A X (Pinch) %412 5C= 714

Wof o] Fk AJZFF QL 20w o]
‘m Ho =2 ettt AAHE
Ho}h =& 2E A9 o] 3

By
o
Roboa
T

o oo 3 Kl o

‘:O. B o
o

=
o MN 1R 3£
lo o

£
dlo

4 m

.—E 2 e oro
N

(

1>

|
1

m\l

)
_0|L
2
H

1

N
N
o
it
ui
e
rlo
rfo
ki
=2
o
-3
°
X
ol
ol
1>
rlo
ui
dlo

Qb = mu(hm - h‘out) = fn:)‘r(h'Q/ B h2)
Baik et al.'®< 100C
§ |83 ORC A3}

(19)

Aol AgE A A

2
Y
i
N
O'El-l‘
p‘L
&£
)
o
N

(B A7 AL=(AT, =Ty — T, 3)7F S7FE

€

04 gg Ao ola) Wulel f%m,) Aedg
9 50 FTLE(T,, )7t AHH
Fig. 35 297 SEusd ne 9580,

0.70 9.0
LN n- effectiveness y
0.654 ‘.\I\. ANtk ’A,A ~418.5
- e e 18.0
7] e A
(]C.) 0.60 - " g 175
[ A RN =
£ 0.5 B 170 &
e e . 165
® 0.504 L]
e =]6.0
e
0.45 T ‘ ‘ T T 5.5

T2'('C)
Fig. 3 Effectiveness and thermal efficiency

for various evaporator temperatures.

o
o2
re

NED - 037
gl dg&3 AMx] §&S F7F AT HE =
o] @ol 9o &8 AAA F&EL Ta
El=
Fig. 5% T%7] 2x®igle] w2 ORC Al2=H 9]
e, 5 Adde] 741 A o] & 7hedt &
ol i3k FH o] W E, Fig. 6 T 223
0.92
. -ueffectiveness I 52
0.88+ N AN A:
_ "a AA
& 0.84- " Lt 4 148
@ -
i N N —
§0'80 A0 . 144 2
5 0.76- 2 e a
a
R A =, 140
© 0.72 o -
Y | |
0.68-+— . . ; 0
52 56 60 64 68
T2'('C)
Fig. 4 Effectiveness II and exergy efficiency
for various evaporator temperatures.
4.5
44] [ = Neys
4.3 T
42 "
17) ,l" N
@ 4.1 !
f=n a
404 &
3-9_,,//."
3.8 ; ; - T -

52 56 60 64 68
T2'('C)

Fig. 5 System efficiency for various

38
[ = ays | .-
37_ - .4- - 7.‘-‘[\
/l g -\ ~.

36 e -
% - !
% 35 = /l/
f=n /

34 /

33+ : : : :

Fig

evaporator temperatures.

52 56 60 64 68
T2'('C)
. 6 System exergy efficiency for various

evaporator temperatures.



Azdde 54 whE ORC AdeaiA HAst A+ 57
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AP ALAAAMNE ORC Azgl who] 4 A4 B o 10% F7hekA Ho] ZEH A
23 4 ol4d F e A W $o Bxo ~do] ok LAl 93 il 297 48
2 8% ¢ 7] "iel], d - oy} 7 ol & A d¥ "7 78 w2t ORC HA
g3 WA (CHP : Combined Heat and Power)%} 37t gdetd 4= oy dubd o g wy £
o] do] o] &S A e efoF & %ol ORC gk o] 83k Ao vld T8 2EE A &dse=
A3} Alo]Fo] Eetd = Aol o] FAolgta & 4 gtk
Table 3& @A A, TL2E(Ty)o W&
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F o8 ol 240 212 525THA 621T I T3 ol WA dYoRRE AAT 4
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B8 A7 0y, 9 0.2 eI A 4 A #3y Aeddom 100CA TR Wty
de o3 HA S5 WA= 4& @A o] 8F o] wstat= 250k e | kg/sS AEEe] Hy)
B Az ANA E&OL u- o) HE 29g Y] 918 ORC AHE ATE Sk
2 AR ALedda 2ol B (E) 7 #4d
S(AT, =Ty—T,, )7t 27}84% ORC B4 %
Wi+ B gy i Ho| tadln, FAR(AT)E Ha 5T
Msys.ar=cnp =~ (20) s Aesen. 1 xq_oe_ Azozd oy
H,max o = =170 AR A = o= il
BFAE)F HOzFE, RGP Fwew
o] 7] A 'EH,OU,‘,—E ORC ¥ % WA+ 259 T,)3 W] 52 (m,)o] AR o] A Ato]Z o]
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Table 3 Results of energy and exergy analysis for CHP with various evaporator temperatures(Z5)

TZ' ]71?71 Z)ut Wn et Qﬁ%out nsys,e 7733,541 : nsys,II nsys,llf CHP
o o o € €11 EH,out
(C) (C) (T) kW) | kW) | (%) (%) (%) (%)

50 100 446 | 0692 | 12.86 | 103.21 3.8 30.8 | 0.898 | 3.96 33.2 435

60 100 525 | 0593 | 14.37 | 13640 | 4.3 40.7 | 0822 | 6.90 37.1 54.9

70 100 62.1 0474 | 13776 | 176.35 | 4.1 526 | 0.706 | 11.39 | 355 64.9

Table 4 Results of energy and exergy analysis for various outlet temperatures(7,,,) of heat

source(Open type)

T;, Tour QH EH mu Ty mr Wnez Nth Nir
() () kW) | kW) | (kg/s) () (kg/s) | (kW) (%) (%)
100 70 82.84 15.04 0.655 77.0 0.412 7.87 95 52.3
100 30 82.84 16.04 1.000 84.5 0.411 8.52 10.3 h3.1
100 90 82.84 16.98 2.052 90.5 0.413 8.94 10.8 52.6
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