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Effectiveness of Recuperator for Thermal Energy
Fluctuation on Organic Rankine Cycle
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Abstract : The ORC system is being used to obtain electrical energy from renewable energy. Generally,
renewable energy such as solar heat, geothermal heat and wind power cannot supply energy constantly
depending on time and geographical factors. Moreover, the waste heat of the industry also cannot be
supplied with constant waste thermal energy according to the production process. In this study, a cycle
analysis was performed based on the designed and manufactured equipment based on the design point when
the thermal energy of heat source is fluctuated. In addition, we analyzed the effect of a regenerator applied
to improve the system efficiency. When a regenerator is applied to the 100 KW class ORC where the
temperature supplied from the heat source is changed from the maximum temperature of 160C to the low
temperature, the efficiency of the system can be increased about 0.5% by the applied regenerator. In this

case, the efficiency of the system was obtained about 11%.
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A: heat source

B: 2 stage turbine
C: condenser

D: tank

E: evaporator

F: recuperator

Fig. 1 Schematic diagram of ORC cycle
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Fig. 2 Oft-design point operation curves at the first

stage turbine
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Table 2 Operating conditions on design point

Property 1% stage | 2™ stage
mass flow rate [kg/s] 4.18 4.18
rotational speed [RPM] 28,000 28,000
inlet total pressure [kPa] 2005.8 828.8
inlet total temperature [°C] 125 88.8
Table 3 Specification of evaporator
Tube property Specifications
tube diameter [mm)] D=229, D=254
number of tube 20
heat conductivity [W/m.kA] 137

%%ﬂﬂ%&%ﬂ%ﬁ&%rc 24 s,
g

A Ao = %-?%EE 65°C —’F%O] o2 QA7
9 HFEEES 0% FoE AAsH AFHAE
12°C AE A53lEE o] V|Fo 7 A A
Z47] )79 e 52°CE AAFHAUY. wehA
Z7)o FFHE 160°C LL o AEer =)
A&7 =04 st FLre] FHAEHA ]
RRCIC A=
Table 32| Z7]o] &% %Lg 7lEez A

WAe 5] fistel s
ok S, Beldel ARBANDIE AEHA

o fE/deel wel gEkzlinh Fig 4= 27 W
o Aol ZFHA ] eiwstel dHA %'%5]
T oYY 2SS B T Utk WEkA, 4
glHslol| el Tl Ao FfA 9 ﬂ]°]§_
(Rep)$t ZHEF(Pr)E T3k, UASH(Npe
Dittus-Boelter 2ol 4] ¢kxF Hy A 2] (10) A&
sto] ALtet Rk HEFHORE 7] Aeiwst
2 dEHdS sl FHEH TR
o, AA-NA 871 FHEEH

7} doixlth

52 SAAHBYX| H26H K22, 2022 48

ZIAO|20IM 2 HSo| TE 7|l Fut

N, =0.023 Rel)> Py (10)
g9 Wso] BAHE A, SL7IdA Y Z
Sz Asd 4 glony, % g 22 W7ol
E7bsstng, AAMNA A FHAEUAS
7R dAEHS Astete AE-/A(R24512)2
EAAE dojoF gt ol& 40}04 w79
NTU #4124 (11)& A3t Al4hs sttt
NTU:—(HC,?)*“ln(%) 1)

21 (1DelAe ¢ E8EHE
fr85(e)o FolH,
oh:]._

UehiE, B
2 (12)9 o] Y 4

4

_ 2/e—(1+C)
T

Fig. 4014 <
F5fAe) AFh WA
F5fA2) geldEshel mek AYEE 2ztel
X—]Oﬂtﬂﬂ,] 3lo] ol Q) X 5

180

160 -
o 140 |
2
-
2*1207/»//, g
S 100 - A
Q S £
£ / v
2 o804 80
\\/'7/ - Heating
60 4 // (Heat'”_g ) (super heated)
_ economizer)
—®
40

0 20 40 60 80 100
Heat transfer rate (%)
Fig. 4 Variation of temperature of oil and R245fa at

the evaporator



B
oo

start

Ag. A, are given (fixed)
T,(oil) is changed

T, guess
apply the properties at design point

—
o 3

analysis at recuperator
T, correct

P |

Lold > L'11,0ld g
L

T,

analysis at evaporator
T, correct

}

off-design analysis at 1% turbine
‘D]‘\P’L J?r—.‘ 12 I‘L‘ Q

r]

off-design analysis at 2 turbine
T,,®,%,.0,,,.T,

turbine

evaporation

7

¥, +P

lass _hot, rec

IP)<Y

all components

recuperator

!

P

10

=P s cityee Te-coITECL

Tsoi =T,

<
18w | =

£ >

Msr Meamr» 11

Fig. 5 Procedure of cycle analysis with recuperator

when the heat source is changed

N
f
el

Table 4 Specification of recuperator

Tube property Specification
tube diameter [mm] D=222, D =535
thickness [mm] 1

heat conductivity [W/m.K] 137
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