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Abstract

This paper takes thermal efficiency, energy efficiency and the Initial investment cost as the opti-
mization object, compared the comprehensive performance of Organic Ranking Cycle (ORC) with
recuperator, reheat Organic Ranking Cycle and Organic Ranking Cycle power generation systems
which using R245fa as working fluid. The result suggests that Organic Ranking Cycle with recupe-
rator is more suitable for the recovery of the low-temperature heat source on the given parame-
ters. Analyses of characteristics under off-design condition are conducted under this foundation.
When the goal is to maximize the output power for the energy recovery system, the heat source’s
temperature changes have a significant impact on the system operating pressure; the net power
output and the thermal efficiency increased with increasing heat source’s temperature or mass
flow rate. However, the heat recovery efficiency with increasing temperature of the heat source
increases, but with the increase of heat flow decreases. Its minimum value, 4.39%, is achieved for
heat source temperature and mass flow rate equal to 423 K and 12 kg-s-1, while its maximum
value, 7.46%, is achieved for heat source temperature and mass flow rate equal to 473 K and 6
kg-s-1.
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Figure 1. Configuration of Organic Rankine Cycle with regeneration
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Figure 2. Distribution of Pareto optimal solution of Organic Rankine Cycle with recuperator and reheat Organic Rankine
Cycle
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Figure 3. Distribution of Pareto optimal solution of Organic Rankine Cycle and Organic Rankine Cycle with recuperator
3. ERBREKREHEASTER LB RS Pareto RILANEES T

Table 1. Calculation conditions of the ORC power generation

=1 ANAEREFARGMICRREERESMN

system

Decision variables Lower bound Upper bound
Mass flow rate of fluid/kg-s™ 25 4.0
Degree of superheat/K 0 25
Expender inlet pressure/kPa 1400 2000
Condenser pressure/kPa 200 500
Mass flow rate of cooling water/kg-s 10 30
Regenerator effectiveness 0.3 0.9
Table 2. Main structural parameters of heat exchanger
2. BIEMARENSH
Evaporator Evaporator Regenerator Regenerator Condenser
(21) (22) (H1) (H2) (L)
Tube length/m 6 6 45 6 45
Pipe size @19 x 2 @19 x 2 @19 x 2 @19 x 2 @19 x 2
Tube number 308 284 120 120 382
Shell diameter /mm 600 600 400 400 700
Tube pass number 4 6 2 2 6

O,



LG K B R G % H Rl 78 o0 T PR RE b

Table 3. The main performance parameters of the comparison of different schemes

=3 FRIARBEEMES KR

Ts () . 1% 77.'77;"7. 7, 1% Initial ir;;estment C’;C
design value 394.5 13.24 0 29.10 917,880 0
Scheme one 401.7 13.48 1.81% 30.41 935,640 1.93%
Scheme two 401.5 13.42 1.36% 30.40 941,440 2.57%
Scheme three 403.4 13.57 2.49% 30.77 924,700 0.74%
Scheme four 404.3 13.68 3.32% 30.85 930,910 1.42%
Table 4. Design specifications of Organic Rankine Cycle with regeneration
4 EABENBAEERRRZETERITSH
Key parameter Value Key parameter Value
Heat source temperature 453 K Pump isentropic efficiency 0.8
Mass flow rate of heat source 10kgs™ Pinch point temperature of evaporator 209K
Vapor pressure 1836.8 kPa Pinch point temperature of condenser 10K
Expander inlet temperature 404.3K Total heat transfer area 242 m?
Condensation pressure 228.6 kPa Output Power 96.4 kW
Mass flow rate of working fluid 3.1kgs* Ambient temperature 293 K
Expander isentropic efficiency 0.85 Cooling water 17.44 kg's™*

Vel 4 g5 W T TE RIS B i R AE U R, R Gt D) R B A R R IR R R NP B PR
KRR AT NEEEAT, R0 1 A2 b R TR EAE 50%~125% & i i |G N, DLRIER
G EREIBIT. WE 4 LA N, REGUERGRE R A SURE, SR BE 2 R I ng 71
ORAE, SRR & T ROTHR BERT, B 28R R N R g0 B D e e N, R INET
B 75 R R AT, TR A HK IR RGN, TR R v K AE PR AR (A T R 38 o i 3 AR 1
P IR AR T B HR BT, 2R 77 BRI 2R 38 UM T 28 V0IRAS I, SV HH D)3k Bl i
KAB . T A FIR B KA URRT, FR S04 D) 2R I 28 R 77 A8 Ak B 5 S B e A OB i — 3, (R
MR B IEARE) — B E R, AR AR R R N AR I ThE LA . HRETE T B2
RIEJWBEAG, THmERE, HOEET S, S TR KR, 1o T A5 R H s
ZRIE IR FRARAR AR /), BTGB o038 RS I S 7E A [R] 28 e 0 264 T R G it sl e S it Th 28 A8 AR /N

Vel 5 BT N AEAS [R) R B2 BOR B A 1E T, SR DUS S D e e KIS AT I S 258 R I 70 TRt L 28 Ok 2%
RS TR E AR S s 5)fR, SRRy 423 K i, FHi 28K K 7124 1380 kPa,
T 24 G R G 0 50 K, JLap R 28R B 38 in 21 2140 kPa; 4#ERE M 6 kols 1T+ — %3] 12 kg/s
i, Wil 5(b) AN, B R E S 1430 kPa b7t 3 2150 kPa. AT LLRBL, EAR T 2618 T HAGEIR B
(1 B3 0o R G A 2R I RS B K . 7E7R T A% 1 LA R Th 3 g KIg A7 (1] 5(a), 1¥] 5(b)), ATEA
R ILBE A IR P B B G0, B R AR R ) RO B ZE A R . TR RN, S IR
R B BTt AU, T AR R IS SR AR DG N B, AR R e ) AR A T R AR
JEE Bl I IR % - 4 AIRIR T 423 K 38N E 473 K, FGEH TR A 371.4 K 390 F) 388.4 K,
T A 73 6 AR R R 38, Gn 5] 5(a) B

wE 6(a) i, BEERIREZERIIN, KRR RERCE K H IR 3N, KREHEER
M 11.63%38G N F 14.08%, &7+ 21.07%; FABERLE I 4.61%H INF] 6.59%, &7 43.26%; 4 th D%
F1 60.25 kW KilE#2 7% 118.38 KW, 2T+ 98.49%. MR EIG NN, REIAMCR K TR AR L
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Figure 4. Variation of output power or efficiencies with a variation of vapor pressure at different temperature of heat source
or mass flow rate of heat source under off-design condition
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Figure 7. Variation of recovery efficiencies with a variation of heat source temperature and heat source mass flow rate op-
eration under off-design conditions
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