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Optimization Method of Organic Rankine Cycle
System Based on Time Series Aggregation
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Abstract: Organic Rankine cycle (ORC) power generation technology has a wide application potential in the
recovery of medium-to-low temperature waste heat and medium-to-low temperature solar thermal power
generation. The system optimization design is of great significance to improve system power generation efficiency
and reduce the annual generation cost of the system. A synchronous optimization model of the equipment structure
parameters and system operation parameters of the solar-driven ORC system is established. Considering the
characteristics of solar radiation and ambient temperature changes with time, based on the time series aggregation
method, five aggregation points were obtained as design conditions, and the optimal design schemes under the five
aggregation design conditions are obtained. The results show that the solar radiation and the environmental design
temperature are different, and the designed system structure parameters and operating schemes are different; When
the solar radiation is low and the solar radiation value is high, the electricity production cost (EPC) is the lowest and
the ORC efficiency is the highest.
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Fig.3 Geometrical structure of shell-and-tube evaporator "
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Table 1 Parameters of the micro parabolic trough concentrator

Eq HE R A
FERI K L/m 1 SIS 95 P W/m 0.9
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Table2 Theoretical model parameters of heat collector

ks Hft R Hft
PRI Z R I R 0.9 BERE LK EL/m 4.6
W7 5 %, 0.9 PSR TTA/m’ 0.113 1
R/ C 20 FRAE W RTE DA /m? 0.09
A TR £ C 25 PRGBS 2 0.9
SR EE AR Cpo /(T kg KT 2200 ERE /T kg K 381
T B p/(kg'm”) 860 R M kg 1.18
EERE R AL IR B/ (W m > K ™) 10 BEAE TSN LA R /(W m K ) 206.1
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Fig.5 Optimization flow diagram of time series aggregation
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Table 3 The relation between the number of aggregation points and
the mean relative error
S8 HE
o m B 3 4 5 6 7
FHXTRZE/% 3.8 0.43 0.045 0.003 0.000 15

FAF B SAERFALAR I N UNX 25450 Yinaas)s
SR H1 Xl R AR S O X R AR E, SRR
T A5 N:27.8 CHI998.4 W/m*.13.4 ‘C Al
215.5 W/m?. 14.0 ‘CH1718.2 W/m?.25.8 “CH1660.4 W/m®.
22.8 ‘CHI1302.7 W/m®.

X]’( = (X\/'nax _Xr,nin) X Uk +Xr,nin (29)
Y= — Yo )XU+Y. (30)
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Wit

3 RS

31 it EERE
SRR T 2= R R) FR AR Ak, U 2% 3
PR BIBAT S HOR B4 SE b LR s 2 A8 1,

2R BN EN RENA T K TI/EE R A
TR EFTEHEINORC AL 2K FHAe 4 5 8 A1
PRI FE S 1 O, 75 20 RGN A S L
/D AR B I HCE S AN R G Tl R E 2 F
H AN F IR AR, RIGAE RGBT, SR
3R G BT AR () 54N I 553 i85 R OK B 8 SHEAE A
ANV 000 A, SR FH PR R AR v st ViR 2,
SAEE LA NENET20 C, ATE13.4 C) (A
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Table4 Basic parameter"*”
HIRSH Hifl
IR R (kg's™) 23.12
HRE/C 5
BRI T/ C 10
WL/ % 5
Wit A fi/a 15
HEIE 4TI [)/h 8000
R % 70
IR R85 % 75
AR K/m 0.617
AU 5E/m 0.190
R )& /mm 0.4
W FARREB/W-(mK) ) 16.2
WS /mm 2
WIERTH A/m’ 0.000 35
/K71 H AR /mm 4
FefE 1 PR & 1.25

=5 ULEEEE™

Table 5 The optimization variable range "

s FieE|
FRERAL 5~15
RS EH 50~1200

R A E HME/mm 550
rESEIMEL 10~40
HERMBEEK/m 1~20
Vo AR A Pt A 10~300
TRZRKIE/C (Toiw—55) ~143

TRA B/ C (Tyaer,int2) ~(Tager,in+50)
Je iR z=/C 2~20
PRI R (kgs ) 10~60
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ARG E SR SE N TS0 L, 7 2l
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Table 6 Optimization results of the system under different polymerization conditions

BT A B C D E
PRIR E/C 120 125 143 146 160
AR/ C 13.4 22.8 25.8 14 27.8
T i (ks ™) 5.059 2218 5.836 8.618 8.895
AR/ (kgs ™) 32.761 14.748 39.020 56.736 59.475
YR BE/C 26.563 31.468 35.923 26.831 38.381
HRRIFEIC 100.618 116.358 122.230 108.475 124.337
RISz C 3272 2.000 3.725 10.887 9.926
e R 22/ C 6.227 2.000 3.578 6.014 4.085
TvA B MR E/(W-m™>K™) 4640.647 3437.103 5613.336 4849.208 5751.329
BB R E/(W-m™K ™) 2571.573 2365.262 4244851 2813.660 3940.011
TREABHR AR E/(W-m ™K ™) 2062.468 4663.389 2274.896 1742.895 2161.686
HRBIMAEB/(W m™K") 8797.275 29029.00 9749.329 5982.252 7457.869
B AR E/(W-m ™K ) 1900.576 4151.904 2267.755 1797.712 2388.667
RGN 10.672 10.959 10.692 11.126 10.494
FFEIN/KW 0.116 0.886 3217 1.782 5373
JZIK A L4 HH Dhacw 145.101 68.371 176.448 266.269 263.406
R H DIV 144.985 67.485 173.231 264.487 258.033
GERAL
Vo B AR AR R L 179 172 183 288 274
7 B AR AT A /m 41.958 40.347 42.803 67.53 64.133
R EIME/m 0.005 0.003 0.005 0.006 0.006
ARFBEK/m 3.091 1.845 3.178 3.891 3.655
R4 0.206 0.123 0.212 0.259 0.244
ARIWBDER 463 220 472 533 515
PR A BR/m 0.052 0.031 0.053 0.065 0.061
FER AR AN A /m 23.164 4.305 24.961 42.259 36.02
A
EHA/10°$ 13.449 11.917 14.387 12.150 16.474
AR LA A/ 10°8 213.798 123.434 81.000 12.150 310.531
R AA10°8 77.268 61.685 85.151 95.572 91.776
B A/10°8 60.480 83.188 65.868 102.473 100.303
Cannual /10°$ 56.727 43.568 60.957 81.265 80.706
EPC /($-kW™-h™) 0.052 0.081 0.048 0.038 0.039
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