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Abstract: Selection of working fluid is one of the key issues in the organic Rankine cycle (ORC) waste-heat
power generation technology. Multi-criteria methods for working fluid selection are urgent to be studied. Existing
researches are mostly under the constraints of specific thermodynamic and structural conditions. Contradictory
findings exist in many studies, because there is no general optimization method for ORC working fluid selection.
A method using multi-level fuzzy optimization and non-structural fuzzy decision was developed to solve the
problem. Comprehensive considerations of technical, economic performance and environmental protection of
ORC systems are presented. Since the factors that influence ORC working fluid selection are multi-level and
non-structural, establishment of a three-level fuzzy optimization model to obtain a more satisfactory result is

preferable.
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Fig. 1 Procedure of multi-level and non-structural fuzzy optimization
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Table1 Semantic operator, scores and transformed

priority scores

Semantic operators Qualftativ&ie Quantitatiive Priority score
ranking R; score ay
same 1 0.500 1.000
2 0.525 0.905
marginally 3 0.550 0.818
4 0.572 0.736
slightly 5 0.600 0.667
6 0.625 0.600
quite 7 0.650 0.538
8 0.675 0.481
markedly 9 0.700 0.429
10 0.725 0.379
obviously 11 0.750 0333
12 0.775 0.290
very 13 0.800 0.250
14 0.825 0.212
significantly 15 0.850 0.176
16 0.875 0.143
very significantly 17 0.900 0.111
18 0.925 0.081
extremely 19 0.950 0.053
20 0.975 0.026
absolutely incomparable 21 1 0
@, = ! an
' ni+1 +1

AF, ma NE i+ BREFREHNE.
4 B

EHABIER 2 AHNENERNSE, FH
MATLAB Z U ABHBEEER K EREH
B, THEANE TR &M T REF RS E.

®2 BRREXSH

Table 2 Technological parameters of heat source

Parameter Value
type waste oil

temperature 150C
pressure 101 kPa

2057L + b
2893.737 kg™ + K

volume flow rate

specific heat
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Fig.2 Comprehensive assessment block diagram of working
fluid selection of ORC
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Fig. 3 T-S diagram of organic Rankine cycle
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Table 3 Calculation equations for different criteria

Criterion Calculation formula

I net output power
KW

Wxer =Wrur— Weump

2 thermal efficiency/% 11= Waer / Qrva

3 energetics efficiency 2 = Wxer /[ Qeva(1-T1 /Ty)]
1%

4 working medium
flow /kg * 7!

MrLu= Quor/ (h ~hs)

5 equipment cost/yuan TPEC = PECue+PECoump +PECTur

PECye = 10000+3244%%' 17
PECpump =422 WiTh, [LA41+1.41X
(1-0.8)1-pungp) ™™

PECrur = 6000 w270

T4 FRBMERERSE

Table 4 Technological parameters of available options

Criterion R114 RI123 RI124 R236fa R245fa
safety class Al B1 Al Al B1
GWP/100y 9800 120 480 210 9400
ODP/R11 0.850 0.012 0.022 0.010 0
net output power kW 556 509 6.09 629 543
thermal efficiency /% 1036 10.85 10.23 995 10.63
encrgetics efficiency /% 3795 39.77 3748 3644 3897
working medium flow /kg * s 033 022 035 035 022
equipment cost /yuan 33664 32658 36098 36402 32952

BEXANRBOHESREE R, URESERE
NBIRERE T REEZRNETHIHNREBEE, +HE
HERE 5. HMEERMHETRBEENTELR
R 6.

M, MEREEBREEUAFHESEREEN
AT st EeHEEE, A — A B S B B R R AL
H, B, B—HHERERNER

W,={0.4036,0.2982,0.2982} (18)

F_RMNE=ZFREKEIHE 3 MR 2ANHE
fofs, MR A7 HHEEBRE—HMNE _HITH
EHIRESH N 025, 033, HITH—HLEHEGFE
FIFE HAE RN ERMBET

W,={0.3018, 0.2013, 0.2469, 0.2500} (19)
W;={0.3000, 03667, 0.3333} (20)
43 ZHEMUEHE

WREE—LRBEEGR SHENEE W 1
HTROFEEMERZONE, FHAR QD #irE
BIPLE T, 138058 — REBILETEHE B .

B=W, R, 2y}

K, i AR i RHEER.

¥ BERNE _RRBESLEME R NBRE—ITS
52%, 8538 M IEIEAIE B,, JFixRE
FERI T B H AN B = JGH AT BRI 1

HERENRBEREL, ERERRIETPHEF
B K FE RIS L TS Fh 1R i B DR e W R 1
SR, H44H T AR =HEBIETHEE R,
MR R UFE Y EREEANTRAE
SRR ERERB T, R236fa KRR,
HKHE R123 fI R124; #— B E RGNS ERETR
WwE, BEFEME 3 T E4 58 R123. R236fa
1 R245fa; LAEFRGEFHREZE, R123 i
fH B, F R R245f Il R114. RG4S R W R123

®5 REFEERTMEHFERSENRBEHE

Table S QOutput of pair-wise comparisons and semantic score considering safety class

Working medium  R114 R123 R124 R236fa R245fa Sum Ranking Quantitative score Weighting
R114 0.5 1 0.5 0.5 1 35 1 0.8180 0.2395
R123 0 0.5 0 0 0.5 1 2 0.8180 0.2395
R124 0.5 1 0.5 0.5 1 3.5 1 0.8180 0.2395

R236fa 05 1 0.5 0.5 1 35 1 0.4810 0.1408
R245fa 0 0.5 0 0 0.5 1 2 0.4810 0.1408

*6 BHRNEXNRREE

Table 6 Weighting of each element after normalization

Working medium Safety class GWP  ODP

Net output power Thermal efficiency Energetics efficiency Working medium flow  Equipment cost

R114 02395  0.1243 0.1243 0.1932
R123 0.1408  0.2897 0.1932 0.1243
R124 0.2395 0.1932  0.1559 0.2370
R236fa 02395 0.2370 0.2370 0.2897
R245fa 0.1408  0.1559 0.2897 0.1559

0.1932 0.1932 0.1940 0.1932
0.2897 0.2897 0.2632 0.2897
0.1559 0.1559 0.1399 0.1559
0.1243 0.1243 0.1399 0.1243
0.2370 0.2370 0.2632 0.2370
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