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Based on the study of variable operating conditions and experimental
verification of a small-scale ORC with a scroll expander
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Abstract: As a fundamental component of the organic Rankine cycle (ORC), the scroll expander’s operating
characteristics critically influence the ORC’s overall performance. Initially, we establish a three-dimensional
transient simulation model of the scroll expander. This allows us to systematically analyze the effects of various
operating conditions on aspects such as suction pressure, exhaust pressure, rotational speed, and the output power
and isentropic efficiency of the scroll expander, using numerical simulation. Following this, we study the effect of
different operating conditions on the transient performance and mechanical properties of the scroll expander, and
achieve a more comprehensive understanding of the mechanisms involved. Ultimately, we verify the accuracy of
our numerical model using a laboratory-built test bench of the ORC low-temperature waste heat oil-free power
generation system. The close correlation between the experimental results and numerical simulation outcomes
authenticates the reliability and applicability of our numerical simulation method. In conclusion, this research’s
findings offer significant referential value for the design and optimization of the scroll expander.
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Fig.1 Geometric model of vortex expander
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Tab.1 Geometric parameters of the scroll expander
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Tab.2 Time-averaged performance of vortex expanders
with different numbers of grid
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Tab.3 Parameters of different suction pressures
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Fig.3 Isentropic efficiency and output power diagram at
different suction pressures
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Tab.4 Parameters of different exhaust pressures

: — = :
%@ U J3IMPa 1§§7K J,ﬁjjfn?APa (rﬁﬁﬁ)
s1 12 400 0.15 2000
s2 12 400 0.30 2000
s3 12 400 0.45 2000
s4 12 400 0.60 2000




120 kAL R

2024 4F

K7 g T ARRHETUER ST N iR AR H L5 ARk
HAE DR A, B 7 RTAE Y, BEEARR
FE AT TN, i DA RS AR S AR S
%, Fth DR 2N BEREYS, AR £ L
THEES, HthhR T T 47.17%, TSERRCRIY
INT 73.94%. XD i ERZ AL 4t 2h =3 5 it
PSS MR s 22 50 o A HE R TN, i
22N, ARV D ZE T, SRR KL
P BE B OB I RE I BR, AT S 2 i
TR B R 4t TH R A, R I B A5 R A o 2 1)
Bt TR /N o SRT S T3 HERARKATL N PR AR R R
Pk MR RS, W IR ARSI/
BRI T LRI EIR N o (EAESLLETE DL, WKL P8
(B R T RERE HE S T g I B A%, KR RN AE
B HERE AT, Al Al REAAS BEInREE , B
BRI BURART BN o Hehh, T B S0l
PGS RE (K H DA, BURARNS T BB Th R I L
BIREAG,  ANTT B RCR 152

[ —o— it 2y & ]

22F 212 —o— S R 494% | 496
2ok 46.5
= 434 ¢
= 1.8} )
e 403 3
= 16f o
St 372 g
£ 40 34.1 <
31.0
1.2F
2 41279
1 O 1 1 1 1 1

0.1 02 0.3 0.4 0.5 0.6
<& J1/MPa

7 FRHSE N B EEHEE R IR
Fig.7 Isentropic efficiency and output power diagram at
different exhaust pressures

K825t T ANFIHEUR 1 M e AN Ly 2h =R
WESAA. I 8 FILUE Y, HHF UL 1M 0.15 MPa
HEn2) 0.60 MPa I}, faith DhRBEAS £k S T
Mo o HEUB S AL IR AR A A 2R
FEF AR RN, ANTTRZMS H Dh . FERRHE S
TR, AR, BBCEZ e, I
F DN, R, ERGSHEUS ST, AUk

RKREEENR/ N, BT RER IR, Hinth Dh A A Rk,
FEARRIRHEE AT, it DR S 5)
W FEA P-4 HH DR AT REAT T 22 5
3.3 T EI%EE 4 iR hER Akl 14 BE A 720

Bl S OX 9 @ 2 T TP R A R i E AR BLAE B

HIhZe, &, fEts. BHMAEM . £t
ASAT e BENZARHURS A7 4075 B 1 e 6, A
KIS RO REANN P . SRR AT, W RERR 2
AR LA (10 T 0500 30 T B2 A AL 2K TR SR i 5 A (£ 1
Feid o N T RIUF R e B ARV LVE BE I 2, i
T 4 FASR] B R BEAT BE— 2B R T, AR T
W 5.

.

——0.15MPa 5

o 0.30 MPa

0.45 MPa o

Sr 0.60 MPa / .
I

A 2 kW

J
0 1.5n 3.0m 4.5 6.0m
JiE ¥% ff1 ¥ /rad

8 RREHESIE F%6 th Th RS h 2
Fig.8 Transient curves of output power at different
exhaust pressures

*5 TREESH
Tab.5 Different exhaust pressure parameters

TH bl A HA LEovd)
' EJiMPa REK K JJIMPa (r min)
1 1.2 400 0.25 1200
2 1.2 400 0.25 1500
3 1.2 400 0.25 1800
4 1.2 400 0.25 2100
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Fig.9 Isentropic efficiency and output power plots at
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Fig.13 Comparison of inlet mass flow rate at different
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