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Experiment on Organic Rankine Cycle Performance with Booster Pump

Yang Xufei Xu Jinliang Qi Fengliang Zou Jinghuang
( Beijing Key Laboratory of Multiphase Flow and Heat Transfer for Low Grade Energy,
North China Electric Power University, Beijing 102206, China)

Abstract; Organic Rankine cycle (ORC) is a promising approach to utilize the low grade heat sources.
For basic organic Rankine cycle ( B-ORC), working fluid circulating pump is one of the main
components with low efficiency and suffering cavitation problem. To improve the situation, organic
Rankine cycle with booster pump ( BP-ORC) was proposed, and an experimental setup was constructed.
A stainless steel magnetic drive pump was used as booster pump which was installed between circulating
pump and reservoir. Dichlorotrifluoroethane (R123) was selected as working fluid, and a scroll expander
was used to produce shaft work. At the heat source temperature of 140°C , comparative experiment was
organized to compare the stabilization and effectiveness between B-ORC and BP-ORC. The results showed
that booster pump can overcome the cavitation of circulating pump effectively, resolve the deviation of
working fluid mass flow rate obviously, and reduce the scale of oscillation of mass flow rate at the same
time. The intension of oscillation was reduced from +22 kg/h to +2. 1 kg/h. The maximum shaft power
of expander was raised from 2. 11 kW to 2. 35 kW when the frequency of circulating pump was 7 Hz. The
power consumption of booster pump was about 0. 3 kW. Net thermal efficiency was raised from 5. 78% to
6.16% when the booster pump consuming power was ignored, while it was fallen to 5.27% when the
booster pump consuming power was considered. The results identified that the reasonable selection of
booster pump is necessary.
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A ML & & ¥ ( Organic Rankine cycle, ORC) J&
R B it AR b A2 IR A TR Z — 8 2 W T
TR R ARTT M K
R AR S AR B T & A . TSI ORC
AT B 8 ) AL T SCEAT W AR AR BN SR
S TR AE R R WS A DL LB A R i o) &
PR X ORC RGEIEH 1B 17 1 AR i o SR T
WA T ORC TR A SHE " A R,
& S o 5 Ul ) B 5 A U 5 R A D

TESE IR MR A 3 B v, 0 A0 ) i 0 5 i A AUl
PR S o i 5 0m 47 R R B L 5 i i e, b 2
S U R AR R s AT B RS MR 4
Mo B IR R A U SC B 2 B 1T Y Uik A% Jt (Net
positive suction head, NPSH) J F 1% % i) 6 B S i 4
# (Net positive suction head required ,NPSH ) D
THREA B At (NPSH) 1977 15 R84 O5 B
HRA DG B FARHE LR . QFFmAEA N L
JH ). QREARAEA T TRREE . o B A
B B —HE B e R G, B AT AT PR 2 .
B BB T I A R E L 2 i R e L Y
FEP L XF ORC I R 40, Th s 0 I %
SRR T NIERE Y e g
SCESFE A ML TR RI23 e, THREA
3 v BE 7 R Tl A v JBE (21°C ), X o A A e A e
W KT 7.3 m, Dumont &SR R134a FF Ji£ 55 43,
TRHEAN TG 10°C R ¥ B, LAZESRF 10 m /197
Phax i, OB DR TR i A R B R B, A HMER
L7 ~ 10 mf) £ 00 22 36 & B2, % T/ B ORC HLAE
AEA TPk, 25T eI h & A R TR AR kT
FEMWTR IS WX 2 b ) AT HE A TR AR 3
B (E T B ANE T AR

BT 2 i B AS 19 A BL I 16 26 (Basic organic
Rankine cycle, B-ORC) RGEAE L Priztrh TR A
Ty B R, A S A A TR SR R A AL
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Fig. 1 Working principle of basic ORC (B-ORC)
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Fig.2 Working principle of ORC with booster pump
(BP-ORC)

XA 2 A g sl B TS B PR A 2R




512 39 P26 S AR 1O B OB T S 387
Q. =m,(h, —hs) (1) QY5ZHELEMIL, TIREE S E S A8

R QT JFRAEZE S 2 W Pt KNG ER, S TR REBHEH, HEL RS
m,—— T J5 5 B FFR0 3 5 T B SCHRARE KB L HA S R

h,——F K2 0 Tk GEi = AEZE R D 1 A i (NPSH, ) K

hy——8 K B T FHs 7.3 m, XM OR R A D W E Sk

ORC R4 fi th 4t 2 21°C 27 G5 ORC & 4 W9 e 1k Al 218 R
W.=W., =W, (2)  FNHRE . A SCHTEE AR R R B L ) B R

X W, — ARG )
W,.,— W KB %k 2
W, —— T R Uik
25 I, i 15 3] ORC R G #siok
W..
nlh=?x100% (3)
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F B AR P R A o i i v (e B e O A O AR
T W X I A ML AT L B RN A, R
filh b AR AR I 2 0 TR DB A T AR A H B — R
BN LT A R, B B A R E % ORC R 4E
(BP-ORC) , 1 3 fff 7,

—— - HRE R

——- AHER

A mERET

® EAtEmss

@ KE AR

Kl 3 BP-ORC L5 R4

Fig.3  Developed experimental system of BP-ORC
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Fig.4 Photos of working fluid circulating pump and

booster pump
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Tab.1 Major parameters of pumps

2R e HE

WE W/ (m’-h ") 2.5

B HE R )/ MPa 6.3

SHEREEE BE R/ kW 7.5
e e/ (remin ) 720

A AR/ He 50

WUEW R/ (m’-h ") 1. 44

HiE L/ m 40

g NI HAE D FE/ LW 2.2
BE R/ (romin ™) 2 840

HUE B/ Ha 50

T 39 55 56 o A7 6 ¥ B FE ) Al 7 1 1
A Y8 B T 4 A OB M A B B T 0 B R, A
BUEMKHLT TR i D/ o 5 e IR, B Y
Ve BRI 7 T R A s VA B A 4 40 PO A L R
GV ARVEREHE— 20 T e 2 T oA 8 e N 1l
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Tab.2 Major parameters, instruments and accuracies

WL 13 25 A5 KB/ %o
K 70 e WRNK - 191 £0.5
JE 775 1% 2% B i 52 4 3051 0.1
BRI DMF -1 -5-A 0.2
o S S AR JN -338 - 100A 0.1
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Tab.3 Experimental operating conditions

IEIKHLIEAE R i

LR

o SR f/Hz M /(Nem)  f,/Hz R V/L i
1 7 4.7 ~26.0 N/A 10 B-ORC
2 8 4.7 ~26.0 N/A 10 B-ORC
3 7 4.8 ~26.0 18 100 BP-ORC
4 8 4.8 ~17.2 18 100 BP-ORC
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Fig.5 Working fluid mass flow rate performance
(a) BadSARHE (b)) BRASHRHE

Sa Jy T i i Ae A R M HL &L, X T B-ORC
(LB T ATTHA 2) , e TR [, b5 Y
JHC AL R 1 R, U O A S R N R I KL
BEAROR, T & T PR 3, X} BP-ORC( T
LA 3 P OLA 4) 1 85 TAEMI %R 18 Hz,
FE RSN f, Bl 5 RS T AL % i) 8 K, T O
FAE G, 4> B K (501.6 +3.6) kg/h F1(576.6 +



5 12 3]

Wtk S AR E R A A P PR S 389

0.6)kg/h, 5T it e AN Bl T 5 52 40 % A% Ak, T i
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Fig.6  Changing curves of working fluid mass flow rate

versus feed pump inlet NPSH
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DIRE W, , 5538 N0 & =X ORC R4S A #4411
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