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Study on flow field characteristics of PEMFC full power variable flow ejector

Yi Anning, Wang Chen, Wang Lei

(School of Conirol Science and Engineering, Shandong University, Ji'nan 250061, China)

Abstract : This article proposes and designs a four-nozzle ejector with different nesting methods to meet the variable flow requirements of
proton exchange membrane fuel cell full power hydrogen recirculation under different working conditions. The computational fluid
dynamics method is used to study the internal flow field of the different nesting type four-nozzle ejectors and recycling performance. The
results show that the internal flow field of partially nested ejector is more stable than that of the fully nested ejector. When the secondary
flow pressure and back pressure remain constant, the entrainment ratio (ER) of partial nested ejector firstly rises and then decreases
with the condition of the primary flow pressure increasing from 6 bar( 1 bar=100 kPa) to 10 bar where the maximum ER is obtained at
the primary flow of 7 bar. Through the comparison with the experimental data, the partial nested ejector has better performance than the
fully nested ejector whose performance of ER declines gradually in the whole process. Finally, the full power variable flow linear
regulation performance is realized through the multi-nozzle logic control to meet the requirements of fuel cell variable power operation for
the hydrogen cycle ejector.
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Fig. 1  Anodic hydrogen recirculation system with a

conventional ejector
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Fig.2 Two forms of the four nozzles ejector
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Table 1 Other structural parameters
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Fig. 3 The grids of the four-nozzle ejector model
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Fig. 4 Axial pressure of different grid number
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Fig. 6 Flow rate variation of two ejectors
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2.3 KEEE

T U UE AT A A R B E AR S & S
EURA LI T XS e, 18] 8 (a) F(b) FIT7R 43 il S e
EIRGEMLL A B B S, XS B A A, 9%
PRE | PR AR IR Ui T ORI, B I, HEACOR B R

R, AESR 5 B R S A A SOR B
USRS 3 8 80 R P Ok A0 A= v 3 1
AR T, AT AL S 58 i i B SO TR g o R T R
SR A TSRS — U AN U B i, TR AL S
RS A8 A RIS E A I {8, G il B R AHE
] FHAAS AL FL b v S VP T, 3 A, S 36 3 055 0L 2
293 K, A B 7 R s A S A W B R OR A
TERLB

A%
EARER fErgit &

T S

] — [EHFIA
b 5 B AT 1]
(a) EREHRS

(a) Experimental device system diagram

(b)sEH R E L)

(b) Experimental device physical diagram

K8 Sehie

Fig. 8 Experimental device

FEAH TR T 00 258 T AT FU BB, — IR R 1 75
6~ 10 bar, IR E S AL 1R F AR 454E 1.9 F1 2.1 bar,
(& 9 BIt7R Ry SEER A 20 A 5 | 559 LU RN 0 B4 21 1 5 155 b 22 1)
B g,

AT B AR T B N S 4 R
WG FIXTHER ZETE 8% PN, 1R 25 R i 11 22 FIsK
YRUR2ET R, PR, A N7 A BICTE AR AR 5 5 o A b S
Jo7 M5 PR RE
2.4 HEERS5XZEHFTLE

FE—E B TOLAE T, f e S50 Fr i A5 (4 5 1 25T b AR
FEAAS , PIFPIE S 07 B 5 | 5 5350 0 o HE S50 1 5 |
ST BN 10 Fr s, SEE ER 19 5| 5 L Bl R
15, ARG DL 20 #r, it B W 5 25 19 51 33 b5 KAE A



541

{2 2 PEMFC 43155 i B 2 R M -

2.0

UEEEed
5

<
[

O 1 1 1 1 1
02 04 06 08 10 12 14 16

]TS 2?0
LRSI L
B9 e | 3 S 07 55 U Uil e
Fig. 9 Comparison between experimental and simulate

recirculation ratios

—u— KRB AR 5] L
20k —o— A {REMEST R 51 4L
—a— SEEOWITR A 51 4 EE
]5 - A A A A A
R
&
>
1.0 |
05 F
6 7 3 5 10
JE J1/bar

K10 i E55 851 5T i
Fig. 10  Comparison of simulation and experimental

recirculation ratio

0. 98, ARAAF G S ER 5 AR - E WU 4% 195 | 55 LL
A G B T NS A BB, 1Y — KR 1R 6 bar
W, 55T A 1,57, FeBe i S g SR 3 2 R I
5 |5 RS 56 P 55 5 | 5 B 1 A, 3 4 b 2 ot S5 45 T
T SRR
2.5 EWETREMEFAR

1) A8 Fi I T AU e

SEABTT ST AT HT , 5 53 1o 2 DU W g 55 555 28 T A Wi A
SIS PELR AR A B 2 BE T R IR R R b R A T
TSSO, BRI 2T R T AR LT ok, A T
170 kW KISR0} Lt 42 T 3R AR I B A 1 O, T 06 3
G DU T I W% 55 28 (0 I I AR A T ek, K 4 A st
BT ARV B R 10% (55 1 BEHE) [ 20% (4 2
M) 20% (55 3 WEME) 50% (5 4 W) L5k n A 11
iR,

B 11 4 WLty R &R
Fig. 11

Structural diagram of four-nozzle
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Table 2 Nozzle diameter and nozzle flow

W PR/ mm Wikt/ (ges™")
55 1 s 1.0 0.31
55 2 T 1.2 0.62
CEL U 1.2 062
5 4 T 2.4 1.41

HRAE 170 kW (Pe ) BRAH FL Tt 100 753 F) S5 % L 30 10 R 3
R (PR D RO (R — — X B R ) R e i g 4%
NBATHIN BRI FIWTARAE AN 3R 3 iR (R 3 %
WM TR N 1.2.3.4)
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Table 3 Reference basis for nozzle operation

B LI/ A Wi/ (ges™) B1 T
10% Pe 0~50 0~0.29 1

20% Pe 51~100 0.30~0. 58 2(3)
30% Pe 101~150 0.59~0. 87 1+2(3)
40% Pe 151~210 0.88~1.18 243
50% Pe 211~250 1.19~1.45 1+2+3( 5 4)
60% Pe 251~310 1.46~1.71 1+4
70% Pe 311~360 1.72~2.03 2(3)+4
80% Pe 361~412 2.04~2.32 1+2(3) +4
90% Pe 413~445 2.33~2.61 2+3+4
100% Pe 446 ~495 2.62~2.91 2FF
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Fig. 13 Diagram of power switching flow change

e T PRI & 14 PN IR 0 5 (] AR AN ] 9 — U TR
TR WS | S PERE A AL R e 5 0 I A A X
B, 05 T 5 5 G I 22 WS PWML 2 4 5 R O ik, S B
170 kW D RASF R A H 5K

1) 7E PRI AR I R 3 B v, i 5 I 05 P
TR A S 2%, i 8 73k 65 W 5 25 AT A 5
E IRA BV 5] s AR RE  ERE LS

2) H—WHLIE ST 6 bar JIE] 10 bar I, #7345
WSS 25 (9 5 S5 bE 22 SE 38 R a0y, B2 — WO 1o
7 bar B, SR AT B A, HAL(E Y 1. 84, 1M 4= fix Wit
G I e — BT B, TR RAE AR 0. 98, 5 S50l 15
R 705 | S AR B, 8 20 i 2 W S5 e B R G A2 L0 36
MR,

3) TR 3 W S G S5 e ) B LA R AT
T 170 kW R0 A e 42 D 530 P 9 A2 i 1 oK
I 22 PWM 22 A S 4 T R O A AU
PAETERE
[ 1] RODOSIK S, PTOIROT-CROUVEZIER JP, BULTEL Y.

Simplified anode architecture for PEMFC system based on
alternative fuel feeding: Experimental characterization and
optimization for automotive application[ J]. International
Journal of Hydrogen Energy, 2020, 45:19720-19732.
[2] WANG X H, XU S C, XING C M. Numerical and
experimental investigation on and ejector designed for an

80 kW polymer electrolyte membrane fuel cell stack[ ] ].



541

227 45 PEMFC 2328 R S i R PR 5 179

[3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

Journal of Power Sources, 2019, 415.25-32.
LIU Z Y, CHEN J, LIU H, et al. Anode purge
management for hydrogen utilization and stack durability
improvement of PEM fuel cell systems[ J]. Appl Energy,
2020,275:115110.

ZHU Y L, YOUSEFI N. Optimal parameter identification
of PEMFC stacks wusing adaptive sparrow search
algorithm[ J]. International Journal of Hydrogen Energy,
2021,46.9541-9552.

BRUNNER D A, MARCKS S, BAIJPAI M, et al.
Design and characterization of an electronically controlled
variable flow rate ejector for fuel cell applications[ J].
International Journal of Hydrogen Energy, 2012, 37
4457-4466.

HWANG ] J. Passive hydrogen recovery schemes using a
vacuum ejector in a proton exchange membrane fuel cell
system [ J ]. Journal of Power Sources, 2014; 247.
256-260.

TOGHYANI S, AFSHARI E, BANIASADI E. A
parametric comparison of three fuel recirculation system in
the closed loop fuel supply system of PEM fuel cell[ J].
International Journal of Hydrogen Energy, 2019, 44.
7518-7530.

LIF Q, DU J Y, ZHANG L H, et al. Experimental
determination of the water vapor effect on subsonic ejector
for proton exchange membrane fuel cell (PEMFC) [J].
International Journal of Hydrogen Energy, 2017; 42:
29966-29970.

LIU Y, TU Z K, CHAN S H. Applications of ejectors in
proton exchange membrane fuel cells: A review[ J]. Fuel
Processing Technology,2021,214 :106683.

LIU Y, LUO X B, TU Z K, et al. Droplet dynamics in a
proton exchange membrane fuel cell with ejector-based
recirculation[ J|. Energy Fuel,2021,35.:11533-11544.
LIU Z R, LIU Z, JIAO K, et al. Numerical investigation
of ejector transient characteristics for a 130 kW PEMFC
system [ J ]. International Journal of Energy Research,
2020, 44.3697-3710.

R, W, SR, S5 SRl ) 1 A i 2 3h
Bl dr [ ] AR 4R, 2017, 38(7):
1731-1737.

CHEN J, YUAN ZH H, GUO Q, et al. Dynamic flow

field analysis of the prestage of jet pipe servo valve[ J].

[13]

[14]

[15]

[16]

(17]

[18]

[19]

[20]

Chinese Journal of Scientific Instrument, 2017, 38(7) .
1731-1737.

R, B, BRAERR, 5. RARBISS IR 3h A
TS OR T[] AUER AR AR R, 2018,
39(6): 11-17.

PENG Y H, WU ZH ZH, CHEN X ZH, et al. Real-time
metering method for dynamic flow of natural gas
injector J|. Chinese Journal of Scientific Instrument,
2018, 39(6) :11-17.

(R, Wl 2590, % ST LM MED-TVC
W A SR AL S PEREDETE [ J]. 70 5 A A 2
#%,2021,35(10) ; 82-88.

REN J B,MIAO CH, LI Q,et al. Parameter optimization
and performance analysis of ejector used in MED-TVC
system based on numerical simulation [ J]. Journal of
Instrumentation, 2021,

Electronic Measurement and

35(10) . 82-88.

RO, SRS, T ORE L SR P S A 1 R
ST IRAL T ] AR, 2021, 42(6) .
152-160.

ZHANG X Y, ZHANG H L, WANG L. Performance
analysis and structure optimization of ejector in PEMFC
[1].
Instrument, 2021, 42(6) :152-160.

RWA, EHr, 5. ARG R G0 M 9B 885
THSPERE M [ )], A AR 2= 4, 2022, 43(9):
34-43.
SONG Y J,

hydrogen cycle Chinese Journal of Scientific

WANG X L, WANG L. Design and
performance analysis of two-stage ejector for the subzero
refrigeration system [ J |. Chinese Journal of Scientific
Instrument, 2022, 43(9) :34-43.

YAN J, CAI W J, LI Y Z. Geometry parameters effect
ejector with R134a
refrigerant[ J . Renewable Energy,2012,46. 155-163.
MERRITT R D, GORBELL B N. Electrochemical fuel

for air-cooled cooling systems

cell system with a regulated ejector for
recirculation of the fluid fuel stream:1995US5441821[ P ].
[ 2000-07-20].

KIM M, SOHN Y J, CHO C W, et al.

vacuum

Customized
design for the ejector to recirculate a humidified hydrogen
fuel in a submarine PEMFC [ ] ].
Sources, 2008, 176:529-533.

DADVAR M, AFSHARI E.

Journal of Power

Analysis  of design



180

O % 2 i

a4t

[21]

[22]

[23]

(24]

[25]

[26]

[27]

parameters in anodic recirculation system based on ejector
technology for PEM fuel cells; A new approach in
designing[ J]. International Journal of Hydrogen Energy,
2014, 39.12061-12073.
MAGHSOODI A, AFSHARI E, AHMADIKIA H.
Optimization of geometric parameters for design a high-
performance ejector in the proton exchange membrane fuel
cell system using artificial neural network and genetic
algorithm [ J ].
71(1) :410-418.
YANG Y, DU M, MA T, et al. Numerical studies on

Applied Thermal Engineering, 2014,

ejector structure optimization and performance prediction
based on a novel pressure drop model for proton exchange
membrane fuel cell anode [ J]. International Journal of
Hydrogen Energy, 2020,45(43) :23343-23352.

PEI P, REN P, LI Y, et al. Numerical studies on wide-
operating-range ejector based on anodic pressure drop
characteristics in proton exchange membrane fuel cell
system[J]. Appl Energy, 2019, 235.729-738.
BRUNNER D A, MARCJS S, BAJPAI M, et al. Design
and characterization of an electronically controlled
variable flow rate ejector for fuel cell applications [ J].
International Journal of Hydrogen Energy, 2012, 37.
4457-4466.

DU Z Q, LIU Q, WANG X L, et al. Performance
investigation on a coaxial-nozzle ejector for PEMFC
hydrogen recirculation system [ J]. International Journal
of Hydrogen Energy,2021,46:38026-38039.

XUE HY, WANG L, ZHANG H L, et al. Design and
investigation of multi-nozzle ejector for PEMFC hydrogen
recirculation [ J ]. International Journal of Hydrogen
Energy, 2020,45.14500-14516.

T RV A8 A 2 K D0 1 B 22 W 235 1) 1) B A
D). FreE: AR, 2021

YU Y. Numerical simulation of structural optimization

and multi-nozzle structure of steam ejector D]. Ji’ nan;

Shandong University, 2021.

fEEE N

FRT 2021 4T R T RAARAG
i, O AR 2 R 5 TR e
WHTE AR, T ZEIRSETT ) ok e -5 o S 2
it
E-mail : 981282100@ qq. com

Yi Anning received his B. Sc. degree from Wuhan University
of Technology in 2021. He is currently a master student in the
Shandong

School of Control Science and Engineering at

University. His research direction is fuel cell and jet theory.
FEFR,2014 4E T IR K2 RAR 2 12
07,2017 4T L AR R 23R 1 27 46, 2022
AR T [ S AR R ARG I L, IR
WWAR KA JT , F BRI 5T T ) S ARk F i

‘ ! A

E-mail ; chenwangsdu@ gmail. com

{i

Wang Chen received his B. Sc. degree and M. Sc. degree
both from Shandong University in 2014 and 2017, and received
his Ph. D. degree from University of Manchester in 2022. He is
currently a postdoctoral scholar at Shandong University. His main
research interest are fuel cell and fluid control.

EECEEEH), 1993 4 T ILAR Tk
KEFFRAGFF AT, 2000 4T IR K243k
B 237, 2004 4F T W7 11 R 7 AR AT o
B8, BN K 2 8%, £ 25807 10 9 BL

 § A HLA | 22 A TAS I AR i 5z /E P8 A1
HR A4 i )
E-mail ; leiwang@ sdu. edu. cn

Wang Lei ( Corresponding author) received his B. Sc. degree
from Shandong Polytechnic University in 1993, M. Sc. degree
from Shandong University in 2000, and Ph.D. degree from
Zhejiang University in 2004. He is currently a professor at
Shandong University. His main research interests include modern
detection technology, multiphase flow detection and the control

problems in low-grade energy resource utilization.



