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Review on design methods of ejectors used in the fuel cell hydrogen
recirculation system
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Abstract: The proper utilization of hydrogen energy is an effective way to achieve large-scale and deep
decarbonization in the transportation sector, which helps realize China's "carbon peaking and carbon
neutrality” goals. In proton exchange membrane fuel cell systems, the hydrogen recirculation system
using ejectors has advantages such as no moving parts, no external energy consumption, compact
structure, reliable operation, no pollution, and low cost, etc. The performance of the hydrogen ejector, as
the key component of the system, directly affects the system performance. However, the design methods
for efficient hydrogen ejectors were not yet perfect. This article reviewed and summarized the design
methods of hydrogen ejectors in the existing published literature, including the design of single
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convergent nozzle hydrogen ejectors, multi convergent nozzle hydrogen ejectors, and convergent-

divergent nozzle hydrogen ejectors. Finally, the current state of hydrogen ejector design was

summarized, and the future directions for improving hydrogen ejector design were pointed out.

Keywords: ejector; hydrogen recirculation; proton exchange membrane fuel cell; design method
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Fig.1 Schematic diagram of the proton exchange membrane
in the fuel cell"
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Fig.2 Schematic diagram of the hydrogen recirculation

system with an ejector il
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Fig.3 The variation of static internal pressure and velocity along the axial direction of the ejector

2 SSRBIHEREITAE

WS BT 1 A e AR 4 Lk
J12E RS 2 rR Bk e R B LA SE
I PR 3% 1 20 6 A Oy o AR A SR T S B
FRSF o A AR A . 51 O ARG S 25 iy
PR A WK ROIR S S8, 8 K AR 45
b, 45aauihd R aRIm 250, 2% R
T A, AN T RETE, |
TS PR 1 I S LA PR, ELAH OC 25 R K
BB SR I B —EWak, — o
PP G M AR R 2 — R R
TR L Aty X % S A P S 4 R R AT A
T R PR T — SR A R WAL Y,
TAEAR NS G B BEAT S R IR A, RNEIETAE
AR S SR A A 11 S R RDR S AR S
o SIS SOOI, TR R
i, (HiZ 7 R A BT T ik, %183
FRIE T BSE AR 5 SEPRAB LA — B 1R 220 Kk
32 R RO S AE Bl i Sy IE R B S IE 1o 2 RE b
IS JH A 31 9 2 pRBOR SR 1 2 S RS i
W Bk ok . RIS A TR R TR 5T

120]

S 45 S, SR P T U 2 KO0 B 43 A S R AT 8
E o SAREN 2 bR B0 BT 88 5T 28 R~ o H
iy, ARSI R 2

RORH M AR IR R G A RS,
H B4 — SO i AR R TR A
0ok T 23 TF % 22 SCHik USRS s B Oy vk
PEATRLRE
2.1 HREMEME TSR

EASAEIH R G, R B O S
KK ZER, X EWRE AT RS SR A A
ARTEAKRESR. EREHEEAGT, KESH
SRR T R AR, R4 B D 1 1 4 R
PR . KRR b ek
AR AL IS, SR IAE 0 C IR, K
bR KIS, TR R s 3 o 2 e AR
WO . T BRIE A B R B 1T
2 e JET 45 W06 L D)7 11 7K 285008 B 45 vk R e )
5 T M 7 25
2401 BRASEAR M IBE S g

Kim ZP IR R TAERR T, 3T — i
FUURBE ST, 42 0 T IR0k e S S 4T
(9 A RAS PR 7 v . i o e T R IR



% 6 1

WALEF, 5. KRR S UEIR REEWUN ST I ik Lrid 623

I T U EE 43 B 0 BB A B Y A A RO > T T
S5 IS S B I ) RS A . LA Huang 255 1 —
Y A 2R R R LR ST T A T A A I
ABER BT — e T 28 A ) S
X F AR Huang 7 (12208, R 1
& IR R R A SEG X TAER AR
JE F13847 2405 17 Huang 26°° (R0 7603 5ot 56f
GHIMBUR A BOm A T 2540 . [RIAS, i O ek
BEA AT, 53] TAE AR 2 & 5 5 SR &
TER ST RB F RSN R . BJE, M
JERBE AT, AR AR AR T A U DA K5 |
WARE S i T 2wt Wit 4w, R
Sz s B B i . Li Y T R
RARBA, WIT 7w Wiy, %57
Kim 2552 itk . Yin 25 9500 T st
WL EZESE, AT AR W T B
FEAR 4 Sk [30] AR TSR BUR A B
Bk 2.5 A5 IR T E RIS A, AR STk [36) B T
W I ) T A AR R R A B, DL R B YO
bR Wk, FE bR RT3l
iz A AR 2 A A S 85tk ,
IS RAEAORS . MAZEHE, RE Bz
£ R R, DA R S A AR A B e KR
IG5 F W2 8 R S, Besagni 207 4RI T
— PP S BB T IR AR T 2 T Tk T e A 2%
PERERYBT 7 o FERA 2 WEST SR 00 i RO R, R A
FRIRGWITHEIS, SCHIF R TR 27 W 4 0
MR T, IR SOk [38] A A E I E T
S BUR S BUEAS R 4 5 I W S B AT MR
PR A B B 55 9 AR I B 0 5 38 B 8 43 & it
R N = e e B = TR RS B % = AT
TR B il 1) < B OB W I AR Y 18 A, PR B
KA 627", Nikiforow %™ i 3o B R AU S #E
TR i A e R U T A B T A W
MR, HAaFESH, nEHmPURGEBE
B meg O ERm PR AR . P
R B2 & BAA RV ) K B SE S8 SR [41-42] 15 31
Du 255 5T W W 0 AR, AT R
RIS IR [35], R BRI T 51 SR B
S AR S, Hosseinzadeh 45 A Hy 75 315
SRR JEVF 2 S5, (HJR AR SCER [39] A1 3C
ik [44], RA WA CHESHOT B R 2 ¢
HENAEN . ME& T E T 8 48 B i B

B, JFHRIE SCHk [38] B e T AR I BUTR A B L
e, FHE T AR BUR A B K R A R e P
2 RIEDP ) R A SO [39] #E T YRR
(1R Bl 1) SRy 4~ 12 A% 1 A5 T BUTR B B B AR LU
T3 f S 5°~12°, Bian 2517 3L F SCiHk [48] R
FH B Z B ISR BN 5 2 bR B0 X 4 5 86 T S
AT T, AN At SR v T 4 v e Ry
B BEE , RS T 46 I S A Y
WAE o W I I S B AR T AR A, HiA
2 S RN W S B A T R L AR AR
REBER . P B B K R 45 AR 40 Sk
[30] Fn3CHk [39] B 4E o

ST A R R E SR P R G N
i, S E TR A R R R T 5
TR K ZES B . Kim G5 8 T —f &
S AR b A K ZE S T SRS AR T
ik, BT BIARBEAR S, EAE
Wt TR T, il 4 W 2% 10y (e ok
TFIEAR, d5c o A5 S0 40 Mot 0 45 0 0 LA R S 2%
FHmBIRABRER, MRS I FEE R
%% T Huang %55 P 200 ke 5 4
XL Lt S AE IR R G A AR R E K
AR, R T —FPE T AR Ak 2R
S E SR WS B I TR A T 5]
TR TSR B A KRR S P RN R 45 T 1
Mt S 28 BETE RS o B 2 BT TR I A T 4
W R A o AR L TAE AR 551 5 IRTE A = 1Y
RASRE., RAEBEY EEMRIAE, JERA
TR TR RERS Dk e £ Ei
R THES SR, A K IR, B H AR AR
G E HALNTZRKESBIHTER ST, Dadvar
PO 8 W R BN TR R ScHk R, W AR
R A S AR Ay 5 52 0 AR R vl b S ST 2R R v
RS R4, FEIEE S5 RRE R R R B S EO &
i, MR T EHAR (GRS BRERS
T 4 W A O R AR 2 L) RN R ST L (5 i B
L A TR S e 8 LA AH DG ) AN Tl N S
B, K mE AT R S R HE S B R
R o 12 SCHR H G 2 AR R DL SCRR [30] k3
BHUEATIE RO, M T IR RS W ST
PERE R TAR AR E IR, XA
AT RS R E R, BEZ, X
PSS EOBAE Rt B 38 1 i A S8 74,



624 o B TR 2 2 R

2024 4F 5 46

2 SCHR R BT R R 2 18 TR A BT B i Ak
A AR L

Liu 5 HH—A)iE B 7 B 225
% 3CHik [30,35,39,50] HEATRY, JRAME T AR E
PR T B B8 4% TR RSt . Li 25 15 7 40 0 g 10
SRS R PR, 2% Zha 5 o) 2
BERY, 258 T 5l AR & KZES W m, 1
BT AR U L EREARABRER. '’
BB HAEEA NS B R & e %
RITEHER, 51 R =8 A R A &k
PG ARIR A W% . A mE R
R U3 1 SOk [27) SR A% . Tri 255 fE BT 8
JFI, 5 Dadvar 2657 SRR TR, hEET
REBSY B MG shfiid, ASFE &% 30k
WA KRB S TAEREE KRN,

e FRFE AR SOk [30,50,54] #RR T T 515
TR % BT A B R R S5 KERIREY
74 Jo R R, T SCHR [29,49] W2 T A S RIK
KRB W 5y T 5 A5 | S AA rhoK 2800 i i
I8
2.1.2 2RSS 2T

Bl 7R AR R R AR R fE Sl e TR
ﬁi%%,ﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁ¢ﬁ%%%@
R0, AFTJRVAT, Wt S 28 70 B 5 T 00 45 1
T, HMmeaaRm T, A THREEIBHEN
AT HUERE, VP2 2E B R 2 W S 25

Song 255 P Tl X6 iR 19 XA 45 5 1 5 S5
2%, WM 4 PR, XSS EUR R T Yin 45
AT R AT BETT o AN TR) A 2 78 T35 I e 3
BARRT, %SO % R T AR AR TR 48 W ) A
FH HARRSE LT 58 2R IOk [35] BUE . 78
THE R R 1 AL S, TR 4 4 B
AN

TR

\ T LA
B4 — o R A T 45 5 g 15 9 2
Fig.4 A symmetrical dual convergent nozzle ejector
Xue BT T — AN 4 AN 45 55 2 A
Z TR, W S Firas o HCIRE R ik B T AR

1551

MBIt 7k 5E RS RO [35], TR HAE 44

_— L : 4
TAEHi I S

SR

B 5 4 NERAEBI A R S I gt E

Fig.5 Multi-nozzle ejector composed of four convergent

15
nozzles "

Wi 8% e 3 v R S ) LA RE L R
T 3CHk [35] BYHUE .

Han 255 5317 — Pl phy 5 4> 9 46 X0 Bk 15 15 A
— A7 45 0 IS 20 B Y 22 R TS RS, &l 6
FIE7R o TE TH B B I8 W K mp O 55 I 114 g 35 1
BF, JFAR% RS R JerE T S e AR R
X R e K TAE RAR T & 4, X FR i g
MRS AT AR, I il . BRI R A
F12E D, FRE R BE T AT A
(BN B A RE T AR T 00, 7 X PRI A T4 1)
FEBLR A I LA X rv o W% 88 W 350 ot Ak A
P SRR A B AR X R I W {050 £ 5 3
i BE ARG . W 0 ) AR A BUR A BEA
MR 25 % Zhu 407 MBS S5 B, N 2 f5 Y
SHmBIR G B ER ., SHmBURA B E e
6 f I AR A B A, ¥R B K
WEHLT 10 5 SRR A BEEA, §RB A
FAEIR T 4000

lIWﬁW

e ;E\ﬁ/w
%} ﬁ/ I 1’&1‘%*(
u&)(a

I%T/JIL'MKA A BRI A B

B 6 B I 408 o BIR S S A — 4 0 48 o 0 R G 48 B Y &5 TR B IR
Ui

Fig.6 Multi-nozzle ejector composed of two symmetrical

is6]
convergent nozzles and a central convergent nozzle

Du 255 BT vin 255 g7 kgt T — A E
XUBEUE TG 2%, ANl 7 Wias o BR T WM R4 1 R
o, HARRSHLPE22% R [35]. TETTHE M
o RS I A % I8 AR R 8, it Tk
THLOUE S0 4 s s s DT AR, SRS AR HE R K
TAEGAR 7 F /N AR T AR Fe g X6 55— Wt 16 1
O S HEAT T T ARG



WALEF, 5. KRR S UEIR REEWUN ST I ik Lrid 625

TAER M

TRt
) @O
SltwAk A B
E7 RN
Fig.7 Coaxial twin-nozzle ejector
Brunner 257 g5y T T AR RIS FRITE AR 12
T LI IR WS B A 1 S I N 7 B A A 4
o BB R AE W Ag i AL, i 1 O W
T FR O A7 S o ) R A A A R Hh D A
DL Rz S5 A FROR 5 B B AR OB b iz 47 T Y
F RO B U A A o A TR ARR A B 1]
IR EFY 11 2 S A T AR B A T B T 4 M 1
Y 44 £ BE R G SR PERE R I BOR, W E AT
wit, HRJGTEZH iGN RRE . Hix
SO R TEAR A AR W5 a i A R A i B
SR

158]

-

Al Ak

SISl —

Rz
B8 g AT
Fig.8 An adjustable ejector with a spindle

Jenssen 2557 ) F B4 1 BT ST 282 S
% T Brunner %" (b F 7, % WA 75
W L TR AR A AR SR R A T T iR
2.2 MRS SR

TEIA A TF R ST, 48 R 22 B0k 4 i
W E g, ABATS A DR A S AR T 4R T
WIS HEAT R VRIEAE T R R R K I
B J1 2 R BOET X R T R R I AR (80 kW) Ji
A2 8 EEIAORL FRL L U SUTE B R G S A AT T
Wit. SREZEBOCHANFE, %30T R A& 468 5K
W% IS P IS 2% o T SR AR T T A N AR K
WEGT 2R, SRIGPTE AN RTS8, Wang 25
AR R T 4 s s i s i 4, IR R R BRE R
— SRS TR BOE I T, ISR 2 10 kW
J5T T3S S AR v W S A 3R R G5 R
T H5IZSCHFM B ik

SCHR [60] FISCHR [48] #BR H T R FBHS R
RN 2 R, FIR TR SFIE . BB~ 1E A& 3
TSP R R IR T WS AR A R A B R S8, (H X 4%

146]

AT RR TR B Ay B 1 1 B8 e ™ e BB 1 R ) B
H EmA AR, B 1, Ho D, a5 A
REBLER, Dy MY EBUH O EAR,

x1 BITSHILER

Tab.1 Comparison of design parameters

SRR A Bt Eimigz
Al e

Lt (6-10) D, (6-7)(D3-D3)
Wangi‘f‘?m] 4 D2 [62] 8 D2 [62]

Ji8h, IR, SCHk [60] &t A0 R R A
Fooh 112, FEXME/NEALEL T, B
TAETLAR . 51 SR B IR A Ui R R FHAH [R] 26 448
BORARG B, BErd Al LUK 5 |5 A R A A
MR ARTREA T, BIARTTIESS, 4aidsBeh oy .
3 &

Xof T A2 4 AR L Tt RSB IR R G R A
WS AR BT AT TR, SR 45 .

a. T2 e R R L S SE A RS A
SRR, 46K 2 BOCHRR A R i 4 i, LA
it B | A B K ZE SR AR AR R
Al B M B AR R AR PG, PRIE U AR R
EisfT. R, BUA SCHR P R BRI T2
BRI DA E R T MR B 2% R gk
HeRH T 48 50mis

b. &1 X R T A8 e S AR A H Yl S AIE B AR
Ms, 20T G E XN T E. X
OB H L PE AR SRS KK 28 SRR AL,
53 SCHRTE ST 25 13T H i Be sk 5 18 T K28R
MsZm , wit4 R 5% EK RSB AH L, m
W AR AR A B AR I s T X AR} F vl g 11
DR bl AW AR A RS, e E R T £
WS I MRS S 2 (AR S 2 AE AR T A T RS T
REARFF A R PR BE , (LT B Bt v o 350 i AR %)
e 7 ik g R fa o, K220k FF 38 4 e i O vk

c. HAl, T3S et s it SR R g vh
SRR BB R A S S, R D B
FA R S BT SRR R R S S
Bk R Ak

HT UL 58, AT PAAE LR JLAS J5 %
I B S e R R S SIE R R B AR
WS AN T T ek



626

Bl TR A R

2024 4F 5 46

a. B SIS g A BT RS 5 R v A

S BOHATIG, AL T E T A% 20 S R
AOPERE, [R) A ol UM J5T 5 52 # R P0OR) e v 2R 2
PEBE K o J B A B SR R

b. 15 22 W SR A B T, ) 2

1f SIS S ST ST X 2 M TR B Y
75 () 5 R A L R T AR 0 T A% R R R AT AT O
UNIIPSE AU e g e P s

c. SR IR Jy o R Bk, s T T

A AT E AL PR Tt SO PR 2R 8 R U AR Y
26 LU IRI, Ox SR FH 7 20 o s ) 2 M S s 47
-I’}X-Li_l‘ o

S 30K

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

Bk, 3R E A RE 7l & R BUIR I R [T]. A Tolk
5T, 2021, 38(4): 78-83.

rh [ EURBIBC B o [ U R TR R ) R v Mk R A4S
[M]. JEst: o SAERK A, 2019.

AT, ER BRI CT (R AR AE eI
2 (EREILAR) ) ATFER IR 24 (], s
BT 2020(4): 16-25.

3 o e B <= | R A W | - S D U
rhE TARNE, 2022, 24(3): 80-88.

TR A SURE Ik an e FREA P & B8 [N, 2235 H AR,
2022-06-22(11).

XUNHR, FRELET, BRIHBET-. SRk B AR A e SR
LR [J]. P TR, 2021, 23(4): 162-171.
KA. BRPAIN B AR ] KRB, 2022(2):
70-71.

AUTHAYANUN S, IM-ORB K,
ARPORNWICHANOP A. A review of the development
of high temperature proton exchange membrane fuel
cells[J]. Chinese Journal of Catalysis, 2015, 36(4):
473-483.

LIANG X, KANG H F, SHEN J, et al. Review and
analysis of hydrogen recirculation devices for compact
vehicular proton exchange membrane fuel cells[J].
Journal of Power Sources, 2023, 555: 232308.

U, XM, A R R R IR R e Lk ik
[7]. BRVREHEAR, 2021, 45(4): 545-551.

HOU J B, YANG M, ZHANG J L. Active and passive
fuel recirculation for solid oxide and proton exchange
membrane fuel cells[J]. Renewable Energy, 2020, 155:
1355-1371.

MERRITT R D, GORBELL B N. Electrochemical fuel
cell system with a regulated vacuum ejector for
recirculation of the fluid fuel stream[P]. USA, 5441821.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

271

28]

1995-08-15.

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(14): 7518-7530.

KUO J K, JIANG W Z, LI C H, et al. Numerical
investigation into hydrogen supply stability and I-V
performance of PEM fuel cell system with passive
Venturi ejector[J]. Applied Thermal Engineering, 2020,
169: 114908.

XUE H Y, WANG L, ZHANG H L, et al. Design and
for PEMFC

Journal of

investigation of multi-nozzle ejector
hydrogen International
Hydrogen Energy, 2020, 45(28): 14500-14516.

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.

FENG J M, HAN J Q, PANG Z H, et al. Designing

hydrogen recirculation ejectors for proton exchange

recirculation[J].

membrane fuel cell systems[J]. Energies, 2023, 16(3):
1201.

HAN J Q, FENG J M, CHEN P, et al. A review of key
components of hydrogen recirculation subsystem for
vehicles[J]. Energy Conversion and
Management: X, 2022, 15: 100265.

HE S, LI Y, WANG R Z. Progress of mathematical
modeling on ejectors[J].
Energy Reviews, 2009, 13(8): 1760-1780.

CHENJ Y, JARALL S, HAVTUN H, et al. A review on

versatile ejector applications in refrigeration systems[J].

fuel cell

Renewable and Sustainable

Renewable and Sustainable Energy Reviews, 2015, 49:
67-90.

PG . VR 7 2 TR Bl B 1 V2 R e SE (D). At
WK, 2012,

FLLEE. SRR 88 A B R BUE A ESE (D). 7
TR, 2009.

WLH. TRl ve i a8 i BE BT 5T (D). L
Wi AEARFL TR, 2015.

BRAEET . AL 2R X IS R RESE M ) BRI 5 S0
5% [D]. HUIH: WK, 2014,

TR, W IR 3h S Bt Iy B ST (D] I
PR, 2012.

PR ZE VRIS A U S SRS R I A5
[D]. dbat: dba Talk K2, 2017.

RWERER, FRR. WU [M]. Rk, 1. Jbat: Bl
AL, 1977.

CORBELLA C X. Implementation and characterization

of an ejector based hydrogen recirculation system for a


http://dx.doi.org/10.1016/S1872-2067(14)60272-2
http://dx.doi.org/10.1016/j.jpowsour.2022.232308
http://dx.doi.org/10.1016/j.renene.2020.04.002
http://dx.doi.org/10.1016/j.ijhydene.2019.01.260
http://dx.doi.org/10.1016/j.applthermaleng.2020.114908
http://dx.doi.org/10.1016/j.ijhydene.2020.03.166
http://dx.doi.org/10.1016/j.ijhydene.2020.03.166
http://dx.doi.org/10.1016/j.fuproc.2020.106683
http://dx.doi.org/10.1016/j.fuproc.2020.106683
http://dx.doi.org/10.3390/en16031201
http://dx.doi.org/10.1016/j.ecmx.2022.100265
http://dx.doi.org/10.1016/j.ecmx.2022.100265
http://dx.doi.org/10.1016/j.rser.2008.09.032
http://dx.doi.org/10.1016/j.rser.2008.09.032
http://dx.doi.org/10.1016/j.rser.2015.04.073

% 6 1

WALEF, 5. KRR S UEIR REEWUN ST I ik Lrid 627

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

PEM fuel cell[M]. Barcelona: Polytechnic University of
Catalonia, 2015.

KIM M, SOHN Y J, CHO C W, et al. Customized
design for the ejector to recirculate a humidified
hydrogen fuel in a submarine PEMFC[J]. Journal of
Power Sources, 2008, 176(2): 529-533.

ZHU Y H, LI Y Z. New theoretical model for
convergent nozzle ejector in the proton exchange
membrane fuel cell system[J]. Journal of Power Sources,
2009, 191(2): 510-519.

W 5. R ZESORE Bl P AR R AR S RO,
[D]. Ki%: FGEH T 2%, 2010.

KIM M, SOHN Y J, LEE W Y. Cost reduced design and
performance test of the ejector for a proton exchange
membrane fuel cell based on the sensitivity analysis[J].
ECS Transactions, 2008, 12(1): 147-155.

HUANG B J, CHANG J M, WANG C P, et al. A 1-D
analysis of ejector performance[J]. International Journal
of Refrigeration, 1999, 22(5): 354-364.

LI F 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(50): 29966-29970.

YIN Y, FAN M Z, JIAO K,

investigation of an ejector for anode recirculation in

et al. Numerical
proton exchange membrane fuel cell system[J]. Energy
Conversion and Management, 2016, 126: 1106—1117.
ESDU. Ejectors and jet pumps[S]. London: ESDU
International Ltd., 1985.

BESAGNI G, MEREU R, INZOLI F, et al. Application
of an integrated lumped parameter-CFD approach to
evaluate the ejector-driven anode recirculation in a PEM
fuel cell system[J]. Applied Thermal Engineering, 2017,
121: 628-651.

ALVES G E. Ejector design and performance[D].
Newark: University of Delaware, 1951.

ZHU Y H, CAI W J, WEN C Y, et al. Fuel ejector
design and simulation model for anodic recirculation
SOFC system[J]. Journal of Power Sources, 2007,
173(1): 437-449.

NIKIFOROW K, KOSKI P, KARIMAKI H, et al.
Designing a hydrogen gas ejector for 5 kW stationary
PEMFC
validation[J]. International Journal of Hydrogen Energy,
2016, 41(33): 14952-14970.

HOSSEINZADEH E, ROKNI M, JABBARI M, et al.

Numerical

system-CFD-modeling and experimental

analysis of transport phenomena for

designing of ejector in PEM forklift system[J].

[42]

[43]

[44]

[45]

[46]

(471

(48]

[49]

[50]

[51]

[52]

International Journal of Hydrogen Energy, 2014, 39(12):
6664-6674.

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].
2014, 71(1): 410-418.
DU Z Q, ZHANG C, XI F Q, et al. Designing and
performance investigations on an ejector with auxiliary
PEMFC
system[C]//Proceedings of the 33rd Chinese Control and

Applied Thermal Engineering,

inlet for hydrogen recirculation
Decision Conference. Kunming: IEEE, 2021.

YAN J, CAI W J. Area ratio effects to the performance
of air-cooled ejector refrigeration cycle with R134a
refrigerant[J].
2012, 53(1): 240-246.

MARSANO F, MAGISTRI L, MASSARDO A F.

Ejector performance influence on a solid oxide fuel cell

Energy Conversion and Management,

anodic recirculation system[J]. Journal of Power
Sources, 2004, 129(2): 216-228.

BRUNNER D A, MARCKS 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(5):
4457-4466.

BIAN J, ZHANG Y, LIU Y,

optimization of hydrogen recirculation ejector for proton

et al. Structural
exchange membrane fuel cells considering the boundary
layer separation effect[J]. Journal of Cleaner Production,
2023, 397: 136535.

WANG X H, XU S C, XING C M. Numerical and
experimental investigation on an ejector designed for an
80 kW polymer electrolyte membrane fuel cell stack[J].
Journal of Power Sources, 2019, 415: 25-32.

sk, IR, U, LT ROE AR
PEMFC HIWESF 85 (953 (1], B4 AR, 2014, 38(10):
1824-1827,1897.

DADVAR M, AFSHARI E. Analysis

parameters in anodic recirculation system based on

of design

ejector technology for PEM fuel cells: A new approach
in designing[J]. International Journal of Hydrogen
Energy, 2014, 39(23): 12061-12073.

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(5): 3697-3710.

LI C, SUN B G, LUO Q H. Effect of structural

parameters and operational characteristic analysis on


http://dx.doi.org/10.1016/j.jpowsour.2007.08.069
http://dx.doi.org/10.1016/j.jpowsour.2007.08.069
http://dx.doi.org/10.1016/j.jpowsour.2009.02.014
http://dx.doi.org/10.1149/1.2921542
http://dx.doi.org/10.1016/S0140-7007(99)00004-3
http://dx.doi.org/10.1016/S0140-7007(99)00004-3
http://dx.doi.org/10.1016/j.ijhydene.2017.06.226
http://dx.doi.org/10.1016/j.enconman.2016.09.024
http://dx.doi.org/10.1016/j.enconman.2016.09.024
http://dx.doi.org/10.1016/j.applthermaleng.2017.04.111
http://dx.doi.org/10.1016/j.jpowsour.2007.08.036
http://dx.doi.org/10.1016/j.ijhydene.2016.06.122
http://dx.doi.org/10.1016/j.ijhydene.2014.02.061
http://dx.doi.org/10.1016/j.applthermaleng.2014.06.067
http://dx.doi.org/10.1016/j.enconman.2011.09.002
http://dx.doi.org/10.1016/j.jpowsour.2003.11.034
http://dx.doi.org/10.1016/j.jpowsour.2003.11.034
http://dx.doi.org/10.1016/j.ijhydene.2011.11.116
http://dx.doi.org/10.1016/j.jclepro.2023.136535
http://dx.doi.org/10.1016/j.jpowsour.2019.01.039
http://dx.doi.org/10.1016/j.ijhydene.2014.06.046
http://dx.doi.org/10.1016/j.ijhydene.2014.06.046
http://dx.doi.org/10.1002/er.5156
http://dx.doi.org/10.1002/er.5156

628

Bl TR A R

2024 4F 5 46

[53]

[54]

[55]

[56]

[57]

ejector used in proton exchange membrane fuel cell[J].
Sustainability, 2022, 14(15): 9205.

ZHU Y H, CAI W J, L1 Y Z, et al. Anode gas
recirculation behavior of a fuel ejector in hybrid solid
oxide fuel cell systems: Performance evaluation in three
operational modes[J]. Journal of Power Sources, 2008,
185(2): 1122-1130.

TRI D T L, VU HN, NGUYEN H L, et al. A
comparative study of single and dual ejector concepts
for anodic recirculation system in high-performance
vehicular proton exchange membrane fuel cells[J].
International Journal of Hydrogen Energy, 2023, 48(70):
27344-27360.

SONG Y J, WANG X L, WANG L, et al. A twin-nozzle
ejector for hydrogen recirculation in wide power
operation of polymer electrolyte membrane fuel cell
system[J]. Applied Energy, 2021, 300: 117442.

HAN J Q, FENG J M, HOU T F, et al. Performance
investigation of a multi - nozzle ejector for proton
exchange membrane fuel cell system[J]. International
Journal of Energy Research, 2021, 45(2): 3031-3048.
ZHU Y H, CAI W J, WEN C Y, et al. Numerical
investigation of geometry parameters for design of high

performance ejectors[J]. Applied Thermal Engineering,

[58]

[59]

[60]

(61]

[62]

2009, 29(5/6): 898-905.

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(76): 38026-38039.
JENSSEN D, BERGER O, KREWER U. Improved
PEM fuel cell system operation with cascaded stack and
ejector-based recirculation[J]. Applied Energy, 2017,
195: 324-333.

VR, ShoCH, FHE, 55, 0T 23S e AR b 5 | 55
i BT B R (9] A% 22 22 4 (A AR B R,
2013, 41(1): 128-134.

WANG X H, LU Y K, ZHANG B T, et al. Experimental
analysis of an ejector for anode recirculation in a 10 kW
polymer electrolyte membrane fuel cell system[J].
International Journal of Hydrogen Energy, 2022, 47(3):
1925-1939.

ZHU Y H, JIANG P X. Geometry optimization study of
ejector in anode recirculation solid oxygen fuel cell
system[C]//2011 6th IEEE Conference on Industrial
Electronics  and IEEE,
2011:51-55.

Applications.  Beijing:

(4. = 1H)


http://dx.doi.org/10.3390/su14159205
http://dx.doi.org/10.1016/j.jpowsour.2008.07.027
http://dx.doi.org/10.1016/j.apenergy.2021.117442
http://dx.doi.org/10.1002/er.5996
http://dx.doi.org/10.1002/er.5996
http://dx.doi.org/10.1016/j.ijhydene.2021.09.048
http://dx.doi.org/10.1016/j.ijhydene.2021.09.048
http://dx.doi.org/10.1016/j.apenergy.2017.03.002
http://dx.doi.org/10.1016/j.ijhydene.2021.10.140

	1 喷射器工作原理
	2 氢气喷射器设计方法
	2.1 渐缩喷嘴喷射器设计
	2.1.1 单个渐缩喷嘴喷射器设计
	2.1.2 多个渐缩喷嘴喷射器设计

	2.2 缩放喷嘴喷射器设计

	3 结　论
	参考文献

