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Research background Harbm Engineering University

Hippss Eotdams pafs

High economic benefit
Clean emissions g Rich reserves

AR
=t

Natural gas engine

HFEBEEKARASRINN, ECRAUSREIAMER, &
{} —ERETIISIEE, BXNTAGH TRAEEDE.,

For spark ignition natural gas engines, EGR can reduce the thermal load in the cylinder to

suppress knocking, but this solution still has some problems when the engine is under heavy
load conditions.

8=
Engine knock

BB EFISECGRE "B5REE" TEHES.

It is difficult to achieve turbocharging and high- EGR rate at the same time
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(RE &)

AHE 4N

SIS RN ESGEESHIURS, RERSHREEERTIORAS
EUISEGREAR, ERMINRILEESE FATIRINASHRESEOER.

The ejector can mix the high-pressure gas and low-pressure gas without power. The picture shows the high-EGR rate scheme of natural gas engine based on ejector, which

can increase the exhaust gas volume in the engine cylinder without affecting the turbocharging.
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The number of published SCI articles related to ejector

RBER NEHE
Years of publication Number of articles
2020 310
2021 386
2022 361
2323 39

2%

5%

m BA{itZ 4% Combined system
u JRiElEa;th Fuel cell
Hih Others
Ei7 Medical
m Z513ffifk Structural optimization
u FKHEY Produce fresh water

S| 21100 =i FTentE

The research fields of the top 100 cited articles

2 % .z) e
R EZHS]F
Harbin Engineering University

R IEC A& RAYS 9388 SCISCEARTFELL T IRR:

Through research, it is found that the following problems exist in the published SCI literature of ejectors:

o Kilp Nl EiEERMBRISINREIESE, kiS5
RRia A SHRNRITIEE

Most of the literature directly uses the existing ejector structural parameters, but does not explain the design
process of the ejector structural parameters

o HSIMBMIRITSED, SHUXMIBREFRBEHH M
AR, Rt TRSR

Many of the ejector design methods in the literature are based on the double congestion assumption for structural
design, so the design conditions are limited

o RIEMIZITHAMNERF 5| 5isa FElIn Rk TIn R FRET,
AEBEEH

The proposed design method is only suitable for ejectors under supercritical or subcritical conditions, so it is not

universal D

R S —fhFEH B ShE EiERI5 | JIRRIER&IT ik

It is urgent to propose a detailed and universal ejector structural design method
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Forward design method of ejector

g IQS'%EF*@ZI_TE Design method flow of ejector

ABE2H) %

Harbin Engineering University

AN
BHH LC LK LS
A 1 :
d,- 1
: I
d,| | P. | dy 7y I ds 0, P, «
P I
|
Ly|| | L L |L; J l
1 12 Is I 3

#&m1-1: RWSHO%: EiE2-2: RSEAOL; &H3-3: §FEERAOL

section 1-1: exit of nozzle; section 2-2: entrance of mixing chamber; section 3-3: entrance of diffuser

FFeR X
dp MEE N T EL42 [ Inlet diameter of nozzle
dp* I & 1Ifsi S BL 42 / Critical diameter of the nozzle
dpl I I 1 BL42 / Outlet diameter of nozzle
dh T2 N EHEAZ [ Inlet diameter of secondary flow
d, ZERIR A %% E.12 | Diameter of mixing chamber
d, ¥ HE B EEA% [ Outlet diameter of diffuser
L, 56 N K FE / Inlet length of nozzle
L, M55 S AL 48 BE K 5 1 Shrinkage section length of nozzle
L, M55 I 315K &£/ Length of nozzle throat
L, W E 4 5K BX K BE [ Length of nozzle extension
Lc M A 4 1 7R e N R B
Distance from nozzle outlet to mixer inlet
L« VA BLK [ Length of mixing chamber
L ¥ EEBAKE [ Length of diffuser
I3 MEWAC4E /1 /| Contraction angle of nozzle
54 B | Divergence angle of nozzle
Y BN 2 1 | Angle of receiving section
Os ¥ B BLY HUf [ Diffusion angle of diffuser 8/22
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g |§§E§i§i‘|‘7‘i iﬁ;ﬁ,*ﬂ Design method flow of ejector

iRES|8imsit
N5

Det_ermlne eject_or The form of the nozzle T_hroat diameter and outlet
design boundaries diameter of nozzle

IEEAZ I RLEAR - ﬂﬁﬂﬁ;jm;gﬂgﬁé:z;dp**ﬂ
pl

— A Ty

iRaEaEdM HEIREINGEERE
. < _ Ei*glgjggaumax _ Ll*u*r;kﬁgkrl—z

The diameter and length of The maximum entrainment The length of shrinkage section and
mixing chamber coefficient extension section of nozzle

EARKEL

%Lc

Outlet diameter of diffuser . Distance from nozzle outlet
Length of diffuser to mixer inlet
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Forward design method of ejector

ABE2H) %

Harbin Engineering University

EE§*§ |§§§§ﬂi\j’lzb Comparision of maximum entrainment coefficient

=
a

T 45t Pe/Ph
=

0 02 04 06 08 1 12 14 16 1.8 2 22 24
FRE 51 5 22 %nlo

1.04 |

1.05

HAEK T CWEAR) RENEKR F

o Pp/Ph=3 F ¥iii=

e Pp/Ph=4 [ Hdi=

* Pp/Ph=6 F $dii*

® Pp/Ph=10 | %di* =

—Pp/Ph=3 it S0 510

—Pp/Ph=4il S K g

—Pp/Ph=611H HH &

—Pp/Ph=10i1E 83 4 1.02

1.01 |

AR A (W) RAHE R

® Pp/Ph=1.5F ¥ {is*
Pp/Ph=2 | H#i*

® Pp/Ph=3 k=

—Pp/Ph=L1.51| 5L Hdf
Pp/Ph=2| 5 Hdf

—Pp/Ph=371 513k

1.00

5 10 15 20 25 30
AR 515 7 Bulo

EARRERELCIEAKIL T, FINBRSNEFTRESRNEE
SIERBEIFEFNMSIE. IEBBFRFZAVIEFRYERIE.

Under different compression ratio and expansion ratio, the calculated results of the program written in this project

have a very good agreement with the experimental data. Demonstrate the accuracy of the developed program
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High-EGR rate technical scheme for engines based on ejector Harbin Engineering University

EE}]*’LE EG R’—?ﬁﬁﬁﬁﬁ% Research on high-EGR rate scheme of engine-Scheme

I
I"I
To achieve a 20% EGR rate, the entrainment coefficient needs to reach 0.25. I Exhaust _gas p‘ressusgbefore turbine :
FI T UE kPa | 2415 | 2661 ||
| Pressure before intercooler ' ' i
h ___________________
SBHIES (P,=266.1 kPa) BifER, (BRZHRSIPH
,_‘jJPHs glﬂﬂiﬁﬂjnﬁ ‘ cEZzﬁmEHgo BA R
=4
The pressure of the primary gas (P,=266.1 kPa) is determined, but the pressure P, of the secondary gas and the back r [ i
pressure P of the ejector outlet are uncertain.
] CNG
A T = AMNEDNR Z AR ERE R PAE
Weichai gives suggestions on the pressure loss relationship between the three pressure boundaries: = E | : -
—®ZAD RAR

P,-P.E20~40 kPaiEEI;

Pp-Pc in the range of 20~40 kPa

P, tLi@BiEF 30 ~ 40 kPa, HE M

CAATR R —% A
(PAIMER)

PH is 30-40 kPa smaller than the pre-vortex pressure.

P.=226.1~246.1 kPa, P,=228.6~238.6 kPa,
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Optimization method of ejector structural parameters
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Optimization method of ejector structural parameters Harbin Engineering University

3 |§§E§ﬁi Eﬁﬁ ?‘E'{E Ei‘l‘%ﬁﬁiiﬂthgﬁﬁE Comparison and verification of simulation calculation results
ATRIEGFERVUSESROERE, REMEESERS

450 og o — . o £ =
—o— AR Nikiforow*B5BAREDBR Fit i EIEHITIEL, X
—O— IR ARSI Bk Py £33 — o
350 _—A— :,ﬁ%%ﬁjﬁ%% ,/:/ tB—n%uupﬁml
300 L A/ In order to verify the accuracy of the simulation results, under the five different sets of pressure
4 boundaries shown in the above table, the flow simulation calculation results are compared with

the experimental data, and the comparison results are shown in the figure;

MEIREI—FREN—KREMNTREERMNCEIIERE

L [g/ms]
(W]
—
]

izz BRIFRIME T, RENEF10%, BREIEBHAREZEEXK,
sl IERR Y 23R FRYS | JeS iR Bl geus i iRRItRIS | 99=SAY TIE
" 082 086 0.58 090 0.92 0.9 096 0.9 100 102 iz,

It can be seen the calculation results is in good agreement with the experimental data, and the errors
P, [bar]

are all less than 10%, which meets the error requirements of engineering research and proves that

the ejector model used in this paper can accurately simulate the working process of the ejector.

*NIKIFOROW K, KOSKI P, KARIMAKI H, et al. Designing a hydrogen gas ejector for 5 kW stationary PEMFC system- CFD-
modeling and experimental validation[J]. International Journal of Hydrogen Energy,2016,41(33): 14952-14970. 14/22
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Optimization method of ejector structural parameters Harbin Engineering University
=t . . .
3 |§§§§Qﬂﬁllﬁﬁ1‘;§é Entrainment coefficient response surface model
0.3
ZE¥) 2 | Parameters | #F5 / Symbol BUE V5 R / Ranges ﬁ
d, (mm) X, 40.1~48.1 =BT
L (mm) X, 265~365 jﬁj 02
L, (mm) Xq 85~265 E <
° 4~12 g
0s (") X4 =015 |
L. (mm) Xs 35~75 W%
R
HH: 0.1 f
=] 4
5149 FR A R E N

Entrainment coefficient response surface model
0.05 0.1 0.15 0.2 0.25 0.3

Y = (X X35 X5, %4, X5) 3| 5 B B0 B Y
— —2.6781+0.1270x, +0.0019x, —0.0018x, +0.0033x,

—0.0022x, —0.0017x% —1.9619x10°x; —1.3098x107° X} EFMENRNESRP S HERED3%

—0.0012x? —2.5712x10°x2 +5.0019 x10 °x,X, Mk, UEBBIRASES T SR ERTE.
+5.8243x107°x X, +2.4716x107*x,X, +1.7910x107*x X, The predicted resulet proves that the response model calculation is accurate.

~1.2816x107'X,X, —1.4663x107°X,X, —7.1471x107*X,X,
+3.6145x107°X,X, —5.3885x107°X,X, +3.9141x107°X, X,
15/22
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Optimization method of ejector structural parameters Harbin Engineering University

EIQEIEERT_I'ﬂtﬂ,H iﬁ&?”% Optimization method and results of structural parameters of ejector
Sz B E(ERERITEHRIE M 2 BT R SAEZ Be X R 1THER, FHRAMZICRMEE, RBLHS ML
HWBIRTHRNEE, URXSIFHRELFSRNISISIBRRELASMERIR, BEITASHNSSENEMRK.

The non-dominated genetic algorithm adopts the pareto optimal strategy, which could solve the optimal solution of the problem of multiple optimization objectives. Therefore, the maximum

entrainment coefficient # and the minimum ejector length L are jointly used as the multiple optimization objectives, and the multi-optimization of geometric parameters is carried out.

: : max g = T (X, X, X3, X, Xs) 28 BAGET RAE TE
minL = f (X X+ X ) Paramters Before optimization After optimization Variables
N . <y < X2 3(i ; 2. 5) X, [mm] 44.1 417 2.4
—RFEE? 2 - i i = e,
= mn Tt T X, [mm] 315 358 +43
>
HEALR i XX, TR #2025 X3 [Mmm] 265 102 -163
ger? L <500 °
= X [°] 8 5.6 2.4
T 51 40 T
‘ : L[mm] 631 500 -131
Gen=Gen+1, ERFRET NG _'B&i;?ﬂt?iﬂaﬁtr% BSo  © 6 ©
] = 620 &, 099, ay u 0.2637 0.2548 -0.0089
e 2w =5 | momin | 580 EGRZ% 20.9% 20.3% -0.6%
WHEEEMAA — 540
e F A R FhEE
s ! . - s e = ] s
500 > KRIRERE, nBARBGUED, BIHAERRITRIZER, §1>0.25
460 After optimization, although p is slightly reduced, it still meets the design requirements, p>0.25
B-fLAt)5 :
420 1 1 1 1 I
15 EHEGRIRE 0236  0.243 0250 0257  0.264 s 3 2 - = - s o
 IFRRRfERAT HiRizE ; > ZidfiiE, HWEKEM631TmmEINEI500mm, FihE21%
genetic algorithm After optimization, the axial length is reduced from 631mm to 500mm, a reduction of nearly 21%
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Experimental verification of ejector performance Harbin Engineering University

g Iaj%%iit- ﬁiﬁ%&i’lﬁ%‘# Experimental equipment and boundary conditions

AZES)| —iREN [bar] —REN [bar] BE [bar] RIS . 86-1100mih R, 1
Group Primary pressure Secodnary pressure Back pressure Gas measurement range Volume
1 1.2 1 1 S AR TE R« 55-690Hz JE/3: 0.8MPa
i Output frequency range Pressure
2 1.4 1 1
3 1.6 1 1
4 1.8 1 1
5 2 1 1

=2 Al Kt imtirmeit i=

- = ]
_ S
Alr compressor Large flow vortex flowmeter Gas tank
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Experimental verification of ejector performance Harbin Engineering University

g |§§E§iitgﬁé? Testbed of ejector

S1g3=E it e e

The testbed of ejector
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Thank the state key laboratory of internal combustion engine

reliability for funding the open project sincerely!
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