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Gas fuel direct injection technology
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Low-Carbon gas fuel is future direction. DI is the inevitable development route for gas engine.
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NG DI engine H2 Dl engine High pressure gas fuel DI

ME8YEinjection pressure 200~300bar
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Gas fuel DI: dynamic, sonic jet
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Image process method
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Study on high-pressure gas fuel direct injection
e 1 I]*'*I] PEI,;.J]LEJLE}'EEI’J? (g Effect of nozzle inner flow on gas jet
o 2. 5REIFES IR Entrainment performance during gas jet
o 3 HNMISFEEEE L HEIITE Impingent energy during gas jet
o 4 SSH-SIARERNET =S Bl {2 Diesel-gas fuel dual injection
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Effect of nozzle inner flow on gas jet
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Effect of nozzle inner flow on gas jet
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Mach disk appears close to the nozzle outlet.
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Entralnment performance during gas jet
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Entrainment performance during gas jet
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Impingent energy during gas jet
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. 7. Yan Lei, Ao Zhang, Dingwu Zhou, et al. Experimental investigation of high-pressure hydrogen gas jet impingement characteristics of single-hole cylindrical injector.
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Diesel-gas fuel dual injection
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Study on high-pressure gas fuel jet combustion
o 1. SRAEFTERASE Gas fuel premixed combustion
o 2. SRINEETARIAE Gas fuel jet combustion
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Study on high-pressure gas fuel jet combustion

1Z|Kl/\\\*‘l'¥ﬁltbkmlﬁ KiGRkIXE 2R, EEEETSE. Gas fuel premixed flame
Gas fuel premixed combustion has a spherical shape, and propagates at a constant velocity.
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Study on high-pressure gas fuel jet combustion

S NARLET TR I SBSTREMBERE, MERESR, HrduE, X
BMREEN, REEX, XKERRARBIRRAE. After
the gas jet meets the special flame, the flame deforms and
cellular structure occurs. The flame releases large amounts of
light and heat together with substantial noise. Turbulent

flame occurs.

Gas fuel jet combustion
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Study on high-pressure gas fuel jet combustion
A A
S NARLET TR I SESRIEBRTAEERRIIR: KGNS, KIENEs
Gas fuel jet combustion iminelake. When the high pressure gas jet flow acts on the
premixed flame, the spherical flame either quenches, or it
i wolia clop expands to be turbulent flame.
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Jet flame propagation velocity along the jet direction

11. Yan Lei, Yong Li, Tao Qiu, et al. Effects of high-pressure methane jet on premixed ignited flame in constant-volume bomb. Energy, 2021, 220: 119695. (SCI)
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SZaRAZ SRS IEEERE, BESHRERIIEL SR, R
SRS AR (R E A B SIS, IS

, %gk*ﬁ&ﬁﬁﬁiﬁ,%ﬁ, Turbulent combustion occurs in the turbulent

Gas fuel jet combustion

= 12 combustion zone because of the vortex generated by the disturbance of the jet, which
E 10 makes the gas in the unburned zone a suitable turbulent environment for combustion. .
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. 13. Tao Qiu, Yuwan Deng, Yan Lei , et al. Numerical simulation of the influence of high-pressure methane jet on the premixed ignition flame of constant volume bomb.
Publications Fuel 321 (2022) 124003. (SCI)

14. LI, X8 L1, 75, 55 TR KOG 5 A = FE B SRV I B L. P AL 274, 2022,40(06):513-518. (E) 19
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SRS SR ETREAES T R RIAKE, RE. OHERE, I
SRS R BRI, SR BRI B SRR

Eﬂgﬁ’;ﬂlﬂ, Gas fuel jet combustion is turbulent, both vorticity and OH mass fraction

Gas fuel jet combustion

Stage I | Stage 1T | Stage III " sharply increase. The jet flame velocity is 3 times of the premixed flame speed, and it is
| [ . R ..
C12ms 13ms  l4ms  16ms  18ms 24ms 30mS s ‘ mainly affected by the jet vorticity.
:_7 r I r ’77 “ ,7 Y_ —7 F —7 t 7 ? 1.3 ms Mass fraction of OH 1.6 ms Mass fraction of O];l 3ms Mass fraction of OH
{VE X ‘ 9380 © 0 0-6% 86% 0e 0.6%
g e 0’ | 1 _ 20 --jet flame - 20 . -#-jet flame _n' l
i A E 40 E40 En - °
¥ g 0.3% 8 0.3% g 0.3%
small vortexes i ;_, ) = 60 = 60 20
£ \‘é | i | i A0 g -+-premixed flame § 4
SH EL .. R M i i | w 80 P u 80 l “-premixed flame T804 +jet flame
[% EVOI’tICIty 2 ! 7 ’ 100 ]OO 0 “-premixed flame o
s * 0.00% 0.01% 0.02% 0.03% 0.04% 0.05% 0.06% 0.00% 0.01% 0.02% 0.03% 0.04% 0.05% 0.06% 0.00% 0.01% 0.02% 0.03% 0.04% 0.05% 0.06%
700 average mass fraction of OH average mass fraction of OH average mass fraction of OH
Stage | Stage Il Stage Il
140 : i B Ky Kon
120 L stage | | stage 11 e stage ITI 25
i ! stage 1 stage 11 stage II1 . .
= 100 T ' —®-jct flame 2 « During stage |, K, > 1>K,,, the voriticity is notable
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T 40 05 high-pressure methane jet plays a major role.
20 '  During stage 111, both K, exceeds K,, the combustion
o et & e oo 0 s 3 4 P I8 24 5 plays a chief part while the high-pressure gas jet
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,—\—t,_ . w Koy represent the comparison of the vorticity and the ronacation process.
@ xVeIomty OH mass fraction respectively between the jet flame and propag P

the premixed flame
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Gas fuel direct injection is sonic jet with shock waves.
c WRTI R E A MEE R, wHHETHEF K, FEAREATRE
AR TEw (KB mT%Em (RER) .

Shock waves result in gas jet velocity increasing and impingent momentum fluctuation. The gas jet has two
stage behavior: stage | near field is dynamic and stage 11 stable field is stable.

c HRAKRERAKNE; FRRALTHRBESIE, KEREIEE, FRX.
Gas jet may cause flame quench. The flame close to the jet fluctuation zone has worse stability.

s BESAEHRN K EEERUFER, KenfE, WENEMN, IFEIRR
XY R ERE,

High-pressure gas jet causes stretch effect on the premixed flame, and the jet flame stretch rate and vorticity
Increase, which results in the flame propagation velocity sharply rises.
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