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Verification of Hydrogen Mixing in a Heavy-Duty Natural Gas Engine with

Atkinson Cycle
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Abdtract : Attempts are being made to mix hydrogen into existing naturd gas networks to reduce carbon dioxide emissions
from indugtria and residentid end uses. In Korea, the government is aso trying to contribute to 2.6% of its greenhouse gas
reduction target by mixing 20% hydrogen into city gas pipeline. The effects of up to 40% hydrogen mixing were verified in a
heavy-duty natura gas engine. The engine is designed for quadruple power generation in buildings and rooftop greenhouses,
and is equipped with an Atkinson cycle and high compression ratio for high-efficiency operaion. In this presentation, the
feasihility of hydrogen mixing is evduated without any hardware changes in the engine under stoichiometric combustion
modes. The performance and emissions under lean combustion modes are a so evaluated during wide open throttle operations.
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Fig. 2 Maximum knock pesk according to hydrogen mixing

Air mass
flow meter

Intake,

& 918 A% ARAA WA £8ol Feal
k. e A 2000k A 40% Sl E =
B g oA el WEAYE Adssies], oz 4
Anal;zer A_’ily;?" 3“ %E%O] Qiﬂ%‘ﬂr ’}—Eﬁ‘é], ‘}l:—/;\— 40% “?_“O]Oﬂ/‘i
=1 1] = aza asa004 gse g0 waEge
tig =Cooler' u:]y O]E ?_]SH )E}%—E"] ’7\5“% X\%ﬂ'}‘]ﬂ T'?.“g‘ ogg]ﬂ%
cned )9l B QAN 2 Q) NE F7
Al ASANEHES SRS v, F wslea, Al
Mass flow MAP Lambda Sensoy ﬂ'%ﬁ\— g‘l O]}L}ﬂ'%ﬁ\— HH%‘% ﬁié}%ﬂ‘:} O]ﬂ'ﬂ'
meter  Sensor g,k Plug, Pressure Transducer Bl HEL 44 B 2099014 5.2%, 4 B4
Fig. 1 Schematic of natural gas-hydrogen engine setup 40%01 4 11.8% A7E ATk, Single—point AR Ht
Ao v sl IRl a9 A0%7HA = S

2.2 d8=A st 9 27 sk A A gkt
2 Qe wrdgon AREHgorna olHEk ¥ A4 HE] wide-open throttle <2-7elA]



2023 BI=AISAISStE| oA -MBS-SHXI8| EA 5=l

HAA7bs Qlzle 7|09 E 1.5 7704 4o
7hsEkgith. 4 £ 20%ME w7 o
1.7 F7HA] GAEem, ¢4 29 40%4]
s|uk 7 ASHAIZE 1.970A] S ik ey
713 E Sl wEl E2o] Hgassict.

- =

okl r|r

4. 2 2

Ao M= Atkinson Abe]Eo] HE&H oy

7t RO A B98O 409714 4
Mgl F4 £99

SF=9) o] S BA

4
B>
o
o
s
+
AN
)
X

r2
i

I
2 5
E‘ (
o B
o By N3
e o m — L
3 o o 1l
£y 2
N
S
[N
i
o -
‘HU
ﬁ
T
Q
B>

Acknowledgement
B AT SRR AldeR Ay
a3 A7) AN ‘s b )
o] SARAY ~ntE Py §EF Al2E )
a9 A= 314 (20212020800050) & A el €]
3 FaElom oo A= HUT.
References
1) Tonmy Isaac, "HyDeploy: The UK’ s first
hydrogen blending deployment project",
Clean Energy, Vol. 3, No. 2, pp. 114-125,

2019.

2) Erdener, Burcin Cakir, Brian Sergi, Omar J.
Guerra, Aurelio Lazaro Chueca, Kwabena
Pambour, Carlo Brancucci, and Bri-Mathias
Hodge, "A  review of technical and

regulatory limits for hydrogen blending in

3

~—

4

~

5)

natural gas pipelines", International

Journal of Hydrogen Energy, Vol. 48, No. 14,
pp. 5595-5617, 2023.

"TAZR2zo A 29, AT AlERE, Ak
AR REALE, 2023,
Junsun Lee, Hyunwook Park, Seungmook Oh,

Changup Kim, Yonggyu Lee, and Kernyong Kang,
"Performance and exhaust emissions of heavy-

duty engines fueled with natural gas and
hydrogen in part—load operation",
Transactions of the Korean Society of
Automotive Engineers, Vol. 32, No. 4, pp.

349-355, 2024.

Sijie Luo, Fanhua Ma, Roopesh Kumar Mehra,
insights of HCONG
263,

and Zuohua Huang. "Deep
engine research in China", Fuel, Vol.

116612, 2020.





