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Background Results Discussion
Green Hydrogen or zero-emission hydrogen fuel-based - - - . Hydrogen engines are attractive as infrastructure for
technolosies within the past 7 vears have found The results found that since hydrogen has a lower volumetric energy density as a fuel _ e
- &1 Past /.Y - than gasoline, more volume displacement (in this context: fuel injection) would be hydrogen becomes more available, the accessibility and
important infrastructure built up. There are delivery 9 ' P - Tuet Ijection) o f CIVO-ComDr d hvdroaen stor will
e . required, showing that cryo-compressed hydrogen fuel and direct injection of liquid usage ot Cryo-compressed nhydrogen siorage

trucks and 18-wheel trucks transitioning to running on _ . . . become a realistic alternative that reduces the number
hvd fuel cells. This is in addition to the latest hydrogen is a favorable richness of fuel for matching to a control group of gasoline fuel e |

yarogen Tuet etis. 1his 15 1n adaition to the lates - - TS SR of emissions and by prospective reports, may cut down
development of green hydrogen powered aircraft & combustion engines. Within different conducted studies, it is shown that hydrogen ; it | |

- Thi H e t Ve the devel f of carries power under cryo-compressed injection at a favorable rate (MJ/m”3) to that of a on 4% of emissions created by automobiles as this

€hgines. Thisresearch 1510 analyze the development o gasoline engine. technology becomes better implemented.
gheselz green ?ydr(()jgep fueledd ehnglnes .an.d ]Eheltr : « The main problem with hydrogen fuel being the next

evelopments in design and changes in infrastructure . . . . - - -
within ?he engines of%hese vehiclfs Conversely, recent testing with hydrogen combustion engines have found that the larger alternatlve. to gasoline and natural gas Is storage

| efficiency of Hydrogen’s heat transfer is siphoned by the production of NOx due to a of this hydrogen; hydrogen refueling centers are
*Between 2022 and 2023 recent models as portrayed hydrogen engine’s higher ignition temperature and engine temperature while burned, required to ensure that the hydrogen in the tank over a
have been approved, before this point. (585 degrees Celsius for Hydrogen engines compared to 518 degrees Celsius), this as longer duration remains cryo-compressed and efficient.
Introduction of hydrogen fuel cells in the ~1842 oroblem has been combated by the timing and change in fuel injection rate. “High NOx * The production of NOx is something that is actively
*Amazon and USPS trucks default usage of hydrogen emissions present a significant constraint on the power and efficiency enhancement of being addressed and worked upon
fuel cell technology in 2017 and 2018 direct-injection hydrogen engines.” With other models of hydrogen engines discussion » Cryo-compressed for many corporations Is the most
around 2022 and 2023 usage of liquid hydrogen emissions of potential NOX. efficiency to that of gasoline engines.
featuring superconductors and a turbine + Engine - | « Concurrently, in the state of California and throughout
setup for hydrogen fuel injecting _ I i Europe, hydrogen-fueled transit in the form of mail
.Usage of hydrogen technology in Europe through Sy e N trucks and busses are using hydrogen within their
busses and airplanes ::a.{z""°°‘““'*c;';;;;'-;;;;';;;,;;;;; AT 4 R vehicles. The production and cost-efficiency of hydrogen
o[l IS prospectively optimistic.
20 - ‘“\\G\ Vel o Temperature sensor
<8 CcH, x

10 A q‘/)r?/ 20 bar

= 33 I‘%.0 6.0 17 1(.)0 150 Woéo 2;50 z—éo 5 Credit: Process Mo deling Group, Nuc lear En gineering Division. Argonne National La boratory (ANL)
M et h O d S (F:irgyL:)r_eC?ra]:szl:srggt;i;desgzirf?/aor:‘dLigct)JriTc]ipl-rlgsdsrggel_lnydrogen Figure [4]: Models for Pressurized Hydrogen Storage Cylinder Refe r e n C eS
. . Gravimetric Density (kWh/kg) T % mstorage Tank Volume — Bifen Wu, Roberto Torelli, Yuanjiang Pei, “Numerical
Our methods were comparing the effectiveness of new 0 5 10 15 20 25 30 35 ° . o . SR .
. . . . E 1200 4 mStorage Tank Mass modeling of hydrogen mixing in a direct-injection engine
hydrogen burning engines and their cost, efficiency, — & & ——% & ¢ 1 2 . ,
S . » . > ® Diesel 110 > 900 - fueled with gaseous hydrogen”, Fuel, Volume
emissions, mileage, compositions and having additional JP-8 ® < 2
videos/graphics highlighting the difference in function of ! 1T S g 600- 341,2023,127725, 1SSN 0016-
. . . . . . 2 301 {8 3 < 2361,https://doi.org/10.1016/j.fuel.2023.127725.
diesel/gasoline engines and hydrogen-air burning engines. <= o] 2 300 | . . . . .
. . o L . 2 Propane (liq) =4 = (https://www.sciencedirect.com/science/article/pii/S001623
(there will be graphics to highlight this with 1 graphic @ Ehanal, & | 1 2 R 6123003381)
focusing on the energy density and efficiency of hydrogen 8 201 viethang f1g) @ . . .
. L . s 7] Go Fu-cheng Zhao, Bal-gang Sun, Shuang Yuan, Ling-zhi
engines, this will be followed by a referenced graphic of = e Methanol 1i & .
. . . . © = Bao, Hong Wel, Qing-he Luo,
the inner-working engine cylinders). Afterwards, E AL Methane (250 bar) > ) . ., L .
. . . ) . 5 10 ® H, (liq) e = Experimental and modeling investigations to improve the
measuring efficiency in a different manner, this takes 4 o 2 42 Z . .
. _ . . > H; (700 bar) 4 L5z performance of the near-zero NOx emissions direct-
different fuel types: 1. a gasoline engine as our control H, (350 bar)® . . L L,
group, 2. hydrogen-air mixture, 3. Cryo-compressed 0 | | | SRS g injection hydrogen engine by injection optimization
n dro, eﬁ-air Tixture. 4. Purel ! h. droaen fuel 0O 20 40 60 80 100 120 International Journal of Hydrogen Energy, Volume 49, Part
yarog & PUTEY ydrog Gravimetric Density (MJ/kg) B, 2024, https://doi.org/10.1016/.iihydene.2023.09.039
| | 5y | | | (https://www.sciencedirect.com/science/article/pii/S036031
Asiiion Figure [5]: Comparison of Specific Energy of Hydrogen Figure [6]: Contained hydrogen storage with respect to
- varieties vs Volumetric & Mass density relative to other fuels. volume-mass 9923046037)

n=const.
Vi, =const,

Gill Santosh Kumar, S. Badulla, J. Nagaraju, P.H.J.
Venkatesh, Gadde Narasimhulu, Vasam Srinivasa Rao,

"Design and analysis of 3-way catalytic converter using
CFD"

I: A GM HydroGen4 2007 model (Harrop and Das n.d)

. Figure from citation, work by Sebastian Verhelst et al

. From energy.gov report by EERE

: Process modeling group, Nuclear Engineering Division, Argonne National Laboratory (ANL)

: From energy.gov report by EERE

: Contained hydrogen storage with respect to volume-mass (Petkov, Veziroglu, and Of Citationn.d).

. Fuel Gasoline Hydrogen Hydrogen Hydrogen

Mixture formation Port injection Port injection Cry_ogen,c Direct injection
port injection

Mixture temperature (K) 293 293 210 293
Hydrogen iniet unit - DC/DC converter Mixture cal. value (MJ/m?) 3.59 297 414 421
Specific power(%) 100 83 115 17
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Figure [1]: A GM HydroGen4 2007 model used for example of storage Figure [2]: Energy density across various forms of Hydrogen Fuel
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