3rd POLISH CONFERENCE ON HYDROGEN ENERGY

AND TECHNOLOGY (PCHET 2020)
Gdansk 28 September 2020

COMBUSTION ENGINES POWERED
BY WASTE HYDROGEN FROM
THE CHEMICAL INDUSTRY

Marek Brzezanski
Institute of Motor Vehicles and Combustion Engines
Faculty of Mechanical Engineering
CRACOW UNIVERSITY OF TECHNOLOGY




3rd POLISH CONFERENCE ON HYDROGEN ENERGY

AND TECHNOLOGY (PCHET 2020)
Gdansk 28 September 2020

Chemical composition of waste hydrogen from a chemical plant

Avg. Gas from the  Gas from the  Gas from the Coke oven
composition butane plant iIso-octanol aldehyde gas

[% vol] plant plant

- hydrogen H, 80-90 75-85 10 - 20 56 — 62

- methane CH, 2,5-35 3,5-45 1,0-5,0 25 — 29

-argon Ar + oxygen O, 1,5-3,0 1,0-15 1,0-2,0 0,1-0,8

- nitrogen N, 6-8 8-10 10 - 35 1,3-6,0

- carbon monoxide CO 0,0 0,0 1,0-6,0 6,0-9,0

- carbon dioxide CO, up to 0,5 up to 0,5 0,07 2,0-3,0
- propane C;Hg 0,0 0,0 2,0-50
- propene C3Hg 0,0 0,0 10 - 25

- sum of non-methane - - - 2,0-3,0

hydrocarbons NMHC

Saturation state with Saturation state with Saturation state with
butanol C,H,OH octanol CgH,,0H propionic aldehyde
C,H.COH
During engine operation in chemical plants,
the chemical composition of the fuel was constantly changing
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Modified 6-cylinder MAN E2876 LE302 engine used in the research in the

laboratory of Cracow University of Technology
(standard version powered by natural gas)
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Indirect gas injection system in 6-cylinder engine
(two injectors per cylinder)
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Adaptive control system:
ignition advance angle,
excess air ratio.
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X

Control parameters:
exhaust gas temperature
In each cylinder,
knock sensor signal.

Programmable engine controller panel
(developed in LabView)
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Laboratory test results while fueling the engine with natural gas or hydrogen
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Modified V-12 MAN E 2842 LE
322 engine powered by waste
hydrogen in chemical plants

(standard version powered by
natural gas)

; Indirect gas injection system in V-12 engine
' (two injectors per cylinder)
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Power generators in housings
with engines powered by waste
hydrogen during operation in
chemical plants

At the Cracow University of Technology, two V-12 engines and one 6-cylinder
engine were adapted to run on waste hydrogen.
All research was done on a 6-cylinder engine.




3rd POLISH CONFERENCE ON HYDROGEN ENERGY

AND TECHNOLOGY (PCHET 2020)
Gdansk 28 September 2020

Fuel component [%] Example 1 Example 2
hydrogen H, 93,72 76,80
methane CH, 2,61 2,72
nitrogen N, 4,90 16,34
carbon monoxide CO 0 0,78
carbon dioxide CO, 0 0
propane C;Hg 0,03 4,84
propene C;Hq 0 2,30
argon Ar + oxygen O, 0 o)
Power from one engine cylinder [KW] 25,8 kW 19,2 kW

Example of a change in the chemical composition of the waste hydrogen
and a change in engine power during industrial operational tests
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