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Piston engines are most reliable - converting serial piston engines to alternative fuels
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Most effective and ecological - CH, (1"d stage) and H, (2"d stage)
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New heat exchange and workflow conditions — new heat stress statement of engine parts
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Local heat exchange of converted engines should be researched



Workflow mathematic model

Combustion models

Transfer equations:
Momentum,
Energy,
Diffusion,
Continuity

Turbulence models

L
@
o
(o
@
X
O
>
Q
>
Q
5
=
o
Q
@
»

Others
configurations

3D CFD-code FIRE, by AVL List GmbH.
Advanced algorithm SIMPLE, developed (by B. Spalding)




Comparison of values of averaged over the surface area of the cylinder cover heat
transfer coefficients for basic and hydrogen diesel engines
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basic diesel engine

o= 350°

hydrogen analogue
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The total heat flux into the walls of the combustion chamber of a
hydrogen diesel engine
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The effect of the intensity of the swirl number on the total
area heat flows in hydrogen diesel engine
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The influence of the injection advance angle on the local heat
transfer of a hydrogen diesel engine
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hydrogen diesel

[ The effect of hydrogen pilot injection on local heat transfer of a }
Research of pilot injection for ¢, =354°
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Impact of hydrogen pilot injection on local heat transfer in

hydrogen diesel engine

Piston heatflow

Liner heatflow

Head heatflow

¢ p.inj=330° (- - -)
¢ p.inj=334° (—°—)
¢ p.in.=338° (—)

QW 90000

80000

0000

60000

\\_
N,
=

50000

Sl
/

40000

1
c

L

Joooo

20000

N

10000

7

N

0

=~

—

000
260 275 290

10000

05 320

335

350 1pcd65

380

395

410

8000

—p

/

6000

A}

‘W

\

.
\\

A

4000

v

2000

o

00
2e0 275 290

305 320

335

350 ToC365

380

395

410

425
CAD

440

QW 120000

100000

j/“\\.\
I

80000

60000

N

40000
20000

i

pd

——/

0
260 275 290

305 320

335

350 ™c365

380

395

16



a, W/(m2K)
4000

3000

2000

1000

Ne4

270

a, W/(m2K)
4000

3000

2000

1000

360

Nol

390

a, W/(m2K) Ne5 a, W/(m2K) No6

4000 3000
3000

2000
2000

1000
1000

0 0

420 450 270 300 330 360 390 420 450
~. CAD

270

300

330

360

390

a, W/(m?K) No2 a, W/(m?K) Ne3
4000 4000
3000 3000
2000 2000
1000 1000
0 0
420 450 270 300 330 360 390 420 450 270 300 330 360 390 420 450

CAD

17



Computational and experimental study of the working process and local heat exchange in the
combustion chamber of gas and hydrogen engines with spark ignition converted to hydrogen
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Computational experimental research of workflow and local heat exchange in combustion chambers of
natural gas engine and hydrogen engine with spark ignition
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Natural gas Hydrogen
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Natural gas engine and hydrogen diesel engine temperature fields comparison
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Due to relatively high temperatures around the upper compression ring
(243-266°C - natural gas and 264-290°C -hydrogen),
it is problematic to use as a lubricant mineral oils.
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Summary

- Research of local heat exchange is necessary in case of converting to alternative
fuels

- Reducing the compression ratio compared to the base diesel when converting
to natural gas and hydrogen is necessary to prevent detonation.

- In General, a hydrogen-converted engine experiences higher thermal
loads than a gas engine

- Introduce more intensive piston cooling in hydrogen engine compared to the
base diesel

- New construction and lubricant materials should be selected for hydrogen
engine
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