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Two thoughts:

® Neither the design fundamentals nor
the efficiencies of our Sl and Cl engines
have changed much in 40 years

® Stupidity: doing the same thing and
expecting a different result



Marine

Crosshead

Connecting rod

\/
Power, kW 0.37 73 81000
Mean Piston Speed, m/s 9.3 15 (6 at best efficiency) 8.5
Power/Piston Area, MW/m*2 1.8 3.6 7.9 (turbo 2-stroke)

Across all engine sizes mean piston speed is similar.
Hence engine power is proportional to piston area.
But engine height is proportional to stroke.



Piston

Piston rod

Crosshead

Connecting rod

Highest efficiency because:

Very long stroke - good combustion shape
Low speed crank - less bearing friction
Efficient large turbocharger
Water cooled intercooler
Direct propellor drive - no transmission
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Efficient Because:

Very Long Stroke

Good Combustion Shape
Low Friction

Zero transmission loss
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But as shown:
No clutch gears or differential

Unsprung weight!




Efficient Because:

Very Long Stroke

Good Combustion Shape
Low Friction

Zero transmission loss

"\]I—-

But as shown:
No clutch gears or differential
Unsprung weight!

P L3N

” No differential!

ct




' |
' ‘ | Dual crank with both lang
"""" a3 e and alternating stroke

»
.1'

e
i

R e o

Lo

l ' e
Regular - very l \ Syl
limited stroke ) ; P 1'4
ER = CR % | £

\ e
O

M\\A‘ 2
iy | 1
._\\ \e\ G
\ )
g —— .:\ \\‘
/ ) L Crosshead allows very arge
p, \ s Stroke/Bore ratio
, \\
Pt T
’ 2 )
\ \ JEe St
\ 55 /
¥
x, y



The comments in this talk relate to engine
shape not size. They apply to all sizes.

Cycles..........






Formula for

Efficiency of
3 Important

Cycles
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Turbocompound
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Compressor and Turbine Work
Balance Case D
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Exhaust heat recovery could
be merged with all the cases
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Otto

Efficiency Compress Expans’n

, %0

'n Ratio

Ratio

Diesel

Atkinson

Brayton
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Expansio

Carnot

20
74 44 44
20 44
44 97
6 97
90
ese Ideal cycles have the same

maximum pressure and temperature.
Tmax=3000 K.

Pmax=20 MPa,




Generalized 4-stroke cylinder process
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Heat Loss Comments

It is often asserted that the heat loss is
dependent on the surface/volume ratio of
the combustion chamber.

| dislike the use of this parameter -
numerically it is size and unit dependent.
When applied over a range of engine sizes
it yields nonsense.

It ignores the role of time.

Instead | recommend........



Surface shape factor
=area/(area of sphere of equal volume)
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Heat Loss During Combustion
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“Back of the envelope™ analysis for yehicls surfaes ccoling potential
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Suggestion

®  What about an engine with the following features ?

Small size - very small stroke/bore ratio

Low surface area factor combustion chamber - as for very
large stroke/bore ratio

[ Atkinson expansion and more - high cycle efficiency and
exceptional turbomachine compatibility

Round cylinders - no corner seals !
Sinusoidal motion - complete inertia ba@ 1 shaft
mounted counterweights

[ Dimensions based on ideal Brayton cycle
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Motiv Engines LLC have placed the CCI animation on the web.

http://www.motivengines.com/pageb/page6.html
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Conclusions

® | don’t want to conclude - | want to start!



Next steps.....

® This august body should decide and
advise:
1 How much more (if anything) can be

gained from automotive combustion
engine efficiency

1 Plans involving $100M+ of DoE funds
should include a ‘proper’ mix of low risk
low gain and high risk high gain projects



Opinion

Current Cl and Sl engines are
‘mature’ and very cost effective.

Over the years there have been
many ‘radically improved’ engine
projects that failed

This does NOT mean there is
nothing better

It does mean that the better
something will be different



Opinion - 2

® The Compact Compression Ignition
engine | have outlined really is a
different approach

he classic piston and crank
mechanism constrains thermodynamic
efficiency

Separating the cylinders allows them to
be individually optimized




