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 The test bed
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« Findings from the measurement results



Marine Engine Test Bed at Hamburg University of Technology.

Nominal (gas mode) Unit
m 75

Engine speed p 0 ] GPU  Gas Process Unit Engine tvpe Medium-speed four-stroke
. 2 GVU  Gas Valve Unit 9 yp dual-fuel, single cylinder

Mean piston speed m/s 10 Vent @

— KW 372 Ignition in gas mode Self-ignition of pilot fuel

Break mean effective pressure bar 18.5 Primary fuel m?a:llitraa:ngaarlsifgl_clj\lﬁj/gcﬁligg

Torque kNm 4.7

astervalve Pilot / secondary fuel SNSRI, BUC O} LD
Charge air pressure bar 4.2 \/ | Gas Admission y Common Rail at 1600 bar
A Valve =~
. . I
Nominal operational parameters. Bore EZD il
[ Stroke 400 mm
Stroke-to-bore ratio 1,25
Compression ratio 12

2x compression ring

R A e 1x oil control ring

Vapor Phase Reducing Valve

"~ LNG Tank
(max. 10 bar)
><

Tank Valve, X Pressure

Lubrication system Dry sump lubrication
Cylinder lubrication Oil supply via ducts in liner
Forced induction Variable (compressor unit)

Exhaust back
pressure

Variable (adjustable valves)

Engine parameters.

Single-cylinder
MAN 1L32/40
dual-fuel engine

CNG @ 300 bar CNG @ 300 bar

Tank Valve,
Liquid Phase

Image engine cross section: MAN ES
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Mass spectrometry

Aerosol spectrometry

~
LED-induced
fluorescence
J
Lubrisense LUB360. Palas Welas 2070H.
@) Image: Lubrisense GmbH Image: IAM eV
— O ( _ )
» ‘ ‘ : AS probe
l_JLr// ; : \_ y | WQC ‘ ®
1 . ® o
Ll_l_l'l_'l Ln—rr] . oy J ... .
. . IAM Optitron 4.455. image: 1AM eV /] L
Engine cross section. VAN ES / ! °°
MS probe W . o
.
Emission measurements probe positions. image: 1AM ev Research Association for e '®

Combustion Engines ¢
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Using the Principle of Fluorescence to investigate the oll film.

O

=

Engine cross section. MAN Es

100 _—
S 804
Mass spectrometr Z o |
P y 2 60—~ |
“é’ | I |
s 401 1 A~ -
Aerosol spectrometry ® 204N /| LED |- )\ | High-pass Filter |
| |
O i : T T T T T T T T T T
\
. 200 240 280 320 360 400 440 480 520 560 600 640
LED-induced
wavelength (nm)
fluorescence y Fluorescent properties of agent Lumilux by Honeywell. Adapted from Honeywell International Inc.
( Optical fibers )
|
—{ LED
For— "B driver
l L} l
Filter = Detector
Filter .
Evaluation
Filter = Detector
\_ )

Qil film thickness measurement system.
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Engine oil mixed with fluorescent agent.
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Mass spectrometry

Aerosol spectrometry

Application of optical fibres.

& . _ TDC
LED-induced

" fluorescence

wllgal ( HV
NS

vy : N\

: ! BDC

Engine cross section. MAN Es l\\

FE analysis of cylinder liner. Cutouts in cylinder liner.
Cylinder liner adapted for measurements.
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First assessment of retrieved data shows potential.

Speed 525 rpm
Load 1,72 kNm —— Raw signal
Position W6 (HV) ——  Arithmetic mean

No. cycles 1626

. Statistically most
frequent value

W6

2
— 3
T »n
c o0
S 0
® g
S5
O T
o £
=
T O
0 120 240 360 480 600 720
Crank angle [°] R ——— k\\

Detector signal over crank angle for full Piston and piston rings. Cylinder liner adapted for measurements.
cycles of four-stroke engine. 1am ev
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First assessment of retrieved data shows potential.

Speed 525 rpm
Load 1,72 kNm —— Raw signal —— Mean signal 120 — 240 °ca
Position W6 (HV) ——  Arithmetic mean ——  Mean signal 480 — 600 °ca

No. cycles 1626 o Statistically most

frequent value

W6

10
8 \
E
=
o f
2 z
- 5 2
T n [&]
cC o 24
5 0 ©
w o o
S5
g 2
5 s 2 ¢
T O
0 120 240 360 480 600 720 0 200 400 600 800 1000 1200 1400 1600
(0) (46) (92) (137) (183) (228) (272) (313) (353) \\
Crank angle [°] working cycles (time [s]) h
Detector signal over crank angle for full Calibrated oil film thicknesses over number Cylinder liner adapted for measurements.
cycles of four-stroke engine. 1am ev of working cycles and time. 1av ev
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|dentifying of components passing the measurement position.

Speed 525 rpm
Loa<.:I. 1,72 kNm —— Raw signal 2nd compression ring. 1st compression ring.
Position Weé (HV) ——  Arithmetic mean '

No. cycles 1626 o Statistically most

frequent value

Oil pushed in front
of piston rings.

Detector signal [V]

1

438

detector signal
cylinder pressure

0 120 240 360 480 600 720 Crank angle [°]
Crank angle [°]
. D r signal over crank angle. i
Detector signal over crank angle for full stector signal over crank angle. tamev Veryrgé%r;utt(iec:?]poral

cycles of four-stroke engine. iam ev
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|dentification of piston ring gaps and influence on oil layer.

Speed 750 rpm

Load 1,72 kNm

Position W8 (BDC)
No. cycles 3065

ol

AIIIIII,
OO
rnn

600

Very low signal during small
number of cycles indicate ring gap.

Direction of motion
of piston.

Raw signal of oil film measurements of lowest measurement
position over crank angle, distributed over time. iam ev
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high
% |g[; er

Qil Signal
|

lower

w8

\

Cylinder liner adapted for measurements.
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Determining ring rotation.

Speed 750 rpm

Load 1,72 kNm

Positions  W8+E8 (BDC)
No. cycles 3065

1string gap alternating between West
and East position, indicating ring rotation

w8

higher

|

Qil Signal
|

lower

500 520 540 50 580 500 520 540 560 580
crank angle [deg] crank angle [deg]

\

Raw signal of oil film measurements of lowest measurement position distributed over crank angle and time. Cylinder liner adapted for measurements.
Left: western (W) measurements. Right: eastern (E) measurements. 1AM ev
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Combining of oil film thickness data with further data.

Speed 750 rpm
Load 1,72 kKNm — Oil emissions from mass spectrometry (m/z > 270)
Position allat TDC —— 3K TDC Temperature West | Ring gap detected

No. cycles 13875 — TDC Temperature South

— 9|€ TDC Temperature East | Ring gap detected
E— TDC Temperature North

1361 T ew

" R T A -

J M T ‘M R =
ool Ww e T (A LESR
5'83125 g
E WA “\Nﬂf N v 'Mmﬁ \)M AN J“\H N M 20 g

1 Lo 10% |

e A B R R A \

KKK K KK K K K KK K K KK K K K K ) \

725 730 735 740 time [r:f:; 750 755 760 Cylinder liner adapted for measurements.
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Combining of oil film thickness data with further data.

Speed 750 rpm 135 —T 3 — ' ' 60
Load 1,72 kKNm
Position allat TDC
No. cycles 13875 50
....... 1 emissi £
Oil emissions peak ol
===-  TDC Temperature peak West 8 130 =
-==- TDC Temperature peak South - 40 =)
===- TDC Temperature peak East g R
—-==-  TDC Temperature peak North -'(TJ' A
o) 30 = Motion of
g. é <+— 1string
1st compression ring <o 125 g 2nd ring
Counter clockwise rotation with 53 20 g
ca. 4...5 min per full rotation. E é
o
2"d compression ring O
10
Oscillation of ring gap between 120
West and South position is likely. ._ |
0 k\\ //J

time [min] Cylinder liner adapted for measurements.
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Conclusions

— Fluorescence measurement system has been applied successfully. ]
£ 60+ : : : i

« Signal strength is generally good. Data acquisition is reliable. 01 N A N

« Signal strength of TDC measurement positions deteriorates quickly. A A A A

wavelength (nm)

» For absolute thickness values a calibration is necessary for each fraction of
component passing the measurement position.

— Measurements provide an insight into the oil layer.

« The measurement technique is particularly well suited for detecting
changes over the time axis.

« Suddenly occurring phenomena such as blow-by, reverse-blow-by,
knocking, misfiring can be identified and analyzed.

* Ring rotation and its influence on the oil film can be analyzed.

— Combination with other measurements for a thorough investigation of ety
effects. R “
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What's next?

—  With existing cylinder liner:
« Calibration of certain fractions of component passing measurement 7 o
position.
« Varying of operational parameters.

« Investigation of abrupt operational changes, e.g.
—  Changeover from Diesel operation to Gas operation,
—  Load shedding.

«  Operation with different fuels.

— New cylinder liner design.
« Different measurement positioning pattern.
* Honing of cylinder liner with optical fibers installed.
« Different surface properties (honing).

N

Cylinder liner adapted for measurements.
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