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Figure 10
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Figure 12
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Figure 13
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Figure 14
Name Comparative Example 13 Inventive Example 30
Brake Specific Fuel 233.4+0.1 232.1+£0.3
Consumption [g/kWh]
Percent fuel economy 0% 0.5%

90% confidence intervals (Tukey)
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Figure 15
Modes* Speed (rpm) | % Load
1 900 100
2 900 75
3 900 50
4 900 25

Test Run Order=4,3,2,1
*Based on Cycle E2 Table 6 of ISO 8178-4:2007

PCT/US2018/038704
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Figure 16
FE Testing Cycle Parameters | Mode 1 | Mode 2 | Mode 3 | Mode 4

Time (min) - 1st set 20 20 20 20
Time (min) - 2nd set 20 20 20 20
Time {(min) - 3rd set 20 20 20 20
Time {min) - 4th set 20 20 20 20
Time {min) - 5th set 20 20 20 20
Speed {rpm) 900 300 500 9500
Coolant temperature (°C) kept constant — measured during test
Fuel temperature (°C) kept constant — measured during test
Inlet Air temperature {°C) kept constant — measured during test
Oil temperature (°C) kept constant — measured during test
Charge air temperature (°C) kept constant — measured during test

1. Modes as defined in Figure 15
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Figure 17
Engine Parameter Commercial Single Cylinder Test
Engines Engine

Bore Size {mm) 260-980 108
Stoke/Bore (ratio) ~25-44 4.0

RPM ~ 60— 250 300 - 600
Engine Output (hp/cylinder) 7500 + 100
BMEP (bar) 18-21 20
Pressure max {bar) 150 + 150

Load (%) 100-15 100 — 25

Marine Cylinder Lubricant Feed Rate 14-06 16-03

{grams/kilowatt hour)
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Figure 18
Modes|Speed (rpm)(% LoadPower (kw)BMEP (bar) as Reference
1 280 30 7.2 3.9
2 280 70 16.8 9.1
3 410 30 14.9 55
4 410 70 34,7 12.8
5 545 30 21.8 6
6 545 70 50.8 14.1
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Figure 19
FE Testing Cycle Parameters | Mode 1l | Mode3 | Mode2 | Mode 5 | Mode 4 | Mode 6
Time {min) - 1st set 50 50 50 50 50 50
Time (min) - 2nd set 50 50 50 50 50 50
Time (min) - 3rd set 50 50 50 50 50 50
Time {min) - 4th set 50 50 50 50 50 50
Time {min) - 5th set 50 50 50 50 50 50
Power (kW) 7.2 14.9 16.8 21.8 34.7 50.8
Speed (rpm) 280 410 280 545 410 545
Torque (Nm) 245.3 346.3 572.4 381.4 808 890
BMEP ({bar) - as reference 3.9 5.5 9.1 6 12.8 14.1

Lube Feed Rate, g/kWh

kept constant during the test

Coolant temperature (°C)

kept constant — measured during test

Fuel temperature {°C)

kept constant — measured during test

Inlet Air temperature {°C)

kept constant — measured during test

Oil temperature (°C)

kept constant — measured during test

Charge air temperature (°C)

kept constant — measured during test

1. After a 30 minute warm up each oil is run for 5 loops. The first loop data is excluded from data
analysis and the last sixty seconds of each mode of the remaining four loops is recorded for data

analysis.

2. Modes as defined in figure 18




