0 CIMAC

INTERNATIONAL COUNCIL
ON COMBUSTION ENGINES

03] 2020
CIMAC SubWG Report

Protection of internal combustion engines
against crankcase explosions
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This publication is for guidance and gives an overview regarding the ... [e.g. risks inherent to the
development and design of specific machinery]. The publication and its contents have been provided
for informational purposes only and is not advice on or a recommendation of any of the matters
described herein. CIMAC makes no representations or warranties express or implied, regarding the
accuracy, adequacy, reasonableness or completeness of the information, assumptions or analysis
contained herein or in any supplemental materials, and CIMAC accepts no liability in connection
therewith.
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1 Introduction and summary

Initiated by the query of IACS Machinery Panel (gas concentration in the crankcase of a 4-stroke
low-pressure DF engine, PM18909 PMb), CIMAC WG2 approached WG17 to comment on the
currently drafted revision of UR M10 and to address the questions raised by the IACS Machinery
Panel.

Therefore, CIMAC WG17 has worked out a review on the explosion hazard by fuel gas (natural
gas, as defined in UR M78, see attachment [1]) concentration in the crankcase. This position paper
summarizes the consolidated statements of WG17, covering trunk-piston four stroke as well as
crosshead two-stroke engines. Additionally, the paper addresses specific questions by IACS
Machinery Panel.

Essential statement

1. compared to liquid fuel diesel engines, fuel gas in the crankcase does not increase
explosion severity as well as probability even under stoichiometric conditions (see [2])
2. additional flow of air into the crankcase does not increase severity of oil mist explosions

2 General comments on the structure of risk assessments for
gas-fueled engines

Engine manufacturers issue risk assessments covering explosion scenarios. Regarding hazards
from crankcase explosions, the mentioned risk assessment shall address expectable fuel gas
concentrations in the crankcase. Additionally, comparing the assessed gas concentrations with the
lower explosion limit (LEL), the risk assessment needs to address further steps (compare Figure 1,
e.g. primary explosion protection assuring gas concentrations < LEL or tertiary explosion protection
assuring sufficient crankcase design and/or pressure relief valves).
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Figure 1: Correlations for severity and risk of crankcase explosions as well as potential countermeasures and a basic
structure of engine manufacturers risk assessments.
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3 Questions from IACS Machinery Panel.

3.1

3.2

Hazards caused by gas in the crankcase

without further measures, the fuel gas concentration in the crankcase converges against
the concentration in the combustion chamber (additionally diluted with exhaust gases)
— potentially within the flammability limits or below LFL (for very lean combustion)
pressure increase due to fuel gas deflagration minor compared to oil mist explosion
— 0il mist explosion already covered by M10.1-4 (explosion relief valves)
— below LEL, negligible pressure increase due to fuel gas deflagration
— only in case of gas concentrations above LEL, a pressure increase from fuel gas
deflagration has to be considered (to be addressed in risk assessment and
connected with corresponding safety measures, compare Figure 1)
additional remark:
large two-stroke engines (crosshead design with piston rod stuffing box) provide sufficient
safety against fuel gas entering the crankcase (unburned fuel gas passing the piston rings
will enter scavenging receiver first)
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1. scavenging receiver
2. piston rod stuffing box
3. crankcase

Figure 2: Two-stroke crosshead design separating scavenging receiver and crankcase by means of a piston rod
stuffing (compare detail on the right) box.

Acceptable gas concentration in the crankcase

LEL depends e.g. on actual fuel composition and crankcase temperature level

ignition of fuel gas initiated by oil mist explosion (especially in connection with hot surfaces;

generally, electrical instrumentation (low supply voltage) not sufficient to ignite fuel gas in

the crankcase at given pressure and temperature level)

scope: premixed and port injection gas engines (hazards compare 3.1; engines with direct

injection of fuel gas do not transport relevant gas concentration into the crankcase)

— expectable fuel gas concentrations shall be addressed in the risk assessment

(compare Figure 1, hazard increases with increasing gas concentration, however
minor compared to oil mist explosion)
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— no further affecting influences especially from:
e engine speed and load
e transient engine conditions
e wear and tear (especially regarding piston rings)

3.3 Safety measures for the crankcase against fuel gas accumulation

— the accumulation of fuel gas in the crankcase is limited to the gas concentration in the
combustion chamber (further increase not possible)

— potential safety measures:

integration of pressure relief valves (compare Figure 1)

gas detection or continuous monitoring of fuel gas concentration (compare 3.4)

active crankcase ventilation (combined with pressure monitoring, compare 3.5)

forced air supply into the crankcase not recommendable (undefined fuel gas

leakage into the engine’s environment)

L

3.4 Suitability of gas detection in the crankcase

— flammability limits essentially depend on fuel gas composition (compare 3.2)
— gas detection does not reveal any relevant additional information (gas concentration
in crankcase converges against concentration in the combustion chamber)
— additional remark:
an applicable gas detection (e.g. CH4, or O2/Nz2) in order to evaluate the actual distance to
flammability limits is only valid for a known fuel gas composition. Additionally, the
positioning of gas detection devices in the crankcase is challenging.

3.5 Potential benefit and suitability of active crankcase ventilation

— effective measure to reliably avoid fuel gas concentration within flammability limits
— easy monitoring by means of crankcase pressure
— requires crankcase vacuum
— higher crankcase vacuum assures reliable dilution in the crankcase (actual pressure
level shall be defined assuring fuel gas concentrations in the crankcase below LEL;
engine risk assessment, compare Figure 1)

TC

dilution air from
engine environment

engine crankcase )

Figure 3: Schematic illustration of active crankcase ventilation for effective dilution of crankcase
atmosphere below LEL.
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3.6 Hazards caused by flow of air into the crankcase (to dilute the gas)

— fuel gas concentration in the crankcase limited by gas concentration in the combustion
chamber (compare 3.1)
— gas accumulation not possible (compare 3.3)
— dilution towards stoichiometric conditions also not possible (lean-burn combustion)
— additional flow of air (oxygen) implies a further dilution of the fuel gas concentration,
generally reducing the explosion hazard (compare 3.5 and Figure 3)
— decreasing the explosion energy
— increasing the required ignition energy
— additional flow of air does not increase severity of oil mist explosions
— available oxygen concentration already sufficient for diffusive oil mist combustion
— consecutive oil mist explosions due to inrush of new air very unlikely

4 CIMAC recommendation for the revision of UR M10

Considering the above-mentioned technical statements, CIMAC WG17 suggests the following
revision of the UR M10 and the paragraphs UR M10.5, M10.5.5 and M10.8, respectively.

M10.5 (rev. 4)

Ventilation of crankcase, and any arrangement which could produce a flow of external air within
the crankcase, is in principle not permitted except for dual fuel engines where crankcase
ventilation is to be provided in accordance with UR M59.3.2.(1).

M10.5 (draft rev. 5)
Ventilation of crankcase , and any arrangement which could produce
a flow of external air within the crankcase, is in principle not permitted except for dual fuel

M10.5 (suggestion)

Engines of any type may be equipped with systems for active crankcase ventilation or forced
extraction of crankcase atmosphere to maintain fuel gas concentrations below the lower explosion
limit. The consideration of active crankcase ventilation or forced extraction of crankcase
atmosphere requires a risk analysis demonstrating that the severity of a potential oil mist explosion
in the crankcase does not increase. Note: the discharge of leakage gases from a turbocharger via
the crankcase is acceptable if considered in the risk analysis as well.

Additional remarks and background information

— UR M10 structure based on sufficient construction and integration of pressure relief valves
to protect engines against crankcase explosions (compare M10.1-4, tertiary protection)
— ignition of heated and cracked oil mist to be considered for any type of engine
— active crankcase ventilation as one additional measure (M10.5, primary protection)
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— active crankcase ventilation or forced extraction of crankcase atmosphere (M10.5)

— reliable measure to avoid flammable fuel gas concentrations in the crankcase (3.5)

— reduction of explosion hazard due to crankcase dilution (3.6)

— severity of oil mist explosions, to be considered for engines of any type, does not
increase due to additional flow of external air

— additional remarks:

1. venting pipes for active crankcase ventilation of gas-fueled engines (independent of
engine size and speed) do not require the installation of flame arresters (for engines
without active crankcase ventilation, the consideration of flame arresters shall be
addressed in the engine risk assessment). Explanation: ignition and deflagration of
diluted crankcase atmosphere within venting pipes not possible. Additionally,
spreading of heated oil mist prevented by oil mist detection system (alarm and
engine shutdown even before ignitable mixture expected in the surrounding of
heated surface).

2. in case of an active crankcase ventilation, a propagation of any crankcase explosion
into the venting pipes is very unlikely. Moreover, considering a mostly laminar flow
structure in the venting pipes, a transition from deflagration to detonation is not to be
expected (also depending on mixture composition, pressure and temperature as
well as piping diameter and wall roughness etc., which generally are not sufficient to
satisfy detonation conditions).

M10.5.2 (rev. 4)

If a forced extraction of the oil mist atmosphere from the crankcase is provided (for mist detection
purposes for instance), the vacuum in the crankcase is not to exceed 2.5 x 10—-4 N/mm2 (2.5
mbar).

M10.5.2 (draft rev. 5)
If a forced extraction of the atmosphere from the crankcase is provided, the vacuum in the
crankcase is not to exceed 2.5 x 10e-4 N/mm2 (2.5 mbar)

M10.5.2 (suggestion)

Considering an active crankcase ventilation or forced extraction of crankcase atmosphere, the
crankcase pressure shall not influence the reliable function of measurement and safety devices,
especially for oil mist detection, in the crankcase.

Additional remarks and background information

— compare 3.5 and 3.6 for more detailed information on hazards related with crankcase
vacuum

— higher crankcase vacuum assures reliable fuel gas dilution in the crankcase

— additional flow of air (oxygen) combines with a further dilution of the fuel gas
concentration generally reducing the explosion hazard

— essential requirement for crankcase safety is the reliable function of safety devices
(to be evaluated by engine manufacturers in close cooperation with equipment
suppliers)
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M10.8 (draft rev. 5)
Oil mist detection arrangements ( or engine bearing temperature
monitoring systems or equivalent devices) are required:

o for alarm and slow down purposes for low-speed diesel engines of 2250 kW and above or
having cylinders of more than 300 mm bore

e for alarm and automatic shutoff purposes for medium- and high-speed diesel engines of 2250
kW and above or having cylinders of more than 300 mm bore

Oil mist detection arrangements are to be of a type approved by classification societies and tested
in accordance with UR M67 and comply with UR M10.9 to UR M10.20.

engine bearing temperature monitoring systems or equivalent devices used as safety devices have
to be of a type approved by classification societies for such purposes.

[.]

M10.8 (suggestion)
Oil mist detection systems or equivalent devices are required:

e for alarm and slow down purposes for low-speed engines of 2250 kW and above or having
cylinders of more than 300 mm bore

o for alarm and automatic shutoff purposes for medium- and high-speed of 2250 kW and above
or having cylinders of more than 300 mm bore

Oil mist detection arrangements are to be of a type approved by classification societies and tested
in accordance with UR M67 and comply with UR M10.9 to UR M10.20. Equivalent devices used as
safety devices have to be of a type approved by classification societies for such purposes.

[.]

Additional remarks and background information
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— CIMAC WG17 suggests minor changes
— 0il mist detection system seen as a reference safety device
— consideration of equivalent devices has to be scope of manufactures’ risk
assessment

— generally, engine bearing oil outlet as well as engine bearing temperature are not to

be considered as equivalent to current oil mist detection systems (e.g. oil mist
potentially forms at any seizing bearing as well as seizing pistons)
— additional remark:
especially for smaller engines (< 300 mm bore, < 2250 kW), the monitoring of the

crankcase pressure (regarding level and gradients) can be an applicable system to detect

piston seizures
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5 Attachments

[1] Excerpt of UR M78, “Safety of Internal Combustion Engines Supplied with Low Pressure Gas”

Mrs

M78

(July 2018)

Safety of Internal Combustion Engines
Supplied with Low Pressure Gas

1 General
1.1 Scope
1.1.1 Type of engines

This UR addresses the requirements for trunk piston internal combustion engines supplied
with low pressure natural gas as fuel. This UR is to be applied in association with other
relevant IACS intemal combustion engine UR's, as far as found applicable to the specific
natural gas buming engine design.

The mandatory intemational codes for gas camiers (IGC Code) and for other ships burning
low flashpoint fuels (IGF Code) must also be considered, as applicable.

Specific requirements of the |GF Code as referenced in this UR shall be applied to engine
types covered by this UR installed on any ship, regardless of type, size and trading area, as
long as the IGC Code is not referenced or explicitly specified otherwise. Engines can be
either dual fuel engines (hereinafter referred to as DF engines) or gas fuel only engines
(hereinafter referred to as GF engines).

Mote:

1. The requirements of UR M78 are to be uniformly implemented by IACS Societies for
engines for which the date of an application for type approval certification is dated on or
after 1 July 2019.

2. The “date of an application for type approval” is the date of documents accepted by the
Classification Society as request for type approval certification of a new engine type or of
an engine type that has undergone substantive modifications, as defined in UR M44, in
respect of the one previously type approved, or for renewal of an expired type approval
certificate.

3. Engines with an existing type approval on 1 July 2019 are not required to be re-type
approved in accordance with this UR until the current Type Approval becomes invalid. For
the purpose of certification of these engines, the current type approval and related
submitted documentation will be accepted in place of that required by this UR until the
current type approval expires or the engine type has undergone substantive
meodifications, as defined in UR M44.

Page 1 of 1o IACS Req. 2018
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[2] PowerPoint presentation, “Crankcase explosion simulation by GexCon AS”, 2008

Simulation

01 A stoichiometric gas-air cloud filling an 18V32DF crankcase is
considered. The fuel is 50% (molar fraction) natural gas (63%
methane, 15% ethane, 14% propane and 8% CO2) and 50% oil-mist
(represented by butane).

U Nine relief valves with opening pressure of 0.1 bar are modeled.

Calculation made by GexCon, a company in the CMR group

TADEFOL\DF32\DF-0120.PPT MWg 4.11.2000 rev. - A A
1 © Wartsila 16 January 2008 08-002 - Wartsila dual fuel engines / M. Wideskog WARTS"-A-

Simulation results
Typical pressure-time
Oil mist  Oil mist + gas diagram
Plarg
Mon. p. Location 980102 980109 251 []\A _1
1-3 Between relief valves 2.90 2.68 ol )/ \ E
1.6 In the sump 2.90 2.70 / \ |
7-9 | The wall with- 295 2,72 \
out valves ] / \\\
10-12__| In the roof 295) | Q5 ) \ :
13-15 | At the crank 2.95 2,68 R e AL
Jab=s30108.
C
2 o Wansia. 16 January 2006 06.002 - Waris dual fuel engines M. Widsskog WARTSILA
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Conclusion

Ll When a crank case explosin occurs in a dual fuel engine the
damages are not more severe than in a diesel engine

Ll The maximum explosion pressure in the ignition point giving the
highest overpressure decreases slightly from 2.95 barg in a
diesel engine to 2.75 barg in a dual fuel engine

TADEFOL\DF32\DF-0120.PPT MWg4.11.2000 rev. - A A
3 @ Wartsild 16 January 2008 08-D02 - Wirtsila dual fuel engines / M. Wideskog WARTSILA-

ﬁi\

WFI-ED / M. Wideskog 24.8.2004

[ A statistical comparison of diesel
and gas engine failures leading, or
could lead to, crank case explosions

Ina mne_lin.g with Bureau V;mm 21.6.2004 in‘Vaas.a leﬂnd.‘il was agreed that Warnsild
has been made. e e e e e e
1 The purpose of this analysis is to

Risk of crank case explosions generated by a spark

Background

mare prone to crank case explosions than diesel engines.

demonstrate that gas engines are Statistical comparisan

not more prone to crank case 3;;:9%35 compared are Wanslla 32 diessl engine and Wartsila 345G/32DF gas

explosions than diesel engines. - - e —
[) Review of failures on both diesel & i -

gas engines show that there is no —

difference in failure rates that lead = e =

or could lead to a crank case 1

explosion; in both cases the i B B B L™ i e e _]W

average time between failures is .

666 000 running hours.

W o g T e G S
Table 1. Statistical comparison of Wartsila 32 dissel and gas enginss

Conclusion

Review of failures on both diesel & gas engines show that there is no significant diflerence

in failure rates that lead or could lead 1o a crank case axplosion on the Wansila 32 engine.
In both cases the average time between fallures is 666000 running hours.

4 © Wartsila 16 January 2008 08-002 - Wartsild dual fuel engines / M. Wideskog
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