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Two-stroke cross-head engines used in marine and/or stationary applications

15 are equipped with two separate lubricating oil systems. One lubricating
system comprises so-called system oil/system lubricant that normally is used
for lubrication and cooling of the engine’s bearings and e.g. oil-cooled pistons
as well as for activation and/or control of various valves or the like. The other
lubricating system comprises an all-loss lubricant (cylinder oil/cylinder

20 lubricant) that normally is used for lubrication of the engine’s cylinders, piston
rings and piston skirt.

In typical two-stroke cross-head engines, the cylinder oil is spent
continuously by each turn of the engine whereas the system oil in principle is

25  not spent (except by smaller unintentional leakages). The lubrication system
comprising the cylinder oil is also often referred to as an “all-loss” lubrication
system as the oil is spent. The use of and various types of both system oil(s)
and cylinder oil(s) is very well known in the art. -

30 Typical cylinder oils usually have an SAE (Society of Automotive
Engineering) viscosity equivalent to about 50 and normally have a total base
number (BN) of about 40 to 70 for the neutralisation of acid products
produced during the combustion process. Typical system oils usually have an
SAE viscosity of about 30 with a relatively low BN content, typically below 10.

35 These exemplary values may vary dependent on the actual application and
the specific design of the systems that the oils are used in.



produced during the conmbustion process. Typical systemoils usually have an
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The performance level of lubricants is typically measured periodically and

may not go beyond certain limits if the oiled component’s condition should

not be jeopardized.

20 Another characteristic of diesel engines is that their mechanical efficiency is
reduced significantly for reduced engine power or speed or output (forth only
referred to as engine power). This results in an increased specific fuel
consumption of the particular engine when the engine is operating at reduced
power. An additional characteristic is that the stress of the bearings in the

25  engine is reduced for reduced engine power. Further, the thickness of the oil
film on the engine parts is increased at reduced engine power compared to
the thickness at full/maximum engine output thereby reducing the load of the
engine components. This holds for all types of bearings that is a part of the
engine’s crank mechanism when the temperature of the lubricating oils is

30 kept substantially constant regardless of the load of the engine, which always
is aimed for, by suitable adjustment of the amount of lubricating oil that is fed
through the related oil coolers usually using water as a coolant.

The actual power of an engine implicitly defines the actual pressure condition
35 in the engine’s cylinders, i.e. maximal pressure, compression pressure and
mean pressure, which are the main determining factors for the stress or
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15  operating at less than full power that solves the above-mentioned (and other)
shortcomings. A further object is to provide this in a simple and efficient way.

An additional object of the present invention is to increase the mechanical
efficiency and to reduce the fuel consumption of a diesel engine when the

20  engine is operating at less than full power.

Another object is to reduce the emissions of a diesel engine when the engine
is operating at less than full power.

25 These objects, among others, are achieved by a method (and a
corresponding system) of reducing fuel consumption in a diesel engine, the
method comprising the step of: adjusting, when the engine is operating at
less than full power, a viscosity of a system oil from the engine resulting in a
modified system oil, where the viscosity is adjusted so that.the mechanical

30 efficiency of the engine is increased when the modified system oil is provided
to the engine and wherein the step of adjusting is done on the basis at least
one parameter representing an actual load of the engine and a viscosity
parameter of the system oil.
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By adjusting the viscosity according to the present invention, taking the
actual load into consideration it can be ensured that as large a mechanical

20 efficiency gain as possible in the given situation is obtained without causing
excess stress or strain on the bearings of the engine.

The increased mechanical efficiency causes reduced fuel consumption and
reduced emissions of the engine.

25
In a preferred embodiment, the step of adjusting the viscosity comprises
increasing the temperature of the system oil resulting in decreased viscosity.
In this way, a very simple way of adjusting the viscosity is obtained.

30

In one embodiment, the increasing the temperature of the system oil is done
by bypassing an amount of the system oil in an oil cooler and passing the
rest of the system oil through the oil cooler, where the amount is dependent
of the at least one parameter representing an actual load of the engine and in
35 the viscosity parameter. This adjusting of the viscosity may e.g. be done by a
valve controlling the amount of system oil that is bypassed in the oil cooler



I ncreasing the tenperature of the systemoil resulting in decreased
viscosity. In this way, a very sinple way of adjusting the viscosity is

obt ai ned.wonoeenssenbodi ment, the increasing the tenperatardKzhoddoessyst em
oil is done by bypassing an anmount of thebsystemoil in an oil cooler and
passing the rest of the systemoil through the oil cooler, where the anount
i s dependent of the at |east one paraneter representing an actual |oad of
the engine and in the viscosity paranmeter. This ad usting O[}{cﬁghe Vi scosity
may e.g. be doerebyydircatingyecamorpt pf ﬁgstﬁﬁéozelrﬁﬁﬁttt grcoglar WHCH; INCreases s

bypassed in the té’rhhe?é’tmé: bf ﬂﬁé E?éieFH 6§ k1 WHOE wiiERUiRtro8licad Baekistol thl%,\aSt

t he cool er which i hcreases erature of the systemoil as a who
when i nt r oducagingacihg M&WetlﬁQOGWQMGFEUS‘TITQéhQé'ﬂQ@'qr!@ mr@mte@sdawrﬂglgme

ment i oned PalAgpISdeht tfn ”?annéﬂéesy%ﬁé‘rﬁ%ﬂtthh% 4528 thd RBolEtRe TGree™

oi | that bypass cooler the norethe tenperature is increased. In one
enbodi meng , ﬂhetaﬁ@GGﬁUEprGC&ﬁﬁeér Is an actually neasured viscosity of
t he systen10|l The neasured viscosity of the systemoil nay be neasured
usi ng standardi sed equi pnrent such as e.g. viscosirator or the like. In this
way, the ad uetormrembadm@tvtmc\osms;tytwa@etenl@ apcaavally mepsHradhdsersitya)

current viSCogify df gte 8IS’Y %?ﬁ@a@ulred v ﬁs@%f e @j&térﬁ@@rrr%?tbeqﬁﬁ%ure‘éj' nce

the stress or stra eari ngs w any t | uenced by the
speci fic vi saisig ytamﬁarmeewguwmeﬂtlsuchmsmgrrw,%caﬁgaiphgrB\@Im@r| uenced e.g.
by pol | ui[ on of the oil during operation of the engine. By taking the
actual vrscosity of the systemoil into consideration it my be ensured
that viscosi tip this way, theadjustenent obtheuyacesiy tg&seéﬂfﬁgrqongmgatm@@ actpgk|

efficiency gadd?lhegﬁn v%%%%lt?lo‘?thé ABn il WH@&*&W?}@%QH{@%@ F&ﬂé‘ct“s‘lﬁcfé)ﬁiéy

parameter is rate VIScoSity he nom nal or
rated vi scosistgessfon sigaipyafttbe hearings WIH@t\ﬂWcW@BtQE tﬂﬂ&'ﬁn@% by\tbeesResific has

e e O SIS, WAENSAY BgbRIo bE%lehBbd d gy gbRAIT nal

or rated vis r of the specif |c en
and varies amfdhe.mlgdmmgmpeream ofdhbielengine. By taking the actual viscosity of e

system oil into consideration it may be ensured that viscosity is not increased
too much and so ensuring as large a fuel efficiency gain as possible.

In an alternative embodiment, the viscosity parameter is a nominal or rated

20 viscosity of the system oil. The nominal or rated viscosity of the system oil is
the viscosity that the system oil has when new or when introduced into the
engine for the first time. The nominal or rated viscosity is recommended by
the designer of the specific engine and varies according to make and model
of the specific type of engine.

25
In this way, the adjustment of the viscosity of the system oil according to the
present invention is simplified since the nominal or rated viscosity is used as
an estimate of the actual or current viscosity of the system oil. This avoids
the need for equipment to measure the actual or current viscosity of the

30 system oil thereby saving costs. The use of the nominal or rated viscosity as
an estimate should preferably only be used when the present invention is
applied to an engine with an insignificant or negligible amount of poliution of
its system oil as such poliution influences the viscosity of the system oil and
thereby the stress or strain of the bearings of the engine.

35
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15 In one embodiment, the at least one parameter representing an actual load of
the engine comprises: a parameter representing stress or strain on the
bearings of the engine, and/or a parameter representing a maximum
pressure in the cylinders of the engine, and/or a parameter representing a
compression pressure in the cylinders of the engine, and/or a parameter

20 representing a mean pressure in the cylinders of the engine.

In this way, even better indications of the actual load of the engine are taken
into consideration when determining how the viscosity can be adjusted
without compromising the engine, since the actual pressure condition in the
25  engine’s cylinders, i.e. maximal pressure, compression pressure and mean
pressure, is a main determining factor for the stress or strain on the bearings.

In one embodiment, the step of adjusting is done continuously, near-
continuously or intermittently.

30
The present invention also relates to a system for reducing fuel consumption
in a diesel engine when operating at less than full speed, which corresponds
to the method of the present invention and have the same advantages for the
same reasons.

35
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present invention
embodiments of the system correspond to the embodiments of the method

and have the same advantages for the same reasons.

15
BRIEF DESCRIPTION OF THE DRAWINGS
These and other aspects of the invention will be apparent from and
elucidated with reference to the illustrative embodiments shown in the
drawing, in which:

20

Figure 1 shows a schematic block diagram of one embodiment of the present
invention.

DESCRIPTION OF PREFERRED EMBODIMENTS

25  Figure 1 shows a schematic block diagram of one embodiment of the present
invention. Shown is a schematic representation of at least one diesel engine
(300), e.g. a two-stroke cross-head diesel engine. The exemplary engine
comprises one lubricating system comprising so-called system oil (301) that
normally is used for lubrication and cooling of the engine’s bearings,

30 cylinders and e.g. oil-cooled pistons as well as for activation and/or control of
various valves or the like. Another lubricating system comprises an all-loss
jubricant or cylinder oil (302) that normally is used for lubrication of the
engine’s cylinders, piston rings and piston skirt. Other types of diesel engines
are four-stroke trunk piston diesel engines (which do not comprise cylinder

35 oil). In principal the invention may be used in all types of reciprocating
combustion engines.
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t enperature o?ysﬁﬂ@ ﬁgc@ﬁhﬁsé@%r%doelq'f&’ragg%cppﬁgt@n ec}:srse sdefdﬁ(/ei ?Edwl (i’ of
t he system oi systdime oild{30dD) i ingrespanise ta scavimbernaf, patametersntasdiltingnin
done by a val ye | ng. P t 41aS\i \ 0 the
oi | cooler twéyldj%&t E%tlehw“&l?@o%“i‘) MG Blere¥Sd YMBAdinehRt tHeS viB¥PEaRS BF thd

15 received system oil is modified simply by increasing the temperature of the

received system oil resulting in decreased viscosity of the system oil.

The adjusting of the viscosity may in one embodiment be done by a valve
controlling an amount of system oil that is bypassed in the oil cooler, thereby
20 directing the amount of system oil past the cooler thereby increasing the
temperature. The valve is controlled using the mentioned parameters. The
more system oil that bypassed the cooler the more the temperature is
increased, which provides a very simple way of regulating the viscosity in
dependence on the relevant parameters.
25
The adjustment ensures that the mechanical efficiency of the engine (300) is
increased when the modified system oil (301’) is supplied back into the
engine (300).

30 The parameters that the adjustment is made in response to comprises at
least one parameter representing an actual load of the engine (300) and a
viscosity parameter of the system oil (301).

The viscosity parameter may e.g. be a measured actual/current viscosity of
35 the system oil (301), which is useful if the viscosity is likely to have changed
due to pollution, etc. as described earlier. Alternatively, the viscosity



directing the amount of systemoil past the cool er thereby increasing the
tenperature. The valve is controlled using the nentioned paraneters. The
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i ncreased, which provides a very sinple w&y of regulating the viscosity in
dependence on the rel evant paranmeters. The adjustnent ensures that the
mechani cal efficiency of the engine (300) is increased when the nodified
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that the adj usanesigter és gagemingl rssiated &/iscosiy rihgesysiem) eih$80 bhwhesehifret er
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conprises: a paraneter representing stress or strain on the

15 In one embodiment, the at least one parameter representing an actual load of
the engine comprises: a parameter representing stress or strain on the
bearings of the engine, and/or a parameter representing a maximum
pressure in the cylinders of the engine, and/or a parameter representing a
compression pressure in the cylinders of the engine, and/or a parameter

20 representing a mean pressure in the cylinders of the engine.

In this way, even better indications of the actual load of the engine are taken
into consideration when determining how the viscosity can be adjusted
without compromising the engine, since the actual pressure condition in the
25 engine’s cylinders, i.e. maximal pressure, compression pressure and mean
pressure, is a main determining factor for the stress or strain on the bearings.

It is also possible to continuously or near-continuously measure the above
pressures in the engine’s cylinders e.g. using well-known commercially avail
30 tools.

In this way reduced fuel consumption (and thereby emissions) for a diesel
engine is obtained when the engine is operating at less than full speed.

35 In the claims, any reference signs placed between parentheses shall not be
constructed as limiting the claim. The word "comprising” does not exclude the



beari ngs of the engine, and/or a paranmeter representing a nmaxi num pressure
in the cylinders of the engine, and/or a paraneter representing a

conpr essiwo 2pocawsime in the cylinders of the engine, angtwmropivesmBt er
representing a nean pressure in the cylinders of the engine. In this way,
even better indications of the actual |oad of the engine are taken into
consi deration when determ ning how the viscosity can be adjusted w thout
conpron15|ng t he englne since the actual Rressure_condjtion_in t he
engine's cyl | RERsENCE; ofLlemertsar sierssethies thaa ipee §5ied ipr2 Shaife Tde wesdn
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bearings. It is also possible to contlnuously or near-conti nuous ure
t he above pregtsty@selemnems. engine' s cylinders e.g. using well-known
commercially avail tools. In this way reduced fuel consunption (and thereby
em ssions) for a diesel engine is obtained when the engine is operating at
| ess than full speed. In the clains, any reference signs placed between

par ent heses shall not be constructed as |limting the claim The word
"conprising” does not exclude thepresence of elenents or steps other than
those listed in a claim The word "a" or "an" preceding an el enent does not
exclude the presence of a plurality of such elenents.Patent Clains: 1. A
met hod of reducing fuel consunption in a diesel engine (300), the nethod
conprising the step of: 5 adjusting (101 ) , when the engine (300) is
operating at less than full power, a viscosity of a systemoil (301 ) from
the engine (300) resulting in a nodified systemoil (301'), where the
viscosity is adjusted so that the nmechanical efficiency of the engine (300)
is increased when the nodified systemoil (301') is provided to the engine
(300) and wherein o the step of adjusting is done on the basis at |east one
paraneter representing an actual | oad of the engine (300) and a viscosity



paraneter of the systemoil (301 ). 2. A nethod according to claim1,
wherein the step of adjusting the viscosity 5 conprises increasing the

t enper at we 2066/dsb1syst em oi | (301) resulting in decr eaped/pK2sCE®d0g. 3. A
met hod according to claim2, wherein incréasing the tenperature of the
systemoil (301 ) is done by bypassing an anmpbunt of the systemoil in an
oil o cooler and passing the rest of the systemoil through the oil cooler,
where the anoﬁai IS de endent of the at |east one paraneter representing an
actual load o $ie and in the viscosity parameter. 4. A nethod
according to rlaunn 1 =3, mhereln sald V|5005|ty paraneter is a 5 nom na

viscosity of the sys moiI 1) A nmet hod according to clains 1 - 3,
wher ei n sai d Vi edeeinpdpat & @Bgﬁgehﬁoaévmatlpp Redsdieedl engbes(3q0)otthene

system oi | (3fHethod ng@r,smdwe@g @pcor ding to claims 1 - 5, wherein the
engi ne (300) has a constant revol utions. during operation.

net hod ac®ordind t 8 HSQP%“W) Wheﬂﬂ@?(ﬁﬂg"‘t‘%@g%l%@p? 09 #Halesy tbamfum e
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wherein the step o usting is done on the basrs o act ua
nunber of revol uti 8hd rB‘Pd'f'ﬁ@ Sé/ﬁ’tﬁrﬁé’”( 300). wheranthaevigsesitcisardivsigdiss thadi ns

1 - 8, wherein sai m@hé&@ﬁtcawaﬁcaéﬁmt Bhe LPBIRS EII0)NE iAGreaskHakhaoRE Of

t he engi ne (300) conprise représenting stress or strain on

the bearings of th@t%fgedwéy&ttsﬁwll (%Qﬂd) @rprowdsértartbeeang"tq)(mmndw\gharem
maxi mum gressur e i fhe kee® Wri aasthdls fdlaﬂeeaﬂltn@ 6§Q9)at %%@4 e apﬁ?%ter

representing a conpression pressure in t¥1 I nders t he eng
and/ or representing an actual Ioad of e engine (300) and a viscosity

parameter of the system oil (301).

2. A method according to claim 1, wherein the step of adjusting the viscosity
15 comprises increasing the temperature of the system oil (301) resulting in
decreased viscosity.

3. A method according to claim 2, wherein increasing the temperature of the
system oil (301) is done by bypassing an amount of the system oil in an oil

20  cooler and passing the rest of the system oil through the oil cooler, where the
amount is dependent of the at least one parameter representing an actual
load of the engine and in the viscosity parameter.

4. A method according to claims 1 — 3, wherein said viscosity parameter is a
25  nominal viscosity of the system oil (301).

5. A method according to claims 1 — 3, wherein said viscosity parameter is an
actually measured viscosity of the system oil (301).

30 6. A method according to claims 1 — 5, wherein the engine (300) has a
constant number of revolutions during operation.

7. A method according to claims 1 — 5, wherein the engine (300) has a
variable number of revolutions during operation.
35



a paraneter representing a nean pressure in the cylinders of the engine
(300). 10. A nethod according to clains 1 - 9, wherein the step of

adj ust i ngwooebases7eont i nuousl y, near-conti nuously or i ntrermioemobys 11. A
system for reducing fuel consunption in aldiesel engine (300), the system
(100) conprising: a viscosity regulating device (101) adapted to adj ust,
when the engine is operating at less than full speed, a viscosity of a
systemoil (3 1}% fr@m t he en_gi ne &3_00) resul ti ng in a nodified system oil
(301'), where MeBedsa6apriiRgAg) tatnad . swherein the star i adiestingeis futharcy

of the enginedoaB®n iHe haxs 6REE AcM2e AU &R d¥dIgtbY &t B Hdind éébbé) s

provided to the engine (300) and wherein the adjustnent of the viscosity is
done on the basis at | east one paraneter representing an actual power of

the engine (3G0A Afehgd Wossmd o BRIMTEL 215, aindram sxal ATbabd oﬁé?%rametelr?- A
system according to claim1l, wherein said viscosity regulating device

(101) is adapf epgntig QQtaCit'-!@ PpingE &4 ths epginer{SPBAePMGIiEe t enper ature of
the systemoil (30h bat&hbtdri Rprederdfiy 2need & %ﬁ’aﬁiatdh tﬁé-be%ref%%ggfi)thles

according to claim 12, wherein said viscosity regulating devic
adapt ed to increas®R§NS00FElat ure of the systemoil (301 ) by bypassing

an anmount of the, S‘é%@r'éhﬁ%tbr répr@Serttirlg §Qﬁé>ﬁfmﬁﬁ‘i‘>r8§s‘iﬁéq tﬁ@%gﬁrﬁférsqfttﬁg at

systemoil through the ojl cooler, where the anmount 1s dependent of 't
| east one par anmet e€NPEIS BOOMANKHYOBN actual |oad of the engine and in the

Vi scosi ty gpar aned ek pdihmehel YSPra8eAHTP A dHpiddsPirbBsstife in fi‘?e( gme% rbIsai d

viscosity paraneter is a nomnal viscosity of the system ol 5 A
syst em accor di ng t '@ eagIRE (890), apgd/ofisher ei n sai d viscosity paraneter is an

actual ly measured ¢ paRfhétér Feprdi@ntiigt £ Tehh $réldure in the cylinders of the
engine (300).

15  10. A method according to claims 1 — 9, wherein the step of adjusting is done
continuously, near-continuously or intermittently.

11. A system for reducing fuel consumption in a diesel engine (300), the
system (100) comprising:

20 e a viscosity regulating device (101) adapted to adjust, when the engine
is operating at less than full speed, a viscosity of a system oil (301)
from the engine (300) resulting in a modified system oil (301’), where
the viscosity is adjusted so that the mechanical efficiency of the
engine (300) is increased when the modified system oil (301") is

25 provided to the engine (300) and wherein the adjustment of the
viscosity is done on the basis at least one parameter representing an
actual power of the engine (300) and a viscosity parameter of the
system oil (301).

30  12. A system according to claim 11, wherein said viscosity regulating device
(101) is adapted to adjust the viscosity by increasing the temperature of the
system oil (301) resulting in decreased viscosity.

13. A method according to claim 12, wherein said viscosity regulating device
35 (101) is adapted to increasing the temperature of the system oil (301) by
bypassing an amount of the system oil in an oil cooler and passing the rest of



16. A systemaccording to clainms 11 - 15, wherein the engine (300) has a
const ant nunber of revolutions during operation. 17. A systemaccording to
cl ai mrs 1lwe 2886/06687@r €i N t he engi ne (300) has a vari abl e powmi004f00903

revol utions during operation. 18. A systemBaccording to claim 17, wherein
said viscosity regulating device (101 ) is further adapted to adjust the
viscosity on the basis of an actual nunber of revolutions of the engine
(300). 19. A systemaccording to clains 11 - 18, wherein said at |east one

paraneter repiie@&xeteRyoRinraEeh e pbaaolkr. Whereihgi arounios depshgenselithe af
par amet er replesRind Papinerst Rpréddiing & ddigalbBad ftheCbnging ﬁﬁ&lliﬁ%e

(300), and/or _a paraneter representing a maxi mumpressure in the cylinders
of the engi neV[SPO8ity PAFRIMBIEr. a parameter representing a conpression
pressure in the cylinders of the engine (300), and/or a paraneter
representing a nean pressure in the cylinders of the engine (300). 20. A
syst em accor dildg A sysipal aecording tooclaimed din 18hwhereinssdid yiscogily perametasvi ce

(101 ) is adapf gthdnfinaflisedsitytT the 8gSehd Bil ¢884)i nuously, nearcontinuously or
intermttently.
15. A system according to claims 11 — 13, wherein said viscosity parameter
is an actually measured viscosity of the system oil (301).
10
16. A system according to claims 11 — 15, wherein the engine (300) has a
constant number of revolutions during operation.

17. A system according to claims 11 — 15, wherein the engine (300) has a
15  variable number of revolutions during operation.

18. A system according to claim 17, wherein said viscosity regulating device
(101) is further adapted to adjust the viscosity on the basis of an actual
number of revolutions of the engine (300).

20
19. A system according to claims 11 — 18, wherein said at least one
parameter representing an actual load of the engine (300) comprises:
e a parameter representing stress or strain on the bearings of the
engine (300), and/or
25 e a parameter representing a maximum pressure in the cylinders of the
engine (300), and/or
e a parameter representing a compression pressure in the cylinders of
the engine (300), and/or
e a parameter representing a mean pressure in the cylinders of the
30 engine (300).

20. A system according to claims 11 — 19, wherein the viscosity regulating
device (101) is adapted to adjust the viscosity continuously, near-
continuously or intermittently.



