wO 2008/010749 A1 |00 0000 0 O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O T O 0 O

International Bureau

(43) International Publication Date
24 January 2008 (24.01.2008)

(10) International Publication Number

WO 2008/010749 Al

(51) International Patent Classification:
FO1P 3/22 (2006.01)

(21) International Application Number:
PCT/SE2006/000901

(22) International Filing Date: 20 July 2006 (20.07.2006)

(25) Filing Language: English

(26) Publication Language: English
(71) Applicant (for all designated States except US): VOLVO
LASTVAGNAR AB [SE/SE]; S-405 08 Goteborg (SE).

(72) Inventor; and
(75) Inventor/Applicant (for US only): THEORELL, Gun-
nar [SE/SE]; Lilla torget 9, S-443 30 Lerum (SE).

(74) Agent: FROHLING, Werner; Volvo Technology Corpo-
ration, Corporate Patents, 06820, M1.7, S-405 08 G&teborg
(SE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HN, HR, HU, ID, IL,, IN, IS, JP,
KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT,
LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA,
NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC,
SD, SE, SG, SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ,
UA, UG, US, UZ, VC, VN, ZA, 7ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: COOLING SYSTEM

155

172

L\190

(57) Abstract: A cooling system (100) for an engine (130) is divided into an inner circuit and an outer circuit, said inner circuit
comprising a radiator (120), a cooling pump (140), a thermostat housing (160), an ejector pump (170), cooling channels arranged
inside the engine (130) and ducting connecting said components. The ejector pump is arranged to draw coolant from the outer system
and deliver it to the inner system. The outer system comprises an expansion tank (110), ducting interconnecting the expansion tank
and the ejector pump and ducting interconnecting the inner circuit and the expansion tank. A one-way valve (151) is placed in the
ducting interconnecting the expansion tank (110) and the inner circuit.



10

15

20

25

30

35

WO 2008/010749 PCT/SE2006/000901

COOLING SYSTEM

FIELD OF THE INVENTION

The present invention relates to a cooling system for
an engine, said cooling system being divided into an inner
circuit and an outer circuit. The inner circuit comprises a
radiator, a cooling pump, a thermostat housing, an ejector
pump and cooling channels arranged inside the engine. The
ejector pump is arranged to draw coolant from the outer
system, which comprises an expansion tank, ducting
interconnecting the expansion tank and the ejector pump and
ducting interconnecting the inner circuit and the expansion
tank and deliver it to the inner system.

Moreover, the present invention relates to an ejector
pump for pressurizing a cooling system of a combustion

engine.

PRIOR ART

As is well known by persons skilled in the art, the
main purpose of a cooling system of an engine is to
transfer heat generated in the engine to a radiator, where
the heat could be vented to the ambient air. In its
simplest form, a cooling system could comprise area-
increasing metal fins arranged e.g. on cylinder walls of
the engine to be cooled.. This type of cooling is generally
referred to as air-cooling, and was the first cooling
system used on internal combustion engines.

On modern, high performance engines, air-cooling is
not sufficient to cool the engine; instead, a cooling
system with a coolant is arranged. The coolant is usually
water mixed with anti-freezing and anti-corrosion agents
and the ducting is arranged to move the coolant from
cooling channels in the engine (where the coolant absorbs
heat from the engine, hence cooling it) to a radiator,
where the absorbed heat is vented to the ambient air. This
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type of cooling is generally referred to as water-cooling,
and is much more efficient than air cooling.

In order to ensure a cooling that is not too great,
and not too small, there is usually provided a thermostat
in the coolant ducting. The purpose of the thermostat is to
redirect coolant to bypass the radiator if the coolant
should be cooler than desired.

There are however some problems to be solved relating
to water cooling:

Firstly, there is a trend towards higher coolant
temperatures; a high coolant temperature gives a higher
maximum cooling rate (due to a larger temperature
difference between the coolant and the ambient air) and
also less heat transfer from the engine’s combustion
chambers to the coolant, which is beneficial for engine
efficiency. The higher temperatures lead to higher stress
levels on cooling system components made of plastic
materials or rubber. Especially the expansion chamber (a
component well known by persons skilled in the art) is a
component that gets significantly more expensive if it
should stand elevated coolant temperatures.

Secondly, water-cooling systems have problems with
cavitation; cavitation means that a liquid is forced to
boil by decompression, which gives gas bubbles in the
liquid; these gas bubbles have, however, a very short life;
as soon as the pressure in the liquid returns to normal
levels, the bubbles will implode to liquid. Cavitation is
detrimental to cooling system components due to the “micro-
shocks” resulting from the bubble implosions, and is rather
common in cooling systems. The results of cavitation, e.qg.
small “holes” in metal components constituting the cooling
system, could be seen e.g. on pumping fins.

Thirdly, water-cooling systems have problems with
boiling after engine shut-off; after the engine has been
shut off, the coolant will stop circulating in the cooling



10

15

20

25

30

35

WO 2008/010749 PCT/SE2006/000901

system. Remaining heat from e.g. the cylinder walls and the
exhaust manifold will be transferred to the coolant, which
might reach boiling temperature. As is well known by
persons skilled in the art, the volume of gas exceeds the
volume of the liquid it emanates from, under normal
atmospheric conditions by a factor exceeding 100. The
volume increase emanating from boiling might force coolant
out from the cooling system, which leads to increased
coolant consumption.

Fourthly, air entrainment might (or rather, will)
pose a problem if the coolant is not deaerated
continuously. In prior art system, the deaeration of the
coolant will take place in the expansion chamber, but as
will be evident in the following, this is a solution that
will not be very efficient in the future.

One efficient, known, way of reducing the problems
with cavitation and boiling after engine shut-off is to
increase the coolant pressure. This is however rather
expensive, since the expansion tank must be a vessel
standing high pressures, i.e. a vessel having thick walls.

US-A-4 346 757 describes an automotive vehicle
cooling system having a radiator connected to the engine
coolant jacket for circulation of coolant, a pump
delivering coolant from the radiator to the engine, a non-
pressurized reservoir bottle, or expansion vessel,
communicating with a radiator and having a make-up line
communicating with a Venturi in a recirculating line around
the pump directing coolant from the pump outlet to the pump
inlet. The Venturi allows make-up coolant to be added from
the reservoir bottle at atmospheric pressure so that the
bottle can be of a relatively light-weight gauge material.

US-A-4 346 757 solves, in part, the problem with
cavitation by putting the cooling system under pressure;
however, deaeration of the coolant takes place in the

expansion vessel, which requires a constant stream of
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coolant from the cooling system to the expansion vessel. At
low engine speed, and as the engine is shut off, there will
be only a small, or no, pressure increase in the cooling
system, since the pressure in the cooling system and the
expansion chamber will be equalized rapidly at low engine
speeds or as the engine is shut off, due to the provision
of a capillary hose (34) between the radiator and the
expansion vessel. Consequently, the design according to US-
A-4 346 757 does not in any way address the problem of
boiling after engine shut-off.

US-A-6 886 503 describes a cooling system wherein the
internal pressure is increased by letting in compressed air
from a turbocharger into the expansion vessel. Although
simple and cost efficient, this solution addresses neither
the problem of expensive, pressure capable expansion
vessels nor coolant boiling after engine shut-off.

One problem with subjecting an expansion vessel for
compressed air, is that this type of vessel will “breathe”
frequently and coolant can escape from the vessel each time
the inlet valve is opened.

Hence, the object of the present invention is to
provide a cooling system having an elevated pressure, which
pressure remains at low engine speed and after engine shut-
off.

SUMMARY OF THE INVENTION

The above object is, according to the invention,
solved by the provision of a one-way valve placed in a
ducting interconnecting the expansion tank and an inner
cooling circuit.

In order to reach a sufficient working pressure, the
one-way valve could have an opening pressure of about 0.5
bar.

If the one-way valve has an opening pressure of about

0.5 bars, a second one-way valve allowing a coolant flow
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from the expansion tank towards the ejector pump is
preferably provided.

In order to obtain an efficient deaeration of the
coolant, a deaeration tank could serve as a junction for a
ducting from an elevated position in the engine cooling
system, a ducting from an inlet of the coolant pump, a
ducting from a top portion of the radiator, and the ducting
interconnecting the inner circuit and the expansion tank.

The deaeration tank could have a volume of about 1-5
litre.

Furthermore, the ejector pump comprises

an inlet chamber connected to an expansion tank,

a nozzle opening in the inlet chamber and ejecting a
flow of coolant towards a neck connecting the inlet chamber
and a mixing zone having an increasing diameter in a flow
direction of the coolant flow ejected from the nozzle.

In order to get a sufficient pumping effect, the
nozzle diameter could be about 2-4 mm and the neck diameter
could be about 5-10 mm. The length of the mixing zone could
be about 4 to 10 times the diameter of the neck, and the
mixing zone 175 could have a diameter increasing from the
neck diameter to about 2 to 3 times the diameter of the
neck.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, the invention will be described
with reference to the appended drawings, wherein:

Fig. 1 is a schematic view of a cooling system
according to the present invention, and

Fig. 2 is a schematic section view of an ejector pump
according to the present invention.

DESCRIPTION OF EMBODIMENTS
In Fig. 1, a cooling system 100 according to the
present invention is shown schematically. The cooling
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system 100 comprises an expansion tank 110, a radiator 120,
a cooling system of an engine 130, a coolant pump 140, a
deaeration tank 150, a thermostat housing 160 and an
ejector pump 170 as well as piping, hosing or ducting
connecting these components in a way that will be described
below.

The expansion tank 110 is provided with a coolant
outlet hose 180 connecting the expansion tank 110 to an
ejector pump inlet 171 of the ejector pump 170. A one-way
valve 190 in the hose 180 allows a flow of coolant from the
expansion tank 110 to the ejector pump 170, but stops
coolant from flowing in the opposite direction.

An ejector pump outlet 172 of the ejector pump 170 is
connected to a coolant inlet 141 of the coolant pump 140. A
coolant outlet 142 of the coolant pump is connected to the
internal cooling system of the engine 130. Moreover, a
power connection 173 of the ejector pump 170 is connected
to the coolant pump outlet 142, allowing a flow of coolant
from the coolant outlet 142 to the power connection of the
ejector pump 170.

The coolant from the coolant pump 140 not flowing to
the ejector pump 170 will pass the internal cooling system
of the engine 130, collecting heat from friction and
combustion, and enter an inlet of the thermostat housing
160. Depending on the coolant temperature, a thermostat
(not shown) housed in the thermostat housing will direct
the coolant flow either to an upper portion 121 of the
radiator 120, to the coolant inlet 141, or, if the coolant
temperature is within acceptable limits, to both the upper
portion 121 and the coolant pump inlet 141.

A lower portion 122 of the radiator is connected to
the coolant pump inlet 141.

The deaeration tank 150 is connected to an upper part
of the cooling system of the engine 130, the upper portion
121 of the radiator 120, the coolant pump inlet 141 and the



10

15

20

25

30

35

WO 2008/010749 PCT/SE2006/000901

expansion tank 110. A one-way valve 151 is provided in the
connection between the deaeration tank 150 and the
expansion tank 110, the one-way valve ailowing a coolant
flow from the deaeration tank 150 towards the expansion
tank 110. In a preferred embodiment of the invention, the
one-way valve has an opening pressure of about 0,5 bar in
the allowed direction.

In one specific embodiment of the invention, a
bressure guard 200 will limit the flow of coolant from the
pump outlet 142 through the power connection 173 if the
bressure at the ejector pump outlet 172 would exceed a
certain value, e.g. 0.6 bar.

As could be understood from the above, the cooling
system 100 could be divided into an inner circuit, which
includes the cooling channels in the engine 130, the
coolant pump 140, the thermostat housing 160, the
deaeration tank 150, the ejector pump outlet 172, its power
connection 173, and the piping and hosing connecting such
components, and an outer circuit, comprising the connection
between the hosing from the deaeration tank 150 to the
expansion tank 110, the expansion tank 110 itself, the
ejector pump inlet 171 and hosing connecting the expansion
tank 110 and the ejector pump inlet 171. During engine
running, there will be a large flow of coolant in the inner
circuit and a significantly lower flow of coolant in the
outer circuit.

In Fig. 2, a schematic view of the ejector pump 170
is shown. As mentioned above, the ejector pump 170
comprises the ejector pump inlet 171, the ejector pump
outlet 172, and the power connection 173. Although well
known by persons skilled in the art, the function of the
ejector pump will be briefly explained in the following.

Except for the above connections, the ejector pump
170 comprises a nozzle 174 connected to the power
connection 173, a mixing zone 175 communicating with the
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outlet 172 and a neck 176. The nozzle 174 opens in an inlet
chamber 177, which communicates with the inlet 171 and has
a diameter larger than the neck 176, which connects the
inlet chamber and the mixing zone. In use, a jet flow of
any liquid (in this case, however, preferably coolant) is
ejected from the nozzle 174 towards the neck 176. The jet
flow will draw liquid from the inlet chamber 177, hence
creating a pumping action for the ejector pump 170. The
ratio of the diameters of the nozzle 174 and the neck 176,
respectively, is crucial for the pumping characteristics of
the ejector pump as a whole; if the nozzle diameter/neck
diameter ratio is small, i.e. close to one, the ejector
pump will obtain a large pressure capability, but a limited
maximal volume pumped per time unit. The opposite is true
for larger nozzle diameter/meck diameter ratios.

Hereinafter, functional matters of the cooling system
100 will be described.

At engine startup, the coolant pump 140 will be
energized, either by a connection to the engine crankshaft
or by an electrical connection to a power supply system.
Upon energizing, the coolant pump will start pumping
coolant from the coolant inlet 141 to the coolant outlet
142, which pumping will create a coolant flow though the
engine 130, the thermostat housing 160, and the radiator
120, if the thermostat housed in the thermostat housing
detects a too high coolant temperature. In case the coolant
temperature would be lower, the thermostat will redirect at
least a part of the coolant flow directly to the coolant
inlet 141.

As could be understood, the pumping of coolant
through the coolant pump 140 will yield a pressure
difference between the coolant inlet 141 and the coolant
outlet 142; as stated earlier, the power connection 173
connects the coolant inlet 141 and the coolant outlet 142.
Hence, a coolant flow from the coolant outlet towards the
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coolant inlet will result. The coolant flow will flow
through the nozzle 174 of the cooling pump 141, hence
drawing coolant from the inlet chamber 177, which, as can
be seen in the figures, is connected to the ejector pump
inlet 171. Ultimately, this will lead to coolant being
drawn from the expansion tank 110 through the coolant
outlet hose 180. As could be understood by persons skilled
in the art, the coolant flow from the expansion tank
through the ejector pump towards the coolant inlet 141 will
increase the pressure ain the inner circuit of the cooling
system.

In order to deaerate the coolant, the deaeration tank
150 is connected to an elevated point in the coolant system
of the engine 130, to the upper portion 121 of the radiator
120, to the expansion tank 110 and to the coolant inlet
141. During the energizing of the coolant pump 140, a
coolant flow to the deaeration tank from the elevated point
in the cooling system of the engine and the upper portion
121 of the radiator 120, respectively, and a flow from the
deaeration tank to the coolant inlet 141 will result, as a
result of a pressure drop over the radiator 120.

Moreover, there will be a flow of coolant
(occasionally mixed with gas bubbles) from the deaeration
tank 150 to the expansion tank 110, via the one-way valve
151. This flow is due to the pumping action of the ejector
pump 170 from the expansion tank 110 to the coolant inlet
141, which, as mentioned, gives a higher pressure in the
inner circuit of the cooling system.

As mentioned, the one-way valve 151 may have an
opening pressure of about 0.5 bar; this would then be the
maximal pressure in the coolant system.

After engine shutoff, the coolant in the cooling
system will initially experience a heating due to heat
being transferred from e.g. engine oil, cylinder walls and

exhaust system. Consequently, the coolant volume will
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increase. Should the pressure in the cooling system
increase above the opening pressure of the one-way valve
151, a flow of coolant through the one-way valve 151 to the
expansion tank 110 will result.

Later after engine shut-down, the coolant temperature
will adapt to an ambient temperature, which usually is
significantly lower than the coolant temperature of a
running engine; obviously, a coolant volume decrease will
result. Should the volume decrease result in a coolant
pressure lower than a pressure in the expansion tank 110,
coolant will be sucked in through the one-way valve 190 and
the ejector pump 170.

Above, the basic components and function of a cooling
system according to the invention have been shown. There
are however several modifications possible within the
inventon.

One such modification is to provide the deaeration
tank 150 with a 1id 155. The 1lid 155 is preferably a fairly
simple 1id, without the valves usually present in lids at
cooling systems, and its only function is to enable filling
of coolant when the cooling system is empty, e.g. after
cooling system repair or when the cooling system is to be
put into service. The 1lid 155 should preferably not be used
to £ill coolant in the system on a regular basis.

Another modification is to provide the expansion tank
110 with a 1id 115. This 1lid could be provided with valves,
e.g. a vacuum valve allowing ambient air to enter the
expansion tank in case the pressure in the expansion tank
should be lower than the ambient pressure, and one safety
valve releasing gas or coolant from the expansion tank if
the pressure in the expansion tank would exceed e.g. 0.2
bars.

In another embodiment of the invention, the
connection between the deaeration tank 150 and the

expansion tank 110 opens below a level of a minimum water
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level; if the one-way valve 151 would cease to function,
such a positioning of the connection would avoid air being
sucked into the system during engine cool down.

The invention presents a cost efficient,
uncomplicated and secure means to increase a coolant system
pressure.

DIMENSIONS

When used for cooling an internal combustion engine
for a heavy duty vehicle, the cooling system according to
the invention the deaeration tank 150 can have a volume of
about 1-5 litre. For this application of the invention, the
nozzle 174 can have a diameter of about 2-4 mm and the
diameter of the neck 176 can be about 5-10 mm. The length
of the mixing zone 175 can be about 4 to 10 times the
diameter of the neck (176) and the mixing zone (175) can
have a diameter increasing from the neck diameter to about
2 to 3 times the diameter of the neck 176. Normal operating
temperature of the coolant for this application can be
between about 80 and 107<C.

The invention should not be considered as limited to
the above-stated embodiments but can freely be modified
within the scope of the following patent claims. For
example, the deaeration tank 150 can be integral with the
upper portion 121 of the radiator 120. The radiator 120 can
be a cross flow type radiator with horizontal coolant pipes
and vertical inlet and outlet tanks.
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CLAIMS

1. A cooling system (100) for an engine (130), said
cooling system being divided into an inner circuit and an
outer circuit, said inner circuit comprising a radiator
(120), a cooling pump (140), a thermostat housing (160), an
ejector pump (170), cooling channels arranged inside the
engine (130) and ducting connecting said components, said
ejector pump being arranged to draw coolant from the outer
system and deliver it to the inner system, wherein the
outer system comprises an expansion tank (110), ducting
interconnecting the expansion tank and the ejector pump and
ducting interconnecting the inner circuit and the expansion
tank, characterized by a one-way valve (151) placed in the
ducting interconnecting the expansion tank (110) and the
inner circuit.

2. The cooling system (100) of claim 1, wherein the
one-way valve (151) has an opening pressure of about 0.5
bar.

3. The cooling system (100) of claim 1 or 2, further
comprising a second one-way valve (191) allowing a coolant
flow from the expansion tank (110) towards the ejector
pump .

4. The cooling system (100) of any preceding claim,
wherein a deaeration tank (150) serves as a junction for a
ducting from an elevated position in the engine (130)
cooling system, a ducting from an inlet (141) of the
coolant pump (140), a ducting from a top portion (121) of
the radiator (120), and the ducting interconnecting the
inner circuit and the expansion tank.

5. The cooling system of claim 4, wherein the
deaeration tank (150) has a volume of about 1-5 litre.
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6. The cooling system as claimed in any one of claims
1 to 5, characterized in that the ejector pump (170)
comprises an inlet chamber (177) connected to an expansion
tank (110),

a nozzle (174) opening in the inlet chamber for
ejecting a flow of coolant towards a neck (176) connecting
downstream the inlet chamber (177), and

a mixing zone (175) having an increasing diameter in
a flow direction of the coolant flow ejected from the
nozzle (174). |

7. The cooling system as claimed in claim 6, wherein
the nozzle (174) diameter is about 2-4 mm.

8. The cooling system as claimed in claim 6 or 7,
wherein the neck (176) diameter is about 5-10 mm.

9. The cooling system as claimed in any one of claims
6 to 8, wherein the length of the mixing zone (175) is
about 4 to 10 times the diameter of the neck (176), and
wherein the mixing zone (175) has a diameter increasing
from the neck diameter to about 2 to 3 times the diameter
of the neck (176).
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