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@ Boiling liquid cooling system for internal combustion engines.

@ A boiling liquid coolant system for a vehicular internal
combustion engine (11) which operates at a virtually constant
predetermined pressure and predetermined temperature
having a condenser {13} which assures that all vaporized
coolant is condensed under all engine operating conditions
by matching the rate of condensation of vaporized coolant in
the condenser to the rate vaporized coolant is generated by
the engine and fiows to the condenser during operation of the
engine. In one embodiment, an electrically-driven fan (14} is
actuated by a thermal or pressure sensitive switch (42} in the
condenser {13) for assuring an adequate flow of ambient air
across the condenser tubes during high ambient air tempera-
ture engine operating conditions, e.g. low speed, under load
or stationary idle conditions of engine operation, and during
the hot soak period after engine shutdown. Condensate may
be returned to a gravity supply tank (12) by either an electric or
an engine-driven pump (16}, and a non-return flow valve (17}
assures that vapor cannot flow from the separation tank of the
system to the sump in the absence of the flow of liquid coolant
from the sump to the separation tank. A pipe may connect the
upper and lower parts of the engine cooling jacket through a
pump for positive direct circulation, without heat loss, of
liquid coolant in the jacket to shorten engine warm up time.
Other features include a perforated inlet tube (40,41) extend-
ing into a vapor separator/condenser supply tank (12), a

U-trap in the liquid coolant supply line, a combined pres-
sure/vacuum relief ventvalve, and a passenger compartment

heater and oil temperature control integral with the separa-
tion tank.
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"BOILING LIQUID COOLING SYSTEM FOR
INTERNAL COMBUSTION ENGINES"

This invention relates to cooling systems
for internal combustion engines and particularly to
boiling liquid coolant systems for vehicular engines.

Conventional automotive cooling systems are
pressurized, forced circulation, liquid systems in
which water or an aqueous antifreeze mixture is
circulated by an engine-driven pump in a single
closed loop circuit between the engine water jacket,
where heat is transferred to the liquid coolant from
the cylinders, and a radiator where the heat
absorbed by the coolant inrthe engine is transferred

to air flowing through the radiator. A pressure
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relief valve in the radiator fiilrcapjis set at
a pressure high enqugh (tyPically 15 rsig) to
prevent boiling of the liquid,codlant'Under'the normal range
of engine operating cbnditipns.'

To reducs éngiﬁe warm up time, a thérmostatic valve
is positioned at the outlet'ofrihe water jacket. The valve
opens bnly when the coolénf temperature exceeds a predetermined
value (e.g. about 90°C ob'higher)., At:coolant temperatures
below the set point, no coolant can flow to or froﬁ the
engine, so that the temperatﬁre of the relatively small
proportion of the total sysiém coblént thatris trapped in the
jacket will rise rapidly.' |

Although'cdnventional,pressurized éingle-phase liquid
coolant systems arerreliable aqd almost'méintenance-free, they
have several inherent drawbécks. Surface heat transfer co-
efficients fof a fluid inithe 1iquidiphaserare relatively low
and vary with flow velocity. “In ﬁhe typiqﬁl automotive
cooling system, cooled liquié fﬁom the radiator enters the
engine at the lower front part bfrtherblock; and heated liquid
leaves from the top:of the chinder head. Conseqﬁently, the
front cylinders willrrun copleh'than the rear Cylihders. In
addition, it is not possiblert§'obtain'uniform velocity in the
complex flow passagewaysrin§ide the cdoling jacket, so local
hot spots develop fhfoughout the eﬁgine. Such hot spots are
believed to contribute to thé’prqduétioh'of oxides of ﬁitrogen

(NOX) in the exhaust gases.
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Since the highest temperatures are generated in the
combustion chambers at the top of the cylinders, and since the
coolant flow is generally upward through the engine, the upper
part of each c¢ylinder wall is much hotter than the lower part.
This temperature differential from top to bottom of the
cylinder wall (some 20° to 30°C) causes thermal distortion of
the engine block and cylinder head, with consequent increased
blow-by and o0il consumption. An even greater problem is that
wall quenching, which produces an unburned layer of gases on
the relatively cool lower cylinder walls, is the source of
excessive carbon monoxide (CO) and unburned hydrocarbons (HC)
in the exhaust gases. It also results in poor fuel efficiency.

The desirability of using a two phase boiling liquid
cooling system to reduce the temperature differential from
bottom to top of the cylinders occurring in the conventional
single phase liquid system has long been recognized, and
numerous proposals have been made for boiling liquid cooling
systems for both stationary and mobile internal combustion
engines. Representative examples of automotive boiling liquid
cooling systems include U.S. Patent Nos. 1,632,583; 3,223,075;
3,312,204; 3,384,304; 2,649,082; 1,754,300; 1,323,366; 1,812,899;
1,838,450; 2,766,740; 2,825,317; 2,804,860; 2,926,641; 1,687,679;
2,681,643; 1,860,258; 2,403,218; 1,895,509; 1,630,068; 1,630,069;
1,630,070; 1,658,933; 1,658,934; 1,703,164; 3,168,080; 3,082,753;
and 3,524,499. See also, "Dual-Circuit Ebullition Cooling for

Automotive Engines", a paper presented at a meeting of the
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Society of Automotive Enginéers, San Francisco, California,

August 17-20, 1964, by A. A. Tacchella, J. A. Fawcett and A. N.

Anderson; "Evaporative Cooling", by'H; C. Harrison, The Journal

of the Society of Automotive Engineers, Vol. XVIII, No. 2

(February 1926); and "Dow Chemical Fills Cooling Gap", Automotive

Industries, August 15, 1970, pp.,53—54.

In typical boiling cooling systems, liquid coolant
is boiled within the cooling jacket of the engine, the vaporized
coolant being withdrawn from the upﬁer part of the cooling
Jjacket and flowing tdran air COoled radiatorror condenser,
either directly or through a sepafator tankfi'The COndensate
collects in a sump connected,£0'the”bottom of the condenser
and is returned to therinlet to the;cooling jacket orrto a
supply tank for gravityrflow to'thereﬁgihe. 7 -

Since boiiing occurs at constant temperature (assuming
the pressure is held éonstant) and since surface heat transfer
coefficients for fluids - in the vapor stéte:are,much higher
than for the same fluids in the liquidrétate, boiling cooling
systems can maintain the éylinder'ﬁaliitémperatures more
nearly constant from top'to bottom, and-the entife cylinder
wall will be hotter, thereby reduding'the ptoduction of CO and
HC in the exhaust gaSés and improving fuél economy.

The potential benefits ofrboiiing liquid éooling for
automotive engines are, howevef; difficﬁlt torachieve in a
practical system. A major problemrwith prior automotive

boiling liquid cooling systems has been the need to constantly
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monitor the coolant supply and to frequently replenish coolant
lost through the system vent. This is not merely an incon-
venience; coolant loss may be so rapid that major damage can
result before the engine can be shut down.

Heretofore, it has been impossible to eliminate coolant
loss from such cooling systems due to vapor loss through the
system vent under all engine operating conditions. For example,
it has not been possible to eliminate vapor loss during high
ambient air temperature engine operating conditions which
result from either a low volume of air flowing across the con-
denser caused, e.g., by low engine speed during idling and hill
climbing or when the vehicle is moving slowly, or which is due

to engine shutdown, or when outside air temperatures are very

_high, e.g., on a hot summer day, under which conditions the
capacity of the condenser of the cooling system to condense

the vaporized coolant is exceeded by the rate at which vaporized
coolant is generated in the system. If has also not been possi-
ble to eliminate vapor loss under engine operating conditions
during which no liquid coolant fills the return line from the
sump to the separator tank, such as, for example, during

engine start-up when noncondensible gases are purged from the
system and coolant vapor is generated by the heat of the

engine but little coolant is condensed by the condenser,

during engine shutdown when high ambient air temperatures
increase the amount of coolant vapor generated but the amount

of condensate produced by the condenser is reduced, and during
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low power engine operating éonditions Such as, e.g., coasting
down a hill when little power is utilized and the condenser
also produces little coolant condensate.

Another common problem with prior vapor cooling systems
is the tendency of such systems to build up excessive pressuré
levels as the engine load increases.r A typical prior art vapor
system will operate at a pressure level of 15-25 p.s.i. at
moderate engine loads and at a pressure'level of 25-45 p.s.i.
at high engine loads if notrvented. As a result, most prior art
vapor cooling Systems utilize a pressure relief valve of one form
or another to release the excess pressure from the system. Such
relief valves, however, cause a constant 1oss of vapor and, as
a result, a continuing reduction of the amount of coolant in the
system which can range from moderaﬁe to severe, depending upon
the location of the relief valve. It is therefore evideht that
such prior art vapor cooling systems are not iow pressure systems
but rather are high pressure systems which use a relief valve,
and do not prevent coolant loss.

A true low-pressure vapor cooling system is extremely
advantageous. At sea level, a rise of approximately two degrees
F. in boiling point is caused by every one pound of pressure
developed by the cooling system. Thefefore, if a cooling system
operates under a fluctuating prgssure load of, for example,

15-25 p.s.i., the resulting variation of the engine temperature
will range from 30° to 50°F. in excess of its optimum operating

temperature. The quick release effect of a pressure relief
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valve not only causes a coolant loss from the system as a result
of its operation, it only partially aids in reducing the adverse
effects of the vapor cooling system operating at a high pres-
sure. The rating of a 2 p.s.i. pressure relief valve, for
example, is really only an average 2 p.s.i. value since the pres-
sure rises and falls above and below that point as the pressure
at the valve builds, and then the valve releases and relieves the
pressure. The shock effect of this type of relief in a vapor
cooling system causes constant flashing of vapor in critical
areas of the engine, particularly around the exhaust valve
Jjacketing, the combustion chamber dome, and the exhaust port
areas of the engine.

A major problem in the prior art vapor cooling systems
which has. gone unrecognized and causes such pressure build up
is the phenomenon of vapor build-up or "back pressure" from the
condenser of such systems which causes a pressure rise in the
engine cooling jacket, although not in the condenser. If such a
pressure rise is not checked, the result would be a vapor pocket
formed at the uppermost part of the cooling Jjacket which as it
expands in size would displace liquid coolant from the coolant
jackets in the engine, eventually causing the cooling system to
fail. The tubes of a condenser must, of course, be long enough
so that vapor is condensed by the time it reaches the ends of
thercondenser tubes. However, as the length of the tubes is
increased, the condenser becomes restrictivé to vapor flow, which

causes a back-pressure to develop as the engine produces more
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and more vapor, which in turn causes the formation of "hot vapor
pockets" in the coolant located in the edgiﬁé head and a re-
sulting rise in the boiling temperature of the liquid coolant
due to increased pressure and the engine operating temperature.
This is particularly importantrbeéause not dnly has vapor 7
pocketed but in so doing, it has precluded liguid coolant from
that space and no heafris transferred from the engine cooling
Jacket walls. Since underrthese'conditions all of the vapor
generated cannot flow into the condenser to be condensed into
liquid, a back-up of vapbr occﬁré at the entrance té thé
condenser and a continuing rise in pressure in the system also
results which continues until the éngine loadris decreased and
the volume of vapor is reduced. ihe—condenser is, thus, a re-
strictive orificerand only'permits the flow of a limited vol-
ume of vapor. Once the volume of vapor generated exceeds this
maximum, pressure builds as vapor "baéks up“; -The use of a
pressure relief valve in prior art vapo. cooling systems is not
sufficient to overcome this problem and causes vapor loss.

Heretofore, the condensers in vapor cooling systems
have been utilized only as heat exchangefs, and not as a means
for controlling the bressure level of a vépor cooling system.
Various types of condensers for use in automotive éooling sys-
tems, including boiling,liquid cdoling systems, are disclosed
in U.S. Patent Nos. 1,329,419, 1,376,086, 1,432,518, 1,558,009,
1,658,090, 1,700,270, 1,702,910, 1,706,693, 1,767,598, 1,806,
382 and 3,223,075. |
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As a result of the foregoing problems, prior art boil-
ing liquid cooling systems have not been commercially utilized.

SUMMARY OF THE INVENTION

It is a principal object of the present invention,
therefore, to provide an improved boiling liquid cooling
system for an internal combustion engine in which the condensing
capacity of the condenser of the system is effectively matched
to the rate at which coolant vapor is generated by the engine
during all engine operating conditions.

It is also an object of the present invention to
provide an improved boiling liquid cooling system for an internal
combustion engine in which a constant predetermined pressure
and a constant predetermined temperature are maintained in the
cooling system under all engine operating conditions.

"It is also an object of the present invention to pro-
vide an improved boiling liquid cooling system for an internal
combustion engine which has no coolant loss during all engine
operating conditions, and in particular during high ambient
air temperature engine operating conditions and during engine
conditions under which there is an absence of coolant flow
from the sump to the separation tank of the system.

It is a further object of the present invention to
provide an improved boiling liquid cooling system for an
internal combustion engine in which the system vent is totally
isolated from vaporized coolant in the system under all engine

operating conditions.
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These and other objects of therinvehtiOn are achieved
in a boiling liquid cooling system'for an internal combustion
engine including a coolant inlet and a coolant outiet, a
separation tank coupled to the inlet and;ouﬁlet for separating
vaporized coolant froh liquid coolant, condenser means coupled
to the separation tank for condensing vaporized coelant
flowing from the separation tank to thercondenser_meane during
operation of the engine, sump meahs coupied'to the condenser
means for’receiving condensed coolant frem the condenser
means, the sump means being coupled to the'eeparation tank for
returning liquid coolant to the seperationrtank,and to the
engine, and vent means for venting non-condensible gases from
the cooling system during operation of the engine. The
improvement comprises the condenser meens including means for
matching the rate of condensation of vaporized coolant in the
condenser means to the rate vaporized,coolant is generated by
the engine and flows to the condenser means during operation
of the engine, whereby a virtuallyrconstant predetermined
pressure and predetermined temperature are maintained in the
cooling system under all engine operating conditions. The
matching means of the condenser means may comprise means for
reducing the velocity and permitting the expansion of vaporized
coolant as it flows into the condenser means from the separa-
tion tank. |

In one embodiment of the invention, the condenser

means is coupled to the separation tank by conduit means, and
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the matching means comprises tube means in the conodgn4s.2r'8n‘15e§ns
having a diameter which is greater than that of the conduit
means, the ratio of the diameter of the tube means to the
diameter of the conduit means preferably being at least 2:1.
The matching means may also comprise a chamber into which
vaporized coolant from the separation tank flows, the chamber
being dimensioned so as to cause the vaporized coolant to

immediately expand as it enters the chamber, thereby reducing

the velocity and pressure of the vaporized coolant within the

chamber. The condenser may further comprise elongated air-flow

tubes extending through the chamber of the condenser means.

The matching means of the condenser means may include

means for preventing the flow of vaporized coolant from the

condenser means into the sump means during high ambient air

. temperature engine operating conditions, and the vent means . 7, °

PR 1

may comprise an expansion tank into which non~condensible
gases are vented from the cooling system during'operation of -
the engine, the cooling system being closed to the atmosphere.
In another embodiment of the invention, the vent means may
comprise valve means, communicative with the atmosphere, for
venting non-condensible gases from the cooling system to the
atmosphere during operation of the engine. In addition; means
for heating the o0il of the engine during opefation thereof may
be coupled to the separation tank. The heating means may
ineclude conduit means coupled to the engine and through which

0il flows during operation of the engine, the conduit means
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being disposed in the separation tank soras to be at least
partially submerged in hot liquid coolant contained therein,
thereby rapidly raising and'maintainingrfhe temperature of the
0il to a predetermined engine operating temperature.

The foregdihg condeﬁser designrpefmits the engine to
operate at a virtually conetant predetermined temperature and
predetermined pressure and, as a result atra controlled high
operating temperature withoﬁt overheating. The desigﬁ also
greatly increases heat transfer effieiency of the condenser,
thereby enabling the condenser to be reduced in size and to be
located in a wide variety of places within the vehicle, since
the required heat dissipatien'capaeity of the condenser is
reduced. 1In additioh, fuel efficiency is increased and the
vehicle can be designed so,asrto greatlyrreduce or eliminate
frontal air intake, thereby makingrit possible to use a more
aerodynamically efficient bedy'design in the vehicle.

These and other objects of'therinvention are also
achieved in a boiling liquid cooling system for an internal
combustion engine including a eoolant inlef and coelant'
outlet, the cooling systemrincluding a separation tank coupled
to the coolant inlet and coolantroutlet for separating vaporized
coolant from liquid coolant, oondenser means coupled to the
separation tank for condénsing vaporized ceolaﬁt flowing from
the separation tank to the;condehser means; sﬁme means coupled
to the condenser means for receiving condehsed coolant from

the condenser means, the sump means being coupled to the
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separation tank for returning liquid coolant to the separation
tank and to the engine, and vent means for venting noncondensible
gases from the cooling system to the atmosphere during
operation ofrthe engine. The iﬁprovement comprises the vent
means being coupled to the sump means and the condenser means
including means for preventing the flow of vaporized coolant
from the condenser means into the sump means during high
ambient air temperature engine operating conditions. The
cooling system further comprises means coupled to the sump
means and the separation tank for preventing the flow of
vaporized coolant from the separation tank to the sump means
during engine operating conditions under which there is an
absence of coolant flow from the sump to the separator tank,
whereby the flow of vaporized coolant“from the cooling system
to the atmosphere through the vent means is prevented under
all engine operating conditions.

In one embodiment of the invention, fan means is
disposed adjacent the condenser means for drawing ambient air
over the condenser means, and means responsive to the presence
of vaporized coolant at a selected location in the condenser
means, such as temperature sensing means responsive to the
temperature of vaporized coolant at the selected location in
the condenser means, is coupled to the fan means for actuating
the fan means. Liquid flow restrictor means may also be
coupled to the condenser means for restricting the flow of

coolant condensed by the condenser from the condenser means
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into the sump means, the flow restrictor means causing the
formation of a liquid coolant seal at the outlet of the
condenser meané.

The foregoing arrangement prevents the flow of vapor-
ized coolant from the condenser means into the sump means during
high ambient air temperature engine operating conditions. Thus,
coolant vapor loss from the system at low vehicular speeds, which
occur, e.g., during idling, hill climbing or when the vehicle is
moving slowly, as well as during enginé shutdown, is eliminated.

In another embodiment of the invention, the means
for preventing the flow of vaporized coolant from the separation
tank to the sump means may comprise non-return valve means which
prevents the flow of vaporized coolant into the sump ﬁeans in
“the absence of the flow of liquid coolant from the sump‘means:fd
the separation tank. In this manner, coolant loss through thé.
system vent during, for example, engine start-up, engine .
shutdown and while the vehicle is coasting downhill, is
eliminated.

The foregoing objects of the invention are also
achieved in a boiling liguid coolant system for an internal
combustion engine having a cylinder block with at least one
cylinder, a cylinder head, at least one inlet for coolant
located in the lower part of the cylinder block and at least
one outlet for coolant located in the cylinder head, the
coolant system including a separation tank having a liquid

coolant outlet in the lower part of the tank connected to the
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inlet of the cooling jacket, a vaporized coolant inlet con-
nected to the outlet of the coolingrjacket, a vapor outlet in
the upper part of the tank, and a condensate inlet; a condenser
having a vapor inlet in the upper'part and a condensate outlet
in the lower part; a condensate receiving sump having an inlet
connected to the condensate outlet of the condenser;'a vent
connecting the system to the atmosphere; a condensate

pump having an inlet communicating with the lower part of the
receiving sumprand an outlet connected to the condensate inlet
of the separation tank; and means for driving the condensate
pump to deliver condensed liquid coolént from the receiving
sump fo the separation tank.

In order fo assure complete condensation of all coolant
vapor generated under high ambient air temperature engine operat-
ing conditions, the condenser includes a temperature sensor at
a selected location in the condenser; a fan positioned adjacent
to the condenser; and means for driving the fan to flow ambient
air in heat exchange relation with the condenser whenever the
sensed temperature exceeds a predetermined value such that the
fan operates whenever vaporized coolant is present at fhe temper-
ature sensor location. In this way, positive ambient air flow
past the condenser is provided at critical times such as, for
example, hill climbing; hot weather idle, and after engine shut-
down. 1ln addition, the vent is connected to the upper part of
the receiving sump and the condensate butlet of the condenser

has a total cross-section for coolant flow which is limited to
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a predetermined value small enough to cause the formation of a
liquid coolant seal prior to the inlet to the condensate receiv-
ing sump. The liquid seal seals the condenser outlet and retains
the coolant vapor in the condenser during the period of time
which elapses between activation of the fan and efficient air
flow volume past the condenser.

The system also includes non-return flow means located
between the receiving sump and the condensate inlet to the
separation tank for preventing the flow of vaporized coolant
from the separation tank to the'sump “n the absence of the
flow of liquid coolant from the sump to the separation tank.

In this way, no vapor can reach the receiving sump and vent
through the alternate path of the condensate return line.

Since the receiving sump provides the only communication with
the atmosphere, the system vent is isolated aﬁd no coolant will
escape from the system, yet noncondensible gases (e.g., air)

can be readily eliminated through the vent. If the non-return
flow means is located downstream of the condensate pump, it will
also prevent hot vapor from reaching the pump and possibly damag-
ing it.

Another practical problem faced in boiling liguid
cooling systems, particularly in automotive applications where
space is limited, is efficient and effective separation of
liquid coolant entrained in the high velocity vapor stream
leaving the engine cooling jacket.

Thus, a further object of the invention is to provide
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effective liquid/vapbr separation in the improved boiling
liquid cooling system of the invention. This additional object
is achieved by providing the vapor inlet to the separation
tank in the form of a tubular member having a predetermined
length located within the separation tank, the tubular member
having a closed end and a plurality of openings in the sidewall
thereof for permitting flow of vaporized coolant therethrough
from the engine into the separation tank. It is desirable that
the total flow area of the plurality of openings in the
sidewall of the tubular member be substantially greater than
the internal cross-sectional area of the tubular member, so
that the velocity of coolant vapor flowing through the

openings will be less than its velocity entering the tubular
member, thus avoiding violent agitation of the liquid in the
_Separation tank and providing for separation of entrained
liquid from the vapor. If the tubular member is positioned
below the operating liquid level in the tank, the entering
steam also will help to keep the replenishing liquid hot to
maintain the desirably high lower cylinder wall temperatures

in the engine and will also enhance initial precondensing of
the coolant vapor.

Although boiling liquid coolant systems can provide
warm up times faster than those of conventional pressurized
liquid systems, there is a strong need to reduce warm up time
still further. Warm up can take as long as 9 or 10 miles of

driving for pressurized liquid systems. This may be reduced
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to 3 miles in a boiling system,rbut-the'warm up period is
still a substantial bart'of the;typical driving cycle and
contributes a very 1arge pahtrof tbtal CO and HC'production
because of the previously mentioned wall Quenching effect.
Overall emission of CO and HC pollutéhts will drop sharply if
the warm up time can be reduced, andrthis is another object of
the invention. |

This object is obtained by prdviding means for cir-
culating coolant in:a direct path outside the ccoiing jaéket
between the lower part of the cyliﬁder'block and'ﬁhe cylinder
head during atrleast ﬁhe warm up'behiod of therenginerwithout
significant heat loss from thercirculated coolant. Such
coolant circulation feduces the}tehp¢ratureVdifférential
between the top and bottom of'eachrcyliﬁder in the period
before boiling starts, aﬁd alsoiduring,operation of the engine
after warm up. |

The foregoing and Other addiﬁibnal objects, features,
and advantages of therpresent invention éré mbre fully described
in the following detailed descripﬁion,Witﬁ'reference to the
accompanying drawings in which: | 7

FIG. 1 is a simplified schematic diagfam of a boiling
liquid cooling system according tQ the ipvention.r |

FIG., 2 is a simplified schematic,diagram of an alter-
native embodiment of the boiling liquid cooling system of the

invention.

FIG. 3 is a top view, in simplified schematic form,
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of a vaporized coolant outlet manifold shown in FIGf 2.

FIG. 4 is an end view, in cross-section, of an alter-
native passengér compartment heater arrangement for the cooling
system in FIG. 2.

FIG. 5 is an enlarged detail view, in cross-section,
of an alternative embodiment of a dual pressure/vacuum relief
valve arrangement shown in FIG. 2.

FIG. 6 is a cross-sectional view of a double-diaphragm
pump for pumping fuel and condensed coolant as in the embodiment
of FIG. 2.

Figure 7 is a cross-sectional view of one embodiment
of a condenser for a boiling liquid cooling system according to
the invention.

Figure 8 is a perspective view, partially in section,
of one embodiment of a condenser comprising a vapor pressure
reduction chamber and expander for a boiling liquid cooling
system according to the invention.

Figure 9 is a perspective view of another embodiment
of a condenser comprising a vapor pressure reduction chamber
and expander.

Figure 10 is a perspective view of still a further
embodiment of a condenser comprising a vapor-pressure reduction
chamber and expander.

Figure 11 is a perspective view, partially in section,
of a separation tank for the boiling liquid cooling system of

the invention which is adapted to control oil temperature.
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Figure 12 is a partial, schematic diagram of a boiling
liquid cooling system constructed according to the present
invention in which non-condensible gases arervented into an

expansion tank instead of into the atmosphere.

With reféreﬁce first to FIG. 1, there is shown a
boiling water cooiing systenm forran:internal combuétion engine
11 which includes a separatiqn tankr12, a éondenser 13, a fan
14, a receiving sump 15,7a condenséte pump_16,;and a non-return
flow control means such as check valve 17. VThesé components are
arranged in two circuits, an engine cooling circuit 18 and a
vapor condensing circuit 19, thertwo'circuits beingrintercoh-
nected by the separation tank 12, which also servés as a liquid

“toolant reservoir and as an expansion tank. : -

- >

As will be described in greater detail later herein,
the cooling system also includes a vent line coupled to the
sump, and the condcnser inclﬁdes means. for preventing the flow of
vaporized coolant from thercondensen into the sumprduring high
ambient air temperature engine operating conditions. The
check valve 17 prevents ﬁhe flow of vaporized coolant from the
separation tank to the sump during enginé,bpefating conditions
under which there is an absence of liquid;coolantrflow from
the sump to the separation tank. As a result, the vent is iso-
lated from the vaporized coolant and the flOwiof vaporized
coolant from the cooling system torthe atmosphere through the

vent is prevented under all engine operating conditions.
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Separation tank 12 has two inlets and two outlets.
A liquid coolant outlet 20 at or near the bottom of the tank
connects through a conduit such as a hose 21 to an engine
coolant inlet 22, typically at the front of the engine block.
A vapor inlet 23 in the side of tank 12 receives a mixture of
hot coolant liquid vapor delivered through a conduit such as
hose 24 from one or more outlets 25 at the top of the cylinder
head of the engine, thus completing the engine coolant circuit.

In the condensing circuit 19, the vaporized part of
the heated coolant fromrthe engine passes from a vapor outlet
26 at the top of the separation tank through a conduit such as
hose 27 to an inlet 28 at the top of the condenser 13. The
coolant leaves as condensed liquid from an outlet 29 at the
bottom of the condenser and flows directly through conduit 30
into the receiving sump 15. The condensate pump 16 draws
condensed coolant from the receiving sump 15 through a line 31
and delivers it through a conduit 32, check valve 17, and via
a condensate return line 33 to a condensate inlet 34 in the
side of the separation tank 12, to complete the condensing
circuit. A vent line 35 leading from the upper part of
receiving sump 15 provides the only connection between the
cooling system and the atmosphere. The vent line either may
be left open or may be capped with a simple flap valve 36.

The separation tank preferably is mounted sorthat
at least part of it is above the level of liquid coolant in

the engine coolant passages when the engine is cold. 1In this
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condition the cylinder block and cylinder headrate filled with
liquid coolant to a level 37. The condensing,circuit'is
empty, except for possibly a small amount of coolant 38 in the re-
ceiving sump. Thus, the system réquibes only enoﬁgh liquid cool-
ant to fill the engine coolant passages and the hose 21, and to
partially fill the hose 24, when the engine is cold. This means-
that the system requires the minimum possibie amount of coolant;
thereby reducing total,vehicle weight and decreasing warm up time.
The total volume'bf coolant required'bj this afrangement is
approximately one-third that required fof any given engine cooled
by conventional means. Warm up time is redueedrcorrespondingly
because the mass'df liquid to be heated isrsmailér. Also, the
smaller amount of liquid requires a smaller separation tank to
accommodate expansion of the liquid, whighrmayrbe as much as 25
percent to the vapor point. This is particularly true when the
tank is empty at cold start, as ih,the émbodiment of FIG. 2. It
should be emphasized, howevéh,rthat'the sepération tank can be
mounted anywhere and the liquid cpolant pumped to the engine,
if desired.

When the engine is first started, the coolant does
not flow through the coolant'circuit because there is no contin-
uous liquid path to support thefmal éirculatipn. As the engine
runs, the liquid coolant in the enginerwarmé up'and expands,
raising the liquid coolant level in the separatiantank to a
normal operating level 39. A mixture of coolantrliquid and vapor

begins to enter the separation tank through the vapor inlet 23.
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In the embodiment of FIG. 1, this inlet is located above the
highest level 39 reached by the liquid coolant in the tank and is
formed by a tubular member Y40 which extends through the side wall
of the tank for a substantial distance into the tank.

The wall of the portion of the pipe 40 inside the
tank 12 is perforated with a plurality of holes 41, and the
end is closed with a cap 41', so that the vapor and liquid can
enter the tank only through the perforations in the pipe wall.
If the inlet 23 is located below the hot liquid operating level
39, only the lower part of the pipe is perforated, causing all
of the vaporized coolant to bubble through the coolant liquid in
the bottom of the tank before reaching the upper part. This
combines the advantages of condensing some of the vapor and of
maintaining the liquid temperature in the separation tank at
very close to the boiling point. As the coolant in the engine
continues to vaporize, this hot iiquid flows by gravity through
the liquid coolant outlet 20 to the coolant inlet 22 of the
cylinder block, so a continuous~replenishment of coolant at a
substantially uniform temperature occurs through the coolant
circuit. The replenishment rate is equal to the boiling rate
of the coolant in the engine because there is no circulating
pump in the engine coolant loop 18.

Meanwhile, the vapor part of the hot coolant entering
the separation tank passes through the vapor outlet 26 to the
inlet 28 of the condenser, which may, for example, be of

finned-tube construction. A multiple vertical tube type of



0041853
-2l

condenser, like a conventinnal automobile radiator, has been
used in prior art éystems, but the maximum pnssible length of
individual tubes, particuianly in nodérn low-profile automobiles,
is too short to prevent loss of coolant vapor into the receiving
sump and thence to the atmosphene through the vent. Thus, it
is preferred to use a sérpentine type of condenser, in which
one Or more long tu?es are bént to fprm a multiplicity of
horizontal passes. SUch;nondensers'typicélly have two tubes
bent in paréllel. Vapor entering—the inlet end of each tube
at the top of the éondenSer'flows:dnnnward back and forth
through successive horizontal péssés.  Bécause of the multipass
arrangement, the total flow'path length cén be made long enough
so that all of the vapor entering aﬁ the topris condensed by
the time it reaches the ontlet end of each tube at the bottom.
As a practical matter,'however, therlength of the
condenser tubes is limited due fo design'cnnsiderations, i.e.,
the amount of space available in the;éngine onmpartment of a
vehicle to accommodate the condenseb, and és a nesult,'even such
a serpentine—type condenser will not haVé the capacity to con-
dense all the vaporized coolant generatedrunder high ambient air
temperature engine operatiné cbnditions befnre the vapor reaches
the end of the tubes. Thus; in the'present invention, as will
be described in detail latér herein, a fhénmally—aétuated fan is
disposed adjacent the condensér:to incréaéerambient air flow over
the condenser during high ambient airrtemperature engine operat-

ing conditions and thereby assure condensation of the vaporized
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coolant before it reaches the ends of the condenser tubes. A
condenser outlet is also used which restricts the flow of conden-
sate from the condenser to the sump so as to form a liquid seal
at the outlet which prevents vaporized coolant from escaping from
the condenser until the fan increases the rate at which the vapor
is condensed and thereby matches the condensation rate to the
vapor generation rate. This arrangement enables the dimensions
of the condenser to be smaller, and the length of the condenser
tubes to be reduced, while at the same time assuring that vapor-
ized coolant will not enter the sump from the condenser and be
lost to the atmosphere through the system vent.

The condenser may be placed in front of the engine,
in the space normally occupied by the radiator in conventional
pressurized liquid systems. This location provides the
benefit of a normal flow of ambient air past the condenser
tubes when the vehicle is moving. Because of the greater heat
transfer rate from vapor than from liquid, the condenser can
be smaller than a radiator of a pfessurized liquid cooling
system for the same engine. This allows room for the separation
tank in part of the space normally occupied by the radiator.

To assure sufficient air flow across the condenser tubes
to condense vapor generated during high ambient air temperature
engine operating conditions, such as when thé vehicle is stopped
or moving slowly, and thereby prevent the flow of vapor from the
condenser into the sump under such conditions, the electric fan

14 is arranged to flow ambient air across the tube passes. The



0041853
-26- |

fan is connected direcfly,to the storage battery of the vehicle
through a normally-open thermal switch 42 located in the con-
denser, preferably within approximately the last third of the
distance from the inlet to the outlet; |

The switch connects the fan motor 43 to a source of
electric power such as a battery by, and is set to close at a
temperature corresponding'approximately to the vapor temperature
of the coolant at the operatingrpressure. As the engine warms
up, vaporized coolant begins to displace:the air in the separa-
tion tank, forcing it down'through the condenéer'tubes to the
receiving sump and thence out thé vent.  Bécause the condenser
tubes are cold at start ﬁp, therinitial vapor flow will céndense
in the upper part of the condenser and will then flow down the

—-ﬁubes toward thé outlet. As the engine warms up and load ';;"H
increases, the condénsate flow will ihcregse until liquid con;
densate fills theroutlet of the condeﬁser,rwhich has a Qiameﬁer
less than that of the cohdénéer tubes and functiohs as a flow
restrictor, to form a 1liquid Seai'atrthe condenser outlet.

Depending on'ehgine’loéd, ambient'air—temperature;
and normal air flow past the tubes, the condenser tube wall
temperaturerin’the vicinity of the thermal switch may rise to
the vapor temperature,rcausing theiswitch to close and start
the fan. The flow bf ambient aif'frbi'thérfan will cool the
condenser tubes, lowering the temperature at the switch
location and causing the sﬁitch'to open. In this'way, the

condensing capability of the system is matched to the vapor
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generating rate of the engine for all operating conditions.
Operation is such that the system is first deaerated after
start up, with all vapor being condensed. When vapor genera-
tion rate exceeds a certain value, the liquid condensate seal
formed at the condenser outlet prevents the passage of any
coolant vapor to the receiving sump and consequent loss
through the vent line until the fan has had sufficient time to
increase the condensation rate of the condenser.

The condenser may be located anywhere in the air
stream over or under the vehicle, for example, underneath the
chassis, inside a fender well, or at the rear exit of the air
flowing under the vehicle. It should also be noted that the
condenser design is not limited to the above-described
serpentine-type condenser, but may also comprise other suitable
arrangements, such as, for example, a two-layer sandwiched body
panel (e.g., hood, roof, trunk) including condenser tubes.

Starting the engine (by closing the start switch 45)
also starts the condensate pump, which in the embodiment of FIG.
1 is driven by an electric motor 46. When the pump motor is
actuated, the pump will run while the engine is running and
coolant will be pumped from the receiving sump. Thus, the sump
will have only a minimum amount of liquid coolant at any time.
This minimizes evaporation loss from liquid coolant in the sump
and also Keeps essentially all of the liquid in the system in
the engine coolant loop, except for whatever is flowing within

the condenser during system operation.
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Because the condenser With its thérmally—actuated fan
is able to condense all of the Vapor,as it is generated, the
system will operate ét or closerto atmospheric pfessure under
any normal operating conditioh. Thus, the enginé can, for
example, be operated at fullrpowér or can idle at a standstill
on hot days without lossrof coolantrthrough the vent.

After the engine is'tﬁrned off, the coolant in the
water jacket will continue to boil until the heat of the engine
is sufficiently dissipéted. The vapor thus generated will all
be condensed, because the fan motor will continue to run és
long as there is vapof in the condenser at the thermal sensor
location. As the engihe cools, the flow of condensate will
decrease and drain from the condenser into the sump until there
is no longer a liquid seal formed by the condensate at the
outlet of the condenser. At this point, howevef, the pressure
in the system will be closeifo atmospheric or e&en below, so
no vapor will be lost;through,the vent. As fhe liquid coolant -
and vapor cools, the volume'of liquid in the separation tank
will decrease and create a vacuum which draws and empties the
condensate from the sump,fhereby,préventing the loss of coolant
through the vent due to evaporation of andensate left in the
sump after engine shuﬁdowhﬂ,, | 7 |

It should be noted that the thermal switch 42 may
also comprise a pressure switch diéposed iﬁ the same location
as the thermal switch 42 in the condenser. Such a pressure

switeh, set to detect afpredetérmined'pressure level in the
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condenser tube, will close and connect the fan motor to battery
41 in the same manner as switch 42. Since the last third of
the condenser tube will operate at about atmospheric pressure
due to the fact that it is located at a point after the vapor
collapse point, any rise in pressure will indicate the presence
of vaporized coolant in this area. The air flow across the
condenser generated by the actuated fan causes the vapor to
collapse and reduce to a condensate thereby reducing the pres-
sure in the condenser tube. At this point, the switch will
open and the fan will stop operating.

With reference next to the alternative embodiment of
the engine cooling system as shown in FIG. 2, elements which
are the same as those in FIG. 1 are identified by the same
reference numerals. This embodiment also includes an engine
cooling loop 18 and a condensing loop 19 interconnected by a
separation tank U47.

The separation tank in this embodiment is particularly
adapted for mounting in an engine compartment having minimum
vertical clearance, as is typical of modern automobiles. Tank
47 is an elongated cylinder mounted horizontally. The normal
operating liquid level 48 is approximately at the center line
of the tank, but the normal liquid coolant level 49 when the
engine is shut down and cold is below the bottom of the tank.
This arrangement provides the greatest amount of expansion space
for a given size of tank. Although the tank may be made of

metal, the low operating pressure of the system allows lighter
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materials, such as thermoSetting plasticé, to Be uséd, result-
ing in substantial weight and cost savings.

As in the arrangement of FIG. 1, liquid coolant flows
by gravity from the separation'tahk liquid coolant outlet 20
through a conduit 21 to the engine cooiant inlet 22. The
embodiment of FIG. 2, however, includes an additional feature in
the form of a U-trap 50 which preventsrany'vépor bubbles in the
engine cooling jacket from enﬁering the,supplj iine 21 and im-
peding the replenishment of liqui& coolant to the engine.

Another modification shown in FIGS. 2 and 3.is the
provision of a "log-type"'outlet,manifoid 51 having a tubﬁlar
chamber 52 with individual inlet branches 53 cohnégted to the
uppermost part of the cylinder head cooling jacket 54 in the
vicinity of each cylinder 55 inra horizontal plane even with
the uppermost part of therjécket. This manifold ahrangementr
has been found to markédly imprdve thé uniformity of cylinder
head temperatures, both from cylinder to cylinder and from
bottom to top of each cylinder headicodling jackét; The mani-
fold eliminates the formation of pockets of vapor at the top of
the cylinder head. |

Vapor leaves thérmanifold 517througﬁ outlet 25 and
passes through conduit 2% into the separation tank vapor inlet
56. 1In this embodiment, tﬁe vapor inlet is located below the
operating hot liquidrleﬁe1148:inrthe separationrtank. As in
FIG.'1, the vapor inlet is a perfarated ﬁubular member- with a

capped end, but inrthiS‘caSeronly the loweh'part of the wall
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of the tubular member is perforated with holes 40. This creates
a longer path for the vapor entering the separation tank, after
the coolant has expanded to a level above the tubular member,
to bubble up thfough the 1liquid in the tank, thereby helping
to maintain the liquid temperature close to the boiling point.
The condensing loop 19 in the embodiment of FIG. 2
is arranged essentially the same as in FIG. 1, except that the
electrically-driven condensate pump is replaced by a simple
and economical alternative in the form of an engine-driven
mechanical pump, shown here as a diaphragm type pump 57 having
a second stage 57' for pumping fuel. This pump will be described
in more detail in connection with FIG. 6. Since the rate of
heat generation by the engine is rough;y a function of engine
speed, the pumping rate of an engine-driven pump will tend to
vary with the condensing rate. It is only necessary to size the
pump to handle the condensate flow at maximum engine load at
low speed to make sure that the receiving sump is maintained
essentially pumped dry under all operating conditions. If any
condensate is in the receiving sump at start up (from the pre-
vious engine cool down), it will be pumped out before any
coolant expansion from the warming engine forces noncondensible
gases, drawn in through the vent during cool down, back out
through the vent. By evacuating the sump before this flow of
noncondensible gases, there cannot be any flow of coolant with

these gases out the vent.

Another feature added to the system in FIG. 2 is a
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passenger compartment heater ciféuit, whichrincludes a vapor
supply line 58 extending frémran outlet 5971n'the top of ﬁhe
separation tank to a conventionalraﬁtomobile heater core 60,
shown in dashed lines. A vapor return:line:61:éonnects the
outlet of the heater core to an inlet 62 in tﬁérvapor conduit
24 leading to the condénsep.— : B |

An alternative heater arrangemehﬁ ié shown in FIG.

4. 1In this arrangement, the separation tank is mouhted on the
engine side of a firewall,63 between the engine compartment 64
and the passenger édmpartmeﬁﬁ 65 of an automobile. A multibli—
city of heat transferrtubes,extends transvehSely through the
separation tank between an inéoming aih pléhum chamﬁér 67 and
an outgoing air pleﬁum chambenr681 'A fan 69 actuated by a
“switeh 70 discharges ambient air into the,incOming:plenUE, fh§§€?§
which it flows througﬁ the heat transfer iﬁbes toVOU£éoing -
plenum 68 for distribution into the passehger compartment.
This alternative arrangement is preférrédrbecause it eliminates
the need forrarseparate heater core.

As an alternativerio,the simple flappér valve or 6pen
vent arrangement for the receiviné sump, asrpreviously described
in connection with FIG. 1, the embodiment of FIG. 2 is provided
with a combination pressuré and vaéuum relief valve 71. This
valve, which is illustrated in enlarged detail in FIG. 5,
includes a spring-loaded preséureirelief‘valve 72 and a spring-

loaded vacuum felief—valve:73. ‘Each valve may be set

independently to any desiredrgauge pressure. A typical setting
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for the pressure valve may be between about one-fifth and about
one atmosphere (gauge), and for the vacuum valve about one-
thirtieth atmosphere (gauge). This alternative arrangement
permits a higher boiling temperature to be achieved with a
given coolant, thereby further increasing the lower cylinder
wall temperatures and reducing still further the production of
CO and HC. The foregoing pressure and vacuum settings are
merely illustrative. The maximum pressure and vacuum settings
are limited only by the strength of the various components in the
system. The valve allows for the exhausting of noncondensible
gases drawn in through the vacuum relief during engine cool
down and permits the system to breathe while operating.

Any suitable ebullient coolant can be used, such as
water, or water/alcohol. An excellent coolant formulation for
spark ignition engines is a mixture of alcohol with ethylene
glycol. The latter material raises the boiling temperature of
the coolant above that of the witer/alcohol mixture and reduces
its susceptibility to evaporation. The higher boiling tempera-
ture (about 105°C at atmospheric pressure) of the alcohol/
ethylene glycolrmixture allows the cylinder bores to run hotter,
resulting in measurably reduced output of pollutants in the
exhaust gases. It has also been determined that pure ethylene
glycol is an excellent coolant for diesel engines. 1In both
cases, the elimination ofrwater as a coolant eliminates the
formation of rust, scale, sediments and sludging. In addition,

as the ratio of glycol to alcohol increases, the volume of vapor
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generated by the engine decreases, whiéh enables the componénts
of the cooling system to be smaller in physiéal size and dimen-
sions. It has alsc been fbund that other cooléﬁfs of non-
petroleum origin such as liquid silicones may be used in such
a system. | |

A final feature iliustrated iﬁ'FIG, 2 is a warm up
circulating loop T4 whichrincludes a circulating pump 75 direct-
ly connected by condﬁits 76 and,77 betweenrihe upper and'lower'
parts, respectively, of the cooling jacket., Pump 75 is driven
by an electric motor 78 actuated by arthermalrswitch 79 extend-
ing into the cooling jacket. The thermalrswitdh is set to shut
below a predetermined temperature, preferably approximately equal
to the boiling temperaﬁure of the coolant. Thé pUmprmqtbr is con-
nected to the batter& through the.startrsﬁitchiso'that it operates
only when the engine is running but has not yet warmed up to
operating temperature. Because,the separétion tank creates a two
phaserbroken loop syétem, there is no;napuréi'éifculation in the
engine cooling loop until boiling stafts, $o'no heat can leave the
cylinder block through that path during:thé warm up period.

Preferably the pump circulates initially'wérmed
coolant liquid from the upper parﬁ of thercooling Jjacket down
to the lower part, thus displacinércold”coolant, which rises
and is itself warmed by the'hOtter £émperatures in the upper
ends of the cylinders. Alternatively, circulation can be in
the opposite direction, if'desired; As soon as the engine warms

up enough to open thermal switeh 79, the circulating pump 75
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will stop. At this point normal boiling cooling takes over.

Instead of using a separate electric circulating pump,
the warm up circulating line can, for example, be connected
directly to a conventional water pump located at the front of
the engine. Since the main engine cooling loop 18 does not
require a circulating pump, its inlet can be relocafed elsewhere.
Because the engine driven circulating pump has a high capacity,
it is desirable to remove most of its blades. Two blades have
been found to provide adequate circulation. If circulation from
upper to lower cooling jacket is chosen, the circulation through
the warm up line stops automatically when boiling begins and
the upper part of the cooling jacket fills with vapor because
the liquid coolant path is broken.

Use of the direct warm up circulation loop has been
found to dramatically reduce engine warm up time. For example,
during normal driving on a day when the ambient temperature is
about 8°C, a 1979 Ford six cylinder Granada equipped with a
boiling coolant system as in FIG. 2 takes about 3 milesrtor
warm up with the warm up loop disconnectéd. When the warm up
loop is operating, the engine warm up time is reduced to less
than 1.5 miles.

With reference to FIG. 6, which shows in more detail
and in partially schematic form the dualediaphragm pump 57, 57!
of F1G. 2, the pump includes a T—shaped housing 80 having a
drilled flange 81 for mounting on the engine block, in place

of the conventional single-diaphragm fuel pump. Housing 80
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also has a drilled and tapped upper flange 82 and a correspond-
ing lower flange 83 to which are fastened a fuel pump chamber
84 and a condensate pump chamber 85, respectively, by machine
screws 86. The chambers 84, 85 have flanges 87 and 88, which
mate with flanges 82 and 83, respectively, to sealingly clamp
elastic diaphragms 89 and 90, respectively. '

An articulated rod 91 connects each diaphragm to one
end 92 of a lever 93 pivoted on a pin 94. The other end 95 of
lever 93 is reciprocated, as shown by arrow 96, by a conventional
push rod (not shown) driven by the camshaft of the engine to
flex the diaphragms against the biasing force of a compression
spring 97, which is disposed between the one end 92 of the lever
and a stepped portion 98 of the pump housing.

Downward movement of diaphragm 89 draws fuel into
pump chamber 84 through inlet tube 99, which is connected to
the fuel supply tank (not shown) and one way valve 100, while
upward movement of diaphragm 89 expels the fuel through one-way
valve 101 and outlet tube 102, which is connected to the engine
fuel delivery means, such as a carburetor (not shown).

Similarly, upward movement of diaphragm 90 draws
condensed coolant through inlet tube 103 and one-way valve 104
into pump chamber 85, and downward movement of diaphragm 90
expels the coolant through one-way valve 105 and outlet tube
106. Inlet tube 103 will be connected to condensate line 31
of FIG. 2, and outlet tube 106 will be connected to line 32.

It will be apparent to those skilled in the art that
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one-way valve 105 performs the same function as check valve 17
in FIG. 2, so that the latter can be dispensed with. Instead
of the one-way flap valves shown in the pump, spring-loaded
ball valves can be substituted, if desifed; |

As evidence of the improvement in fuel economy and
reduced exhaust emission that can be obtained with the boiling
coolant system of the invention, the same Ford Granada mentioned
above has averaged during testing about a 25% improvement in

# niles per gallon, a reduction in NOx of about 30% and arréduc;

tion in CO and HC of about 20% in comparison with its performance
when the normal pressurized liquid coolant system is operating.

The system described immediately above (Figures 1-6)
will operate at atmospheric pressure, or slightly above with a
maximum pressure of 3-5 p.s.i. A loﬁgy préssure system, however,
can be achieved by the use of a specially-designed condenser
which permits the system to operate at a pressure ranging from
atmosphere to a maximum of 2 p.s.1i.

The essenpial concept of this condenser is that it
is not only a heat exchanger but also an expansion chamber,
The condenser has the capacity to accept the total volume of
vapor generated by the éngine during all engine operating con-
ditions without offering resistance to the flow of the vapor
into the condenser. The condenser is thus designed so as to
cause an expansion of the vaporized coolant, and,a reduction of
the pressure of the vapor, as the vapor flows from the engine

and separation tank into the condenser.' This concept may be
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achieved in several ways: (1) by a multi-pass condenser the
tubes of which have a cross-sectional diameter which is greater
than the diameter of the vapor conduit, preferably about at
least 2 times greater than the diameter of the vapor conduit; (2)
by an air-cooled chamber into which the vaporized coolant flows
and expands which may include baffles and is cooled by internal
air tubes or external fins; or (3) by a chamber constructed from
a chassis component of the vehicle having a large surface

area, for example, the hood or roof of the vehicle, which is
laminated with a heat reflective plastic.

Referring now to Figure 7, there is shown one embodi-
ment of such a condenser which includes a vapor inlet 107 coupled
_to the engine and a condensate outlet 108. A variable diameter
ulate the formation of the liquid seal previously described with
reference to Figures 1 and 2. The inside diameter of condenser
tube 110 is larger than the inside diameter of inlet 107, and
preferably has a diameter which is about twice as great as the
diameter of inlet 107, i.e., a ratio of 2:1.

In operation, vapor flows from the engine through inlet
107 into the larger volume of tube 110 and immediately expands
and its velocity decreases. This reduction in velocity and the
expansion of the vaporized coolant greatly enhances the rate of
condensation of the vaporized coolant in the condenser. More-
over, the increased volume into which the vapor expands elimi-

nates condenser resistance to the flow of vapor into the con-
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denser from the separation tank. Thus, an increase in engine
operating pressure under heavy load is eliminated.

Figure 8 illustrates another embodiment of the con-
denser in which the condenser includes a large volume chamber
111 in which the vapor space for expansion of the vaporized
coolant for a given frontal area of the condenser 1s increased
by a ratio of about 10 to 1 over the volume for expansion of
the vapor provided by the condenser of Figure 7. 1n operation,
the vaporized coolant enters into chamber 111 and immediately
expands due to the greatly increased volume of the chamber
relative to vapor inlet 107.

The expansion of fhe vapor causes a reduction of
the velocity and pressure of the vapor upon entering chamber 111
and the vapor tends to fill the uppérmost part of chamber 111.
A plurality of hollow tubes open at each end are transversely
disposed in the chamber. The tubes are cdnstantly cooled by
ambient air forced through the tubes by the vehicle motion or a
fan, and as the vaporized coolant contacts the tubes it
condenses and drips down through the chamber and collects at
the bottom in a channel 113. A liquid seal is formed by
variablerorifice 109 as previously described, and the conden-
sate flows from the condenser from outlet 108.

Figure 9 illustrates another embodiment of the con-
denser which permits the grille area of the vehicle to be
completely sealed for improved aerodynamics. This condenser

may be remotely mounted in the vehicle and a cold air plenum
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114 is used to feed air from a cold air intake nozzle 115
which is mounted in any air flow source, e.g., under the
bumper of the vehicle.

In operation, cold air from plenum 114 flows through
and cools tubes 112. Heated air is then forced through a hot
air plenum 116 and out of the condenser through fan shroud
117. A fan 118 is actuated by a sensor 119 which detects
vapor reaching the lower portion of chamber 1 by means of the
vapor temperature as previously described. When actuated by
the sensor, the fan draws air from cold plenum 114 and intake
nozzle 115 through tubes 112 and into hot air plenum 116 to
cool the vapor. Vaporized coolant enters chamber 111 of the
condenser through inlet 107, which is preferably located at the
bottom of the chamber in order to maintain the temperature of
the condensate at the bottom of the chamber at or near the temper-~
ature of the liquid coolant in the engine and enhance the effi-
ciency of the condensation of the vapor in the chamber, but may
be located in any convenient position, is condensed and the
resulting condensate flows from the condenser from outlet 108
which also includes a variable orifice 109.

The condenser may be fabricated of molded plastic
in two halves each including a sealed flange 119. The tubes
112 may be constructed of aluminum or copper and may be
sealed with 0 rings at the points they pass through the walls

of plenums 114 and 116.

In an alternate embodiment of the condenser, the
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condenser may comprise a body panel, e.g., the hood of the
vehicle. In operation, the vaporized coolant enters chamber
111 through inlet 107. The tubes 112 extend from the front to
back edges of the hood of the vehicle and direct cold air from
the grille at the front of the vehicle to the louvers at the
base of the windshield where the air exits as heated air.

This exit area at ﬁhe base of the windshield may be shrouded
and include a fan. In most instances, however, the size of
the reduction chamber should be large enough to eliminate the
need for the fan to adjust the condensation rate of the
vaporized coolant in the chamber.

The bottom of the chamber includesra centrally located
channel 113 into which condensate flows. A variable orifice
109 is coupled to a condensate outletr108 coupled to channel
113 of the condenser.

In order to minimize heating of the condenser by
direct solarrradiation, the hood may be coated with a heat
reflective clear laminate.

Referrihg now to Figure 11, there is shown another -
embodiment of the separation tanks illustrated in Figures 1
and 2. The tank includes a vapor inlet 120, a vapor outlet
121 which is coupled to the condenser, and a condensate return
inlet 122. A liquid coolant return outlet'123 is coupled to
the sump, and the hot coolant operating level of the tank is
illustrated by dashed lines 124. An o0il conduit tube 125

coupled to the engine oil pump outlet extends through one end
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of the tank in the form of a loop and is exposed to the heated
atmosphere inside of the tank. The 1ooprformed by the tube
extends at least partially below and preferably fully below the
hot coolant line 124. 1In operation, whenever the engine is
running, oil flows through o0il conduit tube 125 either directly
or via a shunt. As the engine warms up, the initial expansion
of hot coolant to level 124 submerges part of conduit tube 125
under hot liquid coolant. Cold o0il flowing through conduit tube
125 through the inlet 126 of the loop is immediately heated by
hot 1liquid coolant and flows back tc the engine through outlet
127. As the engine reaches its operating temperature and vapor
fills the separation tank through inlet 120, the water is super-
heated and the upper portion of the separation tank will be
filled with steam which surrounds conduit tube 125; further o0il
preheating thus takes place. The temperature of the oil flowing
through the conduit tube 125 is rapidly raised relative to typi-
cal temperature rises in engines not utilizing such an oil
temperature control device.

The separation tank will effectively normalize the
0il tc an optimum temperature of 180-200°F., which is the
ideal temperature for oil according to specifications of the
American Petroleum Institute (A.P.I. Speés). Should the oil
entering the tank through inlet 126 be at a temperature in excess
of 200°F, the vaporized coolant atmosphere of the separation tank
will cool and reduce the o0il temperature as it passes through con-

duit tube 125. This separation tank limits the effect of ambient
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air on the o0il stored in the engine pan, and when o0il flows direct-
ly to the tank from the engine, the temperature of the oil return-
ing to the engine will range between 180" and 200°F. irrespective
of the temperature of the o0il in the pan. Moreover,rsuch oil
temperature control reduces engine friction during operation.

Figure 12 illustrates another embodiment of a vapor
cooling system of the invention in which the system is closed
to the atmosphere. In this system, an expansion tank 128 is
coupled by a conduit 129 to the sump 130 of the system. Although
any of the foregoing condenser designs may be used, a condenser
131 of the type described with reference to Figures 8-10 is pref-
erably utilized. In this embodiment, non—condensible gases are
forced by coolant expansion and vaper into the expansion tank 128
during warm-up. By matched sizing of the expansion tank 128, re-
duction chamber 131, and coolant volume, a predetermined fixed
pressure level may be set and a virtually constant engine opera-
ting temperaturermay be achieved with the advantage of having a
totally closed system.

In the foregoing specification, the invention has
been described with reference to specific exemplary embodiments
thereof. It will, however, be evident that various modifications
and changes may be made thereunto without'departing from the
broader spirit aﬁd scope of the invention as set forth in the
appended claims. The specification and drawings are, accord-
ingly, to be regarded in an illustrative rather than in a

restrictive sense.
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1. In a boiling liquid cooling system for an internal
combustion engine including a coolant inlet and a coolant outlet,
said cooling system including a separatioh tank coupled to
said coolant inlet and coolant outlet for separating vaporized
coolant from liquid coolant, condenser means coupled to said
separation tank for condensing vaporized coolant flowing from
said separation tank to said condenser means during operation
of said engine, sump means coupled to said condenser means for
receiving condensed coolant from said condenser means, said
sump means being coupled to said separation tank for returning
liquid coolant to said separation tank and to said engine, and
vent means for venting non-condensible gases from said cooling
system during operation of said engine, the improvement
comprising sald condenser means including means for matching
the rate of condensation of vaporized coolant in said condenser
means to the rate vaporized coolant is generated by said
engine and flows to said condenser means during operation of
said engine, whereby a virtually constant predetermined pressure
and predetermined temperature are maintained in said cooling
system under all engine operating conditions.

2. _The system as claimed in claim 1, wherein said
matching means of said condenser means comprises means for
reducing the pressure and permitting the expansion of vaporized
coolant as said coolant floﬁs into said condenser means from

said separation tank.
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3. The system as claimed in claim 2, wheréin
said condenser means is coupled to said separation tank by
conduit means, and wherein said matching means comprises tube
means in said condenser means, said tube means having a

diameter which is greater than that of said conduit means.

4. The system as claimed in claim 3, wherein the
ratio of the diameter of said tube means to the diameter

of said conduit means is at least 2:1.

5. The system as claimed in claim.2,wherein
said matching means comprises a chamber into which vaporized
coolant from said separation tank flows, said chamber
being dimensioned so as to cause the vaporized coolant
to immediately expand as it enters said chamber of said
condenser means, thereby reducing the velocity and pressure
of said vaporized coolant within said chamber of said

condenser means.

6. The system as claimed in claim 5, further
comprising elongated air-flow tubes extending through

said chamber of said condenser means.

7. The system as claimed in any of claims
2 to 6, wherein said matching means of said condenser means
includes means for preventing the flow of vaporized

coolant from said condenser means into said sump means
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during high ambient temperature engine operating

conditions.

8. The system as claimed in any of claims
1 to 7, wherein said vent means comprises an expansion
tabk into which non-condensible gases are vented from
said cooling system during operation of said engine,

said cooling system being closed to the atmosphere.

9. The system as claimed in any of claims 1 to 7,
wherein said vent means comprises valve means, said valve
means being communicative with the atmosphere for venting
non-condensible gases from said cooling system to the

atmosphere during operation of said engine.

10. The system as claimed in any of claims 1 to 9,
further comprising means, coupled to said separation tank,
for heating the oil of said engine during operation
thereof, said heating means including conduit means coupled
to said engine and through which o0il flows during operation
of said engine, said conduit means being disposed in said
separation tank so as to be at least partially submerged
in hot, liquid coolant contained therein, thereby
rapidly raising and maintaining the temperature of said

0il at a predetermined engine operating temperature.
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11. In a boiling liquid cooling system for an
internal combustion engine including a coolant inlet and
a coolant outlet, said cooling system including a
separation tank coupled to said coolant inlet and coolant
outlet for separating vaporized éoolant from liguid
coolant, condenser means coupled to said separation
tank for condensing vaporized coolant flowing from said
separation tank to said condenser means during operation
of said engine, sump means coupled to said condenser
means for receiving condensed coolant from said condenser
means, said sump means being coupled to said separation
tank for returning liquid coolant to said separation tank
and to said engine, and vent means for venting non-
condensible gases from said cooling system to the
atmosphere during operation of said engine, the improvement
comprising said vent means being coupled to said sump |
means and said condenser means including means for
preventing the flow of vaporized coolant from said
condenser means into said sump means during high
ambient air temperature engine operating conditiomns,
said cooling system further cdmprising means coupled
to said sump means and the separation tank for preventing
the flow of vaporized coolant from said separation tank
to said sump means during engine operating conditions

under which there is an absence of coolant flow from
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said sump means to said separation tank, whereby the flow
of vaporized coolant from said cooling system to the
atmosphere through said vent means is prevented under all

engine operating conditions.

12. The system claimed in claim 11,
wherein said means for preventing the flow of vaporized
coolant from said condenser means into said sump means
comprises fan means disposed adjacent said condenser means
for drawing ambient air over said condenser means, and
means, coupled to said fan means and responsive to the
éresence of vaporized coolant at a selected location

in said condenser means, for actuating said fan means.

13. The system claimed in claim 12, wherein
said fan actuating means comprises temperature sensing
means responsive to the temperature of vaporized coolant

at said selected location in said condenser means.

14. The system as claimed in claim 12,
wherein said fan actuating means comprises pressure sensing
means responsive to the pressure of vaporized coolant

at said selected location in said condenser means.

15. The system as claimed in claim 12 or claim
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13, wherein said means for preventing the flow of vaporized
coolant from said condenser means into said .sump means
further comprises flow restrictor means coupled to said
condenser means for restricting the flow of coolant
condensed by said condenser means from said condenser

means into said sump means, said flow restrictor means
causing the formation of a liquid coolant seal at the
outlet of said condenser means for preventing the flow

of vaporized coolant from said condenser means into said

sump means.

16. The system as claimed in any of claims 11 to
15, wherein said means for preventing the flow of vaporized
coolant from said separation tank to said sump means

comprises non-return valve means.

17. In a boiling ligquid cooling system for an
internal combuation engine having a cylinder block with at
least one cylinder and a cylinder head, at least one inlet for
coolant located in the lower part of the cylinder block and
at least one outlet for coolant located in the upper part of
the cylinder head, the coolant system including a separation
tank having a liquid coolant outlet in the lower part of
the tank connected to the coolant inlet of the cylinder block, a
vaporized coolant inlet connected_to the coolant

outlet of the cylinder head, a



-50 - 0041853
vapor outlet in the upper part of the tank, and a condensate
inlet; a condenser haVing a vapor inlet in the ﬁpper part and
a condensate outlet in the lower part; a condensate receiving
sump having an inlet connected to the condensate outlet of the
condenser; a vent connecting the system to the atmosphere; a
condensate pump having an inlet communicating with the lower
part of the receiving sump and an outlet connected to the
condensate inlet of the separation tank; and means for
driving the condensate pump to deliver condensed liquid
coolant from the receiving sump to the separation tank,
the improvement comprising:

. a temperature sensor positioned at a selected loca-

tion between the vapor inlet and the condensate outlet of the

-¢ondenser, —

a fan positioned adjacentrto the condenser, and

means for driving the fan to flow ambient air in
heat exchange relation with the condenser whenever the temper.-
ture in the condenser exceeds a predetermined value so that the
fan operates whenever vaporized coolant is present at the
selected temperature sensor location,

said vent being connected to the upper part of the
receiving sump and the condensate outlet of said condenser having
a total flow cross-section for coolant, upstream of the inlet to
the condensate receiving sump, which is limited to a predeter-
mined value small enough to cause the qumation of a liquid

coolant seal before the inlet to the condensate receiving sump,
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said cooling system further comprising non-return

flow means located between the receiving sump and the
condensate inlet to the separation tank for preventing
the flow of vaporized coolant from the separation

tank to the sump in the absence of the flow of ligquid

coolant from the sump to the separation tank.

18. The system as claimed in claim 17,
wherein the condenser is of the type having at least one
continuous tube extending from the inlet to the outlet of

the condenser.

19. The system as claimed in claim 17 or
claim 18, wherein the means for driving the condensate
pump is responsive to operation of the engine such that the

condensate pump operates whenever the engine is running.

20. The system as claimed in claim 19, wherein

the condensate pump comprises a mechanical pump driven by

the engine.

21. The system as claimed in claim 20, wherein

said mechanical pump is a dual stage fuel/condensate pump.

22. The system as claimed in claim 21, wherein
said non-return flow means comprises one-way valve means

included in said dual stage fuel/condensate pump.
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23. An engine cooling system according to
claim 17 or 18, wherein the means for driving the
condensate pump is responsive to operation of the
engine and to operation of the fan such that the

condensate pump operates whenever the engine is running.

24, The system as claimed in claim 23,
wherein the means for driving the condensate pump is
an electric motor, and the system further comprises
a source of electric energy, a first switch actuated in
response to operation of the engine to connect the
electric motor to the source of electric energy,
and a second switch connected in parallel with the first
switch and actuated in response to operationrof the

driving means for the fan.

25. The system as claimed in any of claims
17 to 24, wherein the vapor inlet to the separation tank
comprises a tubular member having a predetermined length
located within the separation tank, the tubular member
having a plurality of openings in the sidewall thereof
for permitting flow of vaporized coolant therethrough
from the engine cooling jacket into the separation

tank.

26. The system as claimed in claim 25, wherein
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the total flow area of the plurality of openings in the
sidewall of said tubular member is substantially greater
than the internal cross-sectional area of said tubular
member, whereby the velocity of coolant vapor flowing

through said openings is less than its velocity entering

the tubular member.

27. The system as claimed in claim 25 or
claim 26 wherein there is a first level within the
separation tank corresponding to a normal liquid coolant
level when the engine is operating and a second level,
below the first level, corresponding to the normal

liquid coolant level when the engine is cold.

28. The system as claimed in claim 27,
wherein said tubular member extends horizontally at a level
above the first level, and said plurality of openings
are located around the entire circumference of the

sidewall of the tubular member.

29. The system as claimed in claim 27,
wherein said tubular member extends horizontally at a
level below the first level, and said plurality of
openings- are located only in the lower part of said

tubular member.



o - 0041853
-54- .
30, The system as claimed in any of
claims 17 to 29 and further comprising means connected
to said vent for limiting the maximum and minimum

pressures in the receiving sump.

31. The system as claimed in claim 30,
wherein said pressure limiting means comprises a pressure
relief valve set to a predetermined:maximum gauge

pressure.

32. The system as claimed in claim 31, wherein
said pressure limiting means comprises a vacuum relief

valve set to a predetermined negativé gauge pressure.

33. The system,as claimed in any df
claims 17 to 32, wherein the iﬁlet for coolant located
in the lower part of the engihercooling jacket includes
a U-trap for preventing escape Qf:vaporized coolant from

the cylinder block through the coolant inlet.

34. The system as claimed inrany of
claims 17 to 33, wherein at least ohe outlet for'coolant
located in the upper part of the cylinder head comprises
a plurality of outiefs adjacent :espectively to each
cylinder and grmanifold'connected to said plurality of

outlets.
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35. The system as claimed in any of claims
17 to 34 and further comprising a plurality of heat
exchange tubes extending transversely through the
separation tank, said tubes having adjacent inlet ends and
outlet ends, and means for directing a flow of ambient
air into the inlet ends of said heat exchange tubes

to provide a flow of warmed air from the outlet ends of

said tubes.

36. The system as claimed in any of
claims 17 to 35, and further comprising means for circulating
coolant in a direct path outside the engine between the
lower part of the cylinder block and the upper part
of said cylinder head during at least the warm up period

of the engine, without significant heat loss from the

circulated coolant.

37. The system as claimed in any of claims 17 to
36, and further comprising means for circulating coolant
from one of said at least one outlet for coolant in the
upper part of the cylinder head directly to one of said at
least one inlet for coolang in the lower part of the

cylinder block without significant heat loss.

38. The system as claimed in claim 37, wherein
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said circuiatihg means comprises a pump having a

suction side connected to said one outlet for coolant

in the upper paft of the cylinder head and a discharge
side connected to said one inlet for coolant in the lower

part of the cylinder block.

39. The system as claimed in claim 38,

wherein said circulating pump is driven by the engine.

40. The system as claimed in claim 38,
wherein said circulating means further comprises means for
driving said pump only during the warm up period of the

engine.

41. The system as claimed in claim 37,
wherein said means for driving the pump comprises an
electric motor, a thermal switch,aqd a start switch
in series for connecting said métqr to a source of
electric power, and means er actuating said thermal
switch to close when the temperaturerof the coolant
in the lower part of the cylinder block is below a

predetermined value.
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