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An engine cooling system has a prunary cooling circuit
having v, ith a coolant pump to pump coolant to the engine,
an eninne return line, a radiator and a bypass in pamsliel with
thc radiator. Thc pnmary circuit also has a )low control valve
to control flow between thc radiator and the bypass io allow
tluid to flow from the radiator only when coolant tempera-
ture is above normal operating temperature 'lite system also
has a secondary cooling circuit with a heat exchan er and a
temperature responsive control valve and a heater circuit
connected to a passenger compartment heater. The tempera-
ture rcsponsivc conrol tahe sluits oif flow tluough both or
onc of Ihc inlets dcpcnding on coolant tcmperaturc.

28 Claims, 7 Drawing Sheets
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1

ESIGINE COOLI Ijc SYSTEMS

I
'I

I I I,I ) 0l I '11 I I I IN YI IN'I'ION

This invention relates to engine cooling systems particu-
larly, but not exclusively. for motor vel»cles.

IIA(:K(IJ(OUNI) Oli J111 i INVI',N'I'ION

Typically. an engine cooling system comprises a primary IU

coolulg circuit having a pump to circuldlc coolant used 10

cool lhc t:nghli: rind B rdihalol lo cilol lhi: coolBBB Howl:vcr,
coolant healed by thc engine can bc used for healing
purpose~, typically a passenger compartment heater filr
occupants of a vehicle Also. the engine coolant mav be used
in a secondary cooing circuit to cool one or more auxihary
heat exchangers such as a transmission oil cooler. an engine
011 ctitilcr, B flit:I cooli:I Or Bn Bu-chdrgc cooler.

It can be advantageous, particularly in the case of a
transmission oil cooler. if the coolant circulating, through the Io
cooling system can be used to provide heat to the auxihary
heat exchanger. In the case of the tmnsmission oil cooler,
this wiinns thc Iransnusslon dnccllv iiftil cngulc stiill Up so
ds lo elrdble the transmission to reach ils maxinnun operat-
ing cfficiency as soon as possible. When the transmission
has ivamled up the coolant can then be used to prevent
overheating of the transnlission oil, particularly when the
transmission is under heavy load. However upon smrt up
front cold, it is also desirable to ensure that any passenger
comparlmenl heater which uses thc engulc coolant as a lo
soiircc of ht:dl ls hi ati:il Bs soon ils pilssiblis Il ls lhcrcforc
desirable lo provide some mcims of ensunng prompt pas-
senger compartment warm up w:bile utilizing any spare heat
fmm the engine for an auxiliary heat exchanger

Il is ml oblimt of tlus invention lo provide an engine ls
coolulg system that is able to maximize its hcatulg pcrfor-
mancc ul llu: pcnod after start up frum mnbicnl wlulc also
using excess heat to tvann a secondary coolant thlv ing to an
auxiliary heat exchanger

SUMMAI(Y Oli '11111 INYJ'.N'I'ION

Accorilulg to II Erst aspect of lhc hivcnfion lhclc Is
provided an engine cooluig system havulg a primary cooling
circuit having a mldiator and a pump used to circulate coolant
through the engine to the radiator and back to the engine, the
radiator being connected to an en ine return line connecting
the radiator to the engine and to the pump tlnough a primary
flow control valve and a pump rclum lute, thc pnmary tlow
control tahe being also connectod lo lhc engmc rclurn luis o

upstream from thc radiator and being operable to allow ihnd
to floiv fmm the radiator only when the sensed temperature
of the coolant is alxlve a normal ninning temperature nf the
engine. The cooling system also has a secondary cooling
circuit compnsln a heat exchan er connected to the pulnp s.
It:IUIB lhic anil 10 d tcnlpi:IBIUli Icsponsivi: conllol vBlvc, thc
lempcralurc responsive conlrol valve havulg a Iirsl inlet
coluuxled lo Ihc miguic return hne upslremn Ibom thc
radiator. a second inlet connected to the outlet side of the
radiator and an outlet which is connected to the heat io
exchanger. and a heater circuit. The heater circuit includes a
passenger compartment heater connected to receive coolant
healed by Ihc miguie and return it to lhc pump rctum lute.
Thc tcmperdturc rcsponsivc control valve Is Operable,
depending upon llm sensed temperature ol Ihe coolant, lo ss
shut otf flow thmugh both of the inlets siimiltaneously. to
shut ofl flow through the first inlet while permitting tlow

throilgh Ihc second ullct dni! Io shut ofl flow tluough Ihc
second inlet while permitting floiv through the first inlet In
one embodiment, the heat exchanger of the secondary circuit
is a transnlission oil cooler

Preferably. control of the flow of coolant tluough the first
and second inlets of the temperature responsive flow control
valve Is bitscxI on a sensed 1mnperaturc wluch is combination
Of lhc Imnpcralures of lhe coolant In thc Iirst and almond
inlets, in which case it is preferable tllat the temperature of
the coolant in the first inlet is dominant in the control of
coolant through the first and second inlets at all times
Preferably, the sensed temperature is equal to XSTI+Y"Ts
where X is between 0.75 and 0.95. Y is between 0.25 and
0.0S. T, Is Ihc tempcralurc 01'thc coolmit in thc lirst inlci and
T w lhc tcnlpiratilrc 01 thc coolant ui lhi: si:conti ulli'I.

Preferably, tvhen the sensed temperature is below a first
predetermined temperature, the temperature responsive con-
trol valve is operable to shut ofl'low from the first and
second inlets to the outlet, in lvhich case„when the sensed
temperature is above the first predetermined temperature but
bclovv a second higher prc-dctcnnincd tempcraturc. Ihe
tcmpcrature rcsponsivc conuol valve may bc operable lo
pernnt coolant to flotv from the first Inlet to the outlet while
preventing mly significant flov from the second Inlet to the
outlet. Furthermore, when the sensed tenlpemsture is above
the second pre-detemlincd tempemsture but below a third
higher predetermined tenlperature, the tempemture respon-
sive control valve may bc opcrablc to allow coolmll to flow
from the Iirsl inlet and the second inlet to the outlet. Indeed.
v hen the sensed tenlpemture is above the third predeter-
nuned temperature, the temperature responsive ciontrol valve
may be operable to prevent any sigiuficant flow fmm the first
inlet to the outlet while allowing coolant to flow from the
second inlet to the outlet. Preferably. the first pre-determined
tcnlpcliifilli. Is lower lhdn lht: niulndl running Icnlpcrdluli: oi
the cnginc. Also, lhe tlurd prnlctcnntncd tcmpcralure is
prcfi:rably below or equal to the normal numuig lcmpcralure
of the engine

('Onveniently. the temperature responsive control valve is
operable to allolv coolant to flow fmm the first inlet to the
outlet irrespective of the sensed tempemture if the pressure
diifi:rance between the Iirsl inlet and thc outlet exceeds a
prc-dctcmuncd magmludc.

In B pliqbired Blriulgt:nicnl, lhc tcnlpcriitUri: rcsponslvc
control valve comprises a housing defining the first Inlet, the
second mlet, the outlet. a valve chamber, a tempemsture
responsive member in the valve chamber, a first valve
member for controllin the flolv of coolant through the first
inlet and a second vdlt c member for controlhng thc flow of
coolant tluough Ihc second inlet, in which case thc Iirsl valve
member may be axially moveable bctw cen tw 0 luni la so that
at Or near one limit of axial movement it is openable to
prevent coolant flow front the tirst inlet to the outlet, at or
near the other limit of axial movement it is npemble to
prevent coolant flow from the first inlet to the outlet but for
thc malority oi'hc axial movemmll between lhcsc lunits 11

is arranged lo permit coolant lo flow from the Iirsl ullct to Ihc
outlet. Thc Iirst valtc mmnber may bc biased towards thc
second mlet

('onveniently, the first valve member Is a tubular member
having a bore defining a coolant flov passa e for coolant
from the first inlet. The temperature responsive member may
have a valve body havulg lhe second valve member, d

pusluod actuated by a temperature responsive means in Ihe
valve body against dn abuunenl in thc second ullet, biasulg
means being provided to bias the second valve member
towards the second inlet 'I'he valve body may be located in
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the bore of thc iirst valve mcmbcr so as to ensure 01st thc
temperature responsive member is primarily controfled by
thc lmnperalurc of thc coolant ul thc tirsl uilet.

A retainer member may be secured in the housing adja-
cent lhc second ullet to retain lhe lira l valve member and the
tempemture responsive member within the valve chamber
dnd ln such an arrmigmncnt thc retainer member may dciinc

cyluldncal bore In which thc sixund valve member is a
sliding iit. the arrangement being such that when the second

111

valve member is fully engaged with the cylindrical bore no
significant coolant flov can pass by the second valve rnem-
ber from the second inlet to the outlet. The retainer member
may include a support member whwh lorms the abutmcnt
for ihe pusluod ol'he tmnpcralure responsive member.

I
'lhe retainer member nlay have an annular end face facing

into the valve chamber for cooperation with a complenlen-
tary annuLSr end face on the first valve member. the armnge-
ment being such that when the annular end face of the tirst
1 alvc member Is ln abutmcnt with thc mulular cnd Ibcc of thc
retauler member no coolant ctm flow from the bore of the
firs valve menlber to the outlet Preferably, spacers are
interposed between the annular end face of the first valve
nlember and the second valve member so as to detine radial
flow passages, the armngement beillg such that when the,,
annular end face of the tirst valve member is moved away
from thc Inulular cnd face of thc retainer member coolant can
flow from lhc bore ol'hc first vdlvo nn:nlbcl flnoUgh thc
radial passages to the outlet. 'I'he spacers may be in the fornl
of projections formed around the inner perimeter of the lc
annular end face of the hrst valve melnber

lllc fast allcl UIBv have d plUg Iol cngagcnlcnt with thc
bore of the lirst valve mcmbcr, the arrmlgemmlt being such
that whml tin: plug w cngagcd with the bore in the first valve
member no coolant can tlow fmm the first inlet into the bore 31

of the first valve member Where biasing lneans are provided
to bias the second valve member towards the second inlet,
such biasing means may be a spring wl»ch is located at one
cnd by the plug.

In a preferred arrangenlent of the cooling systenl, the dO

radiator has a main cooler and a sub-cooler both connected
on an inlet side to the engine return line, the main cooler
having an outlet side connected through a radiator return line
to the primary flow control valve and the sub-cooler having
an outlet side cotuicclcd to the second inlet of Ihe lempera-
turc rcspoitsive control valve. Under full flow condluons, the
pressure drop across the sub-cooler may be considerable less
than the pressure drop across the nmin cooler

The invention also provides, according to a second aspect
thereof. B n:nlpcrdnlrc responsive control vBIVC lol Usc ul II

motor vcluclc coohng system accordm lo smd lirsl aspect,
thc iempcrature rcsponsivc control valve havulg a lirst inlet
which hl usc's conacctccl to thc cngulc I'clUI'n lhlc npstl'cant
fmm the radiator, a second inlet which in use is coiulected
to the outlet side of the radiator and an outlet wlfich in use "
is connected to the heat exchan er.

BRIEF DESCRIPTION OF THE FICTURES

sc
lllc ulvention wdl now be dcscnbixl by way of exlnnplc

with reference to the accompanying drawings, of wlflch

FIG, I is a diayammatic representation of an engine
cooling system according to the invention;

FIG. 2 is a cross-section fluough a temperature responsive si
control valve used in the cooling system slxlv n in I Ki I,
the valve bein shown in a closed state;

FICi 3 is cross-sccuon similar to that of FIG. 2 but
showing the valve in a hot flolv open and cold flow: cklsed
state;

lll(i 4 is cmss-section similar to that of I'l(i 2 but
showing the valve in a hot flow closed and cold flow open
state:

FICi 5 Is cmss-sccaton similar to that of FIG. 2 bul
shovving the valve ul a prcssure bypass stale,

lli(i 6 is an end vielv of a hot flow inlet of the valve
shown in ill(i 2;

lli(i 7 is an end view of a valve menlber fomling part of
the valve shown in FIG, 2 as viewed from a cold flinv inlet;
anil

FICi 8 Is a cutaway perspixtivc vmw ol' tcmperaturc
rcsponsivc control vdh c similar to that shown ul FIGS. 2 to
7 but including a modification.

DETAILED DESCRIPTION

With particular rcfi:rance to FIG. 1, an miguie coolulg
system 5 tilr a motor vehicle comprises a primary cooling,
cncurt hBvhlg a mdlator 11 lvhich hlclUclcs,'I OIBUI portion
11A for coolin the cooLant for an engine 10. A pump 13
circulates the coolant tluoupvt an en ine supply line ESL to
the migulc 10 mid lluough an cnginc rctum lute ERL to lhe
radiator main pornon 11A dnd buck to flm pump 13. A
sccondlluy cooing circuit hlchnlcs Ilt h ast onc dUxlharv ical
exchanger 16. which in this case is a transmission oil cooler
but could be for a different purpose, e g an engine oil cooler
or a combination of heat excltangers. A heater circuit sup-
phes coolant to a cabin heater 17 and an exhaust gas
recirculation heal exchanger 19 fluough an auxiliaries cooler
supply hnc ACS and an auxilianes cooler rclum lute ACR.
Thc secondary cooling circuit is arranged to extract coolanl
fl'onl fllc pitnlBry coolhlg cil'curt Bt B position pl'xu'o catty
to the radiator main ponion IIA and pass the extracted
coolant tlu ough a temperature responsive control valve 20 to
the oil cooier 16 and retunt coolant to the primary circuit
upstream of the pump 13.

'I'he temperature responsive control valve 21) is more
conveniently referred to as the oil cooler mixer valve and is
described in more detail with reference to FICiS. 2 to 7. It
includes a hrst or hot inlet 21 fFICi. 23 for the coolant
cxtmctcd Irom the prlnniry cooling circuit poor to entry to
the radiator main pot(Ion 11A and a second or cold ullcl 22
connixtcd lo a sub-cooler 12 forming part of thc rdihator 11

to selectively supply cooled coolant to an outlet 23 con-
nected to the tntnsmission oil cooler 16 lllow from the
transmission oil cooler 16 is returned to the pump 13 through
a transmission oil cooler return line TOCRL and a pump
return line RL. The sub-cooler 12 ls connectix! to thc same
inlet as the maul portion 11A of thc rdihator 11 but, bccausc
of ils construcnon dnd lhc lower flow rate through thc
secondary circuit, the pressure drop across the sub-cooler 12
is approximately signiticantly less than across the radiator
main portion IIA.

Coolant for the hca ter circuit ls cxtrdc lcd from Ihc cngulc
10 directly as shown. How cl cr. coolmit may eltemauvcly bc
extracted from the primary cooling circuit at any position
prior to the position where a bypass line 'l3I I is connected
to a primary flow control valve 18 so that the heater circuit
is continuously connected to a source of waml coolant from
the migulc 10. Thc pnmary flow control valve 18 is usually
sunply rcfbrrcd to as thc thcmlostat but herc will bc refi:rred
to as flm main lhcnuostal 18 to avoid confusion with Ihe oil
cooler mixer valve 20. Primarily. the main thermostat 18
cmltrols the flov, to the radiator main pornon I IA, prevent-
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ing flow until thc cnguie 10 has rcachixI an appropriate
running temperature I iowever, as with inost valves of tlus
type. the main thermostat 18 also controls the thiw in the
bypass line Bl, An appmpriate main thermostat Lg is
described in EP-A-0794327.

The bypass flow line BL is arranged in pamllel to the
radiator 11 between the cnguie rerum linc ERL mid flie main
thcnnostat 18. Coolant that has bccn cuolcti by thc main
cooler 11A of the radiator ll exits from the cold end of the
radiator 11 and passes along a mdiator return line RR[, to the to
niain thermostat 18 and then back to the pump 13 through
the pump return line RL. The expansion tank 14 is connected
to the en ine 10 by an engine degas line EDL and is also
coiuux ted to thc pump return lute RL by a return degas linc
RDL. 1

'lite secondary cooling circuit includes the transntission
oil cooler 16 and the oil cooler mixer valve 2tl 'I he hot inlet
21 of the oil cooler niixer valve 2tl is connected by nieans
of a radiator bypass line RBL to the engine return line ERL
at a position on the inlet side of the radiator 11 so that the m
oil cooler nuxcr valve 20 can rcceivc hot coolant Ibom the
cnginc 10. The cold inlet 22 ol'hc oil cooler mixer valve 20
is connected to an outlet fnim the sub-cooler 12 so that the
oil cooler mixer valve 20 can receive a flow of cooled
coolmit lhuing fiill flow conditions the temperature of the
coolant leavin the sub-cooler 12 is not as low as that
leaving the main portion of the mdiator. However. it is much
lower tlmn the temperanirc ol thc coolant mitering thc
radiator 11 and is at a greater pressure than thc coolmit
leaving the mam portion of the radiator 11. 'I his is because io
of the lower pressure drop across the sub-cooler 12 when
compared to the niain cooler In a typical example, the
pressure diiference between the outlet from the main cooler
and the return line RL to the pump is approximately 20 to 30
KPa whcrcas thc prcssure diflbrence between the outlc! from is
thc sub-cooler 12 and thc return line RL is approxmiately 40
to 45 KPa. Tlus is signilicant bccausc, with a typical
example of the oil cooler 16, a pressure diiference of 20—30
Kpa is only just sutficient to pnivide flow thmugh the oil
cooler 16 and results in poor oil cooler performance whereas so
a pressure difference of 40 45 KPa provides good flow
tluough flic oil cooler and maxunizcs its cflicmncy.

llic outlet 23 Iyom thc oil cooler mixer valve 20 is
coiuux ted to au inlet to the tmnsnusston oil cooler 16 and an
outlet fmm the transniission oil cooler 16 is connected
through a transmission oil cooler return line 'Iifl(:Rl, to the
retuni line to the pump 13.

With particular reference to FIGS. 2 to 7 the oil cooler
nnxcr valve 20 uicludcs a onc-puoi: T-shapixI plastms hous-
ing 25 dclinuig thc hot inlet 21. thc cold inlet 22, flie outlet o

23 outlet mid a valve chamber 24. A Iirst valve member 40
is pmvided tor controlling the floiv ot coolant through the
hot inlet 21 and a second valve member 50 is providcI for
controlling the flow of coolant through the cold inlet 22. A
temperature responsive actuator 30 is located witl»n the s.
salve cluunbcr 24 and has an actuator body 31, a tcmpcra-
turc responsive means such as wax houscti witlun thc body
31 and a pusluod 32 extmiduig from one end ol'hc body 31.
)uch temperature responsive actuators are comnion in
engine cooling systems Normally they are simply known as to
themtostat capsules and this term wifl be used for conve-
nience. The pusluod 32 coopemtes with an abutment located
in thc cold inlet 22 to urge thc capsule body 31 iway from
thc cold inlet 22 when the soused tcmpcraturc increases and
biasing means in thc form of a helical spring 33 acts to buis ss
the valve body 31 in the opposite direction. In this particular
example, the second valve member 3tl is an annular washer

of brass soldcrcxI to thc capsule body 31 near to thc cnd of
the capsule body 31 from which extends the pushrod 32 'I he
spring 33 provides a force of approxiniately 25N to the
capsule body 31 vvhen the second valve member 50 is in a
fully closed position.

The first valve member 40 is axially moveable betvveen
two limits to control thc flow of coolant from the hot uilct
21 to thc outlet 23 and the second valve member 50 conuuls
the flow of coolant from the cold inlet 22 to the outlet 23
One limit of axial niovement of the hrst valve meniber 40 is
the position at which it is nearest to the cold inlet 22 where
it is can prevent coolant flow from the hot inlet 21 to the
outlet 23. The other limit ofaxial movement of the first valve
member 40 is thc position at which it is nearest to thc hot
inlet 21 and at or noir tins position it prcvmits coolant flow
from the hot inlet 21 to the outlet 23 Ilowever. tiir the
majority of the axial movement in benveen these limits of
axial movement the firs valve member 4U is arranged to
permit cooiant to flow from the hot inlet 21 to the outlet 23.

The first valve member 40 is m the form of a tubular valve
spool 41, having a bore 42 iiclimng a coolant flow passage,
and is biased towards the cold inlet 22 by a helical spnng 43.
1'he body 31 of the thermostat capsule 30 is positioned
within the bore 42 of the valve spool 41, thereby helping, to
ensure that the therniostat capsule 30 is primarily controlled
by the temperature of the coolant in the hot inlet 21. The
valve spool 41 has a stepped outer cylindrical surface
forming Iirst and second cylindrical portions 44 and 45 and
an annular flange 46 at an cnd of the second cyluiducal
portion 45 to abut the helical spring 43 1'he opposite end of
the helical spring 43 reacts against an annular surface of the
housin 25 in the valve chamber 24 'I'he annular flange 46
forms part of an annuLar end face 47 v hich can abut an
annular end face 61 of a retainer member 60 so that when the
two annular surfaces are in contact substantially no coolant
cilll flow Irolli tile bore 42 of tile valvi: spool 41 to tlic oiiilct
23.

I'he helical spring 43 has a spring mate and pre-load
cltosen to allow the valve spool 41 to be nioved towards the
hot uilet 21 v:hen the pressure in the hot inlet 21 exceeds a
pre-deteunined magnitude irrespective of the temperature of
thc coolant in thc hot miii cold uilcts 21 and 22. In thc
present cxamplc, thc helical spring 43 provides a force of
approximately 20N to thc valve spool 41 when thc valve
spool 41 is closest to the cold inlet 22

'I'he first cylindrical portion 44 of the valve spool 41 can
slide in a cylindrical bore 26 formed in the housing 25
between the valve chamber 24 and the hot inlet 21. The
housuig 25 has a plug 27 adlacmit the hot inlet 21 for
cngagcmcnt with thc bore 42 of thc valve spool 41, thc
arraugemcnt being such that, when thc plug 27 w cngagcxi
with the bore 42 in the valve spool 41 to a significant extent,
no coolant can flow from the hot inlet 21 mto the bore 42 of
the valve spool 41. The plug 27 has a tubular end portion 28
for engagement with the bore 42 of the valve spool 41 and
a cylindrical ri cess 29 to a ceo nuuo date one end of thc spung
33 used to bias the capsule body 31 towards the cold inlet 22.
As best sicn ssiflt reference to FIG. 6. the plug 27 is
connected in the main body of the housing 25 by fiiur spokes
36 which define four inlet ports 37 connecting the hot inlet
21 to the vaive chamber 24.

Spacers 48 positioned betvveen the annuLar end face 47 of
the Iirst valve member 21 and the second valve member
dclinc radial passages 49 which aflow s flow from thc bore 42
of the valve spool 41 to thc outlet 23 when thc anmilar end
face 47 of the first valve member 21 is nioved away from the
annular end face 61 of the retainer member 6U I'he spacers
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48. as seen better in FIG. 7, arc in the foml ol projections 48
filrmed amund the inner perimeter of the annular end face 47
as ml inte ral part of the valve spool 41 llowever. the
spacers could be formed as part of the second valve nlenlber
50 or could be formed as a separate component which is
attached to either of the first and second valve members 40
and 50. Prcfi:rably, thc protections 48 tit wltlun a bore 62 ln
thc rctsuler nu:mbcr 60 when lhe valve spool 41 ls ln
abmment lvith the annular end face 61 of the retainer
nlember 60 to help locate the valve spool 41. 1 I l

1'he retainer member 60 has two axially extending auns
63 each having a radially extending peg (not shown) wluch
engages a respective 1-shaped slot 25a in the housing 25
surrounding the cold inlet 22 to form a bayonet colulection
lo scoure thc rctalncr mcmbcr 60 wttlun a bore of thc
housing 25 which fornls the cold inlet 22 1'he outer cylin-
drical surface of the housing 25 sumluoding the cold inlet 22
normally provides a connection tilr a hose connecting it to
the sub-cooler 12 and the slots 25a are nomlally covered by
this lmse in a leak proof manner. The retainer member 60 sc
also mcludes a support member 64 forming an abunncnt for
thc pusllrod 32 ot'hc thermostat capsule 30. 11lc support
nlember 64 includes a central platfilrm connected to the bore
62 of the retainer member 60 by filur radial spoke~, which
dehne tilur inlet ports connecting the cold inlet 22 to the
valve chamber 24

The second valve member 50 is a slidin. fit in the Ixlre 62
such tluil when the sioond valve member 50 ls enga cxt

wilhm thc bore 62 virtually no coolanl cml pass Irom thc
cold inlet 22 to the outlet 23 'I'here is no need for elasto- sc
meric seals between the second valve member and the bore
and no need to produce an accurately forined bore for the
cold inlet 22 so that this bore can remain in an "as molded**

condition without a need for machining.
Operation of lhe prunary cooling circuit ls gmlerally ls

corn entlonal. When the cngulc 10 is started Irom cold it ls
desirable lo incrcasc its tcmpcrature as quickly as possible lo
reduce emissions and also to increase fuel economy 1here-
fore, during initial nulning of the engine, the main thermo-
stat 18 is arranged to prevent coolant flow tllrough the so
radiator 11 while allow ing flow through the bypass line BL.
Since no coolant tlow s tluough thc radiator 11, there ls very
htlle cooling cflect upon lhc coolanl snd lt will rapidly
increase ln temperature from ambient. Once the cn ine 10
has been operated filr a sufficient period filr it to have
reached normal operating temperature, the main thermostat
18 starts to close off the bypass line BL and allows coolant
to begin flowing through the main portion of the radiator 11.

Operation of lhc secondary coolulg circuit is gmlerally
depcndcnt on tlm operation of thc oil cooler nuxcr valve 20 o

winch w ill be descnbcd ln morc detail later. How cvcr, it will
be appreciated that hot inlet 21 of the oil cooler mixer valve
20 can receive hot coolant from the engine 10 from the
engine retunl line ERL and the cold inlet 22 can receive a
flow of cooled cooLmt fmm the sub-cooler 12. During full ss
flow conditions lhc tcmpcraturc of lhe coolant lcavul thc
sub-cooler 12 is not as low as that leavm lhc mrna portion
IIA of thc radiator 11 through the radiator return line RRL.
Ilolvever, lt is nluch lower than the temperature of the
coolant entering the radiator ll and is at a greater pressure ic
than the coolant leaving the main portion of the radiator 11.
This is because of the lower pressure drop across the
sub-cooler 12 when compared to thc mam cooler. In a

typical cxtunple, lhc prcssure ddlcrcnce bclw cml lhc oullel
from the main cooler and thc return line RL lo thc pump ls ss
approxinmtely 20 to 30 Kpa whereas the pressure ditference
betlveen the outlet front the sub-cooler 12 and the return line

RL ls approximately 40 to 4S KPC. This m slgndicant
becmlse, v;ith a typical exanlple of the oil cooler 16, a
pressure difl'erence of 20—30 KPa is only lust suflicient to
pmvide flow through the oil cooler 16 and results ln poor oil
cooler performance whereas a pressure difl'erence of 40 45
KPa provides good flow tluough the oil cooler and maxi-
nuzcs ils cfficiency.

Operation ot'he oil cooler nnxcr valve 20 will now be
described ivith particular reference to liffi) 2 to 5. I'Ki 2

shows the position of the first and second valve members 40
and 5U when the combined temperature of the coolant in the
hot and cold inlets is below a first predetermined tempera-
ture. in this case 80'. In this state the oil cooler mixer
valve 20 is operable to slua ofl'low from the hol tmd cold
inlets 21 and 22 to lhe oultcl 23, the tulnular end face 47 of
the valve spool 41 being held against the annular face 61 of
the retainer inember 60 by the helical spring 43 while the
second valve member 5U is fully engaged with the bore 62
in the retainer member 60. Because the pressure on both
sides of the second valve menlber 50 is equaL there is no
ical agc from the cold inlet 22 lo thc ouflct 23 However,
there ls a very small leakage from thc hot inlet 21 tluough
the valve spool 41 and past the interface benveen the
abutting end faces 47 and 61 of the valve spool 41 aod the
retainer member 60 'I'his is in the order of 200 cc per minute
and is )ust suflicient to provide a hot flov from the en ine
return hne ERL tllrough the radiator bypass line RBL and the
hol inlet 21 and cnsurc lluil lhc thermostat capsule 30 ls able
to accurately sense thc coolmll tcmpcralure. Indccd. ll'here
v as no flovl the temperature of the coolant in the hot inlet
21 would be inuch lower than the temperature of the coolant
leavmg the engine 10 becmise the coolant would be stagimnt
and lose heat to its surroundings.

As the engine 10 wamls up the tempemsture in the hot inlet
21 uses accordingly mid cnuscs tlu: tlmmlostat capsule 30 lo
begin to react morc strongly agalmt the combined force
apphcd by lhc two springs 33, 43. Thc thcnnostat capsule 30
has areas exposed to both the coolant front the hot inlet 21

and to the coolant from the cold inlet 22 so that the capsule
30 is sensitive to a conlbination of both these temperatures.
This c m be regarded as a combined tempemsture and. for the
sake ofconscali ncc. ss ill usl1ally'c rcfclrcxl lo as lhc scnsix!
tcmperaturc st hen discussing the opcrauon of lhc lhcmloslal
capsule 30. Wqtcn thc sensed tcmperaturc rcachcs thc tirsl
predetermined tempemture the force supplied by the ther-
mostat capsule 3U is sufficient to overcome the nvo springs
33. 43 and the annular end face 47 of the first valve member
be ins to move away from the annular face 61 of the retainer
member 60. This allows coolmlt from thc hol inlet 21 lo
begin to flow through thc bure 42, through the radmlly
extending passages 49 into the valve chamber 24 and oul
throngh the outlet 23.

As the cooLsnt temperature continues to rise, the thermo-
stat capsule 30 continues to move towards the hot inlet
against the springs 33. 43. At a second pre-determined
sensed tcmpcraturc, ul flus case 8S'., the valve spool 41
is fully open and thc second valve mcmbcr 50 has rcacltcxt
thc cnd of the bore 62 in the retainer member 60. Tlus is thc
position shown in liICi. 3 In this position coolant can flow
freely thmugh the hot inlet 21 but the flow of coolant
through the coid inlet is still restricted because of the
en agement of the second valve member 50 with the bore
62.

A further small rise ul lhe sensed tempcralurc causes lhe
second valve mcmbcr 50 to begin to disengage with thc bore
62 so that leakage of cold coolant from the cold inlet 22 past
the second valve member 50 begins 'I'he flow area is equal
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Io Ihe circumfi:rcncc ol'he second valve member 50 mul-
tiplied by the distance of the second valve member 50 front
the end of the bore 62 which gives a very gentle transition
fmm a closed condition to an open condition and helps to
prevent thermal shock in the sub cooler 12 nnd lhe lmns-
mission oil cooler 16. Thus with the combined temperature
ol'thc coolant ui the hot aud cold inlets 21 imd 22 is above
thc second iughcr prc-dctermuicd temperature. but below a
third higher pre-deterniined coolant tempemsture which in
this case is 90'', the oil cooler mixer valve 20 is operable la
to alloiv coolant to tlow from the hot inlet 21 and the cold
inlet 22 to the outlet 23. The second valve member 50 is no
longer engaged with the bore 62 of the retainer member 60
dnd thc 3 alvc spool 41 is nol ui contact with the munilar lhcc
61 of thc retainer mcmbcr 60. 1

When ihe sensed temperature reaches a third pre-deter-
mined temperature, in this case 90" ('., the oil cooler nnxer
valve 20 is operable to prevent any significant flow from the
hot inlet 21 to the outlet 23 while allowing cooLrmt to flov
freely front the cold inlet 22 to the outlet 23. This is the zo

position shown ui Flfi. 4. Thc plug 27 is lust beginnuig to
cngagc with the bore 42 of thc Iirst valve member and Ihus
acts as a hoi flow valve to prevent coolant entering the bore
42 from the hot inlet 21 I&or sensed tempemstures above the
third pre-determined ten&perature the plug 27 &vill become
further engaged with the bore 42 until the themiostal capsule
30 runs out of movement.

Although thc thermostat capsule 30 senses not only thc
Iempcralurc of thc coohmt in thc hot uiicl 21 but also thc
tenipemture of the coolant in the cold inlet 22. the main part lo
ofcapsule body 31 which contains the wax is located ivithin
the bore 42 of the valve spool 41 so that the temperature of
the coolant in the hot inlet 21 is dominant in the control of
coolant through the hot and cold inlets 21 and 22 at all times.
This helps to prcvm&1 instabihty when thc cold mlct 22 &s

opens, i.e. Ihc inflow of cold coolanl docs nol immediately
Icxlucc (lie sciisixl lcmpci dtiirc so lliBI lite cokl iiilcl ls crit Ufl.

1'he positioning of the second valve member 50 on the
tl&eil&tost'lt Capsi&IC 30 dU&ltlg illarliifBC(tire iiiflileilCCB 1&ow

the tivo temperatures are combined to give the sensed do

temperature used to control the flow of coolant tluough the
hot and cold uilets 21 Bnd 22. The sensed temperature is
equal to X"T, +Y"T, where X is bctwccn 0.75 and 0.95, Y
is bctw con 0.25 and 0.05, T, is thc temperature of the coolm&1

in the hot inlet and 'I
3 is the temperature of the coolant in the

cold inlet In the enibodinient described. the positiomng of
the second valve 50 is such that the sensed temperanire is
equal to 0.9T,+O.ITS.

llius when Ihc cnginc 10 is started Irom cold Ihc cooimil
in Ihc prunary cooling ctrcuil is at imibient temperature O

w liicli. Lii iiiosl SLLUritioiis, iiicBiis Ilial llic Icilipci dliii c of lite
coolmit is between 0" ('nd 25" (1 Under these circuni-
stances there is a likehhood that the passenger compartnient
heater 16 may be required for use and so the main thermostat
18 is operable to prevent the flow of coolant through the &s

main cooler of the radiator 11 imd Ihe oil cooler mixer valve
20 is operable to prcvcnl Ihc flow of coolmil Iiuough Ihe hol
dnd cokl uilets 21, 22 Io the outlet 23 so that no coohmt tlow s
through ihe secondary circuit and in particular through the
sub-cooler 12 This gives a rapid ivarm up for the engine 10 io
to mininiize emissions and maximize hiel economy and
allows nu&st of the heat generated by the en ine to be used
by flie heaier 17.

In Lhe present cxamplc, thc flow through Ihe maui cooler
11A of thc radiator 11 is prevented by the pnmary tlow ss
control valve until the temperature of the coolant leaving the
engine is appmximately 95" ( 1'he flow of coolant through

tlic sccoiidBrv ciicilit is dlso picvciitcd Uiitil (lie lcilipcrdlilic
of the combined temperature of the coolant m the two inlets
21, 22 reaches the pre-determined temperatum, in this case
approxmiately 80" (1 As has been described. the tempera-
ture of the coolant in the lmt and cold inlets 21 and 22 is
combined in a 0.9 to 0.1 ratio and so with a 20" C. ambient
the Icmpcralurc of Ihc coolant leaving thc engine will
approach 87'. bcforc thc Iirst prc-dctem»ncd Icmpcraturc
is reached in the oil cooler niixer valve 20

When this first pre-deterniined tempemsture is exceeded
but below the second higher pre-deternimed temperature, in
this case 85'., the oil cooler mixer valve 20 continues to
prevent coolant flosv tluuugh the sub-cooler 12 by prevent-
ing any signilicanL flow ilnough Ilm cold uiicl 22 bul
gradually increases lhc amount of coolant allowed Io flow
dirough the radiator bypass line RBI. by gradually alloiving,
coolant to tioiv front the hot inlet 21 to the outlet 23 of the
oil cooler mixer valve 20 lhuing this peuod warined
coolant is passed through the tmsnsmission oil cooler 16 and
heats the oil flov, ing tlm&ugh the oil cooler This speeds up
the wamiing of Ihe transmission and rcduccs its drag. By Ihc
time Ilm combined coolant Icmpcrature has rcachcd 80'.,
sufficient heat v, ill have been provided to the cabin heater 17
and the coolant temperature is sufficient to maintain a
cmnforlable passenger compartment em ironment.

When the coolant temperature exceeds the second pre-
determined tempemsture but is less than the third pre-deter-
mined tempera lure, in Ibis case 90'., flow flnough thc cold
inlet 22 conuncnccs but flow tluuugh the hot inlet 21 is also
maintained. 11&e temperature of the coolant leaving the oil
cooler mixer valve 20 thmugh ihe outlet 23 is then a mixture
of the hot mid cold coolant tin&vs through the hot and cold
inlets 21 and Z2. As the temperature of the coolant continues
to increase during tlfls period, an increasing flov of coolant
is allowed tlnough the sub-cooler 12 to mix with thc wanncxI
coolant mitcnng Ihe oil cooler nuxcr valve 20 tluuugh Ihc
hot inlet 21. Finally. when thc coolant reaches thc third
pre-determined temperature. the tlow thmugh the hot inlet
21 is cut oif so that only cooled coolant that has passed
throu h the sub-cooler 12 is tmsnsferred to the oil cooler 16
from the outiet Z3. This provides maximum coolin for the
oil cooler 16 as coolant ol'he lowest possible tcmperaturc
is supplied. In lacL, a very small flow of hol coohmt is
pcrnutlcd to flow so as to maintain control ol'hc oil cooler
nuxer valve ZO based primarily upon the temperature in the
hot inlet 21. 'I'his flow is so small that it has negliffible effect
on the perfomiance of the oil cooler 16.

When the coolant exceeds the third pre-determined tem-
pcraturc, maximum cooling is required for the cnguie 10 and
the oil cooler 16 is then ui newd of cooled coolant to ma uita in
lite tidiisiiiissii&ii cool I'iiliicr Lliriii licdt lm Iii fact, bccdUsc ol
the very L&rge thermal inertia of the transn&ission, the effect
of the oil cooler 16 is io extract a considerable amount of
heat from the coolant and so deLay both the opening of the
main thermostat 18 and the closing of the hot inlet 21 for a
considcrablc pcnod of umc after miguic start up. II will bc
apprcciatcd that any ical dissipated Ibom the radmtor 11 is
a waste ol'icrgy and so delaying thc opm»ng of the main
thermostat 18 increases ihe overall energy efficiency of the
vehicle by using the heat rejected by the engine 10 in a
usehil manner to heat the transmission and thereby reduce
its drag.

In order to provide d failsafe mecharusm shmild Ihc
themiostat capsule 30 Ihil or if cxccssivc prcssure is gener-
ated in thc hot inlet 21. thc valve spool 41 is arrmiged Io
open when the pressure in the hot inlet 21 exceeds a
pre-determined magnitude Since the inner diameter of the
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mxi face 61 of thc retainer member 60 is larger thmi thc bore
26 where the valve spool 41 slides. there is a difference in
cffi:can c areas open to thc prcssure diffcrcnce between the
hot inlet 21 and the outlet 23 w:hich is reacted by the preload
of spnng 43. When thc lbrce gmicraled cxccxds thc prcluad,
the valve spool 41 can niove against the spring 43 and allow
coolant to flow between the annular end faces 47 and 61 and
escape through the outlet 23 This is the situation shown in
Fl(L 5. Thus the use of tv o springs 33, 43 in parallel is

I I )

advantageous in that Ihc spring 43 usix! (o acl against Ihe
valve spool 41 can be optimized to perfomi its pressure
Ii:1ICvlllg fuiiClloll aiid tllC other spi)11 Call IluiLC iip tllC

ditference in force required to act against the thernx&stat
capsule 30.

Although the tempemture in the cold inlet 22 has only a

small effect. it is important in determinii&g the operational
positioning of the tirst and second valve members 40 and 50
and enables the oil cooler mixer valve 20 to take into

Io
account variations in the ambient temperature ivhich will be
relevant lo when thc oil cooler mixer valve 20 Is required to
allow flow in tluough thc hol uilcl 21. For cxmnplc. if thc
ambient tempcraturc Fund hence Ihe starting lcmpcralurc of
the coolant in thc radiator) is 20'., then the sensed
lempcralurc with a coolant tcmpcrature of 90'. would bc
83" ('hereas, if the anibient temperature is — 10" (:., then
the sensed temperature with the same engine coolant tens-

perature ivould be 80" (: In the one case hot coolant is able
to tloiv in through the hot inlet 21 and in the other case it is

not.

In nu&st respects the modified oil cooler mixer valve 20
shown in Flfi. 8 is identical to that previously described. as

&s
is IN function, und Ihcse conunon aspcxls will nol bc
dcscubml again in dctml. As before, thc oil cooler mixer
& alve 20 compnscs a housing 125 ui which is housed a valve
spool 41 haling u bore 42 and a second valve member 50
fastened to a thermostat capsule 30. There is, as bcforc, a

firrt or hot inlet 121 and a second or cold inlet 122 which are
both cotlnected to a coiiinion outlet 123

The primary difl'erence bet&veen this control valve and
that previously described is that the diameter of the hot inlet
121 is much smullcr than that of lhe previously descnbcd
valve, typically 18 nuu rather than 30 mm in the example
described previously An annular abutment member or
washer 10( is used to react the load of the spring 43 used to

c
bias Ihc valve spool 41 ate(cad of reacluig flus directly
agamst lhc outer wull of thc hmisuig. In FI(L 8. the spring
between the tempemture responsive member and the hous-
ing has been omitted for elm ity 'I'he spring 43 ti&r the valve
spool 41 is interposixl bc(ween thc anmilar abuuncnt mem-
ber 101 and a stot& in thc body forming thc valve spool 41.
Four spokes or webs 136 are moulded as part of the lmusing
125 to support a plug in the form of a disc 127 used to
sclccu& cly seal ofl'hc bore 42 of the lira( valve mmnber as
pre& tously descnbed. The spnng lor Ihe lhcmioslal capsule so

30 is interposed between the thermostat capsule 30 and the
plus 127 As before. the valve 2(1 is operable to shut otT both
hol and cold flows, shut o(T cold but allow hot flow, allow
mixed flow and shul ofl'hol and allow cold flow depending
upon the sensed tempemsture of the coolant. An additiorml
advantage of this modified example is that the annular

abunncnt member 101 can act as a sixondary over-pressure
valve if the pressure in the hot inlet 121 exceeds a pre-
determined magnitude.

In a further modification the capsule body 31 is used to
firm thc second valve mmnber and thc mmular brass nng 50
is omincd.

The invention claimed is:
I An engine coolin system comprising:
al prlillary ci)ollllg clrcillt llalvillg:
a pump fi&r pumpuig liquid coolunt to an engine.
an miguic re( um lute for coolant returned from lhc cnginc,
a radiator having a inlet side and an outlet side;
a bypass; and
a primary flow control valve and a pump return line. the

primary flov, control valve and the bypass being con-
nected in pamsllel with the radiator inlet side and the
bypass connected to the migine return linc, thc radiator
outlet saic and Ihc bypass connected to the prunary
flov control valve and the pnmary contn&l valve being,
operative to control tlow as between the radiator and
the bypass to allo&v fluid to flow fmm the radiator only
when the sensed temperature of the coolant is above a
normal nuuting tempemsnire of the engine;
a secondary cooling circuit having a heat exchanger

and a lcmpcralure rcsponsivc conlrol valve. Ihe heal
exchmiger beina connected to the punip return line
and to the temperature responsive control valve and
the temperature responsive control valve having a
first inlet connected to the engine return line
upstream from the radiator. a second inlet connected
to thc outlet side of the radiator and an outlet wluch
is connected lo thc heat exchanger, and

a heater circuit comprising a passenger compartment
heater connected to receive coolant heated by the
engine and return it to the pump return line;

the temperature responsive control valve being operable,
depending upon the sensed temperature of the coolant,
to sluit ofl'low tluough both of the inlets sunulis-
ncously, to shul off flow lluough the lira( inlet wlulc
permitting flow throu h the second inlet and to shut otT
tiow through the second inlet while permitting flos
through the first inlet

2 Thc cooling system ol'claim I &shcrctn control ol'Ihc
flow ol coolant through Ihc first and sixond uilets of Ihc
temperature responsive flow control valve is based on a
sensed teinperature which is combination of the tempem-
tures of the coolant in the first and second inlets

3 Tlm cooling system of clmm 2 whermn thc lcmpcralurc
of the coolant in thc lira( uilel is dominunt in thc control of
coolant through the first and second inlets at all times.

4 The cooling system of claim 2 wherein the sensed
temperature is equal to X*TI+YaTI where X is bet&veen
0.75 and 0.95, Y is bcxwecn 0.25 and 0.05, T, is Ihc
tcmpcralurc ol'he coolmii in Ihc lira( inlet and TI is Ihc
temperature of the coolant in the second inlet

5 The cooiing systent of cLaim I wherein, when the
smiscd tcmperaturc is below a lirst prcdctctmtncxt tempera-
ture, thc temperature rcsponsn c control valve is operable lo
shul off tlow Irom Ihc first and second inlets lo the oullel.

6 The cooiing systent of cLaim 5 wherein, when the
sensed temperature is above the tirst pre-determined tem-
pcraturc but below a second luglu:r prc-dclcrmincd tempera-
ture, thc temperature rcsponsn c control valve is operable lo
pcrnut coolant to tlow from the lirst uilcl to thc outlet w lulu
preventing miy significant flov from the second inlet to the
outlet.
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'7. The cooling sys(cm of claim 6 whcrcu&, when thc

sensed tempensture is above the second pre-deternuned
ten&pemture but below a third higher pre-determined tens-
perature, the tenlperature responsive control valve is oper-
able to allow coolant to flow from the first inlet and the
second inlet to the outlet.

8. The cool&ng system of claim 7 whercu&, when the
scnscd Imuperaturc &s above Ihe tlurd pre-dc(cmuncd tem-
perature, the temperature responsive control valve is oper-
able (o prevent any significant flow from the first inlet to the Io

outlet &vhile allow&ng coolant to flow from the second inlet
to the outlet.

9. The cooling system of claim 5 wherein the hrst
prc-dc(conn&cd tcnlpcratu&c &s lowe& than thc nomlal run-
nmg temperature of thc cngu&e. I

10. Ihe cooling system of claim 6 v;herein the third
pre-detern&med temperature &s below or equal to the norntal
running temperature of the engine

11. The cooling system of claim I &vherein the tempem-
ture responsive control valve ic operable to allow coolant to &c

flow from thc Iirst inlet Io Ihc outlc( &rrcspcmt&ve of the
scnscd Imnpcrature &f thc pressure d&flercnce bctwccn the
firs( inlet and the outlet exceeds a pre-determined magni-
tude

IZ. 'Ihe cooling system of claim I wherein the tmnpera-
n&re responsive control valve comprises a housing defining
the first inlet. the second Inlet. the outlet, a valve chamber,

tempera(urc rcspous&vc member u& Ihc valve clmmber, a
Iirs( vali c member for controllu&g thc flow of coolm&1

through the first inlet and a second valve member for &o

controlling (he flow of coolant through the second inlet.
13. 'I he cooling ay&ten& of claim (2 wherein the first valve

member is axially moveable between t&vo limits so that at or
near one limit of ax&al movement it is operable to prevent
coolanl flow Irom the Iirst inlet Io Ihe oullc(, a( or near the &i

o(hcr lun&1 of ax&al movcmcn( it &s operable Io proven(
coolan( flow from thc Iirs( inlet Io thc outlc1 but fhr the
n&ajority of the axial moven&ent benveen these limits it &s

arranged to permit coolant to tlov: from the first inlet to the
outlet. do

14. The cooling system of claim 13 wherein the first valve
member is b&ased towards thc second inlet.

15. Thc cooling system ol'clmm 12 whcrcu& the (irst valve
member &s a tubular mcmbcr havm d bore dciining a
coolant (low passage for coolant from the first inlet.

16. The cooling system of claim 12 wherein the tempera-
ture responsive member has a valve body having, the second
valve member. a pushrod actuated by a temperan&re respon-
sive means u& thc valve body and acting dgamst an abutment
in the second &nlcb b&as&ng mcm&s being prov&dcd Io bias the o

second vdhe mcmbcr towards Ihe sccoml u&let.

17. 1 he cooling systen& of claim 16 wherein the first valve
n&ember is a tubular n&ember having a bore detining a
coolant flow passage for coolant from the first inlet, the
valve body being located in the bore of the tubular member. &1

18. The coolu&g system of claim 12 whcrcu& a rc(au&er
member &s secured u& thc housu&g adjaccn1 Ihe second inlc(
Io re(du& Ihc Iirst valve member and thc Icmpcra(urc respon-
sive member within the valve chamber

19. 'I1&e coohng system of claim 18 wherein the retau&er io
member defines a cylindrical bore in &vhich the second valve
member is a sliding fit, the arrangement being such tlmt
when the second valve member &s fully engdgcxI w&1h the
cylmdrical bore no s&gruiicant coolan( flow can pass by the
second vdhe mcmbcr from Ihc second mle( Io Ihc ouIle(. si

Z(I. Ihe cooling system of claim 18 wherein the tmnpera-
ture responsive member has a valve body having the second

valve mcmbcr. a pusluud ac(usted by a temperature respon-
sive means in the valve body and actin against an abutment
iu Ihc second inlet, b&using mca&m bcu&g prov&ded to bms Ihe
second valve member to&vards (he second inlet, the retainer
member including a suppor( mmnbcr wh&ch fonna the abu(-
ment for the pushrod.

21. Thc cooling system ol'clmm 18 whcrc&n thc Iirst valve
men&ber is a tubular member having a bore defining a

coolant flow passage for coolant Ibom thc Iirs( inlet m&d Ihe
re(a&ncr mcmbcr hus dn aru&ular mul lace facing u&to Ihe
valve chamber for coopcrauon w&th a complcmcntary tuu&u-

lar end face on the tubular member. the arrangen&ent being
such that when the annular end face of the tubular member
is in abutment v,ith the annuLsr end face of the retainer
member no coolant can flo&v from the bore of the tubular
member to the ou(lc(.

22. The cooling system of cia&m 21 wherein spacers are
interposed bet&veen the anmdar end face of the tubular
member and the second valve member so as to define mdial
flov passe es, the arrangen&ent be&ng such that when the
annular end face of the tubular member is moved away from
thc mun&lar m&d Ihcc ol'Ihe rc(au&cr mcmbcr coolm&1 can flow
from Ihc bore of Ihc iubular member Iluough Ihc radial
passages to the outlet.

23. The cooling system of claun 22 wherein the spacers
are u& the form of projections formed around the inner
pcrune(cr ol'hc mu&ular m&d face of the tubular member.

24. 'I'he cooling systen& of claim 15 &vherem the first inlet
has a plug for engagement wi(h the bore of the tubular
member. the arrangement being such that. when the plug is
engaged with the bore of the tubuLar member, no coolant can
flov from the first inlet into the bore of the tubular member.

25. 'I'he cooling system of claim 24 wherein the tempem-
ture responsive member has a valve body having the second
valve member, a pushmd actuated by a temperature respon-
sive means in the valve body and actin against an abutment
in the second iniet, and a biasin spring provided to bias the
second valve mcmbcr towards thc second inlet, and located
a( ouc cnd by (hc plug.

26. I'he cooling system ofclaim I wherein the radiator has
a main cooler and a sub-cooler both connected on an inlet
side to the engine return line. the ma&n cooler bavin an
ouIlct s&dc cotu&cc(ed Iluough a radia(or rc(urn lu&c Io thc
pnmary flow conuol ialve and the sub-cooler Imvu&g an
ouIlct side connccu:d to Ihc second &nlc( ol Ihe Icmperaturc
responsive control valve

27. The cooling systen& of claim 26 v herein, under full
flov conditions. the pressure drop across the sub-cooler is
considcrablc less than Ihc prcssure drop across Ihc main
cooler.

28. In an engine cooling systen& con&prising a primary
cooling circuit bavin a pump for pumping hqu&d coolant to
an engine. an engine retunt line for coolant returned ibom the
coggle, d &ddia(or hdvh&g a ullel side m&d an ou(let side, a

bypass, a pnmary flow control 1 alvc aud a pump re(um line.
thc primary flow control 1 alve and thc bypass be&ng con-
nected in parallel with the radiator inlet side and the bypass
connected to the engine return line, the rad&ator outlet side
and the bypass connected to the primary flow control valve
and the primary control valve being operative to control flow
as betw ceo the radiator dnd the bypass to allow fluid to flow
from Ihc radia(or only when Ihc semed Icmpcra(ure of Ihe
coolan( Is above &I noun&&1 runnu&g Ion&pc&a(Ore of thc cn uuv
a secondary cooling circuit bavin a heat exchanger con-
nected to the pump return line and to the engine return line
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upstream from tire radtator, and a heater ctrcutt comprising
a passenger compartment heater connected to receive cool-
ant heated by thc cngtnc tmd

return

it to flte pump

return

lute,

a tempemture responsive control valve havittg a first inlet
colllltx'tati to till: ctlglllc rculltl litle tlpstli alit lltsllt tile
radiator, a second tnlet connected to the outlet side of
the radiator and an outlet which is connected to the heat

exclrangcr and being opcrablc to shut ofl'low flmough
both of the inlets simultaneously. to shut off flow
through the first inlet while permitting flow through the
second inlet and to shut ofl'low through the second
inlet whiie pemtitting flott tltrough the first inlet
depending upon the sensed temperature of the coolant.
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