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This invention relates to apparatus for variably
controlling the flow of fluid in a conduit system

- in accordance with variations of temperature
thereof; and relates more particularly to appa-

5 ratus for variably controlling the circulation of -

a cooling medium, such for example as water in
the cooling system of an internal combustion en-
gine in accordance with temperature conditions
of the engine.

10 It is an object of this invention to provide an
improved apparatus for controlling the circula-
tion of fluid in a conduit system in accordance

. with variations of temperature of the fluid.
Another object is to provide an- improved ap-

15 paratus for effecting flow of fluid in a branched
conduit system and for automatically directing
flow from one branch to another in accordance
with temperature changes of the fluid.

Another object is to provide an improved ap-

oo paratus for controlling circulation of cooling me-
dium through the cooling system of an internal
_* combustion engine. '
Another object is to provide, in connection with
an engine cooling system comprising a radiator
5 conduit circuit and a by-pass conduit therefor,
improved means for automatically selectively di-
recting flow of cooling medium through the by-
pass or through the radiator circuit in response to
predetermined low and high temperatures of
‘30 the medium. . : .ot )
My invention is fully disclosed in the following
description taken in connection with the accom-
panying drawing, in which:
- Fig. 1 is a side elevational view of an.internal
a5 combustion engine and cooling system and illus-
trating an embodiment of my invention applied
thereto; . :
Pig. 2 is'a sectional view to an eniarged scale
~ of a part of the apparatus of Fig. 1; :
40 Fig. 3 is a view similar to Fig. 2 illustrating
. parts tHereof in different operative positions;

(8]
A1)

Fig. 4 is a view in-general similar to Fig. 2~

but illustrating a modification. )
Referring to the drawing, I have shown at |,

45 generally, an internal combustion engine having
a head 2 and base 3 in which, not shown, are

- the passageways constituting the well known wa-
ter jacket through which water may circulate
to subtract heat from the engine. A pump, shown

50 generally at 4, communicates interiorly with the
water jacket, preferably with a portion thereof in
the head 2; and, being driven in 8 manner to be
described, may pump water from the head or an
upper portion of the water jacket system, through

53 5 conduit 5, radiator 6 and conduit T to a lower

(CL 123—-175)

portion of the water jacket; the pump may also

pump water through a by-pass conduit 8 com-

municating with the pump and with the water
jacket to by-pass the radiator 6. : .

The pump & is driven by a shaft 9 upon which
is-mounted a pulley 't0 connected by & belt 11
with a pulley i2 on a shaft I3 rotatably driven
by means not shown from the crank shaft of the .
éngine. The pump 4, by a construction and mode
of operation to be described, pumps the circulat- 10
ing fluid such as’ water from the water jacket
around through the by-pass 8 when the fluid is
relatively cool and while the engine is warming
up so as to permit the engine to warm up quickly.. .
After the fluid attains a predetermined tempera- 15
ture, however, corresponding to & predetermined
engine temperature, the pump # then begins to
direct the fluid through the radiator system above
described and ultimately may direct all of the flow
therethrough, gradually shutting off flow through o,
the by-pass 8. The pump construction by which
this is accomplished will now be described with -
reference to Figs. 2 and 3. - -

The pump housing, shown generally at 14, has

[+

‘aligned bearings 15 and 16 in which the pumb o4

shaft 9 rotates and intermediate these bearings
is a lubricant chamber 17 for continuously sup- -

plying lubricant to the bearings. -

A cup-form thermostat housing 18, preferably.

‘disposed coaxially of the shaft 9, has & stem 19 5,

riveted at one end to the center of the cup bot-
tom and at.its outer end threaded as at 50 into
a correspondingly threaded bore in the inner end
of the shaft 9, whereby the stem 19 and cup-form .
housing {8 are rigidly connected to the shaft to g5
rotate therewith. R :

The stem 19 has a bore therethrough commu-
nicating with the interior of the housing 18
through which thermally expansible fluld may
be injected into the interior of a bellows type 49
thermostat 20 to be described, and after the
injection of the fluid, thé bore may be closed
and sealed by a plug means 2l in a well known
manner. C -

The bottom of the cup I8 is sealed upon an 45
annular washer of fiber or the like 22 surround-  ~
ing the stem 'I9 and prevented from rotation, but
permitted axial freedom of movement by being
splined upon splines 23—28 formed in the cylin-
drical wall 24 of a recess in the housing 4. The 59
washer 22 thus provides a sealed thrust bearing

_ for the cup 8.

An annular ring of cork or ilke compressible

_material 25 is seated in a shallow cup 26, and &
compression spring 21, abutting at one end upon 55




2

the bottom of the recess 24 and at its other end
1pon the bottom of the cup 26, exerts axial thrust
upon the washer 22. .The cork ring 25 effects a
seal with’ the washer 22 and with the tubular
5 portion 88 of the housing supporting the bearing
16 and which is surrounded by the cork ring 25.
Thus lubricant ‘which may be supplied to the
chamber IT under pressure and which may pass
through the bearing 16 is prevented by the cork

10 ring from leaking around the washer 22 through -

the splines 23 into the pump chamber to be
described. The pressure engagement of the cup-
form housing 18 with the other side of the fiber
washer 22 prevents leaking of lubricant through
15 said engagement into the pump housing. Simi-
larly; these leak-proof connections prevent water

» in the pump chamber from leaking out through"

the bearings 16 and 5.
The axial thrust, toward the right as viewed in
20 Fig. 2, upon the shaft 8 by the spring 21, may
be absorbed by any suitable means, such for ex-
ample as a collar on the shaft 9 engaging the
. housing (4 as at 28; or the hub 29 of the driving

pulley 10 may engage the housing at 28 for this |

25 purpose and the pressure engagement thereof
. may be lubricated by lubricant escaping from
the chamber 11 through the bearing I5.
A cup-form housing 30 is telescoped over the
cup-form housing 8 fitting the same to slide
30 thereon axially. The bottom 3! of the cup 30
is disposed axially opposite the bottom 32 of the
cup I8 and the thermostatic bellows 20 has its
opposite end sealed as by soldering upon the
_ inner surfaces of the respective bottoms 32 and
35 31, thus providing a chamber comprising for its
side wall the cylindrical bellows 20 and for its
opposite end walls central portions of the cup
bottoms 31 and 32.
A compression spring 33 is disposed within the
" 40 pellows 20 abutting at opposite ends upon the
bottoms 31 and 32 for a purpose to be described.
The open end of the cup 30 has.an outwardly
radially extending annular flange 34 thereon,
and a plurality of pump vanes 35—35 are pro-
5 vided extending outwardly radially from the
outer wall of the cup 30 and at one axial énd

being connected each to the flange 34 and ex-

tending for a substantial distance in the other
axial direction.

50 A pin 36 is secured upon the wall of the inner
cup 18 and projects outwardly through an axially
extending slot 3T in the wall of the cup 30.

By the construction thus far described, it will
now be apparent that when the shaft 9 is ro-

55 tated, it will rotate the inner cup element 18
secured thereto and, by means of the pin 36 in
the slot 37, will rotate the outer cup element 30
and with it the vanes 35-—35.

The housing 14 has an inner wall portion 38 of
60 cylindrical form substantially coaxial with the
rotating parts above described and the radially
outer ends of the vanes 35 are formed to rotate
within- the cylindrical portion 38 with slight
clearance. The cylindrical portion 38 thus pro-

> vides a pump chamber and the rotating vanes
35 a pump rotor. :

A discharge orifice 33 communicates with the
chimber 38 and connects with a conduit 46 to
which the by-pass 8 may be connected. Another

70 outlet orifice 41 communicates with the cham-
ber 38 and connects with the conduit 5 leading
to the radiator 6. The chamber 38 opens axially
into a communicating passageway 42 in the head
2 of the engine or other suitable portion of the

75 engine cooling water jacket.

(=)
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" The orifice 39 is so disposed that it is aligned
generally radially with the vanes 35 when the
cup 30 is in its extreme position toward the left
as viewed in Fig. 2, and the orifice 41 is disposed
so that, with the parts in the said position, pref-
erably no portion of the orifice 41 is aligned
radially with the vanes; so that with the parts
in the position illustrated, and assuming that
the system including the passageway 42, conduit
5, radiator 6, conduit 1, engine water jacket and
by-pass 8 are filled with the cooling medium stich

as water, upon rotation of the shaft 9, the pump

vanes 3% will ‘be rotated and will draw water
from the passageway 42 into the chamber 38 and
will pump it thence out by the orifice 39 and
by-pass 8 back to the water jacket. .

When the temperature of the water rises as
above referred to, the temperature -thereof will
be communicated to the bellows 20 and to the
thermally expansible material therewithin, and
the bellows expands and moves the cup 30 out-
wardly axially on the cup {8 while continuing to
rotate through the spline connection 36—317.
This movement moves the vanes 35 so that they
are partly aligned with the orifice 41 and partly
with the orifice 39, and therefore the water will
be pumped partly through- the by-pass 8 and
partly out through the conduit 5.

As the water temperature rises still further,
expanding the bellows still further, the vanes
will be moved outwardly axially until they are

-no longer aligned with the orifice 39, and until

the flange 34 occupies a position substantially
to the right, as viewed in Fig. 2, of the orifice
39, thereby cutting off all communication with

this orifice and by-pass 8 and thereafter the

vanes, being now aligned with the orifice 41, will
pump the water out through the conduit 5 only.
Thus, when the water is cold, it will be pumped
only through the by-pass and as it warms up it

‘will'be pumped less and less through the by-pass

and more and more through the main conduit 5;
and finally none will be pumped through the
by-pass and all will be pumped through the con-
duit 5. The vanes 35 of the pump therefore take
up at all times a position and effect a rate of
pumping corresponding to temperature of the
water and therefore to engine temperature con-
ditions. : T :

In order that the bellows 20 may be af‘ all-

times responsivé to the temperature of the water,
registering longitudinally extending slots 43-—43
and 44 in the inner and outer mutually tele-
scoped walls of the cups 18 and 30 respectively
are provided whereby water may flow into the
cup I8 and come in contact substantially with
all parts of the exterior wall of the bellows 20
and in all telescoped positions of the cups I8
and 30.

Obviously, if the engine cooling water should,
due to weather temperature conditions or other .

cause, become cool while flowing to the radiator
6 and undesirably lower the temperature of the
engine, the thermostat 20 will move the vanes
35 back to or toward the position in which they
stop pumping through the conduit 5 fo the radi-
ator and pump through the by-pass 8.

If, due to any cause, the wall of the bellows
20 should break or become punctured, and its
thermostatic action thereby be destroyed, the
spring 33 will move the cup 30 and therewith the
vanes 3% to their outermost position in *which
they pump -the circulating fluid through the
main conduit § and radiator 6. The spring 33,
together with the arrangement of the other
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parts, operates in the nature of a safety means
in case of failure of the thermostatic action to
insure that the water temperature may never
reach an unsafe or undesirable high value.

5 In Fig. 4 I have illustrated a modification of
my invention. In this form, the inner telescoped
cup 118 is not sealed by its bottom upon the
housing as in the form of Fig. 2, the shaft 109 in
this case being sealed by an ordinary gland pack-

10 ing 145 surrounding the shaft 109 and by a pack-
ing nut (46 in which the shaft rotates, thread-
ed into the housing as at 141 and compressing
the packing.

It will be apparent that:-the form of Fig. 4

15 may be applied not only to the uses described
for the form of Fig. 2 but to other uses not nec-
essarily associated with an automotive engine.
If desired, the by-pass 108 may be entirely
omitted as indicated by the broken line draw-

20 ing thereof. Thus when the vanes i35 are in
their extreme position toward the left as illus-
trated, all flow of liquid may stop correspond-
ing to a relatively low temperature thereof; and
when the temperature of the liquid due to any

25 cause rises, the vanes 135 will be moved out-
wardly toward the right as viewed in the draw-
ing and pumping of the liquid out through the
orifice 141 will begin and will reach a maximum
rate when the temperature has risen sufficiently

30 to move the vanes 135 to an axially outer maxi-
mum position. :

The construction and mode of operation just
described may be applied to an automotive ve-
hicle where a by-pass is not employed, all cir-

5 culation stopping at low water temperatures and
the water beginning to circulate to the radiator
when the temperature rises to a predetermined
value and reaching the maximum rate of flow
at a predetermined higher temperature.

40  1n the form of Fig. 4 also, the outer cup 130
has the central portion of the head thereof
pressed inwardly to provide a closed tube or
thimble {3{. This thimble provides a suitable
axially extending projection to center the spring

45 133 within the bellows i36 and insure that it
will be kept out of contact with the inner wall
of the bellows, and also provides an auxiliary
‘means for admitting water to the generally cen-

. tral portions of the bellows, although of course

50 out of contact therewith to facilitate communi-
cation of the water temperature to the bellows
or to the. thermally expansible fluid within the
bellows, the registering slots 143 and 144 com-
municating the temperature of the water to the

55 outer wall of the bellows through which it s

communicated to the expansible fluid within the
bellows. : :
It will be apparent that elements of my in-
vention may be variously modified and the func-
60 tions thereof performed by variously construct-
ed parts other than those illustrated in the two
modifications hereinbefore described, and thus
my invention is not limited to the exact details
of construction shown and described, but con-
65 templates all modifications and changes which
may be made therein -and which come within the
scope of the appended claims. :
I claim: o :
1, In a liquid cooling system for internal com-
70 bustion engines, a pump for circulating cooling
liquid through the system, comprising a casing
and a rotor continuously driven commensurable
to engine speed having impeller blades for dis-
charging liquid admitted to the casing therefrom
75 under pressure, and thermostatic means asso~-

3

clated with the pump to vary the pumping ef-
fort effected by said pump, said thermostatic
means effecting bodily movement of said rotor
and blades in the direction of its rotational axis
to displace it from a normal pumping position
to another position in the casing. ‘

2. The combination with the circulating cool-
ing system of an internal combustion engine
comprising a liquid containing engine jacket, a

‘radiator, a liquid pump and conduit means inter-

connecting said pump, said jacket, and said

radiator, and controlling means responsive to .

changes of temperature of the liquid at one peint
of the system to vary the flow inducing liquid
pressure effected by the pump, said pump com-
prising a liquid impelling rotor continuously ro-
tatably linked to the engine having a plurality
of rotating positions within the casing, said con-
trolling means adapted to bodily move said rotor
in the direction of its rotational axis from one
of said positions to another position.

3. In a liquid cooling system for internal com-
bustion engines, a pump for circulating cooling
liquid through the system, comprising a casing
and a rotor having impeller blades for discharg-
ing liquid admitted to the casing therefrom un-
der pressure, and thermostatic means associated
with the pump responsive to the temperature of
liquid circulated through the system to vary the

pumping effort effected by said pump commen-

surably with changes of said liquid temperature,

said thermostatic means effecting bodily move- ]

ment of said rotor in the direction of its rota-
tional axis to displace it from a normal’ pump-
ing position to another position in the casing,
progressively remote from the normal position
according to the degree of temperature change
there being an indefinite plurality of such pos-
sible rotor positions, the speed of said rotor at

-any position being commensurable to engine

speed. -

4. Pump means for an internal combustion en- )

gine liquid cooling system comprising a pump
chamber, conduit means communicating there-
with, and communicating liquid from the cham-

ber to the system and a pump rotor in the cham-

ber for pumping liquid through the conduit
means, said rotor being continuously rotatably
linked to the engine and means responsive to
changes of temperature of the liquid to adjust-
ably move the rotor in the direction of its To-
tational axis in the chamber to vary the pumping
rate.

5. Pump means. for an internal combustion
engine liquid cooling system comprising a walled
pump chamber having inlet and outlet orifices in
the chamber wall, and a pump rotor ther(’?in for

!

drawing liquid into and pumping it out'of the
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chamber, the rotor being movable in the direc-

tion of its rotational axis relative to the discharge
outlet to vary the rate of discharge and means

responsive to variations of liquid temperature at .

the pump to variably move the rotor in axial di-
rections, whereby the pumping effort effective
to supply liquid from the pump to the system is
modified commensurably with variations in said
liquid temperature and means to maintain the
speed of the rotor during temperature responsive
movement thereof. . : :

‘6. The combination with the fluid circulating
system of an internal combustion engine com-
prising an engine liquid jacket, a radiator liquid
circuit and a by-pass lquid circuit, of a pump
for pumping liquid through said circuits, the
pump comprising a walled chamber having in-

60
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4

take orifice communication with the jacket, a
pair of discharge orifices communicating re-
spectively with the said liquid circuits, a rotatable
element in the chamber, shiftable means sup-

- ported by said rotatable element and being shift-

able to vary the relative amounts of liquid
pumped to the said liquid circuits, and ther-
mostatic means responsive to changes of liquid
temperature for adjusta,bly shifting the shift-
able means. -

7. The combination with the circulating cool-
ing system of an internal combustion engine
comprising an engine liquid jacket, a radiator

liquid circuit and a by-pass liquid circuit, of a

pump for pumping liquid through said circuits,
the pump-comprising a walled chamber having
intake orifice communication with the jacket and
a pair of discharge orifices communicating re-
spectively with said circuits and a pump rotor
in the chamber, and thermostatic means re-
sponsive to changes of liquid temperature for
axially adjustably moving the rotor relative to

the discharge orifices to vary the relative amounts -

of liquid pumped to the said liquid circuits.

8. The combination with the circulating cool-
ing system of an internal combustion engine
comprising an engine liquid jacket, a radiator

liquid circuit and a by-pass liquid cirecuit, includ- -

ing an inlet orifice to each circuit, of a pump for
pumping liquid info said circuits through said
inlet orifices, the pump comprising adjustably
movable means to vary the relative amounts of
liquid pumped into the respective circuits through
the orifices, and thermostatic means responsive
to variations of liquid temperature for moving
the adjustably movable means, the rate of to-
tal discharge through both orifices being com-
mensurable with engine speed.

9. The combination with the circulating cool-
ing system of an internal combustion engine com-
prising an engine liquid jacket and a radiator
liquid circuit, of a liquid pressure generating
pump for pumping liquid through said circuit, the
pump comprising a rotor, means movable re-
sponsive to variations of temperature of the

liquid in the circuit to move the rotor into and’

out of the liquid circuit to correspondingly vary
the rate of discharge into the radiator circuit.

10. The combination with the liquid circulating
cooling system of an internal combustion engine,
of a variable pressure pump comprising a rotor
having vanes for circulating liquid through the
system, and means responsive to variations of
temperature of the liquid in the system for vary-
ing the rate of circulation of liquid through the
system comprising means to variably move the
rotor vanes into and out of the path of the cir-
culating liquid.

11. In combination with the liquid circulating
cooling system of an internal combustion engine,
a rotary pump for pumping liquid through said
system, comprising a rotor axially movable to
vary the rate of circulation of liquid through the
system, and thermostatic means for adjustably
axially moving the rotor responsive to changes of
temperature of the liquid passing through the
system at a predetermined point therein, and
means to maintain the rotor speed durmg ther-
mally effected movement thereof.

12. In a fluid circulating system for an internal
combustion engine comprising a plurality of con-
duit means, pump means. for circuitously pumping
liquid from a supply source into said conduit
means, comprising a walled pump chamber com-
municating w1th the source and having a plurality

2,075,498

of discharge oriflces communicating with the sev-
eral conduit means, and comprising an operable
liquid pressure developing means associated with

the chamber, the pressure developing means being -

adjustable to vary the rate at which liquid is
pumped to one of the several conduit means rela-
tive to that pumped to another conduit means,
and means responsive to variations of tempera-

ture of the liquid to adjust the pressure develop- .

ing means, and means .comprising additional
conduits for returning the liquid to said pump
means.

13. In a ﬂuld circulating system for an in--

ternal combustion engine comprising conduit
means, & pump apparatus for circuitously pump-
ing liquid from a source of supply to a plurality
of discharge conduit means, a walled pump

‘chamber communicating with the source, a

plurality of discharge orifices in the chamber
wall, communicating respectively with the dis-
charge conduit means, a rotary liquid displacing
element in the chamber for drawing liquid from

the source into the chamber and discharging

it from the chamber through the several dis-
charge orifices, the rotary element being adjust-
ably movable axially to vary the relative rates
of discharge through the several discharge ori-
fices, and thermostatic means for adjustably
moving the rotary element responsive to changes
of temperature of the liquid, and means compris-
ing additional conduit means for returning the
liquid to said pump.apparatus.

14. Pump means for an internal combustion
engine liquid cooling system comprising a pump
chamber conduit means communicating there-
with and communicating liquid from the cham-
ber to the system and a pump rotor in the
chamber for pumping liquid through the conduit
means, and means responsive to changes of
temperature of the liquid to adjustably move the
rotor in the chamber in the direction of its rota-
tional axis to vary the pumping rate, and to
initiate or terminate the pumping of liquid
through the conduit means in response respec-
tively to change of liquid temperature to a
predetermined high or low value and means to
maintain the rotor speed at all adjusted
positions.

15. Pump means for an internal combustion
engine liquid cooling system comprising a walled
pump chamber having inlet and outlet orifices
in the chamber wall, and a pump rotor therein
for drawing liquid into and forcing it out of the
chamber through the inlet and outlet orifices,
respectively, the rotor being movable in the direc-
tion of the rotational axis relative fo the discharge
outlet to vary the rate of discharge and means
responsive to variations of liquid temperature at
the pump to variably move the rotor in axial di-
rections, whereby the pumping effort effective to
supply liquid from the pump to the system is
modified commensurably with variations in said
liquid temperature, and whereby the pumping
effort is respectively initiated or terminated
upon change of liquid temperature to a prede-
termined high or low value and means to effect

rotation of the rotor in all axial positions thereof.

16. The combination with the liquid circulating
system of an internal combustion engine, of a
supply conduit for heated liquid leading to the
radiator, a bypass conduit from the supply con-
duit returning directly to the engine cooling
jacket, pump means continuously coupled to the
engine and associated with the supply conduit for
pumping liquid therethrough, and thermostatic
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means responsive to the temperature of the cool-
ing liquid in the supply conduit for variably and

- selectively directing the flow of liquid through the

10

supply conduit and the bypass condult by axial

.movement of the pump means.

17. The combination with the circulating cool-
ing system of an internal combustion engine
comprising an engine liquid jacket, a radiator
liquid rircuit and a by-pass liquid circuit, of a

pump for pumping liquid through the circuits

comprising a casing having inlet and outlet ori-
fices and a pump rotor in the casing for drawing
liquid irto the casing and pumping it out at the

- outlet orifice, the rotor being movable relative

15

20

to the orifices to vary the effectiveness of its

pump action, and thermostatic means associated’

with the pump to move the rotor to different
positions relative to the orifices responsive to
changes of circulating liquid temperature.

18. In. a fluid circulating system for an in-

5
ternal combustion engine comprising a plurality
of conduit means, pump means for circuitously
pumping liquid from a supply source and dis-
charging it under pressure into said conduit
means, the pump comprising a walled chamber
having an inlet and a plurality of outlets, said

_outlets being connected to the conduit means, a

rotatable element, a shiftable rotatable means
supported on said rotatable element and heing
shiftable to vary the rate of discharge at which
the liquid is pumped to one of the several conduit
means relative to the rate at which liquid is
pumped to another conduit means, means com-
prising additional conduit means for returning
the liquid to said pump means and thermo-re-
sponsive means for shifting the shiftable rotatable
means responsive to changes of temperature of
the liquid.
CARLTON W. BONDURANT.
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