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(54) Viscous heater

(57) A viscous heater capable of obtaining a quick

warming up of a heating system for a vehicle. The vis- Fi g 1

cous heater is provided with a heat generating chamber
7 and a rotor 12 arranged in the heat generating cham-
ber 7 so that a heat generating gap, for holding therein
a silicone oil as a viscous fluid, is formed between an
inner surface of the heat generating chamber and an
outer surface of the rotor. A width of the heat generating
gap has, at least at one side of the rotor, a larger value
(T) at a central area of the gap over that (1) at the periph-
eral area of the gap.
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Description

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a viscous heater,
wherein a viscous fluid is subjected to a shearing force
for generating heat, which is subjected to a heat
exchange with respect to a recirculating fluid in a heat
emission chamber and which is a heat source for a
heating system.

2. Description of Related Art

The Japanese Unexamined Utility Model Publica-
tion No. 3-98107 discloses a viscous heater of a capac-
ity controllable type, wherein a front housing and a rear
housing are arranged to face with each other so that a
heat generating chamber and a water jacket located
around the heat generating chamber are formed by the
front and rear housings. The water jacket is provided
with an inlet to introduce the recirculating fluid from the
outside heating system into the water jacket and an out-
let to pass the recirculating fluid into the outside heating
system from the water jacket. A drive shaft is rotatably
supported by the housing via bearing units, while a rotor
is fixedly connected to the drive shaft, so that the rotor
is rotated in the heat generating chamber. The inner
surface of the heat generating chamber and the outer
surface of the rotor, which are provided with labyrinth
grooves, are located adjacent to each other so that a
gap is formed therebetween for storing a silicone oil as
a viscous fluid.

The viscous heater of the above mentioned 107
patent is provided with an upper diaphragm cover and a
lower diaphragm cover located below the housings. A
diaphragm is arranged between the upper and the lower
covers, so that a control chamber is formed between the
upper cover and the diaphragm. The heat generating
chamber is, on one hand, opened to the atmosphere via
a vent hole formed at top ends of the front and the rear
housings and is opened to the control chamber via com-
munication pipes connected to the upper and the lower
covers, on the other hand. Furthermore, a manifold vac-
uum is opened to the diaphragm, while the diaphragm is
urged by a spring. As a result, a displacement of the dia-
phragm, i.e., a change in an inner volume of the control
chamber, which corresponds to a difference between
the vacuum force and the spring force, is obtained.

In the viscous heater incorporated in the heating
system for a vehicle, a kinematic connection of the drive
shaft with a crankshaft of an internal combustion engine
causes the rotor to be rotated in the heat generating
chamber, so that the viscous fluid is subjected to shear-
ing between an inner surface of the heat generating
chamber and an outer surface of the rotor, thereby gen-
erating heat. The heat generated in the viscous fluid is
subjected to a heat exchange with the recirculating fluid
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in the water jacket, so that the recirculating fluid is
heated and can be used as a heating source for the
heating system for the vehicle.

The capacity control in the viscous heater in the
107 patent is as follows. Namely, in a situation that the
effect of the heating is excessive, a manifold vacuum is
opened to the diaphragm, which causes the diaphragm
to be moved downwardly, so that the volume of the con-
trol chamber is increased. As a result, the viscous fluid
in the heat generating chamber is recovered to the con-
trol chamber, so that a heat generating amount in a gap
between the inner surface of the heat generating cham-
ber and the outer surface of the rotor, which are faced
with each other, is reduced, thereby weakening the
effect of the heating. Contrary to this, in a situation that
the effect of the heating is insufficient, an outside air is
connected to the diaphragm via a pressure control hole,
which causes the diaphragm to be moved upwardly by
the force of the spring, so that the volume of the control
chamber is decreased. As a result, the viscous fluid in
the heat control chamber is issued to the heat generat-
ing chamber, so that a heat generating amount in the
gap is increased, thereby strengthening the effect of the
heating.

In the above structure of the viscous heater, irre-
spective of a fact that it is a constant capacity type or a
variable capacity type, a gap between the inner surface
of the heat generating chamber and an outer surface of
the rotor, which are axially faced with each other, is
evenly formed between the central area and the periph-
eral area. This structure makes it difficult to ensure that
the heating system is quickly warmed up during a start-
up condition. Namely, in an operation of the viscous
heater, a heat generating amount L due to the shearing
of the viscous fluid at a front and a rear surfaces, which
are axially spaced, is expressed by the following equa-
tion

L= rpaR?/s,

where p is a viscosity coefficient of the viscous
fluid, R is a diameter of a rotor, & is an axial length of the
heat generating gap between the inner surface of the
heat generating chamber and the outer surface of the
rotor and @ is an angular velocity of the rotor. From the
above equation, it is clear that the smaller the gap is,
higher the heat generating capacity becomes.

In the heat generating gap between the inner sur-
face of the heat generating chamber and the outer sur-
face of the rotor, not only the viscous fluid but also air,
necessarily entrained during the assembly, is included.
From a stopped condition, where the viscous heater is
by its own weight located at the bottom of the gap, the
electromagnetic clutch is brought into an operation so
that a rotating movement causes a centrifugal force to
be generated in the viscous fluid in the heat generating
gap formed axially between the inner surface of the heat
generating chamber and the outer surface of the rotor.
However, in the structure of the heat generating gap of
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a small and an even thickness along the entire region, a
quick generation of the centrifugal force in the viscous
fluid is less likely. As a result, a quick expansion of the
viscous fluid from the bottom portion to the entire part of
the heat generating gap can not be obtained.

On the other hand, an increase in the axial width of
the gap causes the heat generating capacity to be
reduced as will be easily understood from the above
equation as to the heat generating amount L, resulting
in a reduction in the warming-up speed when the vis-
cous heater is brought into the operation.

Furthermore, in the above type of the viscous
heater of the above mentioned construction, a recovery
of the viscous fluid from the heat generating chamber to
the control chamber causes a new air to be introduced
into the heat generating chamber via a vent hole. This
recovery would otherwise cause a vacuum to be gener-
ated in the heat generating chamber. As a result, the
newly introduced air is contacted with the viscous fluid
in the heat generating chamber, so that a moisture in
the newly introduced air is absorbed by the viscous
fluid, which can cause the latter to be quickly degraded.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
viscous heater capable of obtaining an increased warm
up speed when the heater is started.

Another object of the present invention is to provide
a viscous heater capable of delaying the degradation of
the viscous fluid, while keeping the speed of capacity
control high.

Another object of the present invention is to provide
a viscous heater capable of preventing the viscous fluid
from absorbing moisture while applying a shearing force
only to a small part of the viscous fluid, thereby sup-
pressing a degradation of the viscous fluid.

According to the present invention, a viscous
heater is provided, comprising:

a housing for forming therein a heat generating
chamber for storing therein a viscous fluid and a
heat emission chamber which is located adjacent
the heat generating chamber and in which a heat-
ing medium is recirculated;

a rotor located in the heat generating chamber so
that a gap is defined between an outer surface of
said rotor and an inner surface of the heat generat-
ing chamber, wherein the gap has a varied width in
an axial direction such that the width at outer por-
tion of said rotor is larger than the width at a central
portion of said rotor; and

a drive shaft on which the rotor is mounted,
whereby said rotor is integrally rotated with said
shaft in the heat generating chamber and shearing
force is generated in the viscous fluid between the
outer peripheral part of said rotor and the inner sur-
face of the heat generating chamber.
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In this structure of the viscous heater, a larger
amount of the silicone oil can be located at the central
part of the heat generating gap prior to the start of the
viscous heater, where the viscous fluid is moved to a
bottom position of the gap due to its own weight. An
application of a rotating movement to the rotor via an
electromagnetic clutch or a pulley causes the rotor to be
rotated in the heat generating chamber so as to
instantly generate a centrifugal force in the viscous fluid
just after the start of the viscous heater, resulting in a
quick spread of the viscous fluid over the entire region.

Furthermore, in the structure of the viscous heater,
the gap at the outer peripheral area is small where the
peripheral speed is high. As a result, generation of a
desired amount of a heat is maintained.

In short, regardless the types of the viscous heater,
i.e., whether the viscous heater is of a fixed capacity
type or of a variable capacity type, the structure of the
viscous heater in claim | allows the viscous heater to be
quickly warmed-up when it is started.

In the invention in claim 2, the housing is further
provided with a sealingly closed storage chamber which
is in communication with the central part of the heat
generating chamber via a feed passageway and a
recovery passageway.

In the structure, an inner temperature detecting
means such as a bimetal member can be stored in the
storage chamber, so that a control chamber for a varia-
ble capacity type viscous heater is constructed.

In the structure of claim 2, when an operation of the
viscous heater is started, in addition to a generation of a
centrifugal force, a Weissenberg effect is generated by
a continuation of the rotating movement, so that a large
amount of the viscous fluid is concentrated at the cen-
tral part of the gap. As a result, in the viscous heater of
a variable capacity type, degradation of the viscous fluid
caused by a moisture content is suppressed, and a
quick capacity control is obtained due to the fact that the
viscous fluid is quickly recovered into the storage cham-
ber via the recovery passageway. Furthermore, irre-
spective of the type of the viscous heater, i.e., whether
or not that the viscous heater is of a fixed capacity type
or of a variable capacity type, the viscous fluid can be
moved quickly between the heat generating chamber
and the storage chamber. Thus, a relatively large
amount of viscous fluid and an amount of air which is
inevitably entrained are stored in the storage chamber.
Thus, the structure is advantageous in that a quick deg-
radation of the viscous fluid is less likely since the air is
mainly stored in the storage chamber and a shearing
force is applied only to a small part of the viscous fluid.

In the invention in claim 3, said rotor has a
machined portion at the outer surface for creating said
gap with a varied axial width.

In this regard, the gap is obtained by machining one
of the housing and rotor. A matching of the rotor at its
outer surface can be easily done, thereby reducing the
production cost.

In the invention in claim 5, said housing assembly
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comprises a plate member having a pair of spaced end
surfaces, one of which forms a part of the inner surface
of the heat generating chamber, the other surface form-
ing a part of an inner surface of the heat emission
chamber and a housing member, a housing member
which forms the remaining part of the inner surface of
the heat generating chamber, said plate member having
a machined portion at the inner surface of the heat gen-
erating chamber for creating the gap.

The employment of the structure of the housing
constructed by the housing member and the plate mem-
ber prevent the production of these parts from being
complicated. Furthermore, a simple machining on the
outer surface of the plate can provide the gap. Thus, a
reduction in production cost can be realized.

In the invention in claim 6, the machined portion is
of a tapered form forming the gap having the varied
width. A machining of such a tapered surface is some-
what complicated. However, this arrangement is desira-
ble in that the viscous fluid can be easily spreaded
along the entire surface.

In the invention in claim 7, the machined portion is
of a stepped form forming the gap having the varied
width. This structure is advantageous in that the
machining is very easy, thereby reducing the production
cost.

In the invention in claim 8, the varied width of said
gap is continuously reduced from it central portion to the
outer peripheral portion. This structure is advantageous
in an effective spreading operation of the viscous fluid to
the outer peripheral area of the heat generating gap.

BRIEF EXPLANATION OF ATTACHED DRAWINGS

Fig. 1 is a longitudinal cross sectional view of a vis-
cous heater according to the first embodiment of the
present invention.

Fig. 2 is a partial view of Fig. 1 which illustrates a
stepped construction of the inner wall of the heat gener-
ating chamber.

Fig. 3 is a longitudinal cross sectional view of a vis-
cous heater according to the second embodiment of the
present invention.

Figs. 4 and 5 are similar to Fig. 2 but illustrate a
third and fourth embodiments of the present invention.

BRIEF DESCRIPTION OF PREFERRED EMBODI-
MENTS

Embodiments of the present invention will be
explained with reference to attached drawings.

First Embodiment

In the first embodiment of the present invention, the
viscous heater includes a front housing 1, an intermedi-
ate plate 2 and a rear housing 3, which are connected
with each other by means of circumferentially spaced
bolts 6 while an O-ring 4 is arranged between the front
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housing 1 and the rear plate 2 and a gasket 5 is
arranged between the rear plate 2 and the rear housing
3.

The front housing 1 is, at its rear side, formed with
a recess, which has ring shaped concentric stepped
portions 1a directed axially forward of the housing 1.
The rear plate 2 is, at its front side, formed with a
recess, which, also, has ring shaped concentric stepped
portions 2a directed axially rearward of the rear plate 2
and aligned with the stepped portions 1a of the front
housing 1. As a result, an axially faced arrangement is
obtained between the stepped portions 1a and 2a of the
front housing 1 and the rear plate 2, so that a heat gen-
erating chamber 7 is formed therebetween.

Furthermore, the rear housing 3 is, at its front side,
formed with a circular recess 3-1, while the rear plate 2
has a central projection 2-1, which extends axially rear-
wardly until the latter abuts the bottom surface of the
recess 3-1 of the rear housing 3, so that an annular
shaped water jacket WJ is formed between the rear
plate 2 and the rear housing 3. An intake port member 8
is connected to the rear housing 3 at its rear side, so
that heating water from a not shown heating system of a
vehicle is introduced. In a similar way, an outlet port
member (not shown) is connected to the rear housing 3
at its rear side, so that heating water, after being sub-
jected to the heat exchange with the viscous fluid at the
heat generating chamber 7, is taken out from the latter
to the heating system.

The front housing 1 is formed with an axial bore 1-1
in which a shaft seal unit 9 is arranged so as to be adja-
cent the heat generating chamber 7. At a location in the
bore 1-1 axially spaced forward from the shaft seal unit
9, a bearing unit 10 is arranged. A drive shaft 11 is
inserted into the axial bore 1-1 via the shaft seal unit 9
and the bearing unit 10. The drive shaft 11 has an inner
end on which a rotor 12 of a flat disk shape is fixedly
connected, so that the rotor 12 rotates in the heat gen-
erating chamber 7. As a result, between an inner sur-
face of the heat generating chamber 7 and an outer
surface of the rotor 12, a gap is created, in which a sili-
cone oil as a viscous fluid is stored. Due to the stepped
arrangement of the inner recess 1a and 2a of the front
housing 1 and the rear plate 2, which are faced with
each other, the axial width of the gap is expressed by T
at central zone of the heat generating chamber 7 and by
t (<T) at a peripheral zone of the heat generating cham-
ber 7. In other words, a continuous reduction of the axial
width of the gap is obtained from the central zone to the
peripheral zone of the heat generating chamber 7.

According to the viscous heater of the present
invention, the rear plate 2 and the rear housing 3 coop-
erate to form a part of a housing for forming therein the
water jacket WJ as well as the heat generating chamber
7, which makes the production of the parts easy. Fur-
thermore, the mere machining of the stepped portions
1a and 2a is sufficient to obtain the heat generating gap,
resulting in a reduction in the production cost.

In Fig. 1, the viscous heater of this embodiment is
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integrated with an electromagnetic clutch MC, which is
basically constructed by a pulley 14, a solenoid 15, a
hub 18, a rubber member 19 of a ring shape, a flange
member 20 and an armature 21. The pulley 14 is con-
structed by a pulley portion 14-1, an disk portion 14-2
faced with the armature 21 and an inner tubular portion
14-3, which is supported on a boss portion 1b of the
front housing 1 via a bearing unit 13. The solenoid 15 is
located in a rearwardly opened space between the pul-
ley portion 14-1 and the inner tubular portion 14-3 and
is fixedly connected to the front housing 1. The hub 18
is inserted to the drive shaft 11 via a key 17 and is fixed
to the shaft 11 by means of a bolt 16. The hub 18 is, at
its outer ring portion 18-1, connected to the flange por-
tion 20 via the rubber member 19. The flange portion 20
is connected to the armature 21 via rivets 22. The pulley
portion 14-1 of the rotor 14 is in kinematic connection
with a crankshaft of an internal combustion engine, as a
rotating movement source. As a result, a rotating move-
ment from the internal combustion engine is transmitted
to the rotor 14.

The armature 21 is usually located at a small dis-
tance from the disk portion 14-2 of the rotor when the
solenoid 15 is under a de-energized condition, thereby
preventing the rotating movement of the pulley 14 from
being transmitted to the armature 21, i.e., the hub 18, to
which the drive shaft 11 of the viscous heater is con-
nected. During this dis-engaged condition of the elec-
tromagnetic clutch MC, the silicone oil is located in the
heat generating gap at its central and a lower areas due
to its own weight.

When the electromagnetic clutch MC is brought into
an operation by energizing the solenoid 15, an electro-
magnetic force is generated in the solenoid 15, which
causes the armature 21 to be moved toward the pulley
14 against the spring force until the armature 21 is in
face to face contact with the disk portion 14-2 of the pul-
ley 14. As a result, a rotating movement of the rotor 14
from the crankshaft of the internal combustion engine is
transmitted to the hub 18 and to the drive shaft 11 and
the rotor 12 on the shaft 11. The rotating movement of
the rotor 12 causes a centrifugal force to be generated
in the silicone oil, which allows the silicone oil to be
spread to the entire part of the heat generating gap
between the inner surface of the heat generating cham-
ber 7 and the outer surface of the rotor 12. As a result,
shearing of the silicone oil occurs at the gap, thereby
generating a heat. The thus generated heat is subjected
to a heat exchange with the water in the water jacket
WJ, which is supplied to the heating system for heating
the vehicle.

Furthermore, in the construction of the viscous
heater according to the present invention, in the heat
generating gap, the width t at the outer peripheral region
is smaller than the width T at the central region. Due to
this arrangement, an increased speed at the peripheral
portion of the rotor 12 is combined with a reduced width
of the heat generating gap, thereby obtaining a desired
heat generating capacity.
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In view of the above, according to the viscous
heater in the first embodiment, an increased warming
up speed is obtained, while the degradation of the sili-
cone coil is delayed, thereby keeping a desired level of
a heat generating capacity after a prolonged use of the
device.

Fig. 3 shows a second embodiment of the viscous
heater of the present invention, which is directed to a
variable capacity type. In this embodiment, the housing
is constructed by a front housing 31, a front plate 32, a
rear plate 33 and a rear housing 34, which are con-
nected with each other by means of a plurality of cir-
cumferentially spaced bolts 38, while a gasket 35 is
arranged between the front housing 31 and the front
plate 32, an O-ring 36 is arranged between the front
plate 32 and the rear plate 33, and a gasket 37 is
arranged between the rear plate 33 and the rear hous-
ing 34.

As similar to the first embodiment in Fig. 1, the front
plate 32 is, at its rear side, formed with a stepped recess
32a directed forwardly, while the rear plate 33 is, at its
front side, formed with a stepped recess 33a directed
rearwardly. Between the stepped recess 32a and 33a,
which are oppositely recessed, a heat generating cham-
ber 39 is formed. The front plate 32 is formed with a
boss portion 32b which extend forwardly, so that the
boss portion 32b is inserted to a central bore of the front
housing 31.

The rear plate 33 is, at a location above a central
axis, formed with a first recovery hole 33b and, at a
location below the central axis, a first feed hole 33c.
These first recovery hole 33b and the first feed hole 33¢
extend axially therethrough from the front surface to the
rear surface of the rear plate 33.

The front housing 31 is, at its rear side, formed with
an annular recess 31-1, which is faced with a front end
surface of the front plate 32, so that a front water jacket
FW as a front heat emission chamber is formed by the
recess 31-1 between the front housing part 31 and the
front plate 32. On the other hand, the rear housing 34 is
formed with an inner annular rib 34a and an outer rib
34b, which are axially extended toward the rear plate
33. The outer rib 34b contacts with the gasket 37, so
that an annular rear water jacket RW as a rear heat
emission chamber is formed between the rear plate 33
and the rear housing part 34 at a location radially out-
ward from the outer rib 34b. Furthermore, an annular
control chamber CR, which functions also as a storage
chamber, is formed between the rear plate 33 and the
rear housing part 34 at a location radially inwardly from
the outer rib 34b.

An inlet port and an outlet port, which are not
shown, are connected to the rear housing part 34, so
that these ports are in communication with the rear
water jacket RW. As a result, an introduction of a heat-
ing water into the water jacket RW is done via the inlet
port, and a removal of the heating water from the water
jacket RW is done via the outlet port. Furthermore, the
front and rear plates 32 and 33 form axially aligned sets
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of holes constructing water passageways 41 circumfer-
entially spaced at locations between the bolts 38 which
are adjacent with each other. Thus, communication is
obtained between the front and rear water jackets FW
and RW via these water passageways 41.

Inside the control chamber CR, a coil shaped
bimetal member 42, a bimetal shaft 43 and a rotary
valve 45 are arranged. The rotary valve 45 is in axial
face-to-face contact with the rear plate 33. The bimetal
shaft 43 has a front end fixedly connected to the rotary
valve 45 and rear end rotatably connected to the rear
housing part 34. The bimetal member 42 has a radially
inner end fixedly engaged with the bimetal shaft 43 and
a radially outer end fixedly engaged with the inner rib
34a of the rear housing part 34. The coil shaped bimetal
member 42 is arranged in such a manner that a defor-
mation of the bimetal member 42 occurs in accordance
with the degree of the heating condition, i.e., the tem-
perature of the heating water. A dish spring 44 is
arranged between the rotary valve 45 and the inner rib
34a, so that the rotary valve 45 is urged toward the rear
plate 33, so that the first recovery hole 33b and the first
feed hole 33¢ are selectively closed or opened by the
rotary valve 45 in accordance with the rotating position
of the rotary valve 45. Namely, the rotary valve 45 is
formed with a second recovery hole 45a and a second
feed hole 45b, which are in communication with the first
recovery hole 33b and the first feed hole 33c, respec-
tively, in accordance with the angle of rotation of the
rotary valve 45.

Furthermore, the front housing 31 includes a boss
portion 31a, in which a shaft seal unit 46 is arranged. A
bearing unit 40 is arranged in the boss portion 32b of
the front plate 32, so that the bearing unit 40 is located
axially inwardly. A drive shaft 47 is supported by the
bearing unit 40 and the shaft seal unit 46. A rotor 48 of
a flat disk shape is located in the heat generating cham-
ber 39 and is fixedly connected to the shaft 47 in such a
manner that the rotor 48 is rotated in the heat generat-
ing chamber 39. A relatively large amount of a silicone
oil as a viscous fluid is stored in the control chamber
CR. An amount of air is necessarily mixed in the silicone
oil in the control member CR. The silicone oil is located
in the heat generating chamber 39 at its bottom portion
in such a manner that the silicone oil is filled in a gap
formed between the inner surface of the heat generating
chamber 39 and the outer surface of the rotor 49.

The drive shaft 47 is projected forwardly from the
boss portion 31a of the front housing 31 and a pulley 49
is fixed to the end of the drive shaft 47 projected from
the boss portion 31a by means of a bolt 50. The pulley
49 has an outer part 49-1 with grooves, to which a belt,
(not shown) from a pulley on a crankshaft of an internal
combustion engine, is engaged. As a result, a rotating
movement from the crankshaft is transmitted to the pul-
ley 49 and then to the drive shaft 47.

When the internal combustion engine is stopped,
the silicone oil is, due to the effect of its own weight,
moved downwardly in the heat generating gap. In the
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words, a large amount of oil is located at the central
area around the axis of the drive shaft.

Starting the internal combustion engine causes the
rotating movement of the crankshaft to be transmitted to
the pulley 49, which causes the drive shaft 47 to rotate.
As a result, a rotating movement of the rotor 48 in the
heat generating chamber 39 is obtained, which causes
a centrifugal force to be generated in the silicone oil,
thereby spreading the latter along the entire area of the
heat generating gap between the inner surface of the
heat generating chamber 39 and the outer surface of
the rotor 48. Due to the relative movement between the
inner surface of the heat generating chamber 39 and
the outer surface of the rotor 48 constructing the gap, a
shearing force is generated in the silicone oil at the gap,
thereby generating heat in the silicone oil. The thus gen-
erated heat is subjected to a heat exchange with the
recirculated heating medium in the front and rear water
jackets FW and RW, so that the heated recirculated
water is issued to the heating circuit (not shown) for
heating the passenger compartment of the vehicle.

A continuation of the rotating movement of the rotor
48 causes the silicone oil to be mostly concentrated at
the central area of the heat generating chamber due to
the Weissenberg effect. In other words, a large amount
of the silicone oil is concentrated to the central area of
the heat generating gap.

A temperature of the silicone oil in the control
chamber CR lower than a predetermined value due to
an excessively weak heating effect causes the bimetal
member 42 to contract, where the valve shaft 43 con-
nected to the bimetal member 42 is rotated in a positive
direction to a first position, where the first recovery hole
33b and the second recovery hole 45a are discon-
nected, while the first feed hole 33¢c and the second feed
hole 45b are connected. As a result, the silicone oil
stored in the control chamber CR is via the second feed
hole 45b and the first feed hole 33c introduced into the
heat generating chamber 39. As a result, an increase in
the amount of the heat generated at the gap between
the inner surface of the heat generating chamber 39
and the outer surface of the rotor 48 is obtained, thereby
strengthening the effect of the heating the passenger
compartment.

A temperature of the silicone oil in the control
chamber CR higher than a predetermined value due to
an excessively strong heating effect causes the bimetal
member 42 to extend, where the valve shaft 43 con-
nected to the bimetal member 42 is rotated in a negative
direction to a second position, where the first recovery
hole 33b and the second recovery hole 45a are con-
nected, while the first feed hole 33¢c and the second feed
hole 45b are disconnected. As a result, the silicone oil in
the heat generating chamber 39 is, via the first recovery
hole 33b and the second recovery hole 45, recovered to
the control chamber CR. As a result, a quick decrease
in the amount of the heat generated at the gap between
the inner surface of the heat generating chamber 39
and the outer surface of the rotor 48 is obtained, thereby
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rapidly weakening the effect of the heating the passen-
ger compartment.

In short, in the second embodiment, a quick
replacement of the silicone oil is realized between the
heat generating chamber 39 and the control chamber
CR. In other words, a large amount of the silicone oil
together with air inevitably mixed in the oil can be stored
in the viscous heater. As a result, to the total amount of
the viscous fluid in the viscous heater, only a small part
thereof is subjected to the shearing at the heat generat-
ing gap. In other word, a particular part of the silicone oil
is prevented from being always subjected to the shear-
ing, thereby degradation of the silicone oil becomes less
likely.

Other operations and advantageous effect of the
second embodiment are the same as that of the first
embodiment.

Third Embodiment

In Fig. 4 partially showing the third embodiment of
the present invention, where the viscous heater is of a
fixed capacity type. Furthermore, the viscous heater is
formed with a front housing 51 having, at its rear side, a
mere fiat recess 51a, which is faced with a flat interme-
diate plate 52, so that a heat generating chamber 7 is
formed between the housing 51 and the plate 52. Con-
trary to this, a rotor 53 arranged in the heat generating
chamber has a cross-sectional shape which is tapered
radially inwardly. As a result, between the inner surface
of the heat generating chamber and the outer surface of
the rotor 52, a heat generating gap of a varied width is
formed such that further radially outward the width of
the gap becomes smaller.

In the third embodiment in Fig. 4, a mere tapering of
the surface of the rotor 53 is necessary, while both of
the front housing 51 as well as the rear plate 52 have a
relatively simple shape, which can be easily machined.
As a result, a reduction in the production cost is real-
ized.

Fourth Embodiment

The viscous heater shown in Fig. 5 is also of a fixed
capacity type. In the viscous heater of this embodiment,
a front housing 54 has, at is rear end, a recess having a
bottom surface 54a, which is tapered outwardly, while a
rear plate 55 has a front end surface 55a, which is
tapered also outwardly. A rotor 12 having opposite end
surfaces which extend transversely to the axis of the
drive shaft is employed as in the first embodiment. As a
result, a heat generating gap is formed between the
inner surface of the heat generating chamber and the
outer surface of the rotor 12, wherein the axial width of
the gap is such that further outward the width of the gap
becomes smaller.

In this embodiment, the front housing part 54 as
well as the rear plate 55 are easily machined, which
allows the device to be produced at a low cost.
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Claims

1.

A viscous heater comprising:

a housing for forming therein a heat generating
chamber for storing therein a viscous fluid and
a heat emission chamber which is located adja-
cent the heat generating chamber and in which
a heating medium is recirculated;

a rotor located in the heat generating chamber
so that a gap is defined between an outer sur-
face of said rotor and an inner surface of the
heat generating chamber, wherein the gap has
a varied width in an axial direction such that the
width at outer portion of said rotor is larger than
the width at a central portion of said rotor; and
a drive shaft on which the rotor is mounted,
whereby said rotor is integrally rotated with
said shaft in the heat generating chamber and
shearing force is generated in the viscous fluid
between the outer peripheral part of said rotor
and the inner surface of the heat generating
chamber.

A viscous heater according to claim 1, wherein the
housing is further provided with a sealingly closed
storage chamber which is in communication with
the central part of the heat generating chamber via
a feed passageway and a recovery passageway.

A viscous heater according to claim 1, wherein said
rotor has a machined portion at the outer surface
for creating said gap of the varied width.

A viscous heater according to claim 3, wherein the
machined portion is of a tapered form forming the
gap having the varied width.

A viscous heater according to claim 1, wherein said
housing comprises a plate member having a pair of
spaced end surfaces, one of which forms a part of
the inner surface of the heat generating chamber,
the other surface forming a part of an inner surface
of the heat emission chamber and a housing mem-
ber, a housing member which forms the remaining
part of the inner surface of the heat generating
chamber, said plate member having a machined
portion at the inner surface of the heat generating
chamber for creating the gap.

A viscous heater according to claim 5, wherein the
machined portion is of a tapered form forming the
gap having the varied width.

A viscous heater according to claim 5, wherein the
machined portion is of a stepped form forming the
gap having the varied width.

A viscous heater according to claim 1, wherein the
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varied width of the gap is continuously reduced
from its central portion to its outer peripheral por-
tion.
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