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(54) FLUID MACHINE

(57) A fluid machine which can be compact and pro-
duced at reduced costs and which can increase the
amount of heat added to a refrigerant circulating in a
Rankine cycle and thus greatly increase the efficiency of
the Rankine cycle. A fluid machine (1) comprising a pump
mechanism (46) incorporated in a Rankine cycle to force
a working fluid to circulate in the Rankin cycle to recover
waste heat from a heat source, and an expansion mech-
anism (48) rotationally driven by expansion of the working
fluid having been forced out by the pump mechanism
(46) and then superheated, the pump mechanism and
the expansion mechanism being linked by a shared drive
shaft (50), wherein a pump mechanism exit section (76a)
through which the refrigerant flows out of the pump mech-
anism (46) and an expansion mechanism exit section
(76b) through which the refrigerant flows out of the ex-
pansion mechanism (48) are open outward in the same
direction.
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Description

Technical Field

[0001] This invention relates to a fluid machine, spe-
cifically a fluid machine suited to be incorporated in a
Rankin cycle which recovers and utilizes waste heat from
a vehicle engine.

Background Art

[0002] As a fluid machine of this type, there is known
a pump-linked expansion machine comprising a pump
mechanism incorporated in a Rankin cycle to force a re-
frigerant as a working fluid to circulate in the Rankin cycle
to recover waste heat from a vehicle engine, for example,
and an expansion mechanism for producing rotary drive
power by expansion of the refrigerant having been forced
out by the pump mechanism and then superheated, the
pump mechanism and the expansion mechanism being
linked by a shared drive shaft to form a unit (see patent
document 1, for example).
[0003] In this prior art, an expansion mechanism exit
passage and a pump mechanism exit passage are ar-
ranged such that a part of the former extends close to a
part of the latter to allow transfer of heat from the refrig-
erant flowing in the expansion mechanism exit passage
to the refrigerant flowing in the pump mechanism exit
passage, thereby increasing the amount of heat added
to the refrigerant in the Rankine cycle, and thus, increas-
ing the efficiency of the Rankine cycle.
[0004] Patent document 1: Japanese patent applica-
tion preliminary publication No. 2006-266238

Disclosure of the Invention

Problem to be Solved by the Invention

[0005] The above prior art however gives no special
consideration to make the fluid machine compact and
reduce the production costs. Further, there is room for
further increase in the amount of heat added to the re-
frigerant. The present invention has been made in con-
sideration of such problems. An object of the present
invention is to provide a fluid machine which can be com-
pact and produced at reduced costs and which can fur-
ther increase the amount of heat added to the refrigerant
circulating in the Rankine cycle, and thus, greatly in-
crease the efficiency of the Rankine cycle in which the
fluid machine is incorporated.

Means for Solving the Invention

[0006] In order to achieve the above object, the present
invention provides a fluid machine comprising a pump
mechanism incorporated in a Rankine cycle to force a
working fluid to circulate in the Rankin cycle to recover
waste heat from a heat source, and an expansion ma-

chine for producing rotary drive power by expansion of
the working fluid having been forced out by the pump
mechanism and then superheated, the pump mechanism
and the expansion mechanism being linked by a shared
drive shaft, wherein a pump mechanism exit section
through which the refrigerant flows out of the pump mech-
anism and an expansion mechanism exit section through
which the refrigerant flows out of the expansion mecha-
nism are open outward in the same direction.
[0007] In order to achieve the above object, the present
invention may further comprise an exit port member con-
nected to both the pump mechanism exit section and the
expansion mechanism exit section.
[0008] In order to achieve the above object, the present
invention may be arranged such that the exit port member
has a pump mechanism exit passage and an expansion
mechanism exit passage extending close to each other
with a partition with a specified thermal conductivity in-
terposed between, the pump mechanism exit passage
and the expansion mechanism exit passage being con-
nected to the pump mechanism exist section and the
expansion mechanism exit section, respectively.
[0009] In order to achieve the above object, the present
invention may be arranged such that the pump mecha-
nism exit passage and the expansion mechanism exit
passage of the exit port member form a double pipe con-
figuration functioning as an internal heat exchanger.

Effect of the Invention

[0010] As stated above, in the fluid machine according
to the present invention, a pump mechanism exit section
through which the refrigerant flows out of the pump mech-
anism and an expansion mechanism exit section through
which the refrigerant flows out of the expansion mecha-
nism are open outward in the same direction. This facil-
itates connection of the pump mechanism exit section
and the expansion mechanism exit section to the Rank-
ine cycle circulation path and allows the fluid machine to
have a compact configuration as compared with the case
where these exit sections are at different locations. Fur-
ther, this allows the fluid machine to be composed of a
reduced number of components, and thus produced at
reduced costs.
[0011] Further, the present invention may comprise an
exit port member connected to both the pump mecha-
nism exit section and the expansion mechanism exit sec-
tion. Such exit port member allows the fluid machine to
have an integrated configuration of the pump mechanism
exit section and the expansion mechanism exit section,
which enables a further compact configuration of the fluid
machine, and thus, a further reduction in the production
costs.
[0012] Further, the present invention may be arranged
such that the exit port member has a pump mechanism
exit passage and an expansion mechanism exit passage
extending close to each other with a partition with a spec-
ified thermal conductivity interposed between, the pump
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mechanism exit passage and the expansion mechanism
exit passage being connected to the pump mechanism
exist section and the expansion mechanism exit section,
respectively. In this case, the exit port member allows
transfer of heat from the refrigerant flowing in the expan-
sion mechanism exit passage to the refrigerant flowing
in the pump mechanism exist passage, and thus, can
function as an internal heat exchanger in the Rankine
cycle. This can increase the amount of heat added to the
refrigerant circulating in the Rankine cycle, and thus,
greatly increase the efficiency of the Rankine cycle in
which the fluid machine is incorporated.
[0013] Further, the pump mechanism exit passage and
the expansion mechanism exit passage of the exit port
member may form a double pipe configuration function-
ing as an internal heat exchanger. This allows further
efficient transfer of heat from the refrigerant flowing in
the expansion mechanism exit passage to the refrigerant
flowing in the pump mechanism exit passage, and thus,
further increase of the efficiency of the Rankine cycle in
which the fluid machine is incorporated.

Brief Description of the Drawings

[0014]

FIG. 1 is a schematic diagram showing a waste heat
utilization device to which an embodiment of the
present invention is applied,
FIG. 2 is a vertical cross-sectional view of a fluid
machine shown in FIG. 1, and
FIG. 3 is a diagram showing a variant of an exit port
member shown in FIG. 2.

Explanation of the Reference Characters

[0015]

1 Fluid machine
40 Rankine circuit (Rankine cycle)
46 Pump mechanism
46a Pump mechanism exit section
48 Expansion mechanism
48a Expansion mechanism exit section
50 Drive shaft
76 Exit port member
76a Pump mechanism exist passage
76b Expansion mechanism exist passage
76c Partition

Best Mode of Carrying out the Invention

[0016] Referring to the drawings, the mode of carrying
out the present invention will be described below in detail.

Embodiment 1

[0017] An embodiment of the present invention will be

described on the basis of the drawings. FIG. 1 schemat-
ically shows a waste heat utilization device 2 in which a
fluid machine 1, an embodiment of the present invention,
is incorporated. The waste heat utilization device 2 is
mounted on a vehicle, for example, and comprises an
electric power extraction circuit 4, an air conditioning cir-
cuit 20, a cooling water circuit 30, and a Rankine circuit
(Rankine cycle) 40. The electric power extraction circuit
4 is an electric circuit for converting rotary drive power,
produced by the vehicle engine 6, to electric power and
extracting the electric power. The rotary drive power pro-
duced by the engine 6 is transmitted from an engine 6
side pulley 8 to a belt 12, then to an electric power re-
covery circuit 4 side pulley 10, and thus, to an alternator
14. The alternator 14 converts the rotary drive power to
electric power, and the electric power extraction circuit 4
extracts the electric power. The electric power extracted
by the electric power extraction circuit 4 is used as electric
drive power for a variety of electrical devices mounted
on the vehicle, for example.
[0018] The air conditioning circuit 20 forms a closed
loop with a compressor 24, an air-conditioning condens-
er, a gas-liquid separator, an expansion valve, an air-
conditioning evaporator, etc. disposed serially in a refrig-
erant circulation path 22, in the direction of circulation of
a refrigerant as a working fluid. The devices disposed in
the refrigerant circulation path, except for the compres-
sor, are omitted in the diagram. The air conditioning cir-
cuit air-conditions, for example a vehicle interior by sup-
plying the vehicle interior with air having passed through
the air-conditioning evaporator. The compressor 24 is
driven by the rotary drive power produced by the engine
6 and transmitted to a pulley 26 by the belt 12, and com-
presses the refrigerant having evaporated in the air-con-
ditioning evaporator, and thus, converts it into superheat-
ed vapor. The refrigerant discharged from the compres-
sor 24 is condensed into a liquid in the air-conditioning
condenser, and after passing through the gas-liquid sep-
arator, the liquid refrigerant is routed to the expansion
valve. The refrigerant is expanded by passing through
the expansion valve, and then flows to the air conditioning
evaporator.
[0019] The cooling water circuit 30 forms a closed loop
with a Rankine evaporator 34, a radiator, a thermostat,
a water pump, etc. disposed serially in a cooling water
circulation path 32 extending from the engine 6, in the
direction of circulation of cooling water. The devices dis-
posed in the cooling water circulation path, except for the
Rankine evaporator, are omitted in the diagram. The
cooling water circuit cools the engine 6.
[0020] The Rankine circuit 40 forms a closed loop with
the aforementioned Rankine evaporator 34, a fluid ma-
chine 1, a Rankine condenser 44, etc. disposed serially
in a refrigerant circulation path 42, in the direction of cir-
culation of a refrigerant as a working fluid. The Rankinge
circuit recovers waste heat from the engine 6 by means
of the cooling water circulating in the cooling water circuit
30.
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[0021] Here, the fluid machine 1 is a pump-linked ex-
pansion machine comprising a pump mechanism 46 for
forcing the refrigerant to circulate and an expansion
mechanism 48 for producing rotary drive power by ex-
pansion of the refrigerant having been forced out by the
pump mechanism 46 and then superheated in the Rank-
ine evaporator 34, the pump mechanism and the expan-
sion mechanism being linked by a shared drive shaft 50.
The fluid machine assists rotary drive of the engine 6 by
means of a pulley 52 of the fluid machine 1 and the afore-
mentioned belt 12.
[0022] The refrigerant having passed through the ex-
pansion mechanism 48 and left the fluid machine 1 is
condensed to a liquid in the Rankine condenser 44, and
the liquid refrigerant is again drawn in and forced out by
the pump mechanism 46 of the fluid machine 1, thus leav-
ing the fluid machine 1 toward the Rankine evaporator 34.
[0023] FIG. 2 is a vertical cross-sectional view of the
fluid machine 1 as an embodiment of the present inven-
tion. To the drive shaft 50 side of the pulley 52, the fluid
machine 1 has a clutch mechanism 54 for appropriately
transmitting the rotary drive power produced by the ex-
pansion mechanism 48 from the drive shaft 50 to the
pulley 52, and thus, to the engine 6. The pump mecha-
nism 46 is driven together by the rotary drive power pro-
duced by the expansion mechanism 48. The pump mech-
anism 46 is a rotary pump driven by the drive shaft 50 to
rotate, and arranged in a front casing 56, between the
expansion mechanism 48 and the clutch mechanism 54.
[0024] The expansion mechanism 48 is a scroll unit 60
arranged in a rear casing 58. The scroll unit 60 comprises
a fixed scroll 62 and a movable scroll 64 orbiting relative
to the fixed scroll 62. The movable scroll 64 has a boss
portion 66 on the rear side, or side remote from the fixed
scroll 62, and an eccentric bush 68 is inserted in the bush
portion 66. A crank pin 70 is inserted in the eccentric
bush 68. The crank pin 70 is joined to the scroll unit 60
side end of the drive shaft 50 at an eccentric position, so
that the movable scroll 64 can orbit without rotating.
[0025] The clutch mechanism 54 has a clutch coil 72
arranged inside the pulley 52. When a current is supplied
to the clutch coil 72, a clutch plate 74 contacts the pulley
52, so that the rotary drive power can be appropriately
transmitted from the drive shaft 50 to the engine 6.
[0026] In the present embodiment, the refrigerant hav-
ing passed through the pump mechanism 46 leaves the
fluid machine 1 through a pump mechanism exit section
46a, while the refrigerant having passed through the ex-
pansion mechanism 48 leaves the fluid machine 1
through an expansion mechanism exit section 46a.
[0027] The exit sections 46a, 48a are provided in the
outer circumference of the pump mechanism 46. They
are open to outside the fluid machine 1, in the same di-
rection, and connected to one exit port member 76. The
exit port member 76 is fixed to the front casing by a bolt
78. The exit port member has a pump mechanism exit
passage 76a and an expansion mechanism exit passage
76b extending parallel and close to each other, which are

connected to the pump mechanism exit portion 46a and
the expansion mechanism exit portion 48a, respectively.
The exit passages 76a, 76b are separated from each
other by a partition 76c which is made of a material higher
in thermal conductivity than at least the materials of the
other parts of the exit port member 76.
[0028] As stated above, in the present embodiment,
the pump mechanism exit section 46a and the expansion
mechanism exit section 48a are open to outside the fluid
machine 1, in the same direction, which facilitates con-
nection of the exit sections 46a, 48a to the circulation
path 42 of the Rankine circuit 40, and allows the fluid
machine 1 to have a compact configuration as compared
with the case where the exit sections 46a, 48a are at
different locations. Further, this allows the fluid machine
1 to be composed of a reduced number of components,
and thus produced at reduced costs.
[0029] Further, the use of the exit port member 76 al-
lows the fluid machine 1 to have an integrated configu-
ration of the exit sections 46a, 48a, which enables a fur-
ther compact configuration of the fluid machine 1, and
thus, a further reduction in the production costs.
[0030] Furthermore, the exit port member 76 having
the pump mechanism exit passage 67a and the expan-
sion mechanism exit passage 76b separated from each
other by the partition 76c of a material with a high thermal
conductivity and extending parallel and close to each oth-
er can function as an internal heat exchanger in the Rank-
ine circuit 40. Specifically, the exit port member 76 can
preheat the refrigerant before its entering the Rankine
evaporator 34, by transfer of heat from the refrigerant
flowing in the expansion mechanism exit passage 76b
to the refrigerant flowing in the pump mechanism exit
passage 76a. This increases the amount of heat added
to the refrigerant circulating in the Rankin circuit 40, and
thus, greatly increases the efficiency of the Rankine cir-
cuit 40 in which the fluid machine 1 is incorporated.
[0031] In the above, one embodiment of the present
invention has been described. The present invention is
however not limited to the described embodiment, but
can be modified in various ways without departing from
the scope and spirit thereof.
[0032] For example, the exit port member 76 may be
modified like a variant shown in FIG. 3, in which the exit
passages 76a, 76b form a double pipe configuration pro-
viding inner and outer passages, not shown, to form an
internal heat exchanger 80. This configuration allows
more efficient heat transfer from the refrigerant flowing
in the expansion mechanism exit passage 76b to the re-
frigerant flowing in the pump mechanism exit passage
76a, and thus, further increase of the efficiency of the
Rankine circuit 40 in which the fluid machine 1 is incor-
porated.

Industrial Applicability

[0033] The present invention allows a fluid machine to
have a compact configuration and be produced at re-
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duced costs, and can further increase the amount of heat
added to the refrigerant circulating in the Rankine cycle
and thus increase the efficiency of the Rankine cycle in
which the fluid machine is incorporated. Thus, the
present invention is applicable to fluid machines suited
to be incorporated in the Rankine cycle which recovers
and utilizes waste heat from a vehicle engine.

Claims

1. A fluid machine comprising a pump mechanism in-
corporated in a Rankine cycle to force a working fluid
to circulate in the Rankin cycle to recover waste heat
from a heat source, and an expansion machine for
producing rotary drive power by expansion of the
working fluid having been forced out by the pump
mechanism and then superheated, the pump mech-
anism and the expansion mechanism being linked
by a shared drive shaft, wherein a pump mechanism
exit section through which the refrigerant flows out
of the pump mechanism and an expansion mecha-
nism exit section through which the refrigerant flows
out of the expansion mechanism are open outward
in the same direction.

2. The fluid machine according to claim 2, further com-
prising an exit port member connected to both the
pump mechanism exit section and the expansion
mechanism exit section.

3. The fluid machine according to claim 2, wherein the
exit port member has a pump mechanism exit pas-
sage and an expansion mechanism exit passage ex-
tending close to each other with a partition with a
specified thermal conductivity interposed between,
the pump mechanism exit passage and the expan-
sion mechanism exit passage being connected to
the pump mechanism exist section and the expan-
sion mechanism exit section, respectively.

4. The fluid machine according to claim 3, wherein the
pump mechanism exit passage and the expansion
mechanism exit passage of the exit port member
form a double pipe configuration functioning as an
internal heat exchanger.
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