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@ Annular heat exchanger.

@ A heat exchanger having a plurality of heat exchanging
units (37,38} for different fluids to be cooled, and a blower (22)
around which the heat exchanging units {37,38) are arranged.
Each heat exchanging unit {37,38) may include tank chambers
(24 - 27) to which afluid inlet pipe (28,29) and a fluid outlet pipe
(30,31) are connected, respectively, tubes (33,34) connected
between the tank chambers (24-27) and fins (35,36} attached
to the tubes (33,34). The heat exchanging units {37,38) are
arranged concentrically with each other around the axis (20)
oftheblower(22).
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ANNULAR HEAT EXCHANGER

BACKGROUND OF THE INVENTION

The present invention relates to an annular
heat exchanger having a plurality of annular heat
exchanging units through which different fluids are
circulated to make heat exchange with air blown by a
centrifugal blower around which the heat exchanging units
are arranged.

Construction vehicles and machineries are
provided with a heat exchanger for cooling different
kinds of fluids such as cooling water for cooling the
engine, working fluid of hydraulic equipments mounted
on the vehicle or machinery, lubricating oil of the engine
and so forth.

Typical conventional heat exchanger for the
purpose described above incorporates a combination of a
plurality of heat exchanging units for different fluids
and an axlial blower. This conventional heat exchanger,
however, generates noise of high level to cause annoyance.
In order to avoid this problem, recently, there has been
proposed an annular heat exchanger in which annular
heat exchanging units are combined with a centrifugal
blower. In this known annular heat exchanger, the
heat exchanging units are arrayed in the axial direction
of the centrifugal blower such that each heat exchanging

unit surrounds the centrifugal blower.
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Although the level of the noilse 1s lowered
considerably, this heat exchahger still involves various
problems or drawbacks.

Namely, as will be described later in more
detail with reference to the drawings, it is not
possible to obtain an equal cooling efficiency for all
heat exchanging units because the air is not uniformly
distributed to all heat exchanging units. 1In addition,
the. cooling power of each heat exchanging unit is imprac-
tically small because each unit receives dnly a part
of the air blown by the blower. Furthermore, the size
of the heat exchanger as a whole 1s inevitably increased
when three or more heat exchanging units are incdrporated,
because it is necessary to preserve the space for the
pipes for introducing and discharging the fluld into
and out of the heat exchanging unit disposed at the

axially mid portion of the heat exchanger.

SUMMARY OF THE INVENTION

It is, therefore, aﬁ object of the invention to
provide an annular heat exchanger in which the heat
exchanging units can operate substantially at an equal
level of cooling efficiency and at high cooling power,
while reducing the size of the heat exchanger as a
whole.

To this end, according to the invention, thére
is provided an annular heat exchanger having a blower and

a plurality of heat exchanging units for different flulds
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and arranged around the blower, characterized in that the

heat exchanging units are disposed concentrically with

~the éxis of the fan.

The above and other objects, as well as advan-
tageous features of the invention will become more clear
from the following description of the preferred embodi-

ments taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an illustration of a conventional
annular heat exchanger;

Fig. 2 1s a sectional view taken along the line
II-II of Fig. 1;

Fig. 3 illustrates an annular heat exchanger
constructed in accordance with a first embodiment of
the invention;

Fig. 4 is a sectional view taken along the
line IV-IV of Fig. 3;

Fig. 5 is a sectional view taken along the

line V-V of Fig. 3;

ig. 6 is a sectional view taken along the line

'

VI-VI of Fig. 4;

FPig. 7 1llustrates an annular heat exchanger
constructed in accordance with a second embodiment

of the invention;

Fig. 8 is a sectlonal view taken along the

line VIII-VIII of Fig. T;

Fig. 9 illustrates an annular heat exchanger
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constructed in accordance with a thifd embodiment of the
invention; and

Fig. 10 is a sectional viewrtakenralong the
line X-X of Fig. 9.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Before turning to the description of the
preferred embodiments of the invention, a description
will be made hereinunder as to the drawbacks of the
prior art with specific reference to Fig. 1 which is an
end view of a known annular heat exchanger and Fig. 2
which is a sectional view taken'along the line II-II of
Fig. 1. '

Referring to Figs. 1 and 2, a heat exchanger
of the prilor art has sector columnar tank chambers 1
to . 4. The tank chambers 1 and 4 are separated from
each other by a partition wall 5, while the tank
chambers 2 and 3 are separated from each other by a
partition wall 6. The tank chambers 1 and 2 are provided
with inlet pipes 7 and 8, respectieely, while the tank
chambers 3 and 4 are provided with outlet pipes 9
and 10, respectively. A cep 11 is provided on the tank
chamber 1. The tank chambers 1 and 3 are connected to
each other by annular tubes 12. - Similarly, the tank
chambers 2 and 4 are connected to each other by annular
tubes 13. Fin plates 14 are attached to the annular
tubes 12, 13 and are arranged radially. The annular

tubes 12 and the fin plates 14 in combination constitute
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a first heat exchanging unit 15 while the annular tubes
13 in cooperation with the fin plates 14 constitute a
second heat exchanging unit 16. The first and the
second heat exchanging units 15 and 16 are arrayed in
the axial direction. Side walls 17 and 18 are secured
by means of bolts 19 to both sides of the tank chambers
1 to 4. A reference numeral 20 designates a shaft
extending through the side wall 17 and connected to a
prime mover (not shown). A seal member 21 is secured
to the side wall ;7 to provide a seal between the shaft
20 and the side wall 17. The shaft 20 is connected at
its other end to a centrifugal blower 22 which is
surrounded by the heat exchanging units 15 and 16. A
reference numeral 23 denotes a bell mouth provided in
the side wall 18.

In this annular heat exchanger, two kinds of
liquids are circulated through respective heat exchang-
ing units 15, 16 to make heat exchange with air which
is blown by the centrifugal blower 22 driven by the
prime mover through the shaft 20. Namely, a first and
a second fluids to be cooled 1is éupplied into the tank -
chambers 1 and 2 through the inlet pipes 7 and 8,
respectively. The fluids then flow toward the tank
chambers 3 and 4 through respective annular tubes 12
and 13, so that the heat possessed by tThe fluids are
radiated from the plate fins 14 attached to the annular

tubes 12 and 13.

As the centrifugal blower 22 operates, the
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cooling air is induced through the bell mouth 23 and is

deflected orthogonally toward.the heat exchanging units

15, 16 to flow through the latter. Therefore, the velocity

of air flowing through the axial end portion adjacent to
the side wall 18 is smaller than that flowing through
the axial end adjacent to the side wall 17.  Namely,
since the cooling air flows through the heat exchanging
units 15, 16 at different velocities, it is not possible
to equalize the eooling efficieneies of both heat
exchanging units. In addition, each of the heat
exchanging units 15 and 16 cannot receive whole part of
the air induced through the bell mouth723.' In other
words, a part of the air indueed through the bell
mouth 23 is made to flow through’the heat exchanging
unit 15 solely while the remailner of the air induced
through the bell mouth is made to flow through the
other heat exchanging unit 16 solely. Therefore, the
heat radiation efficiency in each unit is comparatively
low.

In the case where the heat exchanger has
three or more heat exchanging units, it is not possible
to arrange the inlet pipe and outlet pipe of the central
heat exchanging unit in parallel with the shaft 20,
unless the tank chamber of the central heat exchanging
unitrsolely is projected radially outwardly or the inlet

and outlet pipes are bent at 905. In such a case, the

maximum diameter of the annular heat exchanger is increased

impractically.
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Under these circumstances, the present invention
provides an annular heat exchanger in which the cooling
efficiencies of all heat exchanging units are equalized
and the heat radiation efficiency of each heat exchanging
unit is improved, without being accompanied by an increase
of the maximum outside diameter of the annular heat
exchanging unit, as will be understood from the following
description of the preferred embodiments.

Fig. 3 shows an annular heat exchanger construct-
ed in accordance with a first embodliment of the invention,
Filg. 4 is a sectional view taken along the line IV-IV
of Fig. 3, Fig. 5 is a sectional view taken along the
line V-V of Fig. 3 and Fig. 6 is a sectional view taken
along the line VI-VI of Fig. 4.

Referring to these Figures, the heat exchanger
of the first embodimenﬂ has section-shaped columnar tanks
24 to 27. For instance, tank chambers 24 and 27 are
constructed as a unit and are separated from each other
by a partition wall. Similarly, the tank chambers 25 and
26 may be constructed as a unit and separated from‘each
other by a partition wall.

Numerals 28 and 29 denote inlet pipes connected
to the tank chambers 24, 25, while numerals 30 and 31
denote outlet pipes connected to the tank chambers
26, 27.

The tank chamber 24 is provided with a cap 32.
The tank chamber 24 and the tank chamber 26 are connected

to each other by annular tubes 33, while the tank
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chambers 25 and 27 are connected to each other by

annular tubes 34, Fin plates 35 and 36 are attached to
annular tubes 33 and 34 and are disposed radially. The
annular tubes 33 and thelplate fins 35 in combination
constitute a first heat exchanging unit 37, while a
second heat exchanging unit 38 i1s constituted by annular
tubes 34 and the fin plates 36. The first and the second
heat exchanging units 37, 38 are arranged concentrically
with each other.r

In operation, two different liquids to be
cooled are introduced into the tank chambers 24, 25
through the inlet pipeé 28, 29 and are then sent to the
tank chambers 26, 27 through the annular tubes 33, 34.
Meanwhile6 the centrifugal blower 22 is driven through
the shafgr%o generate a flow of air which carries away
the heat of the liquids from the plate fins 35, 36
attached to the annular tubes 33, 34 in which the iiquids
to be cooled are circulated.

Fig. 7 shows an annular heat exchanger const-
ructed in accordance with another embodiment of the
invention, while Fig. 8 is a sectional view taken
along the line VIII-VIITI of Fig. 7. Referring to these
Figures, the annular heat exchahger of this embodiment
has annular columnar chambers 39 to 42. The tank
chambers 39 and 40 are provided with inlet pipes 43, 44,
while the tank chambers 41, 427are provided with outlet
pipes 45, 46. The tank chamber 39 is provided at its

top portion with a cap 47. The tank chambers 39 and 41
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are connected to each other through straight tubes 48,
while the tank chambers 40 and 42 are connected to each
other by means of straight pipes 49. Annular plate
fins 50 and 51 are attached to the straight tubes 48,
49. The straight tubes 48 and the plate fins 50 in
combination constitute a first annular heat exchanging
unit 52, while the straight tubes 49 and the plate fins
51 constitute a second heat exchanging unit 53. The
heat exchanging units 52 and 53 are arranged concentri-
cally with each other.

In operation, two different ligquids to be cooled
are introduced into the tank chambers 39, 40 through the
inlet pipes 43, 44 and are sent to the tank chambers
41, 42 through the straight tubes 48, 49, respectively.
Meanwhile, the centrifugal blower 22 is driven through
the shaft 20 to produce flow of air which carries away
the heat of the liquids from the plate fins 50, 51 attached
to the straight tubes 48, 49 through which the liquids
to be cooled are circulated.

Fig. 9 illustrates a still another embodiment
of the invention while Fig. 10 is a sectional view taken
along the line X-X of Fig. 9.

Referring to these Figures, the heat exchanger
of this embodiment has about semicircular columnar tank
chambers 54 to 57 and circular columnar tank chambers
58, 59. 1Inlet pipes 60 and 61 are connected to the tank
chambers 54, 55, respectively, while outlet pipes 62, 63

are connected to the tank chambers 56, 57. The tank
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chamber 54 is provided at its top poftion with a cap 64,
The tank chambers 54, 56 are connected to the tank
chamber 58 through straight tubes 65, while the tank
chambers 55, 57 are gonnected to the tank chamber 59
through straight tubes 66. Annular plate fins 67, 68
are attached to the straight tubes 65, 66, respectively.
The straight tubes 65 and the plaﬁe fins 67 in combination
constitute a first annuiar heat exchanging uniﬁ 69,
while the straight tube3766 and the plate fins 68 in
combination constitute a second annular heat exchahging
unit 70. The heat exchanging units 69 and 70 are
arranged concentrically with each other.

In operation, two different liquids to be cooled
are introduced into the tank chambers 54, 55 through
inlet pipes 60, 61 and are sent to the tank chambers
56, 57 through the straight tubes 65, 66, tank chambers
58, 59 and the straight tubes 65, 66. Meanwhile, the
centrifugal blower 22 is driven through the shaft 20
to generate a flow ofrair which carries away the heat
of the liquids from the plate fins 67, 68 attached to
the straight tubes 65, 66 through which the liquids
are circulated.

In this'case, it is possible to dispose the
inlet pipes 60, 61 and the outlet pipes 62, 63 at the
same side of the heat exchanger, as will be clearly
seen from Fig. 10.

Although the invention has been described

through its preferred forms, the described embodiments
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are not exclusive and various changes and modifications
may be 1lmparted thereto without departing from the scope
of the invention.

For instance, the annular form of the heat
exchanging units is not essential and the heat exchanging
units can have various other cross-sections such as oval
cross-section, rectangular cross-section or other poly-
gonal cross-section. It is also possible to provide
three or more heat exchanging units although the describ-
ed embodiment has only two heat exchanging units. In such
a case, the size of each heat exchanging unit can be
determined as desired in proportion to the necessary
cooling capacity. The plate fins used in the des-
cribed embodiment can be substituted by corrugated
fins to constitute, in combination with the tubes, the
heat exchanging unit. Ofther types of heat exchanging
units can be used insteadly of the heat exchanging unit
mentioned above. Also, the direction of flow of fluids
in the illustrated embodiments are not‘exclusive.

Although a single suction centrifugal blower
is used in The described embodiments, it is possible
fo use double suction centrifugal blowers or other types
of blowers such as axial-flow type blower. 1n the
case where a single suction centrifugal blower is used,
the air may be induced from the same side as the driving
shaft. In the described embodiments, the blower is
supported externally and driven by a prime mover mounted

at the outside of the heat exchanger. It is, however,
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possibie to support the blower at its one or both sides
by bearing>or bearings attached to the side wall orr
walls of the heat exchanger or to attach the prime mover
such as a hydraulig motor, electric motor or the like
directly oneof theside walls. Although in the des-
cribed embodiment the cooling air is blown from the
central portion of the heat gxchanger radially outwardly,
it is possible to arrange such that the air ié directed
radially inwardly. | 7

As has been described, in the heat exchanger
of the invention, a plurality of heat exchanging units
are arranged concentrically so that the heat exchanger
units receive the cooling air at an equal rate even
when there is any uneven flow velocity distribution in
the axial direction, to ensure equal cooling efficiency
of all heat exchanging units. In addition, each heat
exchanging unit can operate at a high heat radiation
efficiency because each heat exchanging unit can receive
the whole part of the cooling air blown by the blower.

It is also to be noted that, when three or more
heat exchanging units are mounted in a single heat
exchanger, it is possible to extend ﬁhe inlet and
outlet pipes connected to the central heat exchanging
unit in parallel with the shaft of the blower, so that
it is not necessary to project the tank chamber of the
central heat exchanging body radially outwardly. Namely,
it 1s possible to minimize the maximum outside diameter

of the heat exchanger as a whole.
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In the heat exchanger of the invention, the
heat exchanging units may be disposed taking into account
the order of necessity for the cooling such that the heat
exchanging unit for the liquid having the highest demand

for cooling is disposed at the radially innermost portion

of the heat exchanger.
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WHAT IS CLAIMED IS:

1. A heat exchanger comprising a blower and a plurality

of heat exchanging units for different fluids to be

cooled arranged around said blower,

characterized in that

said heat exchanging units (37, 38) are disposed

concentrically with the axis (20) of said blower (22).

2. A heat exchanger as claimed in claim 1, wherein

each of said heat exchanging units (37, 38) has an

annular shape.

3. A heat exchanger as claimed in claim 1, characterized

by comprising annular tubes (33, 34) connected between
the fluid inlet (28, 29) and a £luid outlet (30, 31)
of each of said heat exchanging units (37,38 ) and

fins (35, 36) arranged in a heat exchanging relation
to said tubes (33, 34), said inlet (28, 29) and

outlet (30, 31) are arranged in parallel with the axis
(20) of said blower (22).

4, A heat exchanger as claimed in claim 1, characterized

by comprising two or more tank chambers (39 - 42)

including a tank chamber (39, 40) connected to the

fluid -inlet (43, 44) of each heat exchanging unit (52, 53)

and a tank chamber (41, 42) connected to the fluid
outlet (45, 46) of each heat exchanging unit (52, 53),

tubes (48,

49) connected between said tank chambers

(39- 42) and disposed in parallel with the axis (20)
of said blower (22), and fins (50, 51) arranged in

heat exchanging relation to said tubes (48, 49).

5. A heat exchanger as claimed in claim 1, characterized

by comprising annular tank chambers (39 - 42) connected
to the fluid inlet (43, 44) and fluid outlet (45, 46)
of each heat exchanging unit (52, 53), respectively,

tubes (48,

49) connected between said tank chambers
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(39 - 42) and extending in parallel with the axis (20)
of said blower (22), and fins (50, 51) arranged in heat

exchanging relation to said tubes (48, 49).

A heat exchanger as claimed in claim 1, characterized

by comprising about semicircular tank chambers (54 - 57)
connected to the fluid inlet (60, 61) and fluid outlet

(62, 63) of each heat exchanging unit (69, 70), an

annular tank chamber (58, 59) connected to said about
semicircular tank chambers (54, 56; 55, 57) through tubes

(65, 66) disposed in parallel with the axis (20) of said blower
(22) , and fins (67, 68) arranged in heat exchanging

relation to said tubes (65, 66).
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PRIOR ART

FIG. 2 PRIOR ART
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