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(57) Abrégé/Abstract:

In an air-cooled heat exchanger system, the stress in the pipe connecting the upstream main pipe of the upstream manifold and
each heat exchanger is minimized by using a simple structure. The air-cooled heat exchanger system (1) comprises an upstream
manifold (6) including a plurality of upstream branch pipes (18) extending therefrom, a heat exchanger (4) connected to the
downstream end of each branch pipe, and including an inlet header (31) placed on a base frame in a moveable manner, an outlet
header and a plurality of heat transfer tubes (34) connecting the two headers, and a connecting member (41, 75) connecting each
adjacent pair of the inlet headers. The upstream manifold, the inlet headers and the connecting members have a similar thermal
coefficient so that when the upstream manifold expands thermally, the corresponding thermal expansion of the inlet headers and
the connecting members causes the inlet headers to move relative to the base frame by an amount corresponding to the thermal
expansion of the upstream manifold.
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ABSTRACT OF THE DISCL.OSURE

In an air-cooled heat exchanger system, the stress in the pipe connecting the
upstream main pipe of the upstream manifold and each heat exchanger is minimized by
using a simple structure. The air-cooled heat exchanger system (1) comprises an
upstream manifold (6) including a plurality of upstream branch pipes (18) extending
therefrom, a heat exchanger (4) connected to the downstream end of each branch pipe,
and including an inlet header (31) placed on a base frame in a moveable manner, an
outlet header and a plurality of heat transfer tubes (34) connecting the two headers, and
a connecting member (41, 75) connecting each adjacent pair of the inlet headers. The
upstream manifold, the inlet headers and the connecting members have a similar
thermal coefficient so that when the upstream manifold expands thermally, the
corresponding thermal expansion of the inlet headers and the connecting members
causes the inlet headers to move relative to the base frame by an amount corresponding

to the thermal expansion of the upstream manifold.
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TITLE OF THE INVENTION

AIR-COOLED HEAT EXCHANGER SYSTEM
TECHNICAL FIELD
[0001]

The present invention relates to an air-cooled heat exchanger system, and in
particular to an air-cooled heat exchanger system for use in chemical plants, LNG plants
and power stations.

[0002]

In large facilities such as power stations, air-cooled heat exchanger systems are
used for cooling fluid media which are raised in temperature owing to heat exchange,
compression, distillation, reaction and so on. See Patent Document 1, for instance. The
air-cooled heat exchanger system disclosed in Patent Document 1 comprises a base
frame made of a rectangular steel frame, a plurality of heat exchangers occupying an
upper opening of the base frame and each including fin-tube type heat transfer tubes, a
fan unit configured to blow cooling air onto the outer surfaces of the heat transfer tubes,
an upstream manifold (header) for supplying high temperature fluid to the heat
exchangers and a downstream manifold for returning the fluid that has passed through
the heat exchangers back to the high temperature facility. The upstream manifold
includes a main pipe at the upstream end thereof and a plurality of branch pipes
branching out from the main pipe and connected to the corresponding heat exchangers
at the downstream ends thereof.

PRIOR ART DOCUMENT(S)
PATENT DOCUMENT(S)
[0003]

Patent Document 1: JP09-079768A



10

15

20

25

CA 02883103 2015-02-23

F1800

SUMMARY OF THE INVENTION
TASK TO BE ACCOMPLISHED BY THE INVENTION
[0004]

In the upstream manifold of this air-cooled heat exchanger system, the main
pipe thermally expands owing to the high temperature fluid that flows therein, and the
positions of the upstream ends of the branch pipes move along the length of the main
pipe with respect to the base frame. The heat exchangers also individually expand
thermally owing to the high temperature fluid flowing therein, but as the heat
exchangers are spaced from each other, the movement of the heat exchangers relative to
the base frame is significantly smaller than the movement of the upstream main pipe
relative to the base frame. Therefore, a relative displacement occurs between the
upstream end and the downstream end of each branch pipe, and the resulting stress in
the connecting portions between the branch pipes and the main pipe and between the
branch pipes and the heat exchangers could damage the branch pipes.

[0005]

To avoid this problem, as shown in Figure 8, a plurality of perpendicularly bent
portions (elbows) 204 may be formed in intermediate points of a branch pipe 203
connecting a main pipe 201 with a heat exchanger 202 so that the branch pipe 203 is
allowed to deflect (deflection or opening angle) at the time of a thermal expansion, and
the stress of the branch pipe 203 is minimized. However, the inclusion of such elbows
in the branch pipe increases the overall length of the branch pipe, and leads to the rise in
the manufacturing cost due to the increased material cost and labor cost. The repetition
of deformation at cach clbow could eventually cause damage to the elbow.

[0006]

The present invention was made in view of such problems of the prior art, and
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has a primary object to minimize stress in the pipe connecting an upstream manifold
with heat exchangers in an air-cooled heat exchanger system at the time of thermal
expansion by using a highly simple structure.
MEANS TO ACCOMPLISH THE TASK

[0007]

To achieve such an object, the present invention provides an air-cooled heat
exchanger system, comprising: a base frame (3); an upstream manifold (6) including an
upstream main pipe (16) extending in a first direction, an upstream inlet pipe (17)
communicating with the upstream main pipe to feed fluid to the upstream main pipe and
a plurality of branch pipes (18) extending from the upstream main pipe at different
points along the first direction; a heat exchanger (4) including an inlet header (31)
communicating with each of the branch pipes, a tube bundle (35, 36) communicating
with the inlet header at one end thereof and an outlet header (33) communicating with
the other end of the tube bundle, the inlet header being moveably mounted on the base
frame; and a connecting member (41; 75) connecting the inlet headers of at least two of
the heat exchangers to each other, the connecting member having a substantially same
thermal expansion coefficient as the upstream main pipe.

[0008]

According to this arrangement, the upstream manifold is heated by the fluid
flowing therein, and the connecting members and the inlet headers are also heated in a
similar manner as they are thermally in a similar condition as the upstream manifold (in
particular the upstream main pipe) so that they expand thermally in a similar manner.
As a result, the relative displacement between the upstream end and the downstream
end of each branch pipe is minimized. Therefore, even without using deformable

structures such as elbows in each branch pipe, damage to the branch pipe can be
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minimized, and the structure of each branch pipe can be simplified. This also
contributes to the reduction in the manufacturing cost.
[0009]

The inlet header may be slidably or otherwise moveably mounted on the base
frame by using a low friction member (71) or a deformable member (71) interposed
between the inlet header and the base frame.

[0010]

To bring each connecting member in a thermally similar condition as the
upstream manifold, the connecting member may be at least partly covered by thermal
insulation material (42).

[0011]

Typically, the inlet header and the outlet header of each heat exchanger are
placed one above the other, and the tube bundle includes a first tube bundle (35)
extending from the inlet header in a second direction substantially perpendicular to the
first direction and a second tube bundle (36) extending from a remote end of the first
tube bundle to the outlet header in parallel with the first tube bundle, and wherein the
system further includes a downstream manifold (7) including a downstream main pipe
(51) extending in the first direction, a downstream outlet pipe (52) communicating with
the downstream main pipe to expel fluid from the downstream main pipe and a plurality
of branch pipes (53) extending from the downstream main pipe at different points along
the first direction, and each communicating with the outlet header of a corresponding
one of the heat exchangers. Preferably, each heat exchanger further includes an
intermediate header (32) which is connected between the remote end of the first tube
bundle and a corresponding end of the second tube bundle.

[0012]
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In this case, the inlet header and the outlet header of each heat exchanger may
be fixedly attached to each other so as to jointly form a header unit, and the header unit
may be slidably or otherwise moveably supported by the base frame. Thereby, the
overall structure can be simplified.

[0013]

Alternatively, the inlet header and the outlet header of each heat exchanger
may be both supported by the base frame in an individually movable manner so that
both the inlet header and the outlet header of each heat exchanger may be allowed to be
displaced in a corresponding manner to the thermal expansions of the upstream
manifold and the downstream manifold, respectively.

[0014]

Thereby, a particularly accurate matching between the displacement of the inlet
header and the thermal expansion of the upstream manifold and between the
displacement of the outlet header and the thermal expansion of the downstream
manifold can be accomplished.

[0015]

Preferably, the upstream inlet pipe is connected to an intermediate point of the
upstream main pipe which is fixedly attached to a fixed support member. Thereby, the
upstream main pipe is allowed to expand thermally in outward directions from the fixed
intermediate point so that the maximum displacement in the upstream main pipe can be
minimized.

[0016]

In such a case, an optimum result can be achieved if the inlet header of the heat

exchanger adjacent to the support member is connected to the support member via the

connecting member.
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[0017]

Thereby, the array of the inlet headers and the connecting members can be
expanded thermally in a substantially similar manner as the upstream main pipe of the
upstream manifold.

EFFECT OF THE INVENTION
[0018]

According to the structures discussed above, the stress in each branch pipe due
to thermal expansion can be minimized by using a highly simple structure.
BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

Figure 1 is a side view showing an air-cooled heat exchanger system given as a
first embodiment of the present invention;

Figure 2 is a side view showing a single unit (a single bay) of the air-cooled
heat exchanger system of the first embodiment;

Figure 3 is a sectional view of one of the heat exchangers;

Figure 4 is an illustrative view showing the air-cooled heat exchanger system
of the first embodiment under normal condition (A) and under thermal expansion (B);

Figure 5 is a side view showing an air-cooled heat exchanger system given as a
second embodiment of the present invention;

Figure 6 is a sectional view of one of the heat exchangers;

Figure 7 is an illustrative view showing the air-cooled heat exchanger system
of the second embodiment under normal condition (A) and under thermal expansion
(B); and

Figure 8 is a view showing a connecting pipe connecting an upstream manifold

with a heat exchanger according to a conventional arrangement.
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[0020]

Various embodiments of the air-cooled heat exchanger system 1 according to
the present invention are now described in the following with reference to the appended
drawings. In each of the embodiments, the air-cooled heat exchanger system 1 is used
for cooling refrigerant or the like in various plants, such as refrigerant for use in a LNG
liquefaction plant. The refrigerant may consist of per se known refrigerant such as water,
ammonia, ethylene and propylene.

[0021]
(First Embodiment)

Referring to Figures 1 and 2, the air-cooled heat exchanger system 1 of the first
embodiment comprises a base frame 3 standing upright from a base surface 2 (such as a
ground surface and a floor surface), a plurality of heat exchangers 4 and corresponding
fan units 5 placed on the base frame 3, an upstream manifold 6 for supplying refrigerant
to the heat exchangers 4 and a downstream manifold 7 for expelling the refrigerant that
has passed through the heat exchangers 4.

[0022]

The base frame 3 consists of a metallic frame that includes a plurality of pillars
11 and a plurality of beams 12 that extend horizontally between the pillars 11. The
beams 12 define a rectangular frame in plan view on the top ends of the pillars 11,
thereby defining a heat exchanger support portion 13. The beams 12 further define
another rectangular frame in plan view under the heat exchanger support portion 13,
thereby defining a fan unit support portion 14. The heat exchanger support portion 13
and the fan unit support portion 14 each define a flat horizontal surface.

[0023]

The upstream manifold 6 extends linearly and horizontally, and includes an
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upstream main pipe 16, an upstream inlet pipe 17 connected to a lengthwise middle
point of the upstream main pipe 16 and a plurality of linear upstream branch pipes 18
connected to the upstream main pipe 16. The upstream branch pipes 18 are arranged at
an interval in the lengthwise direction of the upstream main pipe 16. The refrigerant is
supplied from the upstream inlet pipe 17 to the upstream main pipe 16, and hence to the
upstream branch pipes 18. The upstream main pipe 16 is sufficiently greater in diameter
than the upstream branch pipes 18 so that the refrigerant can be supplied to each
upstream branch pipe 18 at a uniform pressure. The upstream manifold 6 is fixedly
secured to a columnar support member 21 standing upright in a fixed relationship to the
base surface 2 at a connecting portion 19 defined between the upstream inlet pipe 17
and the upstream main pipe 16 by using a connecting member 22 such as a U bolt and a
clamp. Alternatively, the support member 21 may be integrally formed with the base
frame 3. When a plumb line passing through the connecting portion 19 defined between
the upstream inlet pipe 17 and the upstream main pipe 16 is designated as a reference
line (center line) A of the air-cooled heat exchanger system 1, the thermal expansion of
the upstream manifold 6 occurs in such a manner that the upstream main pipe 16
elongates outwardly in the lengthwise direction thereof from the reference line A while
the connecting portion 19 remains substantially fixed in position. The upstream
manifold 6 may be supported by the support member 21 via deformable members (such
as springs) at various points of the upstream main pipe 16 so as not to obstruct the
thermal expansion of the upstream manifold 6.
[0024]

As shown in Figure 3, each heat exchanger 4 includes an inlet header 31, an
intermediate header 32, an outlet header 33, a first tube bundle 35 consisting of a

plurality of heat transfer tubes 34 communicating the interiors of the inlet header 31 and
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the intermediate header 32 with each other, and a second tube bundle 36 consisting of a
plurality of heat transfer tubes 34 communicating the interiors of the intermediate
header 32 and the outlet header 33 with each other. The inlet header 31, the intermediate
header 32 and the outlet header 33 each consist of a hollow box internally defining a
space. The inlet header 31 and the outlet header 33 are mechanically connected to each
other on the outside without the interiors thereof communicating with each other, and
jointly form an integral header unit 37. The first tube bundle 35 extends from the inlet
header 31 perpendicularly to the lengthwise direction of the upstream main pipe 16, and
the intermediate header 32 is connected to the remote end of the first tube bundle 35 so
that the intermediate header 32 is spaced apart from the inlet header 31. The second
tube bundle 36 extends from the intermediate header 32 to the outlet header 33 in
parallel with the first tube bundle 35. The heat transfer tubes 34 forming the first and
second tube bundles 35 and 36 each extend linearly and may be fitted with fins to
increase the surface area thereof. In the first and second tube bundles 35 and 36, the
heat transfer tubes 34 are arranged in a plurality of layers. The lengthwise middle points
of the heat transfer tubes 34 forming the first and second tube bundles 35 and 36 are
passed through a tube spacer 38 defining a plurality of through holes. By thus passing
the heat transfer tubes 34 of the first and second tube bundles 35 and 36 through the
tube spacer 38, the heat transfer tubes 34 can be kept in a mutually spaced apart
relationship.
[0025]

Each heat exchanger 4 slidably rests upon the heat exchanger support portion
13 on the base frame 3 at the inlet header 31 and the intermediate header 32 of the
header unit 37. With each heat exchanger 4 resting on the heat exchanger support

portion 13, the inlet header 31 is placed above the outlet header 33, and the first and
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second tube bundles 35 and 36 extend horizontally. In this conjunction, when seen in
plan view, the heat exchangers 4 are placed on the base frame 3 such that the heat
transfer tubes 34 of the first and second tube bundles 35 and 36 extend perpendicularly
to the direction along which the upstream main pipe 16 of the upstream manifold 6
extends. The heat exchangers 5 are arranged along the length of the upstream main pipe
16. The header unit 37 of each heat exchanger 4 is connected to the header unit 37 of
the adjoining heat exchanger 4 via a connecting plate 41. Each connecting plate 41 is
connected to the corresponding header units 37 in a heat exchanging relationship,
optionally, with grease applied to the contact surfaces thereof. Each header unit 37
adjoining the reference line A is connected to the support member 21 also viaa
connecting plate 41. Each connecting plate 41 is planar in shape, and has a major plane
extending perpendicularly to the heat transfer tubes 34 of the first and second tube
bundles 35 and 36. Each connecting plate 41 is attached to the header unit 37 or the
support member 21, as the case may be, at each axial end (along the length of the
upstream main pipe 16) thereof by using threaded bolts. Alternatively, each connecting
plate 41 may also be attached to the header unit 37 or the support member 21 by
welding. Each connecting plate 41 may be mostly covered by thermal insulation
material 42 except for the parts thereof connected to the header unit 37 (or the support
member 21). By using the thermal insulation material 42, the temperature of each
connecting plate 41 can be kept close to that of the header unit 37.
[0026]

Each inlet header 31 is provided with a pair of inlet pipes 45 projecting linearly
upward therefrom. The terminal end of cach inlet pipe 45 is connected to the opposing
end of the corresponding upstream branch pipe 18. Each outlet header 33 is provided

with a pair of outlet pipes 46 projecting downward. In the illustrated embodiment, the
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inlet header 31 and the outlet header 33 of each heat exchanger 4 arc provided with a
pair of inlet pipes 45 and a pair of outlet pipes 46, respectively, and the inlet pipes 45
and the outlet pipes 46 are connected to the corresponding branch pipes 18 and 53 in a
one to one relationship. However, it is also possible that the inlet header 31 and the
outlet header 33 of each heat exchanger 4 are provided with only one inlet pipe 45 and
only one outlet pipe 46, respectively. Also, it is all within the purview of the present
invention if a plurality of branch pipes are commonly connected to a header of a same
heat exchanger.

10027]

As shown in Figures 1 and 2, the downstream manifold 7 includes a
downstream main pipe 51 extending linearly and in parallel with the upstream main
pipe 16 of the upstream manifold 6 under the upstream main pipe 16, a single
downstream outlet pipe 52 connected to an intermediate point of the downstream main
pipe 51 with respect to the lengthwise direction thereof and a plurality of linear
downstream branch pipes 53 connected to the downstream main pipe 51. The
downstream branch pipes 53 are arranged at an interval along the length of the
downstream main pipe 51. The downstream manifold 7 is connected to the outlet pipes
46 of the outlet headers 33 of the heat exchangers 4 at the terminal ends of the
corresponding downstream branch pipes 53 by using threaded bolts or welding. Thereby,
the refrigerant flows from the outlet header 33 of each heat exchanger 4 to the
downstream main pipe 51 via the corresponding outlet pipes 46 and downstream branch
pipe 53, and hence to the downstream outlet pipe 52. The downstream main pipe 51 is
sufficiently greater in diameter than the downstream branch pipes 53. The downstream
manifold 7 is positioned in such a manner that the connecting portion 54 between the

downstream main pipe 51 and the downstream outlet pipe 52 is located on the reference
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line A. The connecting portion 54 is fixedly secured to the support member 21 on the
reference line A by using a connecting member 55 such as a U bolt and a clamp.
Thereby, the thermal expansion of the downstream manifold 7 occurs in such a manner
that the downstream main pipe 51 elongates outwardly in the lengthwise direction
thereof from the reference line A while the connecting portion 54 remains substantially
fixed in position. The downstream manifold 7 may be supported by the support member
21 via deformable members (such as springs) at various points of the downstream main
pipe 51 so as not to obstruct the thermal expansion of the downstream manifold 7.
[0028]

The upstream manifold 6, the header units 37, the downstream manifold 7 and
the connecting plates 41 are made of material or materials having a substantially same
thermal expansion coefficient. For instance, the upstream manifold 6, the header units
37. the downstream manifold 7 and the connecting plates 41 may be made of a same
material.

[0029]

Each fan unit 5 comprises a fan main body 63 consisting of a cylindrical fan
ring 61 and a fan 62 rotatably supported inside the fan ring 61, and a drive unit 64 for
rotatively driving the fan 62. The drive unit 64 includes an electric motor 65 and a
transmission unit 66 for connecting the rotary shaft of the electric motor 65 to the rotary
shaft of the fan 62. In the fan unit 5, the fan main body 63 is supported by the fan
support portion 14 provided under the corresponding heat exchanger 4. The fan unit 5
supplies air to the outer surfaces of the first and second tube bundles 35 and 36 from the
downstream end thereof as the fan 62 rotates. In the illustrated embodiment, a single fan
unit 5 is ;;rovided for cach heat exchanger 4. However, a single fan unit 6 may be

provided for a plurality of head exchangers 4.
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[0030]

In this air-cooled heat exchanger system 1 described above, the refrigerant is
supplied to the upstream main pipe 16 via the upstream inlet pipe 17 of the upstream
manifold 6, and distributed to the upstream branch pipes 18 before being fed to the
individual heat exchangers 4. In each heat exchanger 4, the refrigerant flows in the inlet
pipe 45, the inlet header 31, the first tube bundle 35, the intermediate header 32, the
second tube bundle 36, the outlet header 33 and the outlet pipe 46, in that order. After
passing through the heat exchangers 4, the refrigerant flows from the individual outlet
pipes 46 into the downstream branch pipes 53 of the downstream manifold 7, and
converges into the downstream main pipe 51 before flowing into the downstream outlet
pipe 52. When flowing through the first and the second tube bundles 35 and 36 of each
heat exchanger 4, the refrigerant exchanges heat with the air supplied by the
corresponding fan unit 5 via the heat transfer tubes 34 forming the tube bundles, and is
thereby cooled.

[0031]

In the air-cooled heat exchanger system 1 of the preceding embodiment,
because the header units 37 of the heat exchangers 4 are connected to one another via
the corresponding connecting plate 41, as the upstream manifold 6 and the downstream
manifold 7 expand thermally owing to the heat from the refrigerant flowing therein, the
heat exchangers 4 are allowed to move relative to the base frame 3 so that the upstream
branch pipes 18, the downstream branch pipes 53, the inlet pipes 45 and the outlet pipes
46 are prevented from being stressed. As shown in Figure 4, when the upstream
manifold 6 and the downstream manifold 7 are heated by the refrigerant flowing therein,
and the upstream main pipe 16 and the downstream main pipe 51 are thereby caused to

expand thermally with the reference line A defining a stationary central point, the
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header units 37 are heated by the refrigerant flowing in the header units 37, and the
connecting plates 41 connected to the header units 37 are thereby heated. The header
units 37 and the connecting plates 41 are connected to one another in series so as to
form an array which is connected to the support member 21 at a middle point. Therefore,
this array expands thermally in outward directions from the reference line A along the
lengthwise direction of the upstream main pipe 16 and the downstream main pipe 51.
As a result, the relative displacement between the upstream end and the downstream
end of each upstream branch pipe 18, and hence the stress in the upstream branch pipe
18 is minimized. Likewise, the relative displacement between the upstream end and the
downstream end of each downstream branch pipe 53, and hence the stress in the
downstream branch pipe 53 is minimized. Therefore, the upstream branch pipes 18 and
the downstream branch pipes 53 are not required to be provided with structures for
creating flexibility such as elbows, and this simplifies the piping arrangement of the
upstream branch pipes 18 and the downstream branch pipes 53. This contributes to the
reduction of the manufacturing cost.

[0032]

(Second Embodiment)

An air-cooled heat exchanger system 100 given as a second embodiment of the
present invention is described in the following with reference to Figures 5 to 7. The
air-cooled heat exchanger system 100 of the second embodiment is similar to the
air-cooled heat exchanger system 1 of the first embodiment except for the structures of
the heat exchangers 4 and the connecting plates 41. In the description of the second
embodiment, the parts corresponding to those of the first embodiment are denoted with
like numerals without repeating the description of such parts.

[0033]
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In each of the heat exchangers 70 in the air-cooled heat exchanger system 100,
the inlet header 31 is separated from the outlet header 33. The outlet header 33 is
provided with a smooth flat upper surface, and a planar insert member 71 is placed on
this upper surface. The insert member 71 may be made of low-friction material such as
fluoride resin. Alternatively, the insert member 71 may also be made of deformable
member. On the upper surface of the insert member 71 rests the inlet header 31. The
tube spacer 38 is separated into two parts, one part supporting the first tube bundle 35,
and the other part supporting the second tube bundle 36. Owing to this structure, the
inlet header 31 is moveable in the lengthwise direction of the upstream main pipe 16
with respect to the outlet header 33. When the inlet header 31 is displaced relative to the
outlet header 33, the inlet header 31 may slide over the insert member 71 or the insert
member 71 may slide over the outlet header 33. Alternatively, the insert member 71
may be deformed. As a modified embodiment, the inlet header 31 may be placed
directly on the upper surface of the outlet header 33 so that the inlet header 31 may slide
over the outlet header 33. As the inlet header 31 slides over the outlet header 33, at least
one of the first tube bundle 35 and the second tube bundle 36 inevitably undergoes an
elastic deformation. As the length of the first tube bundle 35 and the second tube bundle
36 is sufficiently long in relation to the relative displacement between the inlet header
31 and the outlet header 33, the displacement of the inlet header 31 with respect to the
outlet header 33 does not cause any damage to the first tube bundle 35 and the second
tube bundle 36.

[0034]

The inlet header 31 of each heat exchanger 70 is connected to the inlet header

31 of the adjacent heat exchanger 70 along the length of the upstream main pipe 16 via

an inlet side connecting plate 75. The inlet header 31 of the heat exchanger 70 adjoining
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the reference line A is connected to the support member 21 via an inlet side connecting
plate 75. Likewise, the outlet header 33 of each heat exchanger 70 is connected to the
outlet header 33 of the adjacent heat exchanger 70 along the length of the upstream
main pipe 16 via an outlet side connecting plate 76. The outlet header 33 of the heat
exchanger 70 adjoining the reference line A is connected to the support member 21 via
an outlet side connecting plate 76. In this embodiment, the support member 21 is
connected to the base frame 3. Each of the inlet side and outlet side connecting plates 75
and 76 is planar in shape, and has a major plane extending perpendicularly to the
lengthwise direction of the first and second tube bundles 35 and 36. Each of the inlet
side and outlet side connecting plates 75 and 76 may be in most part covered by
insulating material.

10035]

In this embodiment, the upstream manifold 6, the inlet header 31, the outlet
header 33, the downstream manifold 7, the inlet side connecting plates 75 and the outlet
side connecting plates 76 are made of material or materials having a substantially same
thermal expansion coefficient. For instance, the upstream manifold 6, the header units
37, the downstream manifold 7 and the connecting plates 41 may be made of a same
material so that they all have a same thermal expansion coefficient.

[0036]

In the air-cooled heat exchanger system 100 of the second embodiment, the
inlet header 31 is movable relative to the outlet header 33, and the outlet header 33 is
moveable relative to the base frame 3. The refrigerant is cooled as it flows through the
first and second tube bundles 35 and 36, the temperature in the upstream manifold 6 and
the inlet header 31 preceding the tube bundles is substantially uniform, and so is the

temperature in the outlet header 33 and the downstream manifold 7 following the tube
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bundles. Therefore, as shown in part (B) of Figure 7, the array of the inlet headers 31
and the inlet side connecting plates 75 displaces with respect to the base frame 3 more
than the array of the outlet headers 33 and the outlet side connecting plates 76 so that
the arrays can better adapt to the upstream main pipe 16 which expands more than the
downstream main pipe 51 owing to the higher temperature thereof, Therefore, the
air-cooled heat exchanger system 100 of the second embodiment can even more
effectively reduce the stress in the upstream branch pipes 18 and the downstream branch
pipes 53 than the air-cooled heat exchanger system 1 of the first embodiment.

[0037]

The present invention was described in terms of specific embodiments, but the
present invention is not limited by the illustrated embodiments, and can be changed in
various parts thereof. For instance, the various components are connected to the support
members so that the thermal expansion occurs around the reference line A in the
foregoing embodiments, but the support members can be omitted in a certain
embodiment of the present invention. The shape of the base frame 3 and the location of
the fan units 5 can be changed freely without departing from the spirit of the present
invention. Furthermore, that the connecting member has a substantially same thermal
expansion coefficient as the upstream main pipe does not necessarily means that the two
members have an approximately same thermal coefficient, but that the array consisting
of the inlet headers and the connecting plates demonstrate a similar thermal expansion
property as the upstream main pipe of the upstream manifold.

[0038]
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GLOSSARY

air-cooled heat exchanger system
base surface

base frame

heat exchanger

fan unit

upstream manifold
downstream manifold
upstream main pipe
upstream inlet pipe
upstream branch pipe
support member

inlet header
intermediate header
outlet header

heat transfer tube
tirst tube bundle
second tube bundle

header unit

connecting plate (connecting member)

thermal insulation material
inlet pipe

outlet pipe
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downstream main pipe

downstream outlet pipe

downstream branch pipe

insert member

inlet connecting plate (connecting member)
outlet connecting plate (connecting member)

reference line
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CLAIMS
1. An air-cooled heat exchanger system, comprising:

a base frame;

an upstream manifold including an upstream main pipe extending in a first
direction, an upstream inlet pipe communicating with the upstream main pipe to feed
fluid to the upstream main pipe, and a plurality of branch pipes extending from the
upstream main pipe at different points along the first direction;

a plurality of heat exchangers arranged along the first direction, each heat
exchanger including an inlet header communicating with a corresponding one of the
branch pipes. wherein the inlet header is mounted on the base frame so as to be
moveable in the first direction relative to the base frame while in operation, a tube
bundle extending in a second direction substantially perpendicular to the first direction
and communicating with the inlet header at one end thereof, and an outlet header
communicating with the other end of the tube bundle; and

a connecting member elongated in the first direction to have a larger dimension
in the first direction than in the second direction and connecting the inlet headers of
adjoiningtwo of the plurality of heat exchangers to each other while allowing the inlet
headers to move in the first direction relative to the base frame while in operation, the
connecting member having the same thermal expansion coefficient as the upstream
main pipe;

wherein the connecting member is at least partly covered by a thermal

insulation material.

2. The air-cooled heat exchanger system according to claim 1, wherein the inlet

header of each heat cxchanger is moveably mounted on the base frame via a low friction
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member made of {luoride resin.

3. The air-cooled heat exchanger system according to claim 1, wherein the inlet
header of each heat exchanger is moveably mounted on the base frame via a

deformable.

4. The air-cooled heat exchanger system according to claim 1, wherein the inlet
header and the outlet header of each heat exchanger are placed one above the other, and
the tube bundle of each heat exchanger includes a first tube bundle extending from the
inlet header in a second direction substantially perpendicular to the first direction and a
second tube bundle extending from a remote end of the first tube bundle to the outlet
header in parallel with the first tube bundle, and

wherein the system further includes a downstream manifold including a
downstream main pipe extending in the first direction, a downstream outlet pipe
communicating with the downstream main pipe to expel fluid from the downstream
main pipe, and a plurality of branch pipes extending from the downstream main pipe at
different points along the first direction, and each communicating with the outlet header

of a corresponding one of the heat exchangers.

5. The air-cooled heat exchanger system according to claim 4, wherein each heat
exchanger further includes an intermediate header which is connected between the

remote end of the first tube bundle and a corresponding end of the second tube bundle.

6. The air-cooled heat exchanger system according to claim 4, wherein the inlet

header and the outlet header of each heat exchanger are fixedly attached to each other so
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as to jointly form a header unit, and the header unit is moveably supported by the base

frame.

7. The air-cooled heat exchanger system according to claim 4, wherein the inlet
header and the outlet header of each heat exchanger are both supported by the base

frame in an individually moveable manner.

8. The air-cooled heat exchanger system according to claim 7, wherein the outlet
headers of the adjoining two of the heat exchangers are connected to each other via
another connecting member elongated in the first direction separately from the inlet
headers, the other connecting member having a substantially same thermal expansion

coefficient as the downstream main pipe.

9. The air-cooled heat exchanger system according to claim 1, wherein the
upstream inlet pipe is connected to an intermediate point of the upstream main pipe, the

intermediate point being fixedly attached to a fixed support member.

10. The air-cooled heat exchanger system according to claim 9, wherein the inlet
header of the heat exchanger adjacent to the support member is connected to the support

member via the connecting member.
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Fig.3
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