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(57) Disclosed are a cold box structure with cold box
panels partly built-in and an installation method therefor.
The cold box structure is mainly applied to plate-fin heat
exchangers, and in particular to high-pressure aluminum
plate-fin heat exchangers. The cold box structure com-
prises a base, a cold box support frame, four cold box
panels, and a cold box top plate, and a plate-fin heat
exchanger is placed inside the cold box. Some of or all

the four cold box panels can be placed inside the cold
box support frame as needed. The cold box structure can
protect the cold box support frame from being damaged
by cryogenic steam ejected from the plate fin-heat ex-
changer due to leakage, and further enables the discov-
ering of leakage situations of the plate-fin heat exchanger
from outer surfaces of the cold box panels in a timely
manner.
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Description
Technical Field

[0001] The present invention relates to a cold box
structure for a plate-fin heatexchanger and an installation
method therefor, which are particularly suitable for a high-
pressure aluminum plate-fin heat exchanger.

Background Art

[0002] The plate-fin heat exchanger has the charac-
teristics of compact structure, light weight, high heat
transfer efficiency, etc., and so is widely used in industrial
sectors such as refrigeration, petrochemical, air separa-
tion, aerospace, power machinery and superconducting,
and is generally recognized as one of the new efficient
heat exchangers. Due to the low-temperature ductility
and good tensile properties of aluminum alloy, plate-fin
heat exchangers made of aluminum alloy are particularly
suitable for low-temperature and ultra-low-temperature
applications, and are also widely used in air separation
processes in modern industries. At present, almost all
the heat exchangers of air separation apparatuses use
plate-fin heat exchangers. Due to operating at a temper-
ature below -150°C, the air separation apparatus needs
to be placed inside a cold box, and the cold box is filled
with perlite sand to provide heat insulation.

[0003] Generally, the cold box is in the shape of a rec-
tangular hexahedron, comprising a base, a cold box sup-
port frame, four cold box panels and a cold box top plate.
In the prior art, the cold box panels are welded to the
outer side the cold box support frame. The cold box can
be made of carbon steel or stainless steel, but due to the
high price of stainless steel, carbon steel is usually used
in practice. However, the carbon steel material is prone
to brittle fracture at low temperatures. In the process of
air separation, if leakage occurs at a plate-fin heat ex-
changer and low-temperature steam is ejected, the per-
lite sand inside the cold box becomes damp and hard-
ened, and the cold box panels or the cold box support
frame of carbon steel is easily damaged. Failure to timely
discover leakage may result in other serious conse-
qguences.

[0004] In traditional cold box structures, the cold box
panels are placed outside the cold box support frame
structure. In the process of air separation, cryogenic
steam is ejected if leakage occurs at the plate-fin heat
exchanger. If the leaked steam is directly ejected to the
cold box support frame, since the cold box panels are
located outside the cold box support frame and shield
the cold box support frame, the damage caused by the
leakageis not easily discovered in atimely manner, which
may result in the failure to timely discover leakage in the
plate-fin heat exchanger. This is not conducive to the
safe operation of air separation systems, resulting in de-
graded quality of air separation products, which also may
cause serious safety accidents; in addition, the repair
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work for the damaged cold box support frame is huge
and the cost is high.

Summary of the Invention

[0005] The presentinvention provides acold box struc-
ture with cold box panels partly built-in, which is applica-
ble to a plate-fin heat exchanger, and in particular to a
high-pressure aluminum plate-fin heat exchanger for use
in an air separation process. The cold box of a carbon
steel material in the present invention is especially ap-
plicable to brazed aluminum plate-fin heat exchangers
with the working pressure higher than 20 bar. Since leak-
age easily occurs on the sides of the high-pressure plate-
fin heat exchanger where seals are located, and the tem-
perature at the cold end of the heat exchanger is -196°C,
cryogenic steam ejected due to leakage seriously dam-
ages the carbon steel structure, and brittle fracture, etc.
may occur. In the present invention, cold box panels fac-
ing sides of the plate-fin heat exchanger where the seals
are located are placed inside the cold box support frame,
so that the leakage can be timely discovered from the
frost and icing conditions of the cold box panels upon
occurring, which has the function of protecting the cold
box support frame.

[0006] The technical solution adopted by the present
invention to solve the above technical problems is:

a cold box structure comprising a base, a cold box sup-
port frame, four cold box panels and a cold box top plate,
aplate-fin heatexchanger being fixed inside the cold box,
wherein the cold box panels facing sides of the plate-fin
heat exchanger where seals are located are placed in-
side the cold box support frame, and perlite sand is filled
between the cold box and the plate-fin heat exchanger.
[0007] In the present invention, the cold box support
frame, the cold box panels, and the cold box top plate
may be made of carbon steel or stainless steel.

[0008] In the present invention, the cold box panels
facing sides of the plate-fin heat exchanger where lateral
plates are located are placed outside the cold box support
frame, and may also be placed inside the cold box sup-
port frame.

[0009] Aninstallation method for the cold box structure
comprises the steps of:

1) fixing a cold box base, installing a cold box support
frame, and installing a plate-fin heat exchanger in-
side the cold box support frame;

2) installing four cold box panels, wherein the cold
box panels facing seals of the plate-fin heat exchang-
er are installed inside the cold box support frame,
and the cold box panels facing lateral plates of the
plate-fin heat exchanger are installed inside or out-
side the cold box support frame;

3) installing a cold box top plate at the top of the cold
box support frame; and

4) welding the parts of the cold box in a sealed man-
ner, filling the cold box with perlite sand, and, if nec-
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essary, charging nitrogen.

[0010] In step 2) of the installation method, the cold
box panels facing the seals of the plate-fin heat exchang-
er are installed in advance inside the cold box support
frame, or are installed on-site inside the cold box support
frame, depending on the on-site installation size.
[0011] The positive effects produced by the technical
solution of the present invention are as follows:

1) The cold box support frame is protected. When
leakage occurs at the plate-fin heat exchanger, the
leaked steam is prevented from being directly eject-
ed to the cold box support frame, thereby protecting
the cold box support frame from being damaged.
2) The leakage situation is timely discovered. The
cold box panels facing the sides of the plate-fin heat
exchanger where leakage easily occurs, that is, the
sides where the seals are located, are placed inside
the cold box support frame. When leakage occurs
at the plate-fin heat exchanger, cryogenic steam is
directly ejected to the inside cold box panels. Since
the cold box panels are thin, air is condensed due
to cooling, and frozen or frost conditions of the cold
box panels can also be seen from outside of the cold
box, so as to timely discover the leakage for main-
tenance. If the cold box panels are placed outside
the cold box support frame, when the ejected cryo-
genic steam is exactly on the inside cold box support
frame, the heat transfer is slower due to the thicker
support frame, and the air is not easily condensed;
in addition, due to the shielding of the outside cold
box panels, it is difficult to discover the leakage sit-
uation of the plate-fin heat exchanger.

Brief Description of the Drawings

[0012]

Fig. 1is aschematic view of a plate-fin heat exchang-
er;

Fig. 2 is a schematic structural view of a cold box
support frame;

Fig. 3 is a schematic view of the appearance of a
first embodiment of the present invention; and

Fig. 4 is a schematic view of the appearance of a
second embodiment of the present invention.

Detailed Description

[0013] The specific embodiments of the presentinven-
tion will be further described below in conjunction with
the accompanying drawings.

[0014] Fig. 1 is a schematic view of a plate-fin heat
exchanger, wherein the sides on which seals of the heat
exchanger are located are faces b, b’, and the sides on
which lateral plates are located are faces a, a’. A plate
heat exchanger (in particular a brazed aluminum plate

10

15

20

25

30

35

40

45

50

55

heat exchanger) has a heat exchange portion inside
which a plurality of heat exchange passages are dis-
posed. The heat exchange passages are formed by al-
ternately stacking partition plates and profiled plates (for
example, ribbed plates or corrugated plates, finned
plates) or distribution devices, and the heat exchange
portion is formed by heating and brazing the stack in a
suitable brazing furnace. Under high pressure, leakage
easily occurs at the brazed joint, that is, leakage easily
occurs at the faces b, b’ on which the seals of the plate-
fin heat exchanger are located.

[0015] Fig. 2 shows a schematic view of a cold box
support frame 2, the four sides of which are A, A’, B, B’,
respectively. The oblique line areas in the figure repre-
sent the interior of the cold box support frame on the side
A’ and the interior of the cold box support frame on the
side B’, respectively, and 1 represents a base. The sides
B, B’ of the cold box frame are opposite the sides of the
plate-fin heat exchanger where seals are located, and
sides A, A’ are opposite the sides of the plate-fin heat
exchanger where cover plates are located (the plate-fin
heat exchanger is not shown in the figure). In the process
of installing the cold box panels, the cold box panels 3b,
3b’ are installed inside the cold box support frames on
the sides B and B’, and the cold box panels 3a, 3a’ are
installed outside or inside the cold box support frames
on the sides A and A’.

[0016] Fig. 3 is a first embodiment of the present in-
vention, comprising a base 1, a cold box support frame
2, a cold box top plate 4, and four cold box panels 3a,
3a’, 3b, 3b’, wherein the oblique line areas in the figure
respectively represent the cold box panel 3a and the cold
box panel 3b (3a’, 3b’ are not visible in the figure). The
cold box panels 3b, 3b’ are placed inside the cold box
support frame 2, and the cold box panels 3a, 3a’ are
placed outside the cold box support frame 2.

[0017] Faces a and a’ of the plate-fin heat exchanger
are symmetrical faces of the plate-fin heat exchanger,
and faces b and b’ are further symmetrical faces of the
plate-fin heat exchanger. The sides A and A’ of the cold
box frame are symmetrical to each other, and the sides
B and B’ are symmetrical to each other. The cold box
panels 3a and 3a’ are symmetrical to each other, and 3b
and 3b’ are symmetrical to each other.

[0018] In the presentinvention, the interior of the cold
box support frame refers to the side of the cold box sup-
port frame facing the heat exchanger; and the exterior of
the cold box support frame refers to the side of the cold
box support frame facing the outside air.

[0019] Inthe presentinvention, the cold box panels 3a,
3a’, 3b, 3b’ refer to the panels on four sides of the cold
box, the cold box top plate 4 refers to the panel located
at the top of the cold box, the base 1 refers to a structure
located at the bottom of the cold box for supporting the
cold box, the cold box support frame 2 refers to a structure
that supports the cold box panels to fix the cold box pan-
els.

[0020] Inthe firstembodiment, the cold box panels 3b,
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3b’ facing the faces b, b’ of the plate-fin heat exchanger
are located inside the cold box support frames on the
sides B, B’. Since leakage easily occurs at the faces b,
b’ of the plate-fin heat exchanger, the cold box panels
3b, 3b’ facing the faces b, b’ are built inside the cold box
support frame, which can prevent leaked steam from be-
ing directly ejected to the cold box support frame, thereby
having a protection function. In addition, the leakage can
be discovered timely. If the cold box panels 3b, 3b’ are
placed outside the support frame, and if the cryogenic
steam ejected due to leakage is directly ejected to the
support frame, the leakage is not easily discovered due
to the shielding of the cold box panels.

[0021] In the first embodiment, the cold box panels 3a,
3a’ facing the faces a, a’ of the plate-fin heat exchanger
are located outside the cold box support frame on the
sides A, A’. Since leakage doesn’t easily occur at the
faces a, a’ of the plate-fin heat exchanger, in order to
reduce installation difficulty, the cold box panels 3a, 3a’
are installed outside the cold box support frame.

[0022] Fig. 4 is a second embodiment of the present
invention, comprising a base 1, a cold box support frame
2, a cold box top plate 4, and four cold box panels 3a,
3a’, 3b, 3b’, wherein the oblique line areas in the figure
respectively represent the cold box panel 3a and the cold
box panel 3b (3a’, 3b’ are not visible in the figure). The
four cold box panels 3a, 3a’, 3b, 3b’ are all placed inside
the cold box support frame 2.

[0023] In the second embodiment, the cold box struc-
ture comprises the cold box panels 3a, 3a’, 3b, 3b’ placed
inside the cold box support frame, wherein the cold box
panels 3a, 3a’ are placed inside the cold box support
frame on sides A, A’, and the cold box panels 3b, 3b’ are
placed inside the cold box support frame on sides B, B'.
[0024] In the first and second embodiments, the cold
box support frame and the cold box panels are made of
carbon steel or stainless steel.

[0025] An installation method of the cold box structure
of the first and second embodiments is as follows:

1) fixing a cold box base 1, installing a cold box sup-
portframe 2, and installing a plate-fin heat exchanger
inside the cold box support frame 2;

2) installing four cold box panels 3a, 3a’, 3b, 3b’,
wherein the cold box panels 3b, 3b’ facing seals of
the plate-fin heat exchanger are installed inside the
cold box support frame on sides B, B’. In the first
embodiment, the cold box panels 3a, 3a’ facing lat-
eral plates of the plate-fin heat exchanger are in-
stalled outside the cold box support frame on sides
A, A’; and in the second embodiment, the cold box
panels 3a, 3a’ facing the lateral plates of the plate-
fin heat exchanger are installed inside the cold box
support frame on the sides A, A’;

3) installing a cold box top plate 4 at the top of the
cold box support frame 2; and

4) welding joints in a sealed manner, filling the cold
box with perlite sand, and, if necessary, charging
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nitrogen.

[0026] In step 2) of the foregoing installation method,
when the installation size is limited, the cold box panels
3b, 3b’ facing the seals of the plate-fin heat exchanger
may be installed in advance inside the cold box support
frame on the sides B, B’; and if the installation size is not
limited on-site, the cold box panels 3b, 3b’ may be in-
stalled on-site inside the cold box support frame on the
sides B, B’.

[0027] Of course, some equipment components or at-
tachments, such as pipes, cable shafts, valves or obser-
vation facilities and supports, may be installed during fac-
tory prefabrication.

[0028] The presentinvention is applicable not only to
rectangular parallelepiped cold boxes but also to cylin-
drical cold boxes. The presentinvention is also not limited
to be applicable to plate-fin heat exchangers, but to all
cases where leakage can be judged by means of the
surface of the cold box, or where the cold box support
frame needs to be protected.

[0029] The above embodiments are only preferred em-
bodiments of the presentinvention, and the scope of pro-
tection of the present invention is not limited to the em-
bodiments. All the technical solutions under the inventive
concept are within the scope of protection of the present
invention. It should be noted that, to those of ordinary
skill in the art, several modifications and variations with-
out departing from the principles of the present invention
should be considered to be within the scope of protection
of the present invention.

Claims

1. A cold box structure comprising a cold box support
frame (2), four cold box panels (3a, 3a’, 3b, 3b’), a
base (1) and a cold box top plate (4), a plate-fin heat
exchanger being placed inside the cold box support
frame (2), and perlite sand being filled between the
cold box and the plate-fin heat exchanger, charac-
terized in that the cold box panels (3b, 3b’) facing
seals of the plate-fin heat exchanger are located in-
side the cold box support frame (2).

2. The cold box structure as claimed in to claim 1, char-
acterized in that the cold box support frame and the
cold box panels are made of carbon steel or stainless
steel.

3. The cold box structure as claimed in claim 1, char-
acterized in that the cold box panels (3a, 3a’) facing
lateral plates of the plate-fin heat exchanger are lo-
cated outside the cold box support frame on sides
(A, A).

4. The cold box structure as claimed in claim 1, char-
acterized in that the cold box panels (3a, 3a’) facing



7 EP 3 620 738 A1

lateral plates of the plate-fin heat exchanger are lo-
cated inside the cold box support frame on sides (A,
A).

An installation method applicable to the cold box 5
structure of claim 1, characterized by comprising
the steps of:

1)fixing a cold box base (1), installing a cold box
support frame (2), and installing a plate-fin heat 70
exchanger inside the cold box supportframe (2);
2) installing four cold box panels (3a, 3a’, 3b,
3b’), wherein the cold box panels (3b, 3b’) facing
seals of the plate-fin heat exchanger are in-
stalled inside the cold box support frame on 15
sides (B, B’), and the cold box panels (3a, 3a’)
facing lateral plates of the plate-fin heat ex-
changer are installed inside or outside the cold
box support frame on sides (A, A’);
3) installing a cold box top plate (4) at the top of 20
the cold box support frame (2); and
4) welding the parts of the cold box in a sealed
manner, filling the cold box with perlite sand,
and, if necessary, charging nitrogen.
25
The installation method as claimed in claim 5, char-
acterized in that the cold box panels (3b, 3b’) facing
the seals of the plate-fin heat exchanger are installed
in advance inside the cold box support frame on the
sides (B, B’), or are installed on-site inside the cold 30
box support frame on the sides (B, B’).
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