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Description
BACKGROUND

[0001] The invention relates generally to an open rack
vaporizer and a method for manufacturing such a man-
ufacturing such an open rack vaporizer.

[0002] A heattransfer device, such as a heat exchang-
er, is a device that transmits thermal energy between a
hot fluid and a cold fluid. Heat flows from the hot fluid to
the cold fluid in the heat transfer device via a plurality of
heat transfer surfaces such as tubes or panels. Heat ex-
changers may be classified into different types such as
parallel flow type, counter flow type, cross flow type, sin-
gle pass type, or multiple pass type. Heat exchangers
used in fluid processing plants, for example liquid natural
gas vaporizers or natural gas liquefiers, rely on several
conventional heat transfer techniques to enhance ther-
mal effectiveness or to enhance other heat transfer char-
acteristics between a process fluid (e.g. liquid natural
gas) side and a heat source or a heat sink side of the
heat exchanger.

[0003] One conventional technique to improve thermal
effectiveness involves increasing the surface area of the
heat transfer surfaces. An increase in the surface area
may be achieved by providing a plurality of fins, protru-
sions, or recesses for example, to the heat transfer sur-
faces, leading to an increase in the total heat flux per unit
area (base surface area) of the heat transfer device re-
sulting in a decrease in size and cost of the heat transfer
device or an increase in total capacity of the device.
[0004] Another conventional technique to improve
thermal effectiveness is to increase the heat transfer co-
efficient by providing flow turbulators or baffles to the
heat transfer surfaces. However, provision of flow turbu-
lators or baffles results in increased pressure losses in
the heat transfer device.

[0005] Accordingly, there is a need for a system and a
method to increase thermal effectiveness in an open rack
vaporizer while maintaining compact size and acceptable
pressure losses.

BRIEF DESCRIPTION

[0006] There is provided an open rack vaporizer as
defined in claim 1 and a method for manufacturing an
open rack vaporizer as defined in claim 7.

DRAWINGS

[0007] The aspects and advantages of the present in-
vention will become better understood when the following
detailed description, provided by way of example only,
is read with reference to the accompanying drawings in
which like characters represent like parts throughout the
drawings, wherein:

FIG. 1 is a diagrammatical view of an open rack va-

10

15

20

25

30

35

40

45

50

55

porizer system having a heat transfer device, for ex-
ample a liquid natural gas heat exchanger, in accord-
ance with an exemplary embodiment of the present
invention;

FIG. 2is a perspective view of a heat exchanger tube
having a heat transfer enhancing system in accord-
ance with aspects of the embodiment of FIG. 1;

FIG. 3 is a diagrammatical view of a heat transfer
enhancing system in accordance with an exemplary
embodiment of the present invention;

FIG. 4 is a diagrammatical view of an open rack va-
porizer having a heat transfer device provided with
a plurality of fins having a transfer enhancing system
in accordance with an exemplary embodiment of the
present invention;

FIG. 5is a perspective view of a heat transfer device
having a corrugated panel provided with a heattrans-
fer enhancing system in accordance with an exem-
plary embodiment of the present invention;

FIG. 6 is a diagrammatical view of a heat transfer
enhancing system in accordance with an exemplary
embodiment of the present invention;

FIG. 7 is a diagrammatical view of a heat transfer
enhancing system in accordance with an exemplary
embodiment of the present invention;

FIG. 8 is a diagrammatical view of a heat transfer
enhancing system in accordance with an exemplary
embodiment of the present invention;

FIG. 9 is a diagrammatical view of a heat transfer
enhancing system in accordance with an exemplary
embodiment of the present invention;

FIG. 10 is a graph representing variation of jet Rey-
nolds number versus heat transfer enhancement in
accordance with an exemplary embodiment of the
present invention;

FIG. 11 is a diagrammatical view of an exemplary
technique used to provide a heat transfer enhancing
system to a heat transfer device, for example a heat
exchanger, in accordance with an exemplary em-
bodiment of the present invention; and

FIG. 12 is a diagrammatical view of an exemplary
technique used to provide a heat transfer enhancing
system to a heat transfer device, for example an in-
tercooler, in accordance with an exemplary embod-
iment of the present invention.
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DETAILED DESCRIPTION

[0008] As discussed in detail below, embodiments of
the presentinvention provide a heat transfer device hav-
ing a plurality of heattransfer walls configured to separate
afirst fluid and a second fluid. An exemplary heat transfer
enhancing system in accordance with the exemplary em-
bodiments of the present invention is provided to one or
more heat transfer walls. The heat transfer enhancing
system includes a plurality of micro turbulating particles
bonded to one or more heat transfer walls using a binding
medium. The micro turbulating particles may include
spherical shaped particles, or particles of different
shapes depending on the requirement. Exemplary tech-
niques in accordance with the embodiments of the
present invention are used to bond the micro turbulating
particles randomly or in a predetermined pattern to the
heat transfer surfaces. The heat transfer enhancing sys-
tem utilizes micro turbulating particles to enhance ther-
mal effectiveness of heat transfer surfaces, such as for
example, a plurality of tubes or panels in a liquid natural
gas heat exchanger. Particle size, distribution density,
spacing and pattern may be varied to achieve desired
thermal enhancement. The "micro turbulating particle
distribution density" may be referred to as average in-
crease in wetted surface area due to the micro turbulating
particles. In one example, an average increase is 50%.
The micro turbulating particles act to enhance heat trans-
fer between the first fluid and the second fluid via the
heat transfer walls. Additional pressure loss in the heat
transfer device is minimal. Specific embodiments of the
present invention are discussed below referring gener-
ally to FIGS. 1-12.

[0009] Referring to FIG. 1, an exemplary system 10
(for example, a liquid natural gas (LNG) system) is illus-
trated in accordance with an exemplary embodiment of
the present invention. In the illustrated embodiment, the
system 10 is an open rack vaporizer system. The illus-
trated system 10 includes an LNG pump 12 coupled to
an LNG tank 14. The LNG pump 12 is also coupled via
a pipe 16 to a panel (heat exchanger) 18.

[0010] The panel 18includes a plurality of heattransfer
tubes 20 arranged proximate to each other. The LNG
pump 12 is configured to supply a first fluid or a process
liquid 19 (i.e. liquid natural gas) from the LNG tank 14 to
the panel 18 via the pipe 16. A valve 22 is provided to
the pipe 16 and configured to control the amount of liquid
natural gas flowing through the pipe 16. The system 10
further includes another pump 24 coupled to an intake
tank 26. The pump 24 is also coupled to a header 28 via
a pipe 30. The pump 24 is configured to supply a second
liquid (i.e. sea water) 32 from the intake tank 26 to the
header 28 via the pipe 30. The header 28 is provided to
spray sea water 32 on the plurality of tubes 20 of the
panel 18. Warm sea water flows along external surfaces
of the tubes 20, while liquid natural gas flows through the
tubes 20 and is evaporated.

[0011] The panel 18 includes an inlet side 34 config-
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ured to intake liquid natural gas 19 and an outlet side 36
configured to discharge natural gas via a supply pipe 38.
The inlet side 34 includes a vaporizing zone 40 and the
outlet side 36 includes a heating zone 42. The exemplary
system 10 uses sea water 32 at atmospheric pressure
as the heating source for vaporizing or heating low-tem-
perature fluids (liquid natural gas) into gases at atmos-
pheric temperatures. The liquid natural gas is vaporized
using sea water in the vaporizing zone 40 of the panel
18. The vaporized natural gas is then further heated to
a higher temperature in the heating zone 42 before dis-
charging through the supply pipe 38. In certain exemplary
embodiments, an aluminum-zinc alloy is thermal-
sprayed on the panel 18 to protect the panel 18 against
corrosion by seawater 32. A heat transfer enhancing sys-
tem 44 in accordance with the exemplary embodiments
of the present invention is provided to a plurality of heat
transfer walls 46 of the plurality of tubes 20 of the panel
18. In certain exemplary embodiments, the heat transfer
enhancing system 44 includes a plurality of micro turbu-
lating metallic particles bonded to the one or more heat
transfer walls 46 of the tubes 20 using a binding medium.
Inaccordance with the exemplary embodiments, a "micro
turbulating particle" may be referred to as a single micro
turbulating particle or an agglomeration of one or more
single particles into one complex micro turbulating parti-
cle that does not allow liquid flow to penetrate inside the
agglomeration. It should also be noted that "micro turbu-
lating particle size" may be referred to as average height
or diameter of a single or agglomerated micro turbulating
particle. "Particle spacing" may be referred to as the local
or regional average distance from one particle center to
that of the adjacent particle center, expressed as a ratio
of the particle size.

[0012] In alternate exemplary embodiments, the panel
18 may include a plurality of panels arranged in parallel
arrays. Warm sea water flows along external surfaces of
the panels, while liquid natural gas flows through the pan-
els and is evaporated. Although the LNG vaporizer is
illustrated, in certain other exemplary embodiments, the
heat transfer enhancing system 44 may also be applica-
ble to liquefiers, intercoolers, electrical and electronic
thermal management devices, or the like where en-
hanced heat transfer rates are required. Similarly, in cer-
tain other exemplary embodiments, the system 44 may
be applicable to various types of heat exchangers such
as parallel flow type, counter flow type, crossed flow type,
and combined flow type heat exchangers. Turbulation in
accordance with the exemplary embodiments of the
presentinvention may be utilized to treat a variety of com-
ponents including combustor liners, combustor domes,
vanes or blades, or shrouds of gas turbines. The exem-
plary turbulation techniques may also be used to treat
shroud clearance control areas including flanges, cas-
ings, and rings.

[0013] The micro turbulating particlesincrease the sur-
face area and the heat transfer coefficient of the heat
transfer walls 46 that results in increased heat transfer



5 EP 2 053 334 B1 6

rates and reduced relative pressure losses compared to
other augmentation methods. Processing of the heat
transfer walls may be customized depending on the re-
quirement and differing levels of desired thermal en-
hancement. Specific embodiments of the present inven-
tion are discussed below referring generally to FIGS.
1-12.

[0014] Referring to FIG. 2, the heat transfer tube 20 in
accordance with the aspects of FIG. 1 is illustrated. In
the illustrated embodiment, the heat transfer enhancing
system 44 is provided to an exterior surface 41 and an
interior surface 43 of the heat transfer wall 46 of the tube
20. As described previously, the system 44 includes a
plurality of micro turbulating particles bonded to the sur-
faces 41, 43 of the tube 20 using a binding medium. In
certain exemplary embodiments, the plurality of micro
turbulating particles may include nickel, cobalt, alumi-
num, silicon, or iron, or alloys thereof, or a combination
including any of the foregoing. The binding medium may
include epoxy, or metal foil, or solder, or braze material,
or weld material, or a combination thereof. It should be
noted that the above-mentioned list of materials of the
micro turbulating particles and binding medium are not
exhaustive and other metallic material or metallic alloys
suitable for enhancing heat transfer characteristics are
also envisaged. The amount and type of binder generally
ensures sufficient adhesive strength of the micro turbu-
lating particles to the heat transfer wall in system 44.
[0015] In the illustrated embodiment, the micro turbu-
lating particles are applied randomly to the surfaces 41,
43 ofthe tube 20. In certain other embodiments, the micro
turbulating particles may be randomly or partially provid-
ed to the heat transfer walls of the vaporizing zone and
the heating zone of the panel. In certain other embodi-
ments, the micro turbulating particles are uniformly bond-
ed to one or more heat transfer walls of the tubes 20. In
certain other embodiments, the micro turbulating parti-
cles are bonded in a predetermined pattern to one or
more heat transfer walls of the tubes 20. The provision
ofthe micro turbulating particles may be varied in different
zones of the heat exchanger depending on the thermal
potential of the zones. In accordance with the exemplary
embodiments of the present invention, the increase in
heat transfer is largely due to increased micro turbulated
surface area of the tube. The micro turbulating particles
may also increase heat transfer by modifying fluid flow
characteristics such as from laminar flow to turbulent flow
along the heat transfer surfaces. It should noted that the
fluid flow along the heat transfer surface having en-
hanced heat transfer characteristics may include channel
type fluid flow and impinging type fluid flow.

[0016] Referringto FIG. 3, the heat transfer enhancing
system 44 in accordance with an exemplary embodiment
of the present invention is illustrated. The system 44 in-
cludes a plurality of protuberances 48 provided in a pre-
determined pattern to a heat transfer wall 46 of the heat
transfer tube. The plurality of protuberances together de-
fines "turbulation", which appears as a roughened sur-
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face that is effective to increase heat transfer through the
heat transfer wall 46. Even though the protuberances are
shown approximately spherical shaped, other shapes
may also be envisaged to meet the desired roughness
and surface area characteristics and thus obtain a de-
sired heat transfer enhancement. In the illustrated em-
bodiment, the protuberances 48 are provided along three
rows 50, 52, 54 and four columns 56, 58, 60, and 62 to
the heat transfer wall 46. In certain exemplary examples,
the height "h" of each protuberance 48 is 9 mils (0.009
inches). It should be noted that value of height "h" should
not be construed as a limiting value and may vary de-
pending on the heat transfer requirement. Each protu-
berance 48 includes one or more of micro turbulating
particles packed closely together. The protuberances 48
are bonded to the heat transfer surface 46 using the bind-
ing medium. It should again be noted that the illustrated
example is merely an exemplary embodiment and that
particle size, distribution density, spacing and pattern
may be varied to achieve desired thermal enhancement.
Size of the particles is determined based on the desired
degree of surface roughness and surface area that will
be provided by the protuberances. The micro turbulating
particles facilitate enhanced heat transfer between the
first fluid and the second fluid via the heat transfer wall
46. Additional pressure loss in the heat transfer device
is minimal relative to that without the system 44.

[0017] In accordance with the exemplary embodi-
ments, the pattern may include predetermined limits on
the relative size/ spacing of the micro turbulating particles
applied to the heat transfer wall 46. In certain exemplary
embodiments, if the average height of the micro turbu-
lating particle is characterized as "H", and the average
micro turbulating particle diameter is characterized as
"D", then the spacing between mutually adjacent micro
turbulating particles may be in the range of 2 to 8 times
the average diameter (D). In certain examples, the micro
turbulating particle height (H) may be in the range of 1
to 6 times the average diameter (D) of the micro turbu-
lating particle.

[0018] Referring to FIG. 4, an exemplary embodiment
of an extruded heat transfer tube 64 of the open rack
vaporizer is illustrated. In the illustrated embodiment, the
heattransfer tube 64 is an extruded tube having a plurality
of fins 66 provided on an exterior surface 68 of a heat
transfer wall 70. The fins 66 may include plain type fins,
or perforate typefins, or herringbone type fins, or serrated
type fins, or a combination thereof. An exemplary heat
transfer enhancing system 44 in accordance with certain
embodiments of the present invention is provided to the
plurality of fins 66 provided on the exterior surface 68 of
the heat transfer wall 70. The heat transfer enhancing
system 44 includes a plurality of micro turbulating parti-
cles bonded to the plurality of fins 66 using the binding
medium. The micro turbulating particles and the binding
medium are applied to the fins 66 using techniques such
as spraying, or slurry painting. In some cases, the binder
may be thermally matured to realize bond strength (e.g.
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solder, braze). The micro turbulating particles increase
the micro turbulated surface area and heat transfer co-
efficient of the heat transfer wall 70 that results in en-
hanced heat transfer rates and reduced relative pressure
losses.

[0019] FIG. 5 is a perspective view of a heat transfer
device 76 (heat exchanger) in accordance with other as-
pects of the present invention. The heat transfer device
76 includes a corrugated panel 78 in which the process
fluid and heating/cooling fluid flows in alternate channels
80, 82respectively. The exemplary heat transfer enhanc-
ing system 44 in accordance with aspects of the present
invention is provided and includes a plurality of micro
turbulating particles 79 bonded to one side or both sides
of the corrugated panel 78 using the binding medium.
The micro turbulating particles 79 and the binding medi-
um are applied to the corrugated panel 78 using tech-
niques such as spraying, or slurry, or roll coating, or a
combination thereof and then heat treated to perform cur-
ing. The micro turbulating particles 79 increase the micro
turbulated surface area and heat transfer coefficient of
the corrugated panel 78 that results in enhanced heat
transferrates and reduced relative pressure losses. Here
again, it should be noted that the illustrated example is
merely an exemplary embodiment and that particle size,
spacing and pattern may be varied to achieve desired
thermal enhancement.

[0020] Referringto FIG. 6, the heat transfer enhancing
system 44 in accordance with an exemplary embodiment
of the present invention is illustrated. In the illustrated
embodiment, the direction of flow of the process fluid
and/or the heating/cooling fluid is indicated by the arrow
81 with respect to a flat heat transfer plate 83. The heat
transfer plate 83 includes an inlet region 85, a middle
region 89, and an exit region 93.

[0021] The system 44 includes the plurality of micro
turbulating particles 79 bonded to one side or both sides
of the heat transfer plate 83 using the binding medium.
In the illustrated embodiment, the micro turbulating par-
ticle distribution is concentrated in the inlet region 85 and
the middle region 89. The exit region 93 of the plate 83
is maintained smooth. The micro turbulating particles 79
are closely packed together in the inletregion 85 whereas
spacing between the micro turbulating particles is greater
in the middle region 89. The micro turbulating particles
79 increase the micro turbulated surface area and heat
transfer coefficient of the heat transfer plate 83 that re-
sultsinenhanced heat transferrates and reduced relative
pressure losses.

[0022] Referringto FIG. 7, the heat transfer enhancing
system 44 in accordance with an exemplary embodiment
of the presentinvention is illustrated. As discussed in the
previous embodiment, the heat transfer plate 83 includes
the inlet region 85, the middle region 89, and the exit
region 93. The system 44 includes the plurality of micro
turbulating particles 79 bonded to one side or both sides
of the heat transfer plate 83 using the binding medium.
In the illustrated embodiment, the micro turbulating par-
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ticle distribution is concentrated in the inlet region 85 and
the middle region 89. The exit region 93 of the plate 83
is maintained smooth. In the illustrated embodiment, the
size of micro turbulating particles 79 in the inlet region
85 is greater than the size of particles in the middle region
89.

[0023] Referringto FIG. 8, the heat transfer enhancing
system 44 in accordance with an exemplary embodiment
of the present invention is illustrated. In the illustrated
embodiment, the heat transfer plate 83 includes the inlet
region 85, the middle region 89, and the exit region 93.
The system 44 includes the plurality of micro turbulating
particles 79 bonded to one side or both sides of the heat
transfer plate 83 using the binding medium. In the illus-
trated embodiment, the micro turbulating particle distri-
bution is concentrated in the inlet region 85 and the exit
region 93. The middle region 87 is maintained smooth.
In the illustrated embodiment, the size of micro turbulat-
ing particles 79 in the inlet region 85 is greater than the
size of particles in the exit region 93. The particle distri-
bution density in the exit region 93 is greater than the
distribution density in the inlet region 85 (i.e. the micro
turbulating particles 79 are closely packed in the exit re-
gion 93 whereas spacing between the micro turbulating
particles in the inlet region 85 is greater). The particle
distribution density is also characterized by the particle
shaping, or agglomeration sizes, or size, or a combina-
tion thereof and creation of wetted surface area/flow tur-
bulation.

[0024] Referringto FIG. 9, the heat transfer enhancing
system 44 in accordance with an exemplary embodiment
of the present invention is illustrated. In the illustrated
embodiment, the heat transfer plate 83 includes a top
region 95, an intermediate region 97, and a lower region
99. The system 44 includes the plurality of micro turbu-
lating particles 79 bonded to one side or both sides of
the heat transfer plate 83 using the binding medium. In
the illustrated embodiment, the micro turbulating particle
distribution is concentrated in the top region 85 and the
lowerregion 99. The intermediate region 97 is maintained
smooth. In the illustrated embodiment, the size of micro
turbulating particles 79 in the inlet region 85 is greater
than the size of particles in the exit region 93. It should
be noted that in the illustrated embodiment and previous
embodiments, although flat shaped heat transfer plate
83 is illustrated, the system 44 is also suitable for other
surfaces including three dimensional, curved, concave,
convex, multiply curved, intersections, or a combination
thereof. It should be noted that the above described em-
bodiments may be selected depending on the type of
heat transfer device used and also the thermodynamic
distribution.

[0025] Referring to FIG. 10, a graph representing var-
iation of fluid jet Reynolds number (x-axis) versus heat
transfer enhancement (y-axis) for impinging type fluid
flow in accordance with an exemplary embodiment of the
presentinvention is illustrated. As known to those skilled
in the art, the Reynolds number is the ratio of inertial
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forces to viscous forces and is used for determining
whether a flow will be laminar or turbulent. Heat transfer
enhancement is the ratio of heat transfer coefficient for
a micro turbulated surface to the heat transfer coefficient
for a smooth surface.

[0026] Theillustrated graph shows variation of jet Rey-
nolds number versus heat transfer enhancement for two
heattransfer walls having different surface roughnesses.
Curve 84 represents variation of jet Reynolds number
versus heat transfer enhancement for a heat transfer wall
having an average surface roughness (Ra) equal to 0.35
mils (i.e.0.00035 inches). Curve 86 represents variation
of jet Reynolds number versus heat transfer enhance-
ment for a heat transfer wall having an average surface
roughness (Ra) equal to 1.14 mils (0.00114 inches). It
may be observed that heat transfer rates across the heat
transfer walls increases with increase in average surface
roughness. The illustrated graph is merely an exemplary
embodiment and the variation of jet Reynolds number
versus heat transfer enhancement may vary depending
on the particle size, spacing and pattern applied to
achieve desired thermal enhancement. In certain exem-
plary embodiments, the average surface roughness val-
ues are typically 7 to 12 times less than the actual particle
size forrandom surfaces, and depend on particle spacing
for non-random surfaces.

[0027] Referring to FIG. 11, an exemplary technique
used to provide a heat transfer enhancing system to a
heat transfer device, for example a heat exchanger, in
accordance with an exemplary embodiment of the
present invention. The illustrated exemplary technique
involves spraying a binding medium to a heat transfer
tube 88 of a heat exchanger. The binding medium may
include epoxy, or metal foil, or solder, or braze material,
or weld material, or a combination thereof. The micro
turbulating particles 87 are dusted over the binding me-
dium applied to the heat transfer tube 88. It should be
noted that other exemplary techniques for applying micro
turbulating particles over the binding medium applied to
the heat transfer tube 88 are also envisaged. The micro
turbulating particles 87 are bonded randomly or in a pre-
determined pattern to the heat transfer surface of the
heat transfer tube 88. The plurality of micro turbulating
particles may include nickel, or cobalt, or aluminum, or
silicon, or iron, or copper, or a combination thereof. The
particle size, spacing and pattern may also be varied to
achieve desired thermal enhancement. In certain exem-
plary embodiments, the heat transfer tube 88 may be
rotated for applying micro turbulating particles 87 over
the binding medium applied to the heat transfer tube 88.
In certain other exemplary embodiments, the micro tur-
bulating particles 87 may be applied from different angles
over the binding medium applied to the heat transfer tube
88. The heat transfer tube 88 is then passed through an
oven 90 for thermal heat treatment to cure the micro tur-
bulating particles 87.

[0028] FIG. 12illustrates an exemplary technique used
to provide a heat transfer enhancing system to a heat
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transfer device 94, for example an intercooler, in accord-
ance with an exemplary embodiment of the present in-
vention. The exemplary technique involves spraying or
applying a binding medium 91 such as a film of high con-
ductivity epoxy to a heat transfer surface 92 of an inter-
cooler 94. As described in previous embodiments, a plu-
rality of micro turbulating particles 96 are sprayed ran-
domly or in predetermined pattern over the binding me-
dium applied to the heat transfer surface 92 of the inter-
cooler 94. The micro turbulating particles 96 may be then
heat treated for curing. In certain other exemplary em-
bodiments, a binding medium such as aluminum foil or
solder foil are applied to the heat transfer surface 92 of
the intercooler. Then the plurality of micro turbulating par-
ticles 96 are sprayed randomly or in predetermined pat-
tern over the aluminum foil or solder foil applied to the
heat transfer surface 92. The foil and the particles are
then heat treated to bond the particles to the heat transfer
surface 92. In certain other exemplary embodiments, a
binding medium such as a braze alloy may be dip coated
to the heat transfer surface 92 of the intercooler 94. Then
the plurality of micro turbulating particles 96 are sprayed
randomly orin predetermined pattern over the braze alloy
applied to the heat transfer surface 92. The braze alloy
and the particles are then heat treated to bond the par-
ticles to the heat transfer surface 92.

[0029] Incertain exemplary embodiments of the exem-
plary technique, the binding medium and the micro tur-
bulating particles are applied simultaneously to the heat
transfer surface 92 and then heat treated to bond the
binding medium and the particles to the heat transfer
surface. The application of binding medium and the micro
turbulating particles may be done by techniques such as
spraying, or roll coating, or a combination thereof. The
patterning of the binding medium on the heat transfer
surface may be performed through patterned masking,
or screen printing, or roll printing, or a combination there-
of. In certain exemplary embodiments, the micro turbu-
lating particles are patterned to the heat transfer surface
92 through a screen by a screen printing technique. Al-
ternately or additionally, the binding medium is applied
through the screen to the heat transfer surface. Removal
of the screenresults in the predetermined pattern formed
on the heat transfer surface. A pattern in accordance with
aspects of the present invention may be defined as plu-
rality of "clusters" of particles (one or more particles),
wherein the clusters are generally spaced apart from
each other by a pitch corresponding to the spacing of
openings in the screen. The excess particles are re-
moved resulting in the desired pattern of the particles.
The binding medium may be applied using sprayers, or
brushes, or squeegee, or trowel, or as sheets, or a com-
bination thereof. In certain exemplary embodiments, the
micro turbulating particles may also be patterned to the
heat transfer surface by screen printing. The binding me-
dium and the particles may be cured by thermal heat
treatment, or ultra violetrays, or spray activator, ora com-
bination thereof. In certain other exemplary embodi-
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ments, a pre-turbulated sheet having micro turbulating
particles and binding medium may be bonded to the heat
transfer surface.

Claims

1.  An open rack vaporizer comprising a heat transfer
device, the heat transfer device (18) comprising:

at least one heat transfer wall (46) configured to
separate liquid natural gas (19) and sea water
(32);

a heat transfer enhancing system (44) provided
to the at least one heat transfer wall (46), and
comprising a plurality of micro turbulating parti-
cles (48) applied to the at least one transfer wall
or portions thereof using a binding medium,
wherein at least some of the micro turbulating
particles (48) form one or more agglomerations
of micro turbulating particles (48) wherein each
of the one or more agglomerations of micro tur-
bulating particles (48) does not allow fluid flow
to penetrate inside the agglomeration;

wherein the heat transfer enhancing system (44)
comprises a selected variation in particle size or
particle distribution density or particle region
spacing or a combination thereof.

2. The open rack vaporizer of claim 1, wherein the plu-
rality of micro turbulating particles (48) comprises
nickel, cobalt, aluminum, silicon, or iron, or copper,
or alloys thereof, or a combination including any of
the foregoing.

3. Theopenrackvaporizerof claim 1, wherein the bind-
ing medium comprises epoxy, or metal foil, or solder,
or braze material, or weld material, or a combination
thereof.

4. The open rack vaporizer of claim 1, wherein the plu-
rality of micro turbulating particles (48) are randomly
or uniformly bonded to the at least one heat transfer
wall (46) using the binding medium.

5. The open rack vaporizer of claim 1, wherein the plu-
rality of micro turbulating particles (48) are bonded
in a predetermined pattern to the at least one heat
transfer wall (46), or portions thereof, using the bind-
ing medium.

6. Theopen rack vaporizer (18) of claim 1, wherein the
plurality of micro turbulating particles (48) are bond-
ed to a plurality of fins or protrusions (66) on the at
least one heat transfer wall (46) using the binding
medium.

7. A method for manufacturing an open rack vaporizer
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according to claim 1 comprising a heat transfer de-
vice (18), the method comprising:

providing atleast one heat transfer wall (46) con-
figured to separate liquid natural gas (19) and
sea water (32);

providing a heat transfer enhancing system (44)
to the at least one heat transfer wall (46), and
comprising bonding a plurality of micro turbulat-
ing particles (48) to the at least one transfer wall
(46) or portions thereof using a binding medium,
wherein at least some of the micro turbulating
particles (48) form one or more agglomerations
of micro turbulating particles (48) wherein each
of the one or more agglomerations of micro tur-
bulating particles (48) does not allow fluid flow
to penetrate inside the agglomeration.

The method of claim 7, comprising bonding the plu-
rality of micro turbulating particles (48) in a prede-
termined pattern to the at least one heat transfer wall
(46), or portions thereof, using the binding medium.

The method of claim 7, comprising bonding the plu-
rality of micro turbulating particles (48) partially to
the atleast one heat transfer wall (46) using the bind-
ing medium.

Patentanspriiche

Offener Verdampfer mit einer Warmeubertragungs-
vorrichtung, wobei die Warmetibertragungsvorrich-
tung (18) aufweist:

wenigstens eine Warmelbertragungswand
(46), die dafir eingerichtet ist, flissiges Erdgas
(19) und Meerwasser (32) zu trennen;

ein Warmelbertragungs-Verbesserungssy-
stem (44), das fiir die wenigstens eine Warme-
Ubertragungswand (46) vorgesehen ist und
mehrere Mikroverwirbelungspartikel (48) auf-
weist, die auf die wenigstens eine Ubertra-
gungswand oder Abschnitte davon unter Ver-
wendung eines Bindemediums aufgebracht
sind;

wobei wenigstens einige von den Mikroverwir-
belungspartikeln (48) eine oder mehrere Agglo-
merationen von Mikroverwirbelungspartikeln
(48) bilden, wobei keine von der einen oder den
mehreren Agglomerationen von Mikroverwirbe-
lungspartikeln (48) ein Eindringen eines Fluid-
stroms in die Agglomeration zuldsst;

wobei das Warmelbertragungs-Verbesse-
rungssystem (44) eine ausgewahlte Variation in
PartikelgroRe oder Partikelverteilungsdichte
oder im Partikelbereichsabstand oder eine
Kombination davon aufweist.
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Offener Verdampfer nach Anspruch 1, wobei die
mehreren Mikroverwirbelungspartikel (48) Nickel,
Kobalt, Aluminium, Silizium oder Eisen oder Kupfer
oder Legierungen davon oder eine Kombination ein-
schlief3lich aller Vorgenannten aufweist.

Offener Verdampfer nach Anspruch 1, wobei das
Bindemedium Epoxid oder eine Metallfolie, oder L6t-
mittel oder Hartlétmaterial oder Schweillmaterial
oder eine Kombination davon aufweist.

Offener Verdampfer nach Anspruch 1, wobei die
mehreren Mikroverwirbelungspartikel (48) zufallig
oder gleichmaRig mit der wenigstens einen Warme-
Ubertragungswand (46) unter Verwendung des Bin-
demediums verbunden sind.

Offener Verdampfer nach Anspruch 1, wobei die
mehreren Mikroverwirbelungspartikel (48) in einem
vorbestimmten Muster mit der wenigstens einen
Warmelbertragungswand (46) oder Abschnitten da-
von unter Verwendung des Bindemediums verbun-
den sind.

Offener Verdampfer nach Anspruch 1, wobei die
mehreren Mikroverwirbelungspartikel (48) mit meh-
reren Finnen oder Vorspriingen (66) auf der wenig-
stens einen Warmeubertragungswand (46) unter
Verwendung des Bindemediums verbunden sind.

Verfahren zum Herstellen eines offenen Verdamp-
fers gemal Anspruch 1, der eine Warmetubertra-
gungsvorrichtung (18) aufweist, wobei das Verfah-
ren die Schritte aufweist:

Bereitstellen wenigstens einer Warmeibertra-
gungswand (46), die dafiir eingerichtet ist, flis-
siges Erdgas (19) und Meerwasser (32) zu tren-
nen;

Bereitstellen eines Warmelbertragungs-Ver-
besserungssystem (44) fir die wenigstens eine
Warmeubertragungswand (46) und mit dem
Schritt der Verbindung mehrerer Mikroverwirbe-
lungspartikel (48) mit der wenigstens einen
Ubertragungswand (46) oder Abschnitten da-
von unter Verwendung eines Bindemediums,
wobei wenigstens einige von den Mikroverwir-
belungspartikeln (48) eine oder mehrere Agglo-
merationen von Mikroverwirbelungspartikeln
(48) bilden, wobei keine von der einen oder den
mehreren Agglomerationen von Mikroverwirbe-
lungspartikeln (48) ein Eindringen eines Fluid-
stroms in die Agglomeration zuldsst;

8. Verfahrennach Anspruch 7, mit dem Schritt der Ver-

bindung der mehreren Mikroverwirbelungspartikel
(48) in einem vorbestimmten Muster mit der wenig-
stens einen Warmeubertragungswand (46) oder Ab-
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schnitten davon unter Verwendung des Bindemedi-
ums.

Verfahren nach Anspruch 7, mit dem Schritt der teil-
weisen Verbindung der mehreren Mikroverwirbe-
lungspartikel (48) mit der wenigstens einen Warme-
Ubertragungswand (46) unter Verwendung des Bin-
demediums.

Revendications

Vaporisateur a casier ouvert, comprenant un dispo-
sitif de transfert de chaleur, le dispositif de transfert
de chaleur (18) comportant :

au moins une paroi de transfert de chaleur (46)
configurée pour séparer du gaz naturel liquide
(19) et 'eau de mer (32);

un systeme améliorant le transfert de chaleur
(44) prévu sur la paroi de transfert de chaleur
(46), au nombre d’au moins une, et comprenant
une pluralité de particules génératrices de mi-
croturbulences (48) appliquées sur la paroi de
transfert, au nombre d’au moins une, ou des par-
ties de celle-ci, en utilisant un agent liant,
dans lequel au moins quelques-unes des parti-
cules génératrices de microturbulences (48) for-
ment une ou plus d’'une agglomérations de par-
ticules génératrices de microturbulences (48),
'agglomération ou chacune des aggloméra-
tions de particules génératrices de microturbu-
lences (48) ne permettant pas a un flux de fluide
de pénétrer a l'intérieur de 'agglomération;
dans lequel le systtme améliorant le transfert
de chaleur (44) comprend une variation sélec-
tionnée de la taille des particules ou de ladensité
de distribution des particules ou de I'espace-
ment des régions de particules ou une combi-
naison de ceux-ci.

Vaporisateur a casier ouvert selon la revendication
1, dans lequel la pluralité de particules génératrices
de microturbulences (48) est constituée de nickel,
de cobalt, d’aluminium, de silicium ou de fer ou de
cuivre ou d’alliages de ceux-ci, ou d’'une combinai-
son comportant I'une quelconque des matiéres pré-
citées.

Vaporisateur a casier ouvert selon la revendication
1, dans lequel I'agent liant est constitué d’époxy ou
d’une feuille métallique ou de brasure tendre ou de
brasure forte ou d’'un matériau de soudage ou d’'une
combinaison de ceux-ci.

Vaporisateur a casier ouvert selon la revendication
1, dans lequel la pluralité de particules génératrices
de microturbulences (48) sont fixées de maniéere
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aléatoire ou uniforme a la paroi de transfert de cha-
leur (46), au nombre d’au moins une, en utilisant
I'agent liant.

Vaporisateur a casier ouvert selon la revendication
1, dans lequel la pluralité de particules génératrices
de microturbulences (48) sont fixées selon un motif
prédéterminé a la paroi de transfert de chaleur (46),
au nombre d’au moins une, ou a des parties de celle-
ci, en utilisant 'agent liant.

Vaporisateur a casier ouvert (18) selon la revendi-
cation 1, dans lequel la pluralité de particules géné-
ratrices de microturbulences (48) sont fixées a une
pluralité d’ailettes ou de saillies (66) sur la paroi de
transfert de chaleur (46), au nombre d’au moins une,
en utilisant I'agent liant.

Procédé de fabrication d’'un vaporisateur a casier
ouvert selon la revendication 1, comprenant un dis-
positif de transfert de chaleur (18), le procédé con-
sistant en :

la mise en place d’au moins une paroi de trans-
fert de chaleur (46) configurée pour séparer le
gaz naturel liquide (19) et 'eau de mer (32);

la mise en place d’'un systéeme améliorant le
transfert de chaleur (44) sur la paroi de transfert
de chaleur (46), au nombre d’au moins une, et
consistant en la fixation d’une pluralité de parti-
cules génératrices de microturbulences (48) a
la paroi de transfert de chaleur (46), au nombre
d’au moins une, ou des parties de celle-ci, en
utilisant un agent liant, au moins quelques-unes
des particules génératrices de microturbulen-
ces (48) formant une ou plus d’'une aggloméra-
tions de particules génératrices de microturbu-
lences (48), 'agglomération ou chacune des ag-
glomérations de particules génératrices de mi-
croturbulences (48) ne permettant pas a un flux
de fluide de pénétrer a l'intérieur de I'agglomé-
ration.

Procédé selon la revendication 7, consistant en la
fixation de la pluralité de particules génératrices de
microturbulences (48), selon un motif prédétermine,
a la paroi de transfert de chaleur (46), au nombre
d’au moins une, ou a des parties de celle-ci, en uti-
lisant I'agent liant.

Procédé selon la revendication 7, consistant en la
fixation partielle de la pluralité de particules généra-
trices de microturbulences (48) a la paroi de transfert
de chaleur (46), au nombre d’au moins une, en uti-
lisant I'agent liant.

10

15

20

25

30

35

40

45

50

55

16



EP 2 053 334 B1

l "OId

ov T .> A\ Ve h

4
31—
41

INOZ o m.. . B 3
ONIZIHOdVA U ETE T W@

INOZ TR bz
ONILVIH UL T 8

ey
AlddNS =
K

10



EP 2 053 334 B1

FIG. 2

FIG. 3

1"



EP 2 053 334 B1

FIG. 4

FIG. 5

12



EP 2 053 334 B1

L ~83
L —~_-83

4 s
<
| .
| - eoeoee e
TEIIE g
¢ecee © (| eooe®
eoeoeo e 0] seooo e
TEII H .o.o‘o.o‘o
2< esees ®
eeoecoe cooe
oo e rdadhdh g
g | eeo e e o]
TEIIE = eo0s e
| eee0e el \ o o000 @
covs o :::“:
o‘o.o‘o‘o‘ 8 < LSOO
soeoo e o000 O
eoeoeo e o000 O
| ®®®e e \““‘

44\ '
/>81

13

FIG. 7

79



EP 2 053 334 B1

6.

8 Ol

[¢)]
~

7

€8~

SRR

0O O 9 &
9 99 @
o0 0 &
oSO O
eSO O

N

JU

£6

14



EP 2 053 334 B1

('83

AN

Ty
W,
eseecoe TIXIxX2h
oo oo eeoeooe
eeoeoeo e T
eoeoe e " eeee®
T eeeceo e
eeoeoe e eseoeo o
eeoeoee eeoeoe e
;pooo TIXI X ;)
TR esce e |
 eeeoe e XTI
PP S eeeoeo e
~o®®0®® ececeo e
‘eoo0 ® TIX X
eoeoe® eoecoe
eoeeo e TI
eeoeoeo e ®secese |

15

FIG. 9



EP 2 053 334 B1

0.35 mils |
._______-—d

/
[Ra =1.14 mils|

[Ra
W

]

—
e
]

e

& X 2

000GY

0000t

000s¢e

0000€

000s¢

0000¢

00061

00001

000§

0

o QN © 0B ¥ 0 N 7 O

- e e e e e e e

AINIWIONVHNI H34SNVHL 1V3IH

JET REYNOLDS NUMBER

FIG. 10

16



EP 2 053 334 B1

N3AO

L1 "Old

88
)

T

[,

\lwinll--l-l-ll-lll-

S3T1011LYvd
a3aLvingdnlt OdOIN 1sSNd

H30NIg

AVHdS

17



EP 2 053 334 B1

18



	bibliography
	description
	claims
	drawings

