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(57) ABSTRACT

A heat shield bladder includes first and second sheets of
insulating material that form a bladder between the first and
second sheets. At least one reflective foil is disposed within
the bladder and a plurality of spacers are disposed within the
bladder and positioned to space the at least one reflective foil
from the first and second sheets of insulating material.
Multiple reflective foils may be disposed within the bladder
with spacers between each reflective foil. The heat shield
bladder may be rolled into a tube shaped and used inside a
pipe or formed into panels that may be used to line a vessel.
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HIGH-TEMPERATURE HEAT SHIELD
ASSEMBLY

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application is a continuation of application Ser. No.
15/839,586, filed Dec. 12, 2017, now U.S. Pat. No. 10,378,
793, which claims the benefit under 35 U.S.C. § 119(e) of
U.S. Provisional Patent Application No. 62/433,082, filed
Dec. 12, 2016, each of which is incorporated herein by
reference in its entirety as if fully set forth herein.

BACKGROUND OF THE INVENTION

The present disclosure relates to the field of heat transfer,
and more particularly to the provision of thermal isolation
between a volume of high-temperature fluid and a vessel that
contains the high-temperature fluid. There are applications
that require use of a high-temperature fluid to store heat and
to deliver the heat for use in an application, such as electric
power generation, control of a chemical synthesis reaction,
extraction of ore, high-efficiency electric batteries, second-
ary recovery of oil in a producing stratum, or heat transfer
and neutronics in a critical or subcritical fission core. In
some of the applications, the high-temperature fluid with
most beneficial properties is molten salt. For many of the
applications, the performance and energy efficiency of the
process improves with temperature up to 800° C. For such
applications, the metals ordinarily used in vessels and piping
cannot reliably operate in contact with molten salt at tem-
peratures above 600° C. Such applications are typically
limited by the strength of metals and alloys at high tem-
perature and by chemical corrosion of the metals or alloys.
At these high temperatures, conventional structural metals
lose their strength and metal surfaces corrode at a significant
rate. Metal alloys containing a high fraction of nickel are
capable of operating reliably at 800° C. while resisting
corrosion. However, such alloys are very expensive and
would not be affordable as the material of a tank and piping
for many of the applications cited above.

SUMMARY

A hermetic heat shield bladder is used to decrease a
temperature at a wall of a vessel, such as a pipe or tank, that
contains a high-temperature fluid, such as molten salt, and
thus provides a possibility to use less expensive materials for
the vessel while still providing reliable operation.

An embodiment of the invention is directed to a hermetic
heat shield bladder that limits radiative and conductive heat
transfer in high-temperature applications. The hermetic heat
shield bladder makes it possible to sustain a large tempera-
ture difference on opposite faces of the bladder while
requiring only a modest heat transfer to maintain the tem-
perature difference. Examples of applications include sys-
tems utilizing molten salt, heat storage in concentrated solar
power, safe nuclear fission power, metal extraction from
ores, and chemical synthesis requiring high temperature.

Additionally, a method is disclosed wherein a multi-layer
bladder is located as a liner adjacent to an inside surface of
a vessel that contains a hot molten fluid. The bladder
comprises a hermetically sealed laminate containing a plu-
rality of highly reflective thin metal foils, such as electrop-
olished nickel, located within a sheath. The foil layers are
spaced apart from one another within the bladder by a
pattern of spacers, such as ceramic buttons or bars, that
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provide spacing among the sheath faces and the adjacent foil
layers. The sheath is formed from two sheets of corrosion-
resistant metal, and the sheath is sealed by welding along
mating peripheral edges of the two sheets so that the interior
of the sheath is hermetic. In some embodiments, the welded
edges are folded away from a hot side of the bladder so that
all welds are located on the cold side of the bladder so that
the welds operate at the temperature of the cold side.

A hermetic heat shield bladder presents an effective
isolation of various forms of heat transfer between two faces
of the bladder (e.g., conduction, radiation, convection). The
reflective layers inside act as a multi-layer radiative heat
shield. The ceramic buttons provide spacing to limit contact
of adjacent foil layers. An interior of the bladder may be
filled with an inert gas, for example argon or krypton, which
limits conduction and convection as mechanisms for heat
transfer. The pressure of the gas filling the bladder is
sufficient to provide approximate pressure balance at oper-
ating temperature against the hydraulic force from the filling
of molten fluid in the vessel. For a range of bladder
parameters, a volume of molten fluid passing through a
cavity surrounded by the bladder (e.g., see FIG. 2) can be
sustained at 800° C. while limiting the wall temperature of
the containing vessel to about 500° C. The wall temperature
of the vessel can be regulated by flow of a secondary heat
transfer fluid flowing through a heat trace configured in
thermal contact with the outside walls of the vessel.

The bladder makes it possible to limit heat transfer more
effectively than with ceramic insulation. Limiting the heat
transfer from the fluid results in a lower vessel temperature,
which in turn permits the vessel to be made of less expensive
materials while still maintaining a long service life. The
quantity of expensive high-nickel alloy that is used in the
sheath of the bladders is much less than that of the vessel and
piping, so that inexpensive metals can be used with impu-
nity.

The hermetic heat shield bladder provides a semi-flexible
heat barrier that can be fitted into a new vessel or re-fitted
into an existing vessel. It can be fabricated either in flat or
curved geometry to ‘wallpaper’ a surface of a vessel, such as
a large pipe, tank, and the like, or in a cylindrical or tube
geometry for installation in a piping. In such installations the
molten fluid would be present on both faces of the heat
shield so that the laminar assembly would be required to
support pressure only equal to the hydraulic pressure in the
molten fluid—it would not be required to support the overall
containment of the molten fluid.

The hermetic heat shield bladder makes it possible to
significantly reduce the temperature at the surfaces of the
vessel and piping compared to that of the molten fluid inside.
As a result, the vessel and piping can be fabricated from
affordable alloys, for example of steel. The thin surface
layers of the heat shield, which are stable against corrosion
at high temperature, are the only elements that are made
from expensive alloys. The bladder can also be readily
replaced, either in a provision of preventive maintenance or
when a bladder fails. The total manufactured cost of the
bladder can be a small fraction of the manufactured cost of
a vessel and piping made from expensive high-temperature
corrosion-resistant alloys.

Radiant heat shields have been provided for cryogenic
applications and for applications at furnace temperature, but
typically only in situations in which the bladder operates in
vacuum or in a non-corrosive atmosphere. A distinction of
the present hermetic heat shield bladder is the provision of
a hermetic enclosure, inside of which a laminar stack of
high-reflectivity foils are spaced apart by a modest gap. The
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succession of reflective surfaces suppresses radiant heat
transfer from one face of the bladder to the other. The foil
layers are spaced apart by spacers, which may be, for
example, ceramic tab insulators, so that conductive heat
transfer is also reduced. The void space within the bladder
is filled with an inert gas of low thermal conductivity so that
conductive heat transfer is further blocked. The two thin
surface layers are made from a high-temperature corrosion-
resistant alloy, for example Hastelloy, and the welds that join
the two face layers are located on the side of the bladder that
will be facing the cooler wall of the vessel or piping, so that
the weld operates only the lower-temperature region of
molten fluid in the vessel.

In some embodiments, the hermetic heat shield bladder is
fabricated as a laminar assembly of high-reflectivity foils,
for example electropolished nickel, assembled with an array
of ceramic tabs or bars located to space neighboring foils
apart by a controlled separation, and a sheath comprising a
pair of sheets composed of a high-temperature corrosion-
resistant alloy, for example Hastelloy. Reflectivity for a
given metal is a function of wavelength. The spectrum of
light emitted in blackbody radiation is a function of tem-
perature. As used herein, high-reflectivity is meant to
describe a reflectivity of greater than or equal to 90%.
Reflectivities of less than 90% may be used but performance
will be reduced compared to higher reflectivities. Reflectiv-
ity of the foils may be increased by coating the foils with a
second material. For example, a rhodium coating may be
included on the surface of a nickel foil to enhance the
reflectivity of the nickel foil. The coating may be thin (e.g.,
micron thickness). Other reflective materials having high
melting temperatures may be used as coatings (e.g., gold).
High-temperature is used herein to identify temperatures in
the range of 800° C., but a person of ordinary skill in the art
will recognize that this temperature may vary between lower
and higher temperatures. The pair of surface-layer sheets are
joined and sealed by welding to form the sheath of a
hermetic bladder in which the enclosed space containing the
reflective foils is sealed from exposure to molten fluid when
the bladder is installed in a vessel and the vessel is filled with
molten fluid. In some embodiments, the inner surface-layer
sheet is shaped, for example, by die-stamping so that an edge
of the inner surface-layer foil form a curled or cup-like shape
with a lip oriented toward what will become a cold side of
the bladder. By this provision the welds operate at the cool
end of the molten fluid temperature difference and are less
susceptible to corrosion.

In an embodiment of the invention, the entire hermetic
heat shield bladder can be fabricated with an overall thick-
ness of 1-5 cm. The flexible geometry and small excluded
volume make the hermetic heat shield bladder attractive for
the above-cited applications.

A further embodiment of the invention is a hermetic heat
shield bladder for use in a large molten salt storage vessel
and piping in a concentrated solar power installation. In
certain embodiments, the heat shield bladder can be used to
retrofit existing molten salt storage installations.

A heat shield bladder includes inner and outer sheets of
corrosion-resistant metal alloy that are sealed together at
their boundaries to form a hermetic bladder. At least one
reflective foil is disposed to form a reflective heat shield
within the bladder and positioned to space the at least one
reflective foil in the space between the inner and outer sheets
of the bladder. Multiple reflective foils may be disposed
within the bladder with spacers between each layer. The heat
shield bladder may be formed in a tube shape and used to
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line the inside of a pipe or may be formed into flat or curved
panels that may be used to line the inner walls of a tank or
other storage vessel.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of embodiments of the
present invention may be obtained by reference to the
following Detailed Description when taken in conjunction
with the accompanying Drawings wherein:

FIG. 1A is an isometric view of a hermetic heat shield
bladder system;

FIG. 1B is a partial cross-sectional view of the hermetic
heat shield bladder system of FIG. 1A;

FIG. 2 is an illustration of a hermetic heat shield bladder
system installed in a pipe; and

FIG. 3 is an illustration of a hermetic heat shield bladder
system installed inside a tank; and

FIG. 4 is a partial schematic view of an embodiment of a
hermetic heat shield bladder system 400.

DETAILED DESCRIPTION

Embodiment(s) of the invention will now be described
more fully with reference to the accompanying Drawings.
The invention may, however, be embodied in many different
forms and should not be construed as limited to the embodi-
ment(s) set forth herein. The invention should only be
considered limited by the claims as they now exist and the
equivalents thereof.

FIG. 1A is an isometric view of a hermetic heat shield
bladder system 100 and FIG. 1B is a partial cross-sectional
view of the hermetic heat shield bladder system 100. The
bladder system 100 of FIGS. 1A and 1B includes a first
hermetic heat shield bladder 102(1) and a second hermetic
heat shield bladder 102(2). The first hermetic heat shield
bladder 102(1) and the second hermetic heat shield bladder
102(2) comprise similar components and construction. The
description of the first hermetic heat shield bladder 102(1)
below is applicable to the second hermetic heat shield
bladder 102(2) as well. FIG. 1A illustrates the first hermetic
heat shield bladder 102(1) and the second hermetic heat
shield bladder 102(2) in a flat arrangement with edges 10(1)
and 10(2) positioned next to one another. The hermetic heat
shield bladders 102 can be secured to one another and to the
vessel wall using brackets, ties, and the like. The arrange-
ment shown in FIG. 1A can be used to ‘wall paper’ walls of
avessel. In such embodiments, multiple hermetic heat shield
bladders 102 may be used as needed to cover a desired area.
The shape of the hermetic heat shield bladder 102 may be
customized for particular installations. For example, the
hermetic heat shield bladder 102 does not have to be
rectangular in shape and may be configured into a variety of
other shapes to more precisely fit within a vessel. The
hermetic heat shield bladder 102 may be folded or manipu-
lated into other shapes to conform to the contours of a vessel.

In a typical embodiment, each hermetic heat shield blad-
der 102 of the bladder system 100 has a similar construction.
Similar components have been given similar numbers in
FIG. 1B. The first hermetic heat shield bladder 102(1)
includes an inner sheet 104(1) and an outer sheet 106(1).
Each of the inner sheet 104(1) and the outer sheet 106(1) is
made of a metal or alloy that is corrosion-resistant for
long-term operation in contact with the fluid to be contained
in the vessel. In some embodiments, the inner sheet 104(1)
and the outer sheet 106(1) are made of Hastelloy. In other
embodiments, Incoloy alloys and high-nickel alloys, such as
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C-276 (57% Ni), C-22 (56% Ni), and N (71% Ni), may be
used. The inner sheet 104(1) and the outer sheet 106(1) are
joined together at their edges to hermetically seal the interior
of the bladder. The edges may be joined together by a weld.
To protect the welds from high temperature, an edge of the
inner sheet 104(1) may folded or curled back so that a
welded portion 114(1) is positioned away from an inner side
1 and closer to an outer side 2. The inner side 1 refers to a
side that is exposed to a high-temperature fluid (e.g., molten
salt) and the outer side 2 refers to a side that is contained
within the fluid and abuts a vessel wall. In some embodi-
ments, the inner side 1 may be at temperature of around 800°
C. while the outer side 2 may be at a temperature of around
500° C. Locating the welded portion 114(1) away from the
inner side 1 improves corrosion resistance of the welded
portion 114(1).

At least one reflective foil 108(1) is located within the
bladder 110(1). The at least one reflective foil 108(1) helps
reduce radiative heat transfer from the inner side 1 of the
bladder system 100 to the outer side 2 of the bladder system
100. During use, a fluid at the inner side 1 of the bladder
102(1) is at a desired high temperature, for example 800° C.,
and the fluid at the outer side 2 that is in the region between
the vessel wall and the outer sheet 106(1) of the bladder
102(1) operates at the temperature of the vessel wall, for
example 500° C. The two regions are connected as a single
fluid volume and so are hydraulically connected, but the
fluid at the inner side 1 and the outer side 2 operates at
different temperatures. The temperature of the fluid at the
vessel wall is limited to being above the melt temperature of
the fluid so that the fluid at the outer side 2 does not freeze.
In some embodiments, the at least one reflective foil 108(1)
comprises multiple foils. The at least one reflective foil
108(1) is spaced apart from the inner sheet 104(1) and the
outer sheet 106(1) by a plurality of spacers 112(1). In some
embodiments, the at least one reflective foil 108(1) is made
of nickel.

In some embodiments, the inner sheet 104(1) and the
outer sheet 106(1) each comprise a separate sheet that are
joined together along an entire periphery of the hermetic
heat shield bladder 102(1). In some embodiments, the inner
sheet 104(1) and the outer sheet 106(1) may be formed by
folding a single sheet in half. In such an embodiment, a side
along the fold does not need to be joined and only the
remaining edges are joined together.

In some embodiments, the bladder 110(1) is filled with a
low-pressure inert gas, such as, for example, argon, which
limits convection as a mechanism for heat transfer. Other
gases that could be used include Ne, Ar, N,, CO,, and Kr.
The gas used should be chemically inert when in contact
with the foils inside the bladder.

As shown in FIG. 1B, the hermetic heat shield bladder
102(1) includes the plurality of spacers 112(1) that help
position the at least one radiative foil 108(1) within the
bladder 110(1). The plurality of spacers 112(1) may be
positioned throughout the bladder 110(1) as desired to
maintain spacing of the at least one reflective foil 108
between the inner sheet 104(1) and the outer sheet 106(1)
(e.g., see FIG. 2). The plurality of spacers 112 may be made
of various materials, including ceramics (e.g., fiber rein-
forced ceramics). In general, the plurality of spacers 112 can
be made from materials that can provide structural support
at the elevated temperatures to which the hermetic heat
shield bladder 102 is exposed.

FIG. 2 is an illustration of a hermetic heat shield bladder
system 200 in partial cross-section installed in a pipe 201.
The bladder system 200 of FIG. 2 is configured as an
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assembly of hermetic heat shield bladders 202 that are
positioned end-to-end within an overall segment of the pipe
201. Portions of a first hermetic heat shield bladder 202(1)
and a second hermetic heat shield bladder 202(2) are shown
in FIG. 2. The first hermetic heat shield bladder 202(1) and
the second hermetic heat shield bladder 202(2) comprise
similar components and construction. The description of the
first hermetic heat shield bladder 202(1) below is applicable
to the second hermetic heat shield bladder 202(2) as well.
The bladder system 200 insulates the pipe 201 from hot fluid
passing through the bladder system 200. The first hermetic
heat shield bladder 202(1) and the second hermetic heat
shield bladder 202(2) are of similar construction to the
hermetic heat shield bladder 102 discussed above relative to
FIGS. 1A and 1B. Similar parts will be given similar part
numbers. The first hermetic heat shield bladder 202(1)
includes an inner tube 204(1), an outer tube 206(1), at least
one reflective foil tube 208(1), a bladder 210(1), and a
plurality of spacers 212 (shown in the partial cross section
of the second hermetic heat shield bladder 202(2)).

The inner tube 204(1) and the outer tube 206(1) each
comprise a seamless tube of high-temperature corrosion-
resistant alloy, for example Hasteloy. The seamless structure
of the inner tube 204(1) and the outer tuber 206(1) may be
formed by drawing out a tube from a billet of metal into the
desired dimensions. The outer tube 206(1) comprises a
diameter that is larger than a diameter of the inner tube
204(1) but small enough to fit inside the pipe 201. Each of
the inner tube 204(1) and the outer tube 206(1) includes first
ends and second ends, with the first end of the inner tube
204(1) being adjacent to the first end of the outer tube 206(1)
when the inner tube 204(1) is inserted into the outer tube
206(1). The adjacent first and second ends of the inner tube
204(1) are joined to first and second ends of the outer tube
206(1), respectively, to create a bladder in an annular space
between the inner tube 204(1) and the outer tube 206(1). In
a typical embodiment, the first and second ends of the inner
tube 204(1) are curled back away from an inner side 10 of
the bladder 202(1) toward the outer tube 206(1). Curling the
first and second ends of the inner tube 204(1) allows for the
weld of'the first and second ends of the inner tube 204(1) and
the outer tube 206(1) to be positioned away from the inner
side 10, where the fluid temperature is greatest, and closer to
an outer side 12, where the fluid temperature is lower.
Positioning the weld in this way increases the weld’s cor-
rosion resistance.

The at least one reflective foil tube 208(1) is disposed in
the bladder 210(1) between the inner tube 204(1) and the
outer tube 206(1). In some embodiments, the at least one
reflective foil tube 208(1) comprises multiple layers of
reflective foil tube 208. Each reflective foil tube 208 is made
by forming a sheet of reflective foil, for example nickel, into
a cylindrical tube of the appropriate diameter and joining
edges of the sheet by spot welding. Successive reflective foil
tubes 208 are spaced apart using the plurality of spacers 212.

In some embodiments, the hot fluid passing through the
bladder system 200 is a molten salt at a temperature of
around 800° C. The bladder system 200 can comprise any
number of hermetic heat shield bladders 202 to form a
cylindrical shell of a desired length to fit within a length of
the pipe 201. The bladder system 200 insulates the pipe 201
from the heat of the fluid passing therethrough, which allows
the pipe 201 to be made of less expensive materials that have
lower heat tolerance.

FIG. 3 is an illustration of a hermetic heat shield bladder
system 300 installed inside a tank 302. In the embodiment
of FIG. 3, walls of the tank 302 are lined with a plurality of



US 11,346,581 B2

7

panels 304. An interior of the tank 302 may contain a hot
fluid, such as, for example, molten salt. The plurality of
panels 304 provide insulation that protects the tank 302 from
the hot fluid. Each panel 304 can include one or more
bladders (similar to bladders 102, 202 discussed above). For
example, each panel 304 may be formed as a single bladder
or as a collection of joined bladders. Each panel 304 may
formed into a variety of shapes as needed for a particular
application. For example, as shown in FIG. 3, rectangular
and pie-shaped panels 304 are shown. A person of ordinary
skill in the art will appreciate that the panels 304 can be
made into different shapes depending on the application.

In some embodiments, a plurality of tubes 306 can be
wrapped around the tank 302 as a heat sink to provide
additional temperature control. In such embodiments, fluid
passing through the plurality of tubes 306 absorbs heat from
the tank 302 to remove heat therefrom.

FIG. 4 is a partial schematic view of an embodiment of a
hermetic heat shield bladder system 400. The hermetic heat
shield bladder system 400 comprises a plurality of hermetic
heat shield bladders 402 that are positioned against a wall of
a tank 404. The hermetic heat shield bladders 402 may be
constructed similarly to the hermetic heat shield bladders
102, 202, and 302 discussed above. FIG. 4 illustrates two
hermetic heat shield bladders 402, but additional bladders
402 may be included. Each bladder of the plurality of
hermetic heat shield bladders 402 is coupled to a sensor 406
via leads 408. The leads 408 are configured to pass through
the wall of the tank 404 and couple to the sensors 406. In
some embodiments, the sensors 406 are electrical sensors. In
some embodiments, the sensors 406 are coupled to a con-
troller 410 that monitors information from the sensors 406 to
monitor a condition of each hermetic heat shield bladder
402. For example, the sensors 406 can monitor the chemistry
within the each hermetic heat shield bladder 402 to deter-
mine if a leak has formed. In some embodiments, the sensors
406 measure resistance of the inert gas within the hermetic
heat shield bladder 402.

In the event that a hermetic heat shield bladder 402 has
formed a leak, the sensor 406 measures a change in the
chemistry of the inert gas within the bladder. In embodi-
ments comprising the controller 410, the controller 410
detects a change in the chemistry within the hermetic heat
shield bladder 402. The controller 410 can then identify the
leaking hermetic heat shield bladder 402 and appropriate
action may be taken. For example, the leaking hermetic heat
shield bladder 402 may be repaired or replaced. In some
embodiments, a source of gas, such as nitrogen gas, is
connected with a pressure regulator to purge gas into the
hermetic heat shield bladder 402 that is leaking to prevent
molten salt from filling that bladder for some period of time
while one is prepared to replace the bladder as a periodic
maintenance.

Conditional language used herein, such as, among others,
“can,” “might,” “may,” “e.g.,” and the like, unless specifi-
cally stated otherwise, or otherwise understood within the
context as used, is generally intended to convey that certain
embodiments include, while other embodiments do not
include, certain features, elements and/or states. Thus, such
conditional language is not generally intended to imply that
features, elements and/or states are in any way required for
one or more embodiments or that one or more embodiments
necessarily include logic for deciding, with or without
author input or prompting, whether these features, elements
and/or states are included or are to be performed in any
particular embodiment.
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While the above detailed description has shown,
described, and pointed out novel features as applied to
various embodiments, it will be understood that various
omissions, substitutions, and changes in the form and details
of the devices or algorithms illustrated can be made without
departing from the spirit of the disclosure. As will be
recognized, the processes described herein can be embodied
within a form that does not provide all of the features and
benefits set forth herein, as some features can be used or
practiced separately from others. The scope of protection is
defined by the appended claims rather than by the foregoing
description. All changes which come within the meaning
and range of equivalency of the claims are to be embraced
within their scope.

Although various embodiments of the present invention
have been illustrated in the accompanying Drawings and
described in the foregoing Detailed Description, it will be
understood that the invention is not limited to the embodi-
ments disclosed, but is capable of numerous rearrangements,
modifications and substitutions without departing from the
spirit of the invention as set forth herein.

What is claimed is:

1. A heat shield bladder having an inner surface and an
outer surface, the heat shield bladder comprising:

a seamless inner tube and a seamless outer tube that are
joined together at ends of the seamless inner and outer
tubes, the seamless inner and outer tubes forming a
bladder therebetween;

at least one reflective foil disposed within the bladder; and

a plurality of ceramic spacers disposed within the bladder
and positioned to space the at least one reflective foil
from the inner and outer tubes,

wherein the ends of the seamless inner tube are joined to
an outer surface of the of the seamless outer tube to
position the joints of the seamless inner and outer tubes
on the outer surface of the seamless outer tube.

2. The heat shield bladder of claim 1, wherein the bladder

is a hermetically sealed bladder.

3. The heat shield bladder of claim 2, further comprising
an inert gas disposed within the bladder.

4. The heat shield bladder of claim 3, wherein the inert gas
is selected from the group consisting of neon, argon, nitro-
gen, carbon dioxide, and krypton.

5. The heat shield bladder of claim 1, wherein the at least
one reflective foil comprises a foil of electropolished nickel.

6. The heat shield bladder of claim 1, wherein:

the at least one reflective foil comprises at least two
reflective foils; and

the plurality of spacers includes spacers disposed between
the at least two reflective foils to space the at least two
reflective foils from each other.

7. The heat shield bladder of claim 1, wherein at least one
of the inner and outer sheets comprises a corrosion-resistant
alloy that can withstand temperatures up to 800° C.

8. The heat shield bladder of claim 7, wherein the corro-
sion-resistant alloy is selected from the group consisting of
an alloy comprising 57% Ni, an alloy comprising 56% Ni,
and an alloy comprising 71% Ni.

9. The heat shield bladder of claim 1, wherein the at least
one reflective foil comprises a coating that increases reflec-
tivity.

10. The heat shield bladder of claim 9, wherein the
coating is selected from the group consisting of rhodium and
gold.

11. A heat shield bladder system comprising:

a tube for conveying a liquid; and
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a plurality of the heat shield bladders of claim 1 disposed

end-to-end within the tube.

12. The heat shield bladder system of claim 11, further
comprising at least one sensor that is coupled to at least one
heat shield bladder of the plurality of heat shield bladders, s
the at least one sensor configured to measure a property of
the bladder.

10



