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(54) System and method for rejecting heat from equipment via endothermic isomerization

(57) A heat exchanger (107) is configured to receive
an elevated-temperature process fluid and an isomeri-
zation compound (109) capable of endothermic isomer-
ization. When the system is in operation, heat from the
elevated temperature process fluid is transferred to the
isomerization compound and the isomerisation com-

pound endothermically isomerizes to a higher energy
state from. Thus, in a vehicle including an engine and a
body, the body houses a catalytic heat exchanger having
an output in fluid communication with the engine, and a
pump for urging an isomerization compound into the heat
exchanger and a sink controller for controlling the pump
are provided.



EP 2 298 646 A2

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND

1 Field of the Invention

[0001] The present invention relates to heat sinks. In particular, the present invention relates to heat sinks for mobile
implementations, such as vehicles.

2 Description of Related Art

[0002] Equipment in vehicles, such as airborne vehicles, land-based vehicles, space-based vehicles, and other such
mobile equipment often generate heat that must be dissipated or rejected. For example, heat produced by an automobile
engine is rejected via coolant flowing through the automobile’s radiator. In low-speed aircraft, heat is often rejected via
the aircraft’s skin to the air flowing over the skin. In other implementations, however, rejecting heat is more difficult. For
example, air impacting onto a high-speed aircraft often imparts heat into the aircraft’s skin due to friction, instead of
removing heat from the skin. If rejecting heat from such equipment is difficult or impossible, the equipment will continue
to undesirably increase in temperature so long as heat is being generated within the equipment.
[0003] One conventional way of rejecting heat produced by equipment in vehicles is to transfer the heat into fuel used
to power the equipment. When the fuel is burned, the rejected heat leaves the equipment. Problems, however, exist
with such implementations. Firstly, if sufficient heat is rejected into the fuel, the temperature of the fuel may increase to
the point where the fuel thermally breaks down. This situation can cause buildups of deposits within the equipment’s
fuel system, resulting in reduced equipment performance and/or undesired behavior. Secondly, the fuel may come into
contact with components, such as gaskets and electronics, of the equipment that have limited tolerance to high temper-
atures.
[0004] There are many ways of rejecting heat from mobile equipment and the like well known in the art, however,
considerable shortcomings remain.

DESCRIPTION OF THE DRAWINGS

[0005] The novel features believed characteristic of the invention are set forth in the appended claims. However, the
invention itself, as well as, a preferred mode of use, and further objectives and advantages thereof, will best be understood
by reference to the following detailed description when read in conjunction with the accompanying drawings, in which
the leftmost significant digit(s) in the reference numerals denote(s) the first figure in which the respective reference
numerals appear, wherein:
[0006] Figure 1 is a graphical representation of an illustrative embodiment of a system for rejecting heat from heat-
generating equipment;
[0007] Figures 2A-2D depict structural representations of chemical reactions occurring in the isomerization of hexane;
[0008] Figure 3 is a chart depicting exemplary concentrations of the isomers of hexane at various temperatures;
[0009] Figure 4 is a chart depicting exemplary equilibrium heat sink capacity for hexane isomerization and heat sink
capacity for baseline Jet A fuel heating at various temperatures;
[0010] Figure 5 is a chart depicting exemplary heat sink capacities for various residence times of hexane isomerization
at 60°C and at 150°C using sulfated zirconia as a catalyst and at a pressure of about 1.5 megapascals in a constantly
stirred reactor, as well as exemplary heat sink capacities of Jet A fuel when the temperature thereof is increased to 60°C
and to 150°C;
[0011] Figure 6 is a chart depicting exemplary reactor volumes at various temperatures required to achieve 23 kilowatts
of power sink at an operating pressure of 1.5 megapascals, assuming a 60 second residence time;
[0012] Figure 7 is a chart depicting heat sink capacity for 2,2-dimethylbutane isomerization with vaporization and
baseline Jet A fuel heating at various temperatures;
[0013] Figure 8 is a stylized, graphical representation of an illustrative embodiment of a system for rejecting heat
generated by heat-generating equipment of a vehicle; and
[0014] Figure 9 is a cross-sectional view of an illustrative embodiment of a catalytic heat exchanger of the system
shown in Figure 8.
[0015] While the invention is susceptible to various modifications and alternative forms, specific embodiments thereof
have been shown by way of example in the drawings and are herein described in detail. It should be understood, however,
that the description herein of specific embodiments is not intended to limit the invention to the particular forms disclosed,
but on the contrary, the intention is to cover all modification, equivalents, and alternatives falling within the scope of the
invention as defined by the appended claims.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0016] Illustrative embodiments of the invention are described below. In the interest of clarity, not all features of an
actual implementation are described in this specification. It will of course be appreciated that in the development of any
such actual embodiment, numerous implementation-specific decisions must be made to achieve the developer’s specific
goals, such as compliance with system-related and business-related constraints, which will vary from one implementation
to another. Moreover, it will be appreciated that such a development effort might be complex and time-consuming but
would nevertheless be a routine undertaking for those of ordinary skill in the art having the benefit of this disclosure.
[0017] The present invention represents a system and method for rejecting heat from equipment via endothermic
isomerization. Figure 1 provides a graphical representation of an illustrative embodiment of a system 101 for rejecting
heat from a heat-generating equipment 103. In the illustrated embodiment, a process fluid, represented by an arrow
105, is outputted from equipment 103 to a heat exchanger 107. A compound capable of endothermically isomerizing,
i.e., "isomer (A)" 109, is inputted to heat exchanger 107, as indicated by an arrow 111. Heat from process fluid 105 is
transferred to isomer (A) 109 within heat exchanger 107, thus endothermically isomerizing isomer (A) 109 to "isomer
(B)" 113, which is outputted from heat exchanger 107, as indicated by an arrow 115.
[0018] The present invention contemplates many compounds that exhibit isomerism. An isomeric compound exists
in two or more structural forms; however, the two or more structural forms have the same molecular formula. For a group
of isomers, each isomer has a given enthalpy of formation, as a function of temperature and pressure. If, for example,
the temperature of the isomer of the compound having the lowest enthalpy of formation is increased, heat will be absorbed
by the isomer and at least a portion of the isomer will change form to an isomer of the compound having a higher enthalpy
of formation. At a particular temperature and pressure, an isomeric compound will exist at an equilibrium mixture of the
one or more isomers of the compound. If, for example, the mixture contains an isomer of the compound that exhibits a
lower enthalpy of formation than the equilibrium mixture of the isomers and the temperature of the mixture is increased,
the lower enthalpy of formation-isomer will absorb heat and change form to an isomer of the compound having a higher
enthalpy of formation.
[0019] In one exemplary embodiment, the isomeric compound is hexane. All isomeric forms of hexane exhibit the
molecular formula C6H14. However, hexane exists as five structurally different isomers: 2,2-dimethylbutane, 2,3-dimeth-
ylbutane, 2-methylpentane, 3-methylpentane, and n-hexane, i.e., normal hexane. Figures 2A-2D depict the structural
changes resulting from the isomerization of 2,2-dimethylbutane to 2,3-dimethylbutane (Figure 2A); 2,3-dimethylbutane
to 2-methylpentane (Figure 2B); 2-methylpentane to 3-methylpentane (Figure 2C); and 3-methylpentane to n-hexane
(Figure 2D). The isomers of hexane have the following enthalpies of formation at a temperature of 25°C and at a pressure
of one atmosphere:

Thus, 2,2-dimethylbutane exhibits the lowest heat of formation of the isomers of hexane. Isomerization of 2,2-dimeth-
ylbutane to any of the other four isomers of hexane is endothermic. The most endothermic isomerization reaction for
hexane is the isomerization of 2,2-dimethylbutane to n-hexane, which would absorb 17.7 kilojoules of heat per mole of
hexane. For example, if pure 2,2-dimethylbutane were to react to form pure n-hexane, 205.6 Joules per gram of heat
would be absorbed directly as a result of the reaction. However, equilibrium limits the conversion that can be achieved
without additional separation.
[0020] Figure 3 depicts exemplary concentrations of the isomers of hexane at various temperatures. For example, at
50°C, the equilibrium mixture contains approximately 53 molecular percent 2,2-dimethylbutane. At 100°C, the equilibrium
mixture contains approximately 40 molecular percent 2,2-dimethylbutane. As the temperature increases, the fraction of
2,2-dimethylbutane in the equilibrium mixture decreases and the fraction of n-hexane in the equilibrium mixture increases.
Additionally, if the starting mixture is at a first, lower temperature and the final mixture is at a second, elevated temperature,
both the heat of isomerization and the heat required to raise the temperature of the mixture can be sunk into the mixture.
For example, as shown in Figure 4, raising the temperature of the mixture from 25°C to 100°C can sink about 245 joules
of heat per gram of mixture. By comparison, raising the temperature of "Jet A" fuel from 25°C to 100°C sinks only about

Isomer
Enthalpy of formation
(kilojoules per mole)

n-hexane -167.3

3-methylpentane -172.4

2-methylpentane -174.9

2,3-dimethylbutane -177.2

2,2-dinnethylbutane -185.0
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150 joules of heat per gram of Jet A fuel.
[0021] As presented herein, the present invention contemplates compounds other than hexane as isomerization com-
pounds. For example, octane (C8H18), heptane (C7H16), pentane (C5H12) and butane (C4H10) may, in certain embodi-
ments, be used as isomerization compounds.
[0022] The change from a more endothermic mixture to the equilibrium mixture only provides heat sink capacity, not
the rate at which the mixture can sink heat. For example, if a system has a very large sink between a first, more
endothermic state and the equilibrium state, but the isomerization reaction rates are slow, the system may be unable to
sink the heat at an acceptable rate. Accordingly, in at least such situations, the present invention contemplates the use
of a catalyst to increase the isomerization rate. One particular catalyst contemplated by the present invention is sulfated
zirconia. Figure 5 depicts exemplary heat sink capacities for various residence times of hexane isomerization at 60°C
and at 150°C using sulfated zirconia as a catalyst and at a pressure of about 1.5 megapascals in a constantly stirred
reactor, as well as exemplary heat sink capacities of Jet A fuel when the temperature thereof is increased to 60°C and
to 150°C. As kinetics are slower at lower temperatures, longer times are required at lower temperatures to achieve the
equilibrium state. For example, at 60°C, about five minutes are required to approach the equilibrium state, whereas at
150°C only about two minutes are required to approach the equilibrium state. As the temperature increases, the volume
of the reactor required to sink a given amount of power decreases, because the residence time drops. Figure 6 depicts
exemplary reactor volumes at various temperatures required to achieve 23 kilowatts of power sink at an operating
pressure of 1.5 megapascals, assuming a 60 second residence time. For example, referring to Figure 6, a reactor volume
of about 58 gallons would be required to sink 23 kilowatts of power at an operating temperature of 80°C and an operating
pressure of 1.5 megapascals, assuming a 60 second residence time. At 200°C, however, a reactor volume of only about
20 gallons would be required to sink 23 kilowatts of power at an operating pressure of 1.5 megapascals, assuming a 60
second residence time.
[0023] It should be noted that catalysts other than sulfated zirconia are contemplated by the present invention. For
example, aluminum trichloride (AlCl3), fluoroantimonic acid (HF-SbF5), or the like may be used as catalysts and, in
particular, may be used in systems utilizing hexane isomerization.
[0024] If either the reactants or the products of isomerization are vaporized during the process, some additional heat
can be sunk. In some implementations, the latent heat of vaporization can be a significant heat sink. In the case of
hexane isomerization, the products of isomerization vaporize at temperatures within a range of about 50°C to about
69°C at atmospheric pressure. Vaporizing the products of isomerization can provide, for example, an additional 300
joules per gram of heat sink capacity, as shown in Figure 7.
[0025] Figure 8 depicts an illustrative embodiment of a system 801 for rejecting heat generated by heat-generating
equipment 803 of a vehicle 805. In the illustrated embodiment, vehicle 805 is an aircraft. System 801 may be applied
to many various heat-generating equipments 803. In one embodiment, heat-generating equipment 803 is an engine 807
for propelling vehicle 803; however, the scope of the present invention is not so limited. System 801 comprises a reservoir
of an isomerization compound 809 capable of endothermic isomerization, such as the isomerization compounds dis-
cussed herein. Isomerization compound 809 is provided to a pump 811, as indicated by an arrow 813. A heat sink
controller 815 controls pump 811 to transfer, as indicated by an arrow 817, isomerization compound 809 to a catalytic
heat exchanger 819. Process fluid from heat-generating equipment 803 is transferred, as indicated by an arrow 821, to
catalytic heat exchanger 819. Heat is transferred from heat-generating equipment 803 to the process fluid. The process
fluid is the vehicle by which heat from heat-generating equipment 803 is carried to catalytic heat exchanger 819. In one
embodiment, the process fluid is recirculated to heat-generating equipment 803 after being processed by catalytic heat
exchanger 819. The present invention contemplates any process fluid, either in a gaseous or liquid state, suitable for a
particular implementation of system 801. In catalytic heat exchanger 819, heat from the process fluid is transferred to
isomerization compound 809 causing isomerization of compound 809 to a higher energy-level form, e.g., from 2,2-
dimethylbutane to 2,3- dimethylbutane if hexane is isomerization compound 809. The endothermically isomerized form
of isomerization compound 809, in one embodiment, is then fed, as indicated by an arrow 823, into engine 807 of vehicle
805 as a fuel.
[0026] Still referring to Figure 8, in certain embodiments, system 801 further comprises a valve 825 in fluid commu-
nication with catalytic heat exchanger 819. A pressure controller 827 controls valve 825 to maintain a desired pressure
within catalytic heat exchanger 819 to, for example, provide a suitable environment for isomerization compound 809 to
be vaporized by heat from the process fluid. In embodiments wherein the endothermically isomerized form of isomerization
compound 809 is fed as a fuel into engine 807, valve 825 is in fluid communication with both catalytic heat exchanger
819 and engine 805.
[0027] Figure 9 depicts an illustrative embodiment of a shell and tube, catalytic heat exchanger 819, although the
present invention contemplates other configurations of catalytic heat exchanger 819, such as a "U-tube" catalytic heat
exchanger, a "two-pass tube side, straight tube" heat exchanger, or the like. In the illustrated embodiment, catalytic heat
exchanger 819 comprises a shell 901 terminated by a first tube sheet 903 and a second tube sheet 905. An inlet 907
and an outlet 909 are in fluid communication with an interior 911 of shell 901, such that interior 911 is substantially closed
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except for ingress via inlet 907 and egress via outlet 909. In use, inlet 907 is in fluid communication with pump 811
(shown in Figure 8) and, in certain embodiments, outlet 909 is in fluid communication with valve 825 (shown in Figure
8) and/or with engine 807 (shown in Figure 8). A plurality of tubes 913 (only one tube 913 labeled in Figure 9 for clarity)
extend between and through first tube sheet 903 and second tube sheet 905.
[0028] Shell 901, with tube sheets 903 and 905 attached thereto, is disposed between an inlet plenum 915 and an
outlet plenum 917, which are in fluid communication with the plurality of tubes 913. Inlet plenum 915 defines an inlet
919 and outlet plenum 917 defines an outlet 921. In use, inlet 919 is in fluid communication with heat-generating equipment
803 (shown in Figure 8) and, in certain embodiments, outlet 921 is also in fluid communication with heat-generating
equipment in a closed- loop configuration. Inlet plenum 915 and outlet plenum 917 are affixed to second tube sheet 905
and first tube sheet 903 such that, in use, fluid flowing through the plurality of tubes 913 only communicates into inlet
plenum 915 through inlet 919 and communicates into outlet plenum 917 through outlet 921. A plurality of baffles 923
(only one baffle 923 is labeled in Figure 9 for clarity) extend into interior 911 of shell 901, such that some of the tubes
of the plurality of tubes 913 extend through one or more of the plurality of baffles 923. A catalyst 925, such as sulfated
zirconia or other catalyst, such as those described herein, is disposed within interior 911 of shell 901 about the plurality
of tubes 913 and the plurality of baffles 923.
[0029] Still referring to Figure 9, when in operation, elevated temperature process fluid flows from heat-generating
equipment 803 (shown in Figure 8) through inlet 919, through inlet plenum 915, through the plurality of tubes 913, through
outlet plenum 917, and through outlet 921. As discussed herein, the process fluid is routed back to heat-generating
equipment 803 in certain embodiments in a closed-loop system. Heat is transferred from the process fluid, through the
plurality of tubes 913, into interior 911 of shell 901. Isomerization compound 809 (shown in Figure 8), in a state capable
of endothermically isomerizing, flows from pump 811 (shown in Figure 8) through shell inlet 907, through interior 911 of
shell 901, and through shell outlet 909. While flowing through interior 911 of shell 901, isomerization compound 809 is
in the presence of catalyst 925. Heat from the process fluid is transferred into isomerization compound 809, thus endo-
thermically isomerizing isomerization compound 809, e.g., from 2,2-dimethylbutane to 2,3-dimethylbutane if hexane is
isomerization compound 809. Thus, heat from the process fluid is absorbed by isomerization compound to raise its
temperature and to change its structure from a lower-energy form to a higher-energy form. Isomerized compound 809
may also be vaporized, thus further absorbing heat from the process fluid.
[0030] It should be noted that the method of the present invention can be performed at low temperatures, e.g., within
a range of about -25°C to about 200°C, and at reasonable pressures, e.g., within a range of about five psia to about 200
psia.
[0031] In one aspect, the present invention provides a system for rejecting heat from equipment using endothermic
isomerization, The system includes a heat exchanger configured to receive an elevated-temperature process fluid and
an isomerization compound capable of endothermic isomerization. When the system is in operation, heat from the
elevated temperature process fluid is transferred to the isomerization compound and the isomerization compound en-
dothermically isomerizes to a higher energy state form. In another aspect, the present invention provides a vehicle,
including an engine and a body. The body houses a catalytic heat exchanger having an output in fluid communication
with the engine, a pump for urging an isomerization compound into the heat exchanger, and a heat sink controller for
controlling the pump. In yet another aspect, the present invention provides a method for rejecting heat from equipment
using endothermic isomerization. The method includes providing a compound capable of endothermic isomerization
and transferring heat from a process fluid to the compound, such that the compound endothermically isomerizes to a
higher energy level isomer.
[0032] The present invention provides significant advantages, including: (1) allowing a large amount of excess heat
to be rejected; (2) avoiding undesirable effects of rejecting heat into conventional fuel; (3) allowing heat to be rejected
within a large range of temperatures and pressures; (4) allowing heat to be rejected within low temperature ranges and
at reasonable pressures; and (5) using the compound used for heat transfer as a fuel.
[0033] The particular embodiments disclosed above are illustrative only, as the invention may be modified and practiced
in different but equivalent manners apparent to those skilled in the art having the benefit of the teachings herein. Fur-
thermore, no limitations are intended to the details of construction or design herein shown, other than as described in
the claims below. It is therefore evident that the particular embodiments disclosed above may be altered or modified
and all such variations are considered within the scope of the invention. Accordingly, the protection sought herein is as
set forth in the claims below. It is apparent that an invention with significant advantages has been described and illustrated.
Although the present invention is shown in a limited number of forms, it is not limited to just these forms, but is amenable
to various changes and modifications without departing from the spirit thereof.

Claims

1. A system for rejecting heat from equipment using endothermic isomerisation, comprising:
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a heat exchanger (107; 810) configured to receive an elevated-temperature process fluid and an isomerisation
compound (109; 809) capable of endothermic isomerisation;
wherein, when the system is in operation, heat from the elevated temperature process fluid is transferred to the
isomerisation compound and the isomerisation compound endothermically isomerizes to a higher energy state
form.

2. A system according to claim 1, wherein the heat exchanger (819) is a catalytic heat exchanger.

3. A system according to claim 2, wherein the catalytic heat exchanger (819) includes a catalyst (925) comprising one
of sulphated zirconia, aluminium trichloride, and fluoroantimonic acid.

4. A system according to any preceding claim, wherein the isomerisation compound (109; 809) comprises one of
octane, heptane, hexane, pentane and butane.

5. A system according to any one of claims 1 to 3, wherein the isomerisation compound (109; 809) comprises 2,2-
dimethylbutane.

6. A system according to any preceding claim, wherein the catalytic heat exchanger (819) is a shell and tube catalytic
heat exchanger.

7. A system according to any preceding claim, further comprising a pump (811) for urging the isomerisation compound
(809) into the heat exchanger (819) and a heat sink controller (815) for controlling the pump.

8. A system according to any one claims 1 to 6 further comprising a valve in fluid communication with an output of the
heat exchanger; and
a pressure controller for operating the valve to maintain a desired pressure in the heat exchanger.

9. A system according to any preceding claim, wherein an output of the catalytic heat exchanger (819) is in fluid
communication with an engine (807).

10. A system according to any preceding claim, wherein the system is operably associated with a vehicle (805).

11. A method for rejecting heat from equipment using endothermic isomerisation, comprising:

providing a compound capable of endothermic isomerisation; and
transferring heat from a process fluid to the compound, such that the compound endothermically isomerizes to
a higher energy level isomer.

12. A method according to claim 11, wherein the compound is one of octane, heptane, hexane, pentane, and butane.

13. A method according to claim 11, wherein the compound is 2,2-dimethylbutane.

14. A method according to any one of claims 11 to 13 further comprising bringing the compound into contact with a
catalyst as heat is being transferred into the compound from the process fluid.

15. A method according to claim 14, wherein the catalyst is one of sulphated zirconia, aluminium trichloride, and fluor-
oantimonic acid.
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