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Open-loop thermal management systems and open-loop 
thermal management processes are disclosed. The process 
includes providing an open-loop thermal management sys
tem, saturating a reactor of the system with gas while a flow 
control unit prevents flow of the gas from the reactor, and 
maintaining a gas dissociation pressure range of the gas 
within the reactor. The system includes the reactor being 
arranged to receive a heat load. The reactor contains metal 
hydrides, metal organic framework, or a combination 
thereof. The reactor includes at least one venting line 
extending from the reactor. Also, the flow control unit is 
configured to adjustably control the flow of gas from the 
reactor to maintain the gas dissociation pressure range. 
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OPEN-LOOP THERMAL MANAGEMENT 
PROCESS AND SYSTEM 

2 
resulting vapor being released to a low or no-pressure 
environment, such as space. Pressure in the water loop is 
maintained by a feedwater tank, and whenever a path clears 
from the ice sublimating away in the porous plate, more CROSS-REFERENCE TO RELATED 

APPLICATION 

This application claims priority to, and the benefit of, U.S. 
Provisional Patent Application No. 61/893,317, filed Oct. 
21, 2013, entitled Open-Loop Thermal Management Process 
and System, which is hereby incorporated by reference in its 
entirety. 

5 water flows in and freezes. Unlike the PCM thermal storage 
discussed above, sublimators use a consumable liquid, and 
must contain enough fluid for the entire energy that must be 
removed. 

Also, sublimators do not have 100% utilization because, 

FIELD OF THE INVENTION 

10 in practice, more water is actually used than should be 
needed. The inefficiency may come from unaccounted heat 
leaks into the system sublimating more of the water and/or 
start-up and shut-down losses for transient heat loads, which 

The present invention is directed to thermal management 
systems and processes. More particularly, the present inven
tion relates to open-loop thermal management systems and 
processes. 

15 
occurs because sublimators are designed and sized for 
steady-state operation. Sublimators efficiently reject heat but 
operate only at the triple point, which is colder than the 
desired operating temperature for a low or no-pressure 
environment, such as space. Operation at higher tempera-

BACKGROUND OF THE INVENTION 

Electronics systems are often cooled by transporting heat 
to a remote location and using a fluid to dissipate the heat. 
Examples include natural convection, forced air convection, 
and pumped liquid convection. When a suitable heat sink is 
not available, the heat is stored instead. Typical applications 
where heat storage is necessary include, but are not limited 

20 tures would result in continually starting and stopping the 
sublimator, thereby wasting water. In addition, the sublima
tor requires a constant pressure feedwater source to maintain 
operation, which may require a passive tank and bladder or 
require expensive low or no-pressure environment rated 

25 pumps. 

to, low or no-pressure regions, such as space and the Earth's 
upper atmosphere, for example, in spacecraft thermal man
agement (such as, during launch and re-entry). 30 

Heat storage typically involves phase change, either from 
solid to liquid, or liquid to gas. The advantage of a phase 
change system is that the relatively large latent heat of the 
thermal storage material minimizes mass and volume of a 
thermal storage system. One disadvantage of most thermal 35 

storage materials is their low thermal conductivity. The 
system design generally must include features to boost the 
effective thermal conductivity. 

Open-loop thermal management systems and open-loop 
thermal management processes that do not suffer from one 
or more of the above drawbacks would be desirable in the 
art. 

BRIEF DESCRIPTION OF THE INVENTION 

In an exemplary embodiment, an open-loop thermal man
agement process includes providing an open-loop thermal 
management system, saturating a reactor of the system with 
gas while a flow control unit prevents flow of the gas from 
the reactor, and maintaining a gas dissociation pressure 
range of the gas within the reactor. The system includes the 
reactor being arranged to receive a heat load. The reactor 
contains a medium having metal hydrides, metal organic 
framework, or a combination thereof. The reactor includes at 
least one venting line extending from the reactor. Also, the 
flow control unit is configured to adjustably control the flow 
of gas from the reactor to maintain the gas dissociation 
pressure range. 

In another exemplary embodiment, an open-loop thermal 
management process includes providing an open-loop ther
mal management system, saturating a reactor in the system 
with hydrogen while preventing flow of the hydrogen from 

A standard method of thermal storage uses a material that 
changes from a solid to a liquid as heat is applied. For 40 

example, a phase change material (PCM), typically either a 
paraffin wax, or a hydrated salt, is used. The system starts 
out with the PCM as a solid. As heat is applied, the PCM 
gradually melts, storing the heat. Typically the PCM is 
embedded in a metallic foam to improve the effective 45 

thermal conductivity. The PCM systems do not require a 
consumable and typically can be used for several thousand 
freeze/thaw cycles before they start to degrade. However, 
the PCM systems are limited by having a relatively large 
mass and volume. 

Sublimators provide cooling via phase change to a gas, 
which can be vented, for example, to a low or no-pressure 
environment, such as space. The concept is based on flowing 
water into a porous media in a low pressure environment, 
allowing it to freeze, and removing heat based on the phase 55 

change from liquid (to solid) to gas. Working fluid from an 
existing coolant loop is sent through a heat exchanger where 
the heat is passed to a secondary loop of consumable fluid, 
typically water. The water is exposed through a porous plate 

50 the reactor, then adjusting the flow control unit to release the 
gas from the at least one venting line, and maintaining a 
hydrogen dissociation pressure range of the hydrogen within 
the reactor. The reactor is arranged to receive a heat load. 

to the ambient which must be below the triple point of the 60 

water (273.16 Kand a partial vapor pressure of 611.73 Pa). 
The water freezes on the porous plate and creates a solid 
boundary that separates the working fluid from the low
pressure environment. This separation prevents water from 
simply boiling off to a low or no-pressure environment, such 65 

as space. Heat from the primary coolant loop is transferred 
into the water and sublimates the ice on the wick with the 

The reactor contains copper-plated nanocrystalline metal 
hydrides. At least one venting line extends from the reactor. 
The flow control unit is configured to adjustably control the 
flow of hydrogen from the reactor. 

In another exemplary embodiment, an open-loop thermal 
storage system includes a reactor arranged to receive a heat 
load, the reactor containing a medium having metal 
hydrides, metal organic framework, or a combination 
thereof. The system further includes at least one venting line 
extending from the reactor and a flow control unit on the 
venting line. The flow control unit is configured to adjust
ably control the flow of gas from the reactor by way of the 
venting line and maintain a gas dissociation pressure range 
of the gas within the reactor. 
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Other features and advantages of the present invention 
will be apparent from the following more detailed descrip
tion of the preferred embodiment, taken in conjunction with 
the accompanying drawings which illustrate, by way of 
example, the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of a first embodiment of an 

4 
is endothermic. Based upon this, in one embodiment, the 
medium 105 is capable of absorbing large amounts of 
hydrogen via exothermic surface chemisorption and subse
quent hydriding reactions. When the heat load 104 is applied 

5 to the reactor 102, absorbed hydrogen is released from the 
medium 105, thereby absorbing the heat load 104. For 
example, in one embodiment, one mole ofH2 gas is released 
from the medium 105, thereby permitting the medium 105 
to absorb 25 to 35 kJ of the heat load 104. 

open-loop thermal management system performing a first 10 

embodiment of an open-loop thermal management process, 
according to the disclosure. 

The capacity of absorbing the heat load 104 is dependent 
upon the medium 105 used. The medium 105 is or includes 
metal hydrides (for example, nanocrystalline metal hydrides 
and/or the copper-plated metal hydrides), a metal organic 

FIG. 2 is a schematic view of a second embodiment of an 
open-loop thermal management system performing a second 
embodiment of an open-loop thermal management process, 
according to the disclosure. 

FIG. 3 a graph of properties for a medium for a reactor of 
an embodiment of an open-loop thermal management sys
tem for performing an embodiment of an open-loop thermal 
management process, according to the disclosure. 

FIG. 4 is a scarming electron micrograph of a ball-milled 
medium for a reactor of an embodiment of an open-loop 
thermal management system for performing an embodiment 
of an open-loop thermal management process, according to 
the disclosure. 

Wherever possible, the same reference numbers will be 
used throughout the drawings to represent the same parts. 

DETAILED DESCRIPTION OF THE 
INVENTION 

15 
framework, or a combination thereof. Suitable metal 
hydrides include, but are not limited to, lanthanum-based 
hydrides (for example, based upon LaNi5 ), magnesium
based hydrides (for example, MgH2), calcium-mischmetal 
(for example, Ca0 _7 Mm0 .4Ni5 ), other suitable materials, or a 

20 combination thereof. The metal hydrides have higher volu
metric heat storage capacity than phase change materials. 
For example, LaNi5 has a theoretical heat storage capacity of 
1,200 kl/liter, compared to paraffin wax (a phase change 
material) that has a heat storage capacity between 160 

25 kl/liter and 200 kl/liter. 
In one embodiment, the hydriding-dehydriding reaction 

operates based upon a gas dissociation pressure range of a 
gas 110 that is released during the absorbing of the heat load 
104 by the medium 105. In one embodiment, the gas 

30 dissociation pressure range is defined by a pressure-hydro
gen concentration temperature curve for the medium 105. 
For example, at a given temperature, a metal hydride forms 
condensed phases (~-phase) with the hydrogen in the pres
ence of a partial pressure of hydrogen. In one embodiment, 

Provided are open-loop thermal management systems and 
processes, for example, in a low or no pressure device, an 
outer-space-bound device, a fuel cell, a vehicle, or a com
bination thereof. Embodiments of the present disclosure, in 
comparison to similar systems and processes failing to 
include one or more of the features disclosed herein, for 
example, permit higher heat storage capacity for smaller 
volume reactors (for example, greater heat storage density), 
permit thermal storage in conditions with internal reactor 40 

pressure being consistently maintained above ambient pres
sure, permit on-demand cooling, permit precise temperature 
control, permit passive operation (for example, without 
using a compressor and/or pump), permit delivery of hydro
gen venting at a constant or substantially constant pressure 45 

over a composition range, permit increased efficiency, per
mit operation on the ground and/or at any elevation, permit 
other suitable advantages, or a combination thereof. 

35 equilibrium behavior of the metal hydride in a plateau region 
of a plot of the absolute equilibrium absorption or desorption 
pressure as a function of hydrogen concentration for an 
isotherm is described with the following reaction: 

!:.H t:.S 
ln[P,q(atm)] = RT - R 

where P eq is the hydrogen gas dissociation pressure, R is 
the molar gas constant, T is the temperature, li.H is the heat 
of formation, and li.S is the standard entropy of formation. 
The plateau region is defined by endpoints, H/Ma and H/M13, 

which are phase limits of the plateau region based upon a 
transition from a to ~ phases, where H is a hydrogen atom 
and Mis a metal atom in the medium 105. 

FIG. 1 schematically depicts an open-loop thermal man
agement system 100 during an open-loop thermal manage- 50 

ment process, according to an embodiment. The system 100 
includes a reactor 102 arranged to receive a heat load 104, 

In one embodiment, the medium 105 is selected by 
considering hysteresis of the hydriding-dehydriding reac
tion. The dehydriding occurs at a pressure below the hydrid
ing, despite the general reversibility of the hydriding-dehy
driding reaction, for example, due to irrecoverable energy 
loss associated with volume changes during the hydriding-

for example, as thermal storage. In one embodiment, the 
system 100 absorbs or releases the heat load 104 by a 
medium 105 operating upon a hydriding-dehydriding reac- 55 

tion as follows: 

X hydriding 
M + -H2===.MHx +!:.HJ 

2 dehydriding 

where M is the formula for the medium 105, x is a non
stoichiometric constant and ti.Hf is the hydride formation 
heat. 

The absorbing of the hydrogen (i.e., hydriding) is exo
thermic and the releasing of the hydrogen (i.e., dehydriding) 

dehydriding reaction. 
In one embodiment, the medium 105 is selected by having 

a mid-point on the plateau that falls within a predetermined 
60 pressure-temperature range. For example, referring to FIG. 

3, in one embodiment, suitable materials for the medium 105 
include, but are not limited to, MgH2 301, Mg2Ni 303, 
Mg2Cu 305, Fe0 _8Ni0 _2 H0 _6 307, LaNi4 _7 Al0 _3 H3 309, 
CaNi5H3 311, LaNi5 H3 313, Fe09Mfio 1TiH 315, 

65 MNi4 _5 Al0 _5 H3 317, FeTiH 319, MNi4 _15Fe0 _85H3 321, 
MNi5H3 323, Ca0 _2M0 _8Ni5 H3 325, or a combination thereof, 
having desorption pressures at the mid-point of the corre-
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sponding plateaus shown in the van't Hoff plots of FIG. 3. 
In a further embodiment, the medium 105 is selected to 
include materials falling within the pressure temperature 
range 329 shown in FIG. 3 or any suitable range or sub
range based upon that which is disclosed in FIG. 3. For 
example, such materials include, but are not limited to, the 
Fe0 _8Ni0 _2 H0 _6 307, the LaNi4 _7Al0 _3 H3 309, the CaNi5H3 

311, the LaNi5H3 313, the Fe09Mn0 1 TiH 315, the 
MNi4 _5Al0 _5H3 317, the FeTiH 319, the MNi4 _15Fe0 _85H3 

321, the MNi5H3 323, and the Ca0 _2 M0 _8Ni5H3 325. Further 
embodiments include the material having dissociation pres
sure in MPa being above a pressure, such as, above 0.01, 
above 0.02, above 0.05, above 0.1, or above 0.2. In one 
embodiment, the minimum dissociation pressure is set by 
the atmospheric pressure at the minimum operating level. 
For example, a dissociation pressure above atmospheric 
pressure (for example, about 0.1 MPa) allows the system 
100 to function on the ground. 

6 
the reactor 102 and a flow control unit 108 on the venting 
line 106. The flow control unit 108 is configured to adjust
ably control the flow of the gas 110 from the reactor 102. 
The gas 110 is or includes hydrogen, carbon dioxide, nitro-

5 gen, other suitable gases, or a combination thereof. 
The system 100 maintains the gas dissociation pressure 

range of the gas 110 within the reactor 102. Staying within 
the gas dissociation pressure range is achieved, for example, 
by the flow control unit 108 preventing flow of the gas 110 

10 and/or being adjusted to release the gas 110 from the venting 
line(s) 106 and, thus, the reactor 102. 

The adjusting of the flow control unit 108 is by an 
electronic throttling valve 112, is passive, or is achieved by 
any other suitable technique. In one embodiment, the adjust-

15 ing of the flow control unit 108 is in response to temperature 
and/or pressure values within the reactor 102. In one 
embodiment, the system 100 includes a check valve 114 
adjustable in response to ambient pressure being greater than 
the gas dissociation pressure range. 

The system 100 includes any other suitable features. For 
example, in one embodiment, the system includes a rupture 
device 116 for preventing ambient air from entering the 
reactor 102, the venting line(s) 106, the flow control unit 
108, the check valve 114, other suitable components, or a 

In one embodiment, the medium 105 includes augmented 
hydride materials having increased hydrogen/heat storage 20 

capacity by weight and/or increased absorption/desorption 
kinetics, in comparison to conventional polycrystalline 
hydride materials. Such augmented hydride materials have 
modified properties attributable to the formation of nanoc
rystalline structures using non-equilibrium processing tech
niques, such as mechanical alloying or high-energy ball
milling. For example, in one embodiment, the medium 105 
includes nanocrystalline LaNi5-type metal hydrides that, in 
comparison to polycrystalline LaNi5-type metal hydrides, 
have higher storage capacity, more stable temperature-pres
sure cycling capacity during the life-time of the system 100, 
lower hysteresis, and better corrosion stability. 

25 combination thereof. In another embodiment, as is shown in 
FIG. 2, the system 100 includes a heat transfer device 202, 
such as a coolant path for coolant 204. The coolant 204 cools 
the heat load 104, for example, prior to the reactor 102 
receiving the heat load 104 and/or while the reactor 102 

30 receives the heat load 104 (to prevent overheating of the 
system 100 during the exothermic reaction). The coolant 204 
is used in embodiments with the ambient temperature and/or 
pressure causing the reactor 102 to exceed the gas dissocia
tion pressure range. In one embodiment, the heat transfer 

In one embodiment, the medium 105 includes MgH2-type 
metal hydrides that are ball-milled. The MgH2-type metal 
hydrides have surface and morphology of Mg particles that 
are rough and irregular, as shown in the scanning electron 
micrograph of FIG. 4. The surface and the morphology form 
smaller catalyst particle clusters covering larger Mg par
ticles, providing a surface area and effective grain bound
aries of MgH2 -type metal hydrides that are significantly 
greater than MgH2-type metal hydrides that are not ball
milled, resulting in enhanced sorption kinetics by providing 
an increased number of reactive sites. In one embodiment, 
the smaller catalyst particles have a maximum dimension of 
between 0.2 and 2 microns and the larger catalyst particles 
have a maximum dimension of between 5 and 10 microns, 
for example, at a ratio of about 10 to 1. 

35 device 202 or cold plate is maintained at a temperature of 
between 10° C. and 15° C. for a period, for example, 
between 10 minutes and 1 hour. 

The system 100 is configured for a single depletion of the 
saturation of the reactor 102 of initially received gas 118 

40 from a gas supply 120 or re-saturating of the reactor 102, for 
example, after the gas 110 flows from the reactor 102. As 
shown in FIG. 2, in one embodiment, the reactor 102 
receives additional gas 206 from a gas supply source 208 
after the saturating of the reactor 102, a release of the gas 

45 110, an absorption of the gas 110, or a combination thereof. 
In further embodiments, the introducing of the gas 110 is at 
a rate that is slower than the release of the gas 110. 

The system 100 absorbs and releases the heat load 104 
based upon any suitable operational procedures. In one 

50 embodiment, the heat load 104 is absorbed during higher 
power operation, the gas 110 is released, and then the 
medium 105 is recharged/re-saturated, for example, at a 
slower rate than the absorbing and/or the releasing of the gas 
110, allowing the reactor 102 to have a size that corresponds 

In one embodiment, the medium 105 includes material 
resistant to decrepitation/pulverization caused by volume 
changes due to the hydriding-dehydriding reaction. The 
material is formed, for example, by coating a powder 
particle with a layer of a non-powder material. In one 
embodiment, the non-powder material is a copper layer, for 
example, applied by a plating technique, such as electroless 
plating. In one embodiment, the powder particle has thermal 
conductivity (for example, an effective thermal conductiv
ity=-10-1 W/m-K) that is lower than the non-powder mate
rial. The micro-encapsulation of the powder particle with the 
non-powder material allows the decrepitated metal hydride 
particles to be contained inside a thin shell of the non- 60 

powder material even after many cycles of the hydriding
dehydriding reaction. In one embodiment with the non
powder material, the medium 105 has a thermal conductivity 
that is increased to 3 to 5 W/m-K and/or by 50 times through 
the coating. 

55 to an average of the heat load 104 instead of a maximum heat 
load. Such properties relating to the size permit the system 
100 to be used in small, remote operation, and/or temporar
ily remote, for example, low or no-pressure devices, such as, 
outer-space-bound devices. 

EXAMPLE 

In one example, the hydriding-dehydriding reaction is 
compared to a phase change material. Use of the phase 

65 change material includes using a paraffin wax (Rubitherm 82 
from Rubitherm Technologies, Berlin, Germany), which 
melts at a temperature of about 82° C. To absorb a heat flow 

To achieve the hydriding-dehydriding reaction, the reac
tor 102 includes at least one venting line 106 extending from 
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9. The process of claim 1, wherein the gas is hydrogen, 
carbon dioxide, or nitrogen. 

of 3 kW for 45 seconds (0.135 MJ), the phase change 
material requires a reactor capable of holding 1.5 kg and 2.0 
liters of the paraffin wax. In contrast, to absorb the same heat 
flow, the hydriding-dehydriding reaction is capable of using 
0.78 kg and 0.13 liters of the metal hydride LaNi5 • Thus, the 
hydriding-dehydriding reaction permits lower mass and 
lower volume for identical thermal storage. 

10. The process of claim 1, wherein the reactor contains 
the metal hydrides and the metal hydrides include nanoc-

5 rystalline metal hydrides. 

While the invention has been described with reference to 
a preferred embodiment, it will be understood by those 
skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof without 
departing from the scope of the invention. In addition, many 
modifications may be made to adapt a particular situation or 
material to the teachings of the invention without departing 
from the essential scope thereof. Therefore, it is intended 
that the invention not be limited to the particular embodi
ment disclosed as the best mode contemplated for carrying 
out this invention, but that the invention will include all 
embodiments falling within the scope of the appended 
claims. 

11. The process of claim 1, wherein the reactor contains 
the metal hydrides and the metal hydrides are copper-plated. 

12. The process of claim 1, wherein the reactor contains 
the metal hydrides and the metal hydrides include lantha

lO num-based hydrides, magnesium-based hydrides, calcium
mischmetal, or a combination thereof. 

13. The process of claim 1, wherein the metal hydrides, 
the metal organic framework, or the combination thereof 

15 
receives a plurality of atoms from the gas by exothermic 
absorption. 

14. The process of claim 1, wherein the medium absorbs 
at least 25 kJ of the heat load in response to 1 mole of the 
gas being released, absorbed, or a combination thereof. 

20 15. The process of claim 1, wherein the process occurs 

What is claimed is: 
1. An open-loop thermal management process, compris-

ing: 
providing an open-loop thermal management system, 25 

comprising a reactor arranged to receive a heat load, the 
reactor containing a medium having metal hydrides, a 
metal organic framework, or a combination thereof, at 
least one venting line extending from the reactor and 
venting from the open-loop thermal management sys- 30 

tern, and an electronic throttling valve on the at least 
one venting line, the electronic throttling valve adjust
ably controlling a flow of gas from the reactor by way 
of the at least one venting line, the metal hydrides, the 
metal organic framework, or the combination thereof 35 

operating upon a hydriding-dehydriding reaction; then 
saturating the medium with the gas by absorption of the 

gas into the medium while the electronic throttling 
valve prevents flow of the gas from the reactor; 

maintaining a gas dissociation pressure range of the gas 40 

within the reactor; and then 
applying the heat load to the reactor, the gas absorbed by 

the medium being released from the medium and 
through the at least one venting line, thereby absorbing 
the heat load. 45 

2. The process of claim 1, further comprising adjusting the 
electronic throttling valve to release the gas from the at least 
one venting line. 

3. The process of claim 2, wherein the maintaining of the 
gas dissociation pressure range is performed by the adjusting 50 

of the electronic throttling valve between the preventing of 
the flow of the gas and the releasing of the gas. 

4. The process of claim 3, wherein the adjusting of the 
flow is in response to temperature and pressure values within 
the reactor. 55 

5. The process of claim 1, further comprising releasing the 
gas from the reactor and then re-saturating the medium. 

6. The process of claim 1, wherein the heat load contacts 
a coolant prior to the reactor receiving the heat load. 

7. The process of claim 2, further comprising introducing 60 

an additional amount of the gas to the reactor from a gas 
supply after the saturating of the medium, after the releasing 
of the gas, after the absorption of the gas, or a combination 
thereof. 

8. The process of claim 7, wherein the introducing of the 65 

additional amount of the gas is at a rate that is slower than 
the release of the gas. 

outside the Earth's atmosphere. 
16. An open-loop thermal management process, compris

ing: 
providing an open-loop thermal management system, 

comprising a reactor arranged to receive a heat load, the 
reactor containing a medium of copper-plated nanoc
rystalline metal hydrides, at least one venting line 
extending from the reactor and venting from the open
loop thermal management system, and an electronic 
throttling valve on the at least one venting line, the 
electronic throttling valve being configured to adjust
ably control a flow of hydrogen from the reactor, the 
medium operating upon a hydriding-dehydriding reac-
tion; then 

saturating the medium with the hydrogen by absorption of 
the hydrogen into the medium while the electronic 
throttling valve prevents the flow of the hydrogen from 
the reactor; then 

applying the heat load to the open-loop thermal manage
ment system, the hydrogen absorbed by the copper
plated nanocrystalline metal hydrides being released 
from the copper-plated nanocrystalline metal hydrides, 
thereby absorbing the heat load; then 

adjusting the electronic throttling valve to release the 
hydrogen through the at least one venting line; and 

maintaining a hydrogen dissociation pressure range of the 
hydrogen within the reactor. 

17. An open-loop thermal storage system, comprising: 
a reactor arranged to receive a heat load, the reactor 

containing a medium having metal hydrides, a metal 
organic framework, or a combination thereof, the 
medium being saturated with a gas by absorption of the 
gas into the medium; 

a gas supply supplying the gas to the reactor; 
a heat transfer device arranged to cool the heat load prior 

to the reactor receiving the heat load; 
at least one venting line extending from the reactor and 

venting from the open-loop thermal storage system; 
and 

an electronic throttling valve on the at least one venting 
line, the electronic throttling valve being configured to 
adjustably control a flow of gas from the reactor 
through the at least one venting line; 

wherein the metal hydrides, the metal organic framework, 
or the combination thereof operate upon a hydriding-
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dehydriding reaction such that the heat load is received 
by the gas by desorption of the gas from the medium. 

* * * * * 

10 


