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THERMAL MANAGEMENT FOR 
ELECTRICAL STORAGE DEVICES 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present disclosure relates to thermal manage 
ment, and more particularly to heat control of electrical 
storage devices such as batteries, capacitors, or similar 
energy storage devices. 
0003 2. Description of Related Art 
0004 Vehicles and aircrafts using electric power for at 
least a portion of their operation may store and draw electric 
power from the multiple individual cells packaged into 
modules. As the individual cells are charged and discharged, 
they typically generate heat, e.g., due to Joule heating, 
caused by current flowing through the internal resistance of 
the cells. In addition, the individual cells may be subjected 
to heating via exothermic chemical reactions occurring 
within the cells. Further, in some cases, elevated ambient 
temperatures may add heat to the cells via conduction, 
convection, and/or radiation. These, and other potential, 
Sources of thermoelectrical, thermo-chemical, and environ 
mental heating may cause increased localized temperatures 
of the cells. The increase in temperature may be aggravated 
by the tight packaging of multiple cells within the confined 
space of the module housing. Increased temperatures may 
increase the rate of chemical reactions, cause physical 
distortion (e.g., SWelling, short circuits, open circuits), that 
may limit the life of the cells and the module. 
0005 Such conventional methods and systems have gen 
erally been considered satisfactory for their intended pur 
pose. However, there is still a need in the art for improved 
systems for thermal management of electrical storage 
devices. The present disclosure provides a solution for this 
need. 

SUMMARY OF THE INVENTION 

0006 An energy storage system includes a sealed hous 
ing defining an interior space. A plurality of cells are 
arranged within the interior space of the housing. A cooling 
liquid Submerges each of the cells. A cooling system is 
positioned within the sealed housing configured to actively 
and passively cool and heat each of the cells. The cooling 
system can define a top surface of interior space of the 
housing. 
0007. The cooling system can include an active con 
denser, passive condenser, and a cold plate. The passive 
condenser can be configured to cool the cells while the 
cooling Supply temperature is below a predetermined tem 
perature. The active condenser can be configured to cool the 
cells above the predetermined temperature. The cold plate 
can be configured to dissipate heat from the liquid in the 
active and passive condensers. The cold plate can be con 
figured to cool the cells with the condensers by converting 
vapor to liquid such that the liquid falls towards the cells 
through the use of gravity. The condenser can be configured 
to act passively through the use of thermosyphon while the 
cooling Supply temperature remains below a cell limit. The 
cooling system can be configured to act actively through the 
use of a thermosyphon and a second actively cooled con 
denser, while the cooling Supply is above a predetermined 
temperature. 
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0008. The cooling system can include a thermal electrical 
cooler configured to act actively as a thermal heat sink. The 
thermal electric cooler can operate based on a cooling 
Supply temperature. A sensor can be coupled to a controller 
configured to sense the cooling Supply temperature. In 
response to the cooling Supply temperature exceeding a 
predetermined limit, the thermal electric cooler can be 
activated. In response to the cooling Supply temperature 
falling below the predetermined limit, the thermal electrical 
cooler can be deactivated. The thermal electric cooler can be 
configured to reverse the direction of heat flow to heat the 
fluid with the condenser in conditions where the cooling 
liquid is below an operating temperature of the cells. 
0009. The cooling liquid can be a two-phase fluid in the 
operating temperature range of the cells. The cells can 
include battery, capacitor, or other energy storage cells. The 
cooling system can include a heat exchanger configured to 
remove the heat from the system. 
0010. The system can include a pump and expansion 
valve configured to activate based on cooling Supply and 
component temperature. The system can also include power 
electronics positioned within the interior space of the hous 
ing. The system can further include a Super heater, com 
pressor and expansion valve configured to act as a vapor 
cycle system to cool the cells. The compressor and expan 
sion valve can provide heating to the cells when the cooling 
fluid is below a predetermined limit. 
0011. These and other features of the systems and meth 
ods of the subject disclosure will become more readily 
apparent to those skilled in the art from the following 
detailed description of the preferred embodiments taken in 
conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 So that those skilled in the art to which the subject 
disclosure appertains will readily understand how to make 
and use the devices and methods of the subject disclosure 
without undue experimentation, preferred embodiments 
thereof will be described in detail herein below with refer 
ence to certain figures, wherein: 
0013 FIG. 1 is a cross-sectional schematic view of an 
exemplary embodiment of a thermal management system for 
electrical storage devices constructed in accordance with the 
present disclosure, showing a housing with a plurality of 
energy storage cells within the housing: 
0014 FIG. 2 is a cross-sectional schematic view of 
another embodiment of a thermal management system for 
electrical storage devices, showing a thermal electric cooler; 
0015 FIG. 3 is a cross-sectional schematic view of 
another embodiment of a thermal management system for 
electrical storage devices, showing a pump and an expansion 
valve; and 
0016 FIG. 4 is a cross-sectional schematic view of 
another embodiment of a thermal management system for 
electrical storage devices, showing a Super heater, compres 
sor and expansion valve. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0017 Reference will now be made to the drawings 
wherein like reference numerals identify similar structural 
features or aspects of the Subject disclosure. For purposes of 
explanation and illustration, and not limitation, a partial 
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view of an exemplary embodiment of a thermal management 
system for electrical storage devices in accordance with the 
disclosure is shown in FIG. 1 and is designated generally by 
reference character 100. Other embodiments of the system in 
accordance with the disclosure, or aspects thereof, are 
provided in FIGS. 2-4, as will be described. The systems 
described herein can be used for maintaining a relatively low 
component temperature within harsh environments such as 
power system of Surface vehicles and aircrafts. The systems 
described herein can also be used to prevent thermal run 
away of the entire system. 
0.018 FIG. 1 illustrates a cross-sectional view of a ther 
mal management system for electrical devices 100 in accor 
dance with the present disclosure. The system 100 is shown 
and described relating to a battery, but other electrical 
storage devices, e.g., capacitors, inductors, or the like, may 
benefit from the system 100 as described. The energy storage 
system 100, as shown in FIG. 1, includes a sealed housing 
110 defining an interior space 112. A plurality of cells 114 
are arranged within the interior space 112 of the housing 
110. As shown in FIG. 1, each of the cells 114 is positioned 
vertically within the housing 110 such that one side of the 
cells adjacent a bottom surface 124 of the housing. The 
remaining sides of the cells 114 are spaced apart within the 
housing 110. The interior space 112 of the housing 110 is 
filed with a cooling liquid 130 that submerges each of the 
cells 114. The cooling fluid 130 may be chemically stable 
and inert, an electrical insulator (i.e., dielectric), a thermal 
conductor, non-toxic, and nonflammable. The specific char 
acteristics of the material used as the cooling fluid may be 
matched for the specific cells. For example, the boiling 
temperature and pressure curve of the material may be 
matched with the allowable operating temperature of the 
cells. The housing 110 is sealed to prevent leakage of the 
cooling fluid 130 or its vapor from the housing 110 and to 
prevent air from entering the housing 110. A cooling system 
140 is positioned within the sealed housing configured to 
actively and passively cool each of the cells. 
0019 Referring to FIGS. 1-4, various embodiments of a 
thermal management system are shown. All the embodi 
ments shown relate to immersion cooling of the cells. It will 
be understood that similar reference numbers will be used 
for each embodiment to represent similar features without 
the need for additional disclosure. 

0020 FIG. 1 illustrates a first embodiment of the cooling 
system 140 including a passive condenser 142 and a heat 
exchanger 144. The housing 110 is a liquid tight pressure 
vessel such that the heat from vapor is removed by the 
condenser 142 and dissipated by the heat exchanger 144. 
More specifically, as the cells 114 begin to heat, the cooling 
fluid 130 surrounding a respective cell 114 begins to boil. 
The density difference between the vapor and liquid allows 
for rapidly carrying the vapor towards the condenser 142. 
The heat from the vapor is dissipated by the heat exchanger 
144 and is transformed back to a liquid state. 
0021. With reference to FIG. 2, the cooling system 240 
includes a thermal electric cooler (TEC) 250 positioned 
defining a top surface of the interior space 212 of the 
housing 210. This embodiment further includes power elec 
tronics 252 spaced apart from the cells 214 outside the 
housing 210. The TEC 250 is configured to actively cool 
each of the cells 214 based on a cooling Supply temperature. 
The active versus passive ability of the system 200 increases 
the efficiency of the system 200 by limiting the use of the 
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TEC 250 while cooling conditions are adequate and reduces 
thermal interfaces when the TEC 250 is not required. A 
sensor 246 is coupled to a controller 248 configured to sense 
the cooling supply temperature of the system 200. In 
response to the cooling temperature exceeding a predeter 
mined limit (i.e. exceeding an operating temperature of the 
cells 214), the controller 248 activates the TEC 250. In 
response to the cooling temperature falling below the pre 
determined limit, the controller deactivates the TEC 250. 
0022. During normal operation battery charging and dis 
charging events will conduct heat from the battery cells 214 
in a passive mode, as shown in FIG. 2. When the TEC 250 
is deactivated, heat will be transferred to the cooling liquid 
230 by buoyancy-driven natural convection from the 
exposed cell walls. The cooling liquid 230 using thermosy 
phon, will circulate naturally pulling the warm liquid and 
vapor away from the cells 214 allowing cooler liquid to cool 
the cells 214. In this mode, the passive condenser 254 
converts the vapor back to liquid. If the cooling Supply 
temperature exceeds the predetermined limit, the TEC 250 is 
activated and provides active cooling by converting the 
vapor back into a liquid which falls back into the liquid pool. 
The TEC 250 acts as a vapor cycle system cooling the liquid 
back down to an operating temperature for the cells 214. The 
heat exchanger 244 will further act to dissipate vapor when 
the TEC is activated. 

0023. In this embodiment, the cells 214 are submerged in 
the cooling liquid 230 but the entire interior space 212 of the 
housing is not completely filled. A gap 226 between the 
liquid 230 and the condenser 254 acts as a vapor space. The 
vapor space acts as a thermal “diode' between the cells 214 
and the cooling system 240. While the focus of the TEC 250 
is to provide cooling to the cells 214, in some conditions the 
TEC 250 may reverse its heat flow to heat the fluid 230 with 
condenser fins designed to extend beyond the vapor space 
226 into the fluid 230. 

(0024. With reference to FIG. 3, the cooling system 340 
includes heat exchangers 341, 350 positioned defining a top 
Surface and a side Surface. In this embodiment power 
electronics 352 are included within the housing 310. The 
power electronics 352 typically operate at a higher tempera 
ture than the cells 314. The cells 314 are stored in a cold 
side 356 of the housing (i.e., separated from the power 
electronics 352). In a passive mode, the vapor from the 
liquid 330 surrounding the power electronics 352 can be 
cooled through the heat exchanger 341, 350 with cooled 
liquid dropping down (i.e. through the force of gravity) 
around the cells 314. In an active mode, a pump 360 is 
activated based on the cooling Supply temperature to circu 
late the cooling liquid 330 through the system. The vapor 
flows to the heat exchangers 350 and cooled liquid is 
Subsequently expanded to a lower pressure through expan 
sion valve 362 and then circulated around the cells 314. 

0025. With reference to FIG. 4, another embodiment is 
shown where the system 100 can function as a passive 
system until the cooling Supply exceeds the maximum 
allowable temperature of the cells 414. Once that tempera 
ture is reached, a compressor 472 is activated and vapor is 
drawn into a super heater 470 to cool power electronics 452. 
Coolant 430 flows to the compressor 472 and into a second 
condenser 474 and expansion valve 476. The cooled liquid 
is supplied to the liquid pool 430 surrounding the cells 414. 
While the focus of the active system is to provide cooling the 
cells 414, in some conditions the compressor 472, the 
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expansion valve 476, and the power electronics 452 may be 
used to heat the fluid 430 and raise the temperature of the 
cells 414 to a desired temperature. 
0026. The methods and systems of the present disclosure, 
as described above and shown in the drawings provide for a 
thermal management system for electrical devices with 
Superior properties including active and passive modes. 
While the apparatus and methods of the subject disclosure 
have been shown and described with reference to preferred 
embodiments, those skilled in the art will readily appreciate 
changes and/or modifications may be made thereto without 
departing from the scope of the Subject disclosure. 
What is claimed is: 
1. An energy storage system, comprising: 
a sealed housing defining an interior space; 
a plurality of cells arranged within the interior space of the 

housing: 
a cooling liquid Submerging each of the cells; and 
a cooling system within the sealed housing configured to 

actively and passively cool and heat each of the cells. 
2. The energy storage system of claim 1, wherein the 

cooling system defines a top Surface of interior space of the 
housing. 

3. The energy storage system of claim 1, wherein the 
cooling system includes an active condenser, passive con 
denser, and a cold plate, wherein the passive condenser is 
configured to cool the cells while the cooling Supply tem 
perature is below a predetermined temperature, wherein the 
active condenser is configured to cool the cells above the 
predetermined temperature, and wherein the cold plate is 
configured to dissipate heat from the liquid in the active and 
passive condensers. 

4. The energy storage system of claim 3, wherein the cold 
plate is configured to cool the cells with the condensers by 
converting vapor to liquid Such that the liquid falls towards 
the cells through the use of gravity. 

5. The energy storage system of claim 3, wherein the 
condenser is configured to act passively through the use of 
thermosyphon while the cooling Supply temperature remains 
below a cell limit. 

6. The energy storage system of claim 1, wherein the 
cooling system is configured to act actively through the use 
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of a thermosyphon and a second actively cooled condenser, 
while the cooling Supply is above a predetermined tempera 
ture. 

7. The energy storage system of claim 1, wherein the 
cooling system includes a thermal electrical cooler config 
ured to act actively as a thermal heat sink. 

8. The energy storage system of claim 7, wherein the 
thermal electric cooler operation is based on a cooling 
Supply temperature. 

9. The energy storage system of claim 7, further compris 
ing a sensor coupled to a controller configured to sense the 
cooling Supply temperature, wherein in response to the 
cooling Supply temperature exceeding a predetermined 
limit, the thermal electric cooler is activated, wherein in 
response to the cooling Supply temperature falling below the 
predetermined limit, the thermal electrical cooler is deacti 
vated. 

10. The energy storage system of claim 7, wherein the 
thermal electric cooler is configured to reverse the direction 
of heat flow to heat the fluid with the condenser in conditions 
where the cooling liquid is below an operating temperature 
of the cells. 

11. The energy storage system of claim 1, wherein the 
cooling liquid is a two-phase fluid in the operating tempera 
ture range of the cells. 

12. The energy storage system of claim 1, wherein the 
cells include battery, capacitor, or other energy storage cells. 

13. The energy storage system of claim 1, wherein the 
cooling system includes a heat exchanger configured to 
remove the heat from the system. 

14. The energy storage system of claim 1, further com 
prising a pump and expansion valve configured to activate 
based on cooling Supply and component temperature. 

15. The energy storage system of claim 1, further com 
prising power electronics positioned within the interior 
space of the housing. 

16. The energy storage system of claim 1, further com 
prising a Super heater, compressor and expansion valve 
configured to act as a vapor cycle system to cool the cells. 

17. The energy storage system of claim 16, wherein the 
compressor and expansion valve provide heating to the cells 
when the cooling fluid is below a predetermined limit. 
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