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[571 ABSTRACT 

Apparatus including a power supply (202) and control 
system is provided for maintaining the temperature within 
an enclosed structure (40) using thermoelectric devices (92). 
The apparatus may be particularly beneficial for use with a 
refrigerator (20) having superinsulation materials (46) and 
phase change materials (112) which cooperate with the 
thermoelectric device (92) to substantially enhance the over- 
all operating efficiency of the refrigerator (20). The electrical 
power supply (202) and control system allows increasing the 
maximum power capability of the thermoelectric device (92) 
in response to increased heat loads within the refrigerator 
(20). The electrical power supply (202) and control system 
may also be used to monitor the performance of the cooling 
system (70) associated with the refrigerator (20). 

10 Claims, 3 Drawing Sheets 
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CONTROL SYSTEM FOR 
THERMOELECTRIC REFRIGERATOR 

NOTICE 

Portions of this invention were made with support of the 
United States Government under contract No. NAS8-5000 
awarded by the National Aeronautics and Space Adminis- 
tration (NASA) and subcontract No. GY5509. The Govern- 
ment may have certain rights to the invention under the 
contract. 

RELATED APPLICATIONS 

This application is related to co-pending patent applica- 
tion Ser. No. 08/180,887 filed Jan. 12, 1994 (Attorney’s 
Docket 017083.0126); co-pending patent application Ser. 
No. 08/180,879 filed Jan. 12,. 1994 (Attorney’s Docket 
017083.0127); patent application Ser. No. 08/180,456 filed 
Jan. 12, 1994 now U.S. Pat. No. 5,398,510 (Attorney’s 

‘Docket 017083.0133; and co-pending patent application Ser. 
No. 08/409,214 filed Mar. 23, 1995 (Attorney’s Docket 
017083.0192). 

TECHNICAL FIELD OF THE INVENTION 

This invention relates to thermoelectric devices and more 
particularly to a thermoelectric refrigerator having enhanced 
insulation and energy storage capability. 

BACKGROUND OF THE INVENTION 

The basic theory and operation of thermoelectric devices 
has been develoued for manv years. Modern thermoelectric 

2 
of a container having a thermoelectric cooler is shown in 
U.S. Pat. No. 4,726,193 entitled Temperature Controlled 
Picnic Box. Examples of refrigerators which function with 
a thermoelectric device are shown in U.S. Pat. No. 2,837, 
899 entitled Thermoelectric Refrigerator; U. S. Pat. No. 
3,177,670 entitled Thermoelectric Refrigerator and U.S. Pat. 
No. 3,280,573 entitled Refrigerator-Package Arrangement. 
U.S. Pat. No. 5,168,339, entitled Thermoelectric Semicon- 
ductor Having A Porous Structure Deaerated in a Vacuum 

io  and Thermoelectric Panel Using P-Type and N-Type Ther- 
moelectric Semiconductors, discloses an electronic refrig-. 
eration panel. These patents are incorporated by reference in 
their entirety for all purposes within this application. 

Conventional refrigerators typically consist of an insu- 
15 lated enclosure with a centralized cooling system based on 

the vapor compression cycle of fluorinated hydrocarbons 
(FREON@) or other types of hydrocarbons. The cooling 
system usually has greater cooling capacity than the actual 
heat load which results in the cooling system acting inter- 

20 mittently in a binary duty cycle-ither on or off. This 
binary duty cycle results in temperature variations as the 
refrigerator warms up while the compressor is off and cools 
down when the compressor is running. Thus the temperature 
in a typical refrigerator is not steady but cycles between an 

25 upper limit and a lower limit. This compressor cycling may 
reduce the operating efficiency of the associated cooling 
system. 

Presently available cooling systems frequently include an 
air/evaporator interface which requires a relatively high air 

30 flow rate to obtain the best cooling efficiency and to prevent 
frost or ice from forming on the evaporator. This air flow rate 
is often in excess of the air velocities required to cool the 
interior of the refrigerator and results in further system 

5 

I 

devices typicall; include an- &ay of thermocouples which 35 inefficiencies. Finally, vapor COInpreSSiOn COOhg Systems 
operate by using the Peltier effect. Thermoelectric devices frequently use CFCS (chloro-fl~orocarbons) such as 
are essentially small heat pumps which follow the laws of FREiON@ as the working fluid. The negative effects of CFCs 
thermodynamics in the Same manner as mechanical heat on the environment are well known and there exists both 
pumps, refrigerators, or any other apparatus used to transfer national and international regulations to ban the use of Such 
heat energy. The principal difference is that thermoelectric 4o CFCS. other fluorocarbons Such as HCFCs and HFcS have 
devices function with solid state electrical components (ther- their own limitations and problems for use in refrigeration 
mocouples) as compared to more traditional mechanical/ systems. 
fluid heating and cooling components. 

When DC electrical power is applied to a thermoelectric 
device having an array of thermocouples, heat is absorbed 45 
on the cold side of the thermocouples and passes through the In accordance with the present invention, disadvantages 
thermocouples and is dissipated on the hot side of the and problems associated with previous thermoelectric 
thermocouples. A heat sink (sometimes referred to as the refrigerators used to maintain selected temperatures within 
“hot sink”) is preferably attached to the hot side of the such refrigerators have been substantially reduced or elimi- 
thermoelectric device to aid in dissipating heat from the 50 nated. 
thermocouples to the adjacent environment. In a similar The present invention includes an apparatus for control- 
manner a heat sink (sometimes referred to as a “cold sink”) ling the temperature within a refrigerator or other enclosed 
is often attached to the cold side of the thermoelectric device structures. The apparatus includes a thermoelectric device 
to aid in removing heat from the adjacent environment. with a first heat sink disposed on one side of the device and 
Thermoelectric devices are SOrnetimeS referred to as ther- 55 a second heat si& disposed on the other side of the device. 
moelectric Coolers. However, since they are a type of heat The apparatus also includes an electrical motor mounted on 
pump, thermoelectric devices can function as either a Cooler the enclosed structure adjacent to the thermoelectric device 
or a heater. and a rotating shaft extending through the electric motor 

There are a wide variety of containers and enclosed with an impeller mounted on one end of the rotating shaft for 
structures which are designed to be maintained within a 60 providing an air flow. A first magnet is mounted on the 
selected temperature range. Examples of such containers opposite end of the rotating shaft with the motor and 
and enclosed structures include, but are not limited to, impeller mounted on the exterior of the enclosed structure. 
refrigerators, picnic coolers, cabinets containing sensitive The apparatus also includes a second impeller for providing 
electronic equipment, and organ transplant containers. The an air flow mounted on the interior of the enclosed structure 
use of thermoelectric devices which operate on a DC voltage 65 with a second magnet attached thereto and disposed adjacent 
system are well known to maintain desired operating tem- to the first magnet with a portion of the enclosed structure 
peratures in refrigerators and portable coolers. An example disposed between the first magnet and the second magnet. 

SUMMARY OF THE INVENTION 
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The second impeller is driven by the motor, first magnet and 
second magnet. 

One aspect of the present apparatus includes the first 
impeller located adjacent to the first heat sink and the second 

Another aspect of the present apparatus comprises a 
thermoelectric device with a plurality of thermoelectric 
elements arranged in a first group and a second group. The 
thermoelectric elements of the first group are electrically Referred embodiments of the present invention and its 
connected in series with each other and thermoelectric 10 advantages are best understood by referring to NGS. 1 
elements of the second group are connected electrically in though 8 ofthe drawings, like numerals being used for like 
series with each other. Additionally, the two groups of and corresponding parts of the various drawings. 
thermoelectric elements may be electrically connected in 
series or parallel by a switch depending on the cooling needs FIGS. and show refrigerator 2o incorporating an 

embodiment of the present invention. The principal compo- of the apparatus. 
l5 nents of refrigerator 20 include enclosed structure 40 having 

providing a system for monitoring the performance Door assembly 22 provides access to the interior of enclosed 
structure 40. Cooling system 70 mounted on door assembly and operation of a thermoelectric refrigerator. 

The present invention provides an additional technical 22 includes air circulating means 72 thermoelectric 
advantage of athennoelectric refrigerator with low and high 2o assembly 90. Door assembly 22 preferably includes a plu- 
power operating modes. The present invention provides a rality of air inlet openings 24 and a plurality of outlet 
unit which can act as a refrigerator or freezer simply by openings 26, Air flow from inlet openings 24 to outlet 
adjusting the set temperature. openings 26 is indicated generally by arrows 25. Handle 28 

Another technical advantage of the present invention is and hinges (not explicitly shown) are also provided for use 
that it can provide refrigeration without using harmful CFCs 25 in opening and closing door assembly 22. Refrigerator 20 
or other fluorocarbons. The present invention also eliminates may function to maintain the temperature in enclosed struc- 
the need for high air flow rates typically required to provide ture 40 in a selected temperature range, which may be above 
efficient refrigeration in currently available refrigerators. or below zero degrees Celsius. 

As best shown in FIG. 2, enclosed structure 40 preferably 
ofusing readily available components. Therefore the present includes outer liner 42 and inner liner 44 with a plurality of 
system has relative low cost over more traditional mechani- superinsulation panels 46 disposed therebetween. As will be 
caVfluid heating and cooling component systems. explained later in more detail, superinsulation panels 46 are 

preferably included as part of door assembly 22. Also, 
superinsulation materials other than panels 46 may be sat- 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present inven- isfactorily used within the concepts of the present invention. 
tion, and the advantages thereof, reference is now made to The benefits of the, present invention are best achieved by 
the following written description taken in conjunction with using superinsulating materials as described below. 
the accompanying drawings, in which: Insulation performance is often measured by the use of 

FIG. 1 is an isometric drawing of a refrigerator or 40 “R’ values, where R is a thermal resistivity in HrFt’ FIBtu. 
enclosed structure having a thermoelectric assembly, super- Higher R-values indicate better insulating performance. 
insulation panels, an electrical power supply, and a control R-value/inch is frequently used to compare the thermal 
system incorporating an embodiment of the present inven- performance of different insulating materials. For example, 
tion; fiberglass may have R-valuehch of approximately 3.2 

FIG. 2 is a drawing in section with portions broken away 45 fiFt2 Fmtu, and styrene foam may have an R-valuehch of 
taken along line 2-2 of FIG. 1 showing the use of super- approximately 5 &Ft2 The benefits of the Present 
insulation panels, and an internal cabinet associated with the invention are best achieved by using insulating materials 
refrigerator of FIG. 1; with an R-value per inch greater than approximately 20 

HrFt’ FBtu (R20hnch. Internal cabinet 60 is preferably FIG. 3 is a drawing partially in elevation and partially in 
section with portions broken away a portion of the 50 disposed within the interior of enclosed structure 40 to 

system incorporating an embodiment of the present inven- cabinet 60 and interior of inner liner 44. Air flow path 62 
may be used to provide an “air curtain” which further tion; 
enhances the overall performance of cooling system 70 and 

FIGS. 4a-4b are schematic drawings showing an electri- refrigerator 20. The benefits of providing such an air curtain 
cal circuit for use with a thermoelectric device incorporating 55 will be described later in detail. A plurality of shelves 
an embodiment of the present invention suitable for use with 64 are preferably provided within cabinet 60 for use 

in storing food or other perishable items within refrigerator the refrigerator shown in FIG. 1; 
20. The number and location of shelves 64 may be varied 

showing an additional embodiment of the present invention 6o depending upon the function and intended uses ofrefrigera- 
including a thermal energy storage container; tor 20. For some applications, one or more doors may be 

FIG. 6 is a block diagram showing an electrical power included as part of internal cabinet 60. 
supply and control system satisfactory for use with an For purposes of this patent application, the term “super- 
embodiment of the present invention; insulation panel” is used to refer to insulating material 

FIG. 7 is a schematic block diagram showing an electrical 65 having an R-value per inch greater than twenty (R20/inch). 
power supply and control system suitable for use with Various types of superinsulation panels may be satisfactorily 
another embodiment of the present invention; and used with the present invention. A preferred superinsulation 

FIG. 8 is an isometric drawing of a refrigerator or 
enclosed structure having superinsulation materials and a 
thermoelectric assembly incorporating another mbodiment 
of the present invention. 

impeller located adjacent to the second heat sink. 5 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention provides a technical advantage Of door assembly 22 with cooling system 70 mounted thereon. 

Also, the present system provides a technical advantage 3o 

35 . 

door assembly of the refrigerator of FIG. 1 with a cooling Partially define air flow Path 62 between the exterior Of 

FIG. 5 is a drawing in Section with portions broken away 
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panel is set forth in pending U.S. patent application Ser. No. be explained later in more detail, covers 38 and 39 establish 
07/993,883, filed Dec. 23, 1992. This application is incor- a portion of the desired air flow path within cooling system 
porated by reference for all purposes within this application. 70. 
Examples of such superinsulation Panels which have a high Air circulating means 72 preferably includes electrical fan 
R-value are described in U.S. Pat. No. 5,090,981, entitled 5 motor 74 mounted on the exterior of door assembly 22 
Method for Making figh R Superinsulation panel, and U.S. adjacent to thermoelectric assembly 90. Rotating shaft 76 
pat. No. 5,094,899, entitled High R Superinsulation panel. preferably extends through fan motor 74 and opening 34 
Both of these patents are incorporated by reference in their provided in liner 32. B ~ - ~  and insulating means 78 are 
entirety for purposes this Such preferably disposed between opening 34 to support rotating 
insulation Panels are from owens-Coming Fiber- 10 shaft 76. Impeller 80 is preferably secured to rotating shaft glas Corporation located in Toledo, Ohio. Owens-Coming 
uses the trademark “AURA” with respect to such superin- 
sulation panels. 

~ ~ ~ ~ f i ~ ~ ~ l ~ ~ i ~ ~  panels 46 shown in FIGS. 2 and 3 have a 

76 on the exterior portion of door assembly 22. 
It is important to note that opening 34 is formed only in 

liner 32 and does not extend through liner 30. Magnet 84 is 
generally rectangular configuration. However, superinsula- Preferably disposed on the other end of rotating shaft 76 
tion having square, oval, circular, or any other l5 within opening 34. Impeller 82 has its magnetic 86 prefer- 
geometric configuration may be satisfactorily used within ably mounted on the interior portion of door assembly 22 
the concepts of the present invention. Superinsulation panels adjacent to mamet 84 With inner liner 30 disposed therebe- 
46 preferably include a sealed envelope 48 having a first tween. Thus, liner 30 Prevents air flow and heat tmmfer 
wall 50 and a second wall 52. Envelope 48 is generally through opening 34. Mapets  84 and 86 cooperate with each 
constructed of a gas impervious material. various types of Zo other such that rotation of shaft 76 results in rotation of 
filler material or insulating material 54 and supporting impeller 82. various types of propellers andor fan blades 
structures 56 may be disposed within envelope 48 between Can be attached to rotating shaft 76 in place of impellers 80 
walls 50 and 52. Envelope 48 is typically sealed around the and 82 without d e P d g  from the inventive concepts ofthe 
edges of walls 50 and 52 to maintain the desired vacuum present invention. Also, Various mechanisms Other than 
within envelope 48. For some applications, superinsulation 25 magnets 84 and 86 mY be satisfactorily used to allow shaft 
panels 46 may be evacuated to a vacuum between lo4 Torr 76 to drive impeller 82. 
and 10 Torr. Thermoelectric assembly 90 includes thermoelectric 

U.S. pat. N ~ ~ .  5,090,981 and 5,094,899 teach the use of device 92 with first heat sink 100 and second heat sink 102 
mineral fiber board and particulate matter packed in the 3o disposed On OppOSite sides thereof. Thermoelectric device 
interstices of the fiberboard to perform the functions of filler 92 Preferably includes a Plurality of t h e ~ o c o ~ P l e s  Or 
material 54 and supporting structure 56. U.S. Pat. N ~ .  thermoelectric elements 94 disposed between thermally con- 
5,157,893, entitled Compact Vacuum Insulation, teaches the ductive Plates 96 and 98. For Some applications, Plates 96 
use of spherically shaped glass or ceramic beads which and 98 may be formed from Ceramic andor Composite 
function as filler material 54 and continuous sheets of metal 35 materials as desired. Thermoelectric elements 94 may be 
which function as suppohg structure 56. U.S. pat. N ~ .  selected from materials such as bismuth telluride to provide 
5,252,408, entitled Vacuum Insulated Panel and Method of an m a y  of P-N junctions With the desired thermoelectric 
Fo-ng a Vacuum Insulated Panel, teaches the use of a characteristics to allow thermoelectric device 92 to function 
compressed block of particulate charcoal, activated carbon as a heat Pump. 
black, silica gel or other appropriate mixtures to perform the 4o For one embodiment of the present invention, thermo- 
function of filler material 54 and supporting structure 56. electric elements 94 may be connected electrically in series 
U.S. Pat. No. 5,082,335, entitled Vacuum Insulation System and thermally in parallel. An electrical conductor or elec- 
for Insulating Refrigerator Cabinets, teaches the use of a trical power cord (not shown) may be provided to supply DC 
vacuum insulation panel having multiple sealed compart- electrical energy from a power supply to thermoelectric 
ments containing microporous filler insulation material. 45 device 92. The power supply can be a battery, DC power 
Each of the above-referenced patents are incorporated by generator, AC/DC converter, or any other appropriate source 
reference in their entirety for all purposes within this appli- of DC electricity. When DC electricity is supplied to ther- 
cation. moelectric device 92, heat is absorbed on the cold side 

During the assembly of enclosed structure 40, superinsu- represented by Plate 98, Passes through thimmdxtric de -  
lation panels 46 are preferably positioned between outer 50 ments Or thermocouPles 94, and is dissipated on the hot Side 
liner 42 and inner liner 44. In a similar manner, during the at Plate 96. 
manufacture of door assembly 22, superinsulation panels 46 An alternative configuration for the connection of ther- 
are preferably disposed between an inner liner 30 and an moelectric elements 94 within an electrical circuit will be 
outer liner 32 (See FIG. 3). As will be described later in more later described in more detail. Also various electrical power 
detail, openings 34 and 36 are preferably provided through 55 supply and control systems associated with thermoelectric 
liners 30 and 32 for use in mounting cooling system 70 with assembly 90 will be described later in more detail. 
door assembly 22. The efficiency of thermoelectric device 92 is substantially 
FIG. 3 depicts an embodiment of cooling system 70. As improved by attaching first heat sink 100 to hot plate % and 

previously noted, the principal components of cooling sys- second heat sink 102 to cold plate 98. Various types of 
tem 70 include air circulating means 72 and thermoelectric 60 bonding techniques and mounting procedures may be used 
assembly 90. As shown in FIG. 3, the various components to secure first heat sink 100 and second heat sink 102 to 
which comprise cooling system 70 are typically mounted on thermoelectric device 92. Second heat sink 102 preferably 
either the exterior portion or the interior portion of door includes cold finger 104 which may be positioned within 
assembly 22 with superinsulation panels 46 disposed ther- opening 36. Various types of sealing means 106, such as 
ebetween. Exterior cover 38 is preferably placed over the 65 elastomeric material, may be disposed between the exterior 
exterior portion of door assembly 22 and interior cover 39 of cold finger 104 and the interior of opening 36 to prevent 
placed over the interior portion of door assembly 22. As will air flow. Preventing air flow minimizes the undesirable 
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transfer of thermal energy between the exterior of door groups of thermoelectric elements 94 may be varied without 
assembly 22 to the interior of enclosed structure 40 when departing from the concepts of the present invention. The 
door assembly 22 is closed against structure 40. groups of thermoelectric elements are connected to a power 

Cold finger 104 cooperates with opening 36 and seal Source represented by Positive bxmhal 160 and negative 
means 106 to provide a portion of a means for mounting 5 terminal 162. 
thermoelectric assembly 90 on door assembly 22. Cold Electrical circuit 172 preferably includes serial parallel 
finger 104 may be formed as an integral part of second heat (SIP) switch 174 positioned electrically between group 94a 
sink 102 (See FIG. 5.) Alternatively, cold finger 104 may be and group 94b. Switch 174 may be referred to as a two 
formed as a separate component and bonded with heat sink position, double-pull switch. When switch 174 is in its first 
102 and conductive plate 98. io position as shown in FIG. 4a, thermoelectric element groups 

Heat sinks 100 and 102 are shown as fin-type heat 94a and 94b are connected electrically in series. When 
exchangers which may be extruded as a single unit from switch 174 is moved to its second position shown in FIG. 4b, 
appropriate material such as aluminum or copper. Heat sinks groups 94a and 94b are connected electrically in Parallel. 
100 and 102 can be manufactured from other types of In operation of circuit 172 of FIGS. 4a and 4b, when the 
material having the desired thermal conductivity and 15 maximum cooling capability from thermoelectric device 92 
strength characteristics. In addition, other heat exchanger is required, switch 174 is placed in its second position shown 
designs such as pin-fin, slotted-fin or fin-welded heat sinks in FIG. 4b. In this position, the thermoelectric elements in 
can be used in place of the single unit extruded heat sinks groups 94a and 94b are exposed to the full system voltage 
100 and 102 shown in FIG. 3. available at terminals 160 and 162. This position results in 

When DC electrical power is supplied to thermoelectric 2o maximum Current flow through the thermoelectric elements 
device 92 of FIG. 3, heat energy will flow from the interior 94 in groups 94a and 94b. This maximum C m ~ t  flow also 
of refrigerator 20 through heat sink 102 and cold finger 104 CO~esPonds With the n ~ ~ x i m u m  heat transfer Capability of 
to conductive plate 98. The heat energy at conductive plate ~hermoelectric device 92 from heat Sink 102 to heat S i n k  
98 is transferred by thermoelectric elements 94 by the Peltier 100. 
effect to conductive plate 96. The transferred heat is dissi- 25 When the temperature within thermoelectric refrigerator 
pated or diffused to the exterior of refrigerator 20 by first 20 has reached the desired value, switch 174 may return to 
heat sink 100. its first position as shown in FIG. 4a which connects groups 

Air circulating means 72 is positioned adjacent to heat 94a and 94b in series. The position of switch 174 shown in 
sink 100 and/or heat sink 102 to assist with the circulation 3o FIG. 4~ increases the resistance between terminals 160 and 
of air and the transfer of heat energy from the interior of 162 resulting in a substantial decrease in the current flow 
refrigerator 20 to the exterior of refrigerator 20 through through thermoelectric elements 94. The lower Current flow 
thermoelectric assembly 90. Air circulated by impeller 80 is through thermoelectric &ments in th~rmOelectric groups 
indicated generally by arrow 25, and air circulated by 94a and 94b reduces the heat transfer capability of thermo- 
impeller 82 is indicated generally by arrow 27. U.S. Pat. No. 35 electric device 92. This in turn, lowers the Power consump- 
4,726,193 entifled Temperature Controlled Picnic Box tion Of thermoelectric refrigerator 20 providing refrigerator 
shows an example of circulating means used with a 20 with the technical advantage of low power operation. 
thermoelectric device. U.S. Pat. No. 4,726,193 is incorpo- Refrigerator 20 may be operated in this lOW-POWer mode 
rated by reference in its entirety for all purposes in this with switch 174 in its first position as shown in FIG. 4a as 
application. long as the temperature within refrigerator 20 remains at the 

assembly 22 by using various techniques and procedures. An Switch 174 may be a manual switch located on the 
important requirement in mounting thermoelectric assembly exterior of door assembly 22 or switch 174 may be an 
90 on door assembly 22 is to ensue that conductive plate 98 electronic switch disposed within thermoelectric device 92. 
of thermoelectric device 92 and cold finger 104 are disposed 45 It is also noted that switch 174 Can be any equivalent device 
adjacent to each other. In a similar manner, heat si& 100 and which Can continuous~y Convert the connection Of groups Of 
conductive plate 96 are preferably disposed adjacent to each ~~ermoelectric dements 942 and 94b from Parallel to Serial 
other on the opposite sides of thermoelectric device 92. as previously described. By incorporating electrical circuit 
various types of mounting procedures may be satisfactorily 172 with thermoelectric device 92, refrigerator 20 may be 
used as long as this relationship is maintained between 50 mdified to have a high Power and a low Power mode 
thermoelectric device 92, cold finger 104, and heat sinks 100 responsive the temperamre Within enclosed Structure 40. 
and 102. FIG. 5 depicts another important feature of the present 

FIGS. 4a and 4b depict an electrical circuit for modifying invention including thermal energy storage container 110 
the cooling capacity of thermoelectric device 92. As previ- with a Phase change material 112 disposed therein. Thmr~~al  
ously noted, thermoelectric elements 94 may be connected 55 energy storage container 110 may be Positioned at Various 
electrically in series between conductive plates 96 and 98. locations On the interior portion Of door assembly 522 andor 
For Some applications of the present invention, it may be the interior of enclosed structure 40. For thermoelectric 
desirable to increase the cooling capacity of thermoelectric refrigerator 520 shown in FIG. 5, thermal energy storage 
device 92 during periods of high heat load and to decrease Container 110 is located near the top Of refrigerator 520 
the cooling capacity of thermoelectric device 92 during 60 Within the interior of enclosed Structure 40. 
periods of low heat load. Electrical circuit 172 shown in Door assembly 522 has been modified to provide an 
FIGS. 4a and 4b allows for modifying the cooling capacity alternative air flow path as compared to previously described 
of thermoelectric device 92. For the particular embodiment door assembly 22 depicted in FIG. 3. Air circulating means 
of the present invention shown in FIGS. 1-3, thermoelectric 72 is positioned near the bottom of door assembly 522 with 
elements 94 are divided into two groups, 94a and 94b. 65 thermoelectric assembly 90 disposed thereabove. This 
Within each group, thermoelectric elements 94 are con- arrangement results in air flow from the bottom exterior 
nected electrically in series. It is noted that the number of portion of door assembly 522 upwardly from impeller 80 

Thermoelectric assembly 90 may be mounted on door 40 desired Operating value. 



5,505,046 
9 10 

over heat sink 100 and out through the upper exterior portion phase changes. Any compound or mixture having the appro- 
of door assembly 522. The internal air flow path within priate latent heat characteristics and phase change tempera- 
refrigerator 522 is also upwardly from impeller 82, over heat tures may be satisfactorily used with the invention. Such 
sink 102, and then out exit 114 located near the upper materials also include organic salts. 
interior portion of door assembly 522. U.S. Pat. No. 4,609,036, entitled Bulk Heat or Cold 

Air by-pass valve 504 is preferably installed within inter- Storage Device for Thermal Energy Storage Compounds, 
nal cabinet 60 adjacent to thermal energy storage container and U.S. Pat. No. 4,290,416, entitled Phase Change Energy 
110. Air by-pass valve 504 is provided to assist in the Storage Panel for Environmentally Driven Heating and 
situation where the “cold energy” of phase change material Cooling System provide extensive information COnCeX&lg 
112 has been exhausted. During normal operation of refrig- io  Various types of hydrated Phase change and G h b -  
erator 522, air flows upwardy from second heat sink 102, er’s salt that are satisfactory for use with the present inven- 

tion. For some applications, it may be desirable to use salt 
down over food or other items placed on shelves 64. Once hydrated which have the benefit Of a higher 

melting point temperature which may correspond to the 
temperature to be maintained within refrigerator 520. The the air reaches the bottom shelf 64, it enters plenum 366 via 

depending on the desired operating temperature for refrig- directs this air flow back to impeller 82. 
During periods of continuous high heat load, such as erator 520. Both of the above-referenced patents are incor- 

when door assembly 522 is opened repeatedly or when porated by reference in their entirety for all purposes within 
excessive hot or warm food or other items are placed within this application. 
internal cabinet 60, phase change material 112 may become 2o FIG. 6 depicts an integrated electrical power supply and 
exhausted. For an example of Phase change material 112 control system 200. System 200 includes AC power supply 
becoming exhausted, if water is used for material 112, once 202, DC converter 204, control unit 206 and temperature 
all the water in the form of ice melts, the phase change from sensor 216. AC power supply 202 is coupled with switch 
ice to water is complete, and phase change material 112 may 208 which controls the electricity provided to fan motor 74. 
be said to be exhausted. If material 112 is exhausted, the 25 Switch 208 also controls the electricity to door switch 210. 
ability of material 112 to absorb heat within internal cabinet Door switch 210 controls the electricity to interior lamp 212 
60 may be compromised, and in fact, material 112 may begin and fan motor 74 When the door is opened and closed. DC 
to transfer heat to air being circulated through it. Therefore, CO~verter 204 converts AC electricity from AC Power SUP- 
it may be desirable to redirect the circulating air to bypass Ply 202 to DC electricity and Supplies DC electricity to 
the material 112 until this phase within internal cabinet 60 30 Switch 214 and Control unit 206. 
has reached temperature within the desired temperature Control unit 206 may be embodied in one or more 
range. By-pass valve 504 may be provided for this purpose. microprocessors for use in regulating and monitoring the 
By-pass valve 504 may function to selectively direct the operation of cooling system 70 of refrigerators 20 and 520. 
circulating air to either fully or partially bypass thermal The various functions performed by control unit 206 
energy container 110 and material 112 therein. A sensor or 35 include, for example, controlling switch 214 to regulate the 
transducer may be coupled to by-pass valve 504 to sense flow of electricity to thermoelectric device 92. Control unit 
when phase change material 112 is exhausted, and then 206 may also be used to open and close series parallel switch 
valve 504 may assume a second position in which the 174 to place thermoelectric device 92 in high and low power 
circulating air by-passes, in part or fully, container 110. operating modes as previously described in connection with 
Thus, air by-pass valve 504 allows cooling system 70 to 40 FIGS. 4a and 4b. 
directly reduce the temperature within the interior of refrig- In another embodiment of control unit 206, it directly and 
erator 520 rather than also regenerating the Phase change continuously controls the power to thermoelectric device 92. 
material 112. In this embodiment of control unit 206, switch 174 can be 

The sensor or transducer coupled to by-pass valve 504 eliminated as the need for switching groups of thermoelec- 
may be any of numerous types of sensors or transducers. For 45 tric devices from serial to parallel connection may no longer 
example, the sensor may be a temperature sensor in con- be required. 
tainer 110, or a sensor in container 110 for measuring the One or more temperature or thermal sensors 216 may be 
eXpanSiOdC0IltraCtiOn Of Container 110, O r  an Optical SenSol‘ placed at various locations within enclosed structure 40 
in container 110 for determining the Phase of material 112 5o andor cooling system 70. Temperature sensor 216, coupled 
based on the extent of transparency. to control unit 206, relays refrigerator operating tempera- 

When the temperature within refrigerator 520 returns to tures to control unit 206. Depending upon the desired 
the desired operating level, air bypass valve 504 may return operating temperature, control unit 206 can be used to open 
to its 6rst position. This allows cold air (e.g., colder than the and close switch 174 to increase or decrease the cooling 
freezing point of material 112) to flow through thermal 55 capability of thermoelectric device 92. This in turn, allows 
energy storage container 110 to store “cold energy” in phase control unit 206 to implement the low and high power modes 
change material 112. of thermoelectric device 92 as previously described in 

Various types of phase change material 112 may be Connection With FIGS. 4a and 4b. 
satisfactorily disposed within thermal energy storage con- In a similar manner, depending on the availability of 
tainer 112 for use with the present invention. For some 60 thermal storage measured within enclosed structure 40 as 
applications of the present invention, water may be a satis- measured by temperature sensor 216, control unit 206 may 
factory phase change material. The melting point associated * be used to open or close by-pass valve 504. Opening and 
with water is 0” C. If this is the desired temperature for closing by-pass valve 504 affects the cooling capability of 
operating refrigerator 520, water may be a satisfactory phase the refrigerator as previously described in connection with 
change material 112 within thermal energy container 110. 65 FIG. 5. 

Hydrated salt solutions may also be used to store and Control unit 206 may also be coupled to door switch 210 
release the latent thermal energy associated with repeated which is activated when door 22 (or 522) to refrigerator 20 

5 

through exit 114, through energy storage container 110, and 

Openings in Or around bottom 64. plenum 366 l5 appropriate phase change material 112 may be selected 
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(or 520) is opened. Control unit 206 can respond to the 
opening or closing of the refrigerator’s door by increasing or 
decreasing the current to thermoelectric device 92 by mov- 
ing switch 174 appropriately. Control unit 206 may alterna- 
tively turn off fan motor 74 and suspend electricity to 
thermoelectric device 92 when the refrigerator’s door is 
opened. 

FIG. 7 depicts an alternate embodiment of an integrated 
electrical power supply and control system 300. System 300 
includes AC power supply 202, DC converter 204, and 
temperature sensors 316, 318, and 320. AC power supply 
202 is coupled with switch 208 which controls the electricity 
provided to fan motor 74. Door switch 210 is responsive to 
the opening and closing of door 22 (or 522) of refrigerator 
20 (or 520) and the electricity to interior lamp 212, fan motor 
74, and thermoelectric device 92. 

DC converter 204 converts AC electricity from AC power 
supply 202 to DC electricity and supplies DC electricity to 
switch 314 and serial parallel switch 174. 

The operation of system 300 of FIG. 7 is very similar to 
system 200of FIG. 6. The various functions performed by 
system 300 include, for example, controlling switch 314 to 
regulate the flow of electricity to thermoelectric device 92. 
Temperature sensor 318 and switch 314 work in cooperation 
to cause serial parallel switch 174 to open and close to place 
thermoelectric device 92 in high and low power operating 
modes as previously described. When temperature sensor 
318 senses a rise in the temperature above a predetermined 
level within the refrigerator to which thermoelectric device 
92 has been installed, thermal sensor 318 causes serial 
parallel switch 174 to switch allowing high power operation 
of thermoelectric device 92 (FIGS. 4a and 4b.) Once the 
temperature in the refrigerator has reached the desired level, 
thermal sensor 318 will cause serial parallel switch 174 to 
switch back so that thermoelectric device 92 enters a low 
power mode of operation. 

Serial parallel switch 304 and thermal sensor 320 or other 
sensors in system 300 cooperate to control the operation of 
by-pass valve 504. As described previously for FIG. 5, when 
the temperature within refrigerator reaches the predeter- 
mined level at temperature sensor 320, sensor 320 causes 
by-pass valve 504 to close directing the air flow to thermal 
energy storage container 110. This allows “cold energy” to 
be stored within container 110. Should phase change mate- 
rial 112 in container 110 be used up and the temperature in 
refrigerator 520 rise above a predetermined level, then 
sensor 320 can cause switch 304 to change states so that 
some of the cold air flow is also directed into enclosed 
structure 40. In this way, temperature sensor 320 controls the 
air flow to or away from thermal energy storage container 
110. 

Temperature sensor 316 can also be used to control the 
temperature within the refrigerator in which system 300 is 
contained. Temperature sensor 316 would be mounted in 
container 40 and when the temperature in enclosed structure 
40 reached a predetermined level, temperature sensor 316 
can cause switch 208 to turn off fan motor 74 and thermo- 
electric device 92. This would be possible because no 
additional cooling would be required. This allows system 
300 to achieve even greater power savings. Once the tem- 
perature in enclosed structure 40 rose above the predeter- 
mined level, then temperature sensor 316 can cause switch 
208 to turn on fan motor 74 so that enhanced cooling with 
thermoelectric device 92 is achievable. 

Various types of temperature control mechanisms may be 
satisfactorily used as the temperature sensors of the present 

12 
invention. These temperature sensors may be relatively 
simple thermostats having a bimetallic strip which will open 
electrical contacts (not explicitly shown) when the tempera- 
ture of the associated heat sink reaches the desired value to 

5 block electrical flow through the associated electrical circuit. 
Alternatively, the temperature sensors may be relatively 
complex control mechanisms which monitor temperature, 
time and other selected parameters to allow considerable 
flexibility in the operation of the fan, valve, lights, and other 
components of the thermoelectric assembly. An example of 

lo a bimetallic thermostat which may be satisfactorily used 
with the present invention is designated Model J Thermal 
Protector available from Portage Electric Products, Inc. 
located at North Canton, Ohio. An example of a more 
complex programmable temperature sensor and controller 

l5 which may be satisfactorily used with the present invention 
is designated CN9000AAutotune Co. available from Omega 
Engineering located at Stanford, Conn. 

FIG. 8 depicts an additional embodiment of the present 
invention or enclosed structure 820. Refrigerator 820 is 

2o preferably fabricated with superinsulating materials as pre- 
viously described for refrigerators 20 and 520. Also, refrig- 
erator 820 may include a thermal energy storage container 
and phase change materials as previously described for 
refrigerator 520. The principal difference between refrigma- 

25 tors 20 and 520 and refrigerator 820 is represented by 
locating cooling system 870 on top 824 of refrigerator 820. 
Cooling system 870 includes heat sink 100, thermoelectric 
device 92 (not explicitly shown) and heat sink 102 (not 
explicitly shown). Air circulating means 72 may not neces- 

Although the present invention and its advantages have 
been described in detail, it should be understood that various 
changes, substitutions and alterations can be made without 

35 departing from the spirit and scope of the invention as 
defined by the following claims. 

30 sarily be included as part of cooling system 870. 

What is claimed is: 
1. Apparatus for controlling the temperature within an 

a thermoelectric device with a first heat sink disposed on 
one side of the thermoelectric device and a second heat 
sink disposed on the other side of the thermoelectric 
device; 

an electrical motor mounted on the enclosed structure 
adjacent to the thermoelectric device; 

a rotating shaft extending through the electric motor and 
driven by the motor with a first impeller mounted on 
one end of the rotating shaft for providing a first air 
flow and a first magnet mounted on the opposite end of 
the rotating shaft, the motor and the first impeller 
mounted on the exterior of the enclosed structure; 

a second impeller for providing a second air flow mounted 
on the interior of the enclosed structure opposite from 
and aligned with the first impeller; 

a second magnet attached to the second impeller and the 
second magnet disposed adjacent to and aligned with 
the first magnet; 

a portion of the enclosed structure disposed between the 
first magnet and the second magnet with the second 
impeller being driven by the motor, first magnet, and 
second magnet; and 

the first impeller located adjacent to the first heat sink and 
the second impeller located adjacent to the second heat 

2. Apparatus for controlling the temperature within an 

enclosed structure comprising: 
40 

45 

50 

55 

60 

65 sink. 

enclosed structure comprising: 
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a thermoelectric device with a first heat sink disposed on position responsive to the temperature within the enclosed 
one side of the thermoelectric device and a second heat structure. 
sink disposed on the other side of the thermoelectric 5. The apparatus of claim 3 wherein the switch is a manual 
device; switch disposed on the exterior of the enclosed structure for 

an electrical motor mounted on the enclosed structure 5 n-~anual operation. 
adjacent to the thermoelectric device; 6. The apparatus of claim 3 further comprising a thermal 

a rotating shaft extending though the electric motor and sensor for sensing the temperature within the enclosed 

one end of the rotating shaft for providing a first air move the switch responsive to the temperature within the 
flow and a first magnet mounted on the opposite end of io  

mounted on the exterior of the enclosed structure; 
a second impeller for providing a second air flow mounted 

on the interior of the enclosed structure with a second 
magnet attached thereto and disposed adjacent to and 15 
aligned with the first magnet with a portion of the 
enclosed structure disposed between the first magnet 
and the second magnet, the second impeller being 
driven by the motor, first magnet, and second magnet; 

the first impeller located adjacent to the first heat sink and 20 
the second impeller located adjacent to the second heat 
sink, and 

a plurality of thermoelectric elements, the plurality of 
thermoelectric elements arranged in a first group and a 
second group, the thermoelectric elements of the first 25 
group connected electrically in series with each other 
and the Of the second group 
connected electrically in series with each other. 

3. Apparatus for controlling the temperature within an 

a thermoelectric device with a first heat sink disposed on 
one side of the thermoelectric device and a second heat 
sink disposed on the other side of the thermoelectric 
device; 

an electrical motor mounted on the enclosed structure 35 

adjacent to the thermoelectric device; 
a rotating shaft extending through the electric motor and 

driven by the motor with a first impeller mounted on 
one end of the rotating shaft for providing a first air 
flow and a first 
the rotating shaft, the motor and the first impeller 
mounted on the exterior of the enclosed structure; 

a second impeller for providing a second air flow mounted 
on the interior of the enclosed structure with a second 45 
magnet attached thereto and disposed adjacent to and 
aligned with the first magnet with a portion of the 
enclosed structure disposed between the first magnet 
and the second magnet, the second impeller being 
driven by the motor, first magnet, and second magnet; 5o 

a plurality of thermoelectric elements, the plurality of 
thermoelectric elements arranged in a first group and a 
second group, the thermoelectric elements of the first 
group connected electrically in series with each other 
and the thermoelectric elements of the second group s5 
connected electrically in series with each other; and 

a switch electrically connected between the first group of 
thermoelectric elements and the second group of ther- 
moelectric elements, the switch having a first position 
which connects the first group of thermoelectric ele- 60 
ments electrically in series with the second group of 
thermoelectric elements and a second position which 
connects the first group of thermoelectric elements 
electrically in parallel with the second group of ther- 
moelectric elements. 65 away from the container. 

4. The apparatus of claim 3 further comprising a control 
unit for moving the switch from its first position to its second enclosed structure comprising: 

driven by the with a first impeller mounted on structure, the temperature Sensor being further operable to 

structure. 
the rotating shaft, the motor and the first impeller 7. for the temperatwe within an 

enclosed structure comprising: 
a thermoelectric device with a first heat sink disposed on 

one side of the thermoelectric device and a second heat 
sink disposed on the other side of the thermoelectric 
device; 

an electrical motor mounted on the enclosed structure 
adjacent to the thermoelectric device; 

a rotating shaft extending through the electric motor and 
driven by the motor with a first impeller mounted on 
one end of the rotating shaft for providing a first air 
flow and the first impeller mounted on the exterior of 
the enclosed structure; 

a second impeller for providing a second air flow mounted 
on the interior of the enclosed structure opposite from 
and aligned with the first impeller; 

the first impeller located adjacent to the first heat sink and 
the second impeller located adjacent to the second heat 
sink; 

the second heat sink disposed within the second air flow 
from the second impeller; 

a container mounted on the interior of the enclosed 
structure comprising a medium suitable for storing 
thermal energy; and 

the container disposed within the second air flow from the 
second impeller. 

8. Apparatus for controlling the temperature within an 

a thermoelectric device with a first heat sink disposed on 
one side of the device and a second heat sink disposed 
on the other side of the device; 

an motor mounted On the structure 
adjacent to the thermoelectric device; 

a rotating shaft extending through the electric motor and 
driven by the motor with an impeller mounted on one 
end of the rotating shaft for providing an air flow and 
first magnet mounted on the opposite end of the rotat- 
ing shaft, the motor and impeller mounted on the 
exterior of the enclosed structure; 

a second impeller for providing an air flow mounted on 
the interior of the enclosed structure with a second 
magnet attached thereto and disposed adjacent to the 
first magnet With a Poaion of the enclosed Structure 
disposed between the first magnet and the second 
magnet, the second impeller being driven by the motor, 
first magnet, and second magnet; 

a container mounted on the interior of the enclosed 
Structure comprising a m d h m  suitable for Storing 
thermal energy; and 

a by-pass valve having a first position for directing air 
from the second impeller to the container and a second 
position for diverting air from the second impeller 

9. Apparatus for controlling the temperature within an 

enclosed structure comprising: 30 

enclosed structure comprising: 

mounted on the opposite end of 40 
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a thermoelectric device with a first heat sink disposed on 
one side of the device and a second heat sink disposed 
on the other side of the device; 

an electrical motor mounted on the enclosed structure 

a rotating shaft extending through the electric motor and 
driven by the motor with a first impeller mounted on 
one end of the rotating shaft for providing a first air 
flow, the motor and impeller mounted on the exterior of 
the enclosed structure; 

a second impeller for providing a second air flow mounted 
on the interior of the enclosed structure, the second 
impeller being driven by the motor; 

a container mounted on the interior of the enclosed 15 
structure comprising a medium suitable for storing 
thermal energy; and ' 

a bypass valve having a first position for directing air from 
the second impeller to the container and a second 
position for diverting air from the second impeller 20 
away from the container. 

enclosed structure comprising: 

adjacent to the thermoelectric device; 5 

10 

10. Apparatus for controlling the temperature within an 

16 
a thermoelectric device with a first heat sink disposed on 

one side of the device and a second heat sink disposed 
on the other side of the device; 

an electrical motor mounted on the enclosed structure 
adjacent to the thermoelectric device; 

a rotating shaft extending through the electric motor and 
driven by the motor with a first impeller mounted on 
one end of the rotating shaft for providing a first air 
flow, the motor and impeller mounted on the exterior of 
the enclosed structure; 

a second impeller for providing a second air flow mounted 
on the interior of the enclosed structure; 

a container mounted on the interior of the enclosed 
structure comprising a medium suitable for storing 
thermal energy; and 

a bypass valve having a first position for directing air from 
the second impeller to the container and a second 
position for diverting air from the second impeller 
away from the container. 

* * * * *  
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