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This invention relates to a drying apparatus, and more 
particularly, an apparatus within which articles may be 
vacuum dried or freeze dried. ' 

Industry is making wide use of freeze-drying techniques 
and vacuum drying techniques in the preparation of 
many products. Freeze drying is being utilized for the 
processsing of many articles such as extracts, citrus juices, 
meats, milk, blood, bones, etc., so that they may be 
stored inde?nitely without refrigeration. Modern proc 
essing of such articles is being accomplished without 
impairment or loss of natural ?avor, vitamin content or 
quality. 
To supplement the wide use which is being made by 
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It is still another object of the present invention to 
provide a vacuum drying apparatus having heated shelves 
and a condenser means all disposed within a single 
housing. > 

It is a further object of the present invention to pro 
vide' a vacuum drying apparatus proportioned in a 
manner so as to provide maximum e?‘iciency and com 
pactness so that said apparatus may be utilized for labo 
ratory test purposes. 

Other objects will appear hereinafter. 
For the purpose of illustrating the invention there is 

shown in the drawing a form which is presently preferred; 
I it being understood, however, that this invention is not 
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industry, a large amount of research is being done. In . 
order to facilitate such research, there is a, need for a 
small laboratory type drying apparatus so that additional 
research may be accomplished. Heretofore, vacuum 
drying apparatus and freeze drying apparatus have been 
to. an extent large, bulky, and expensive. In order to 
utilize a large number of the freeze drying and vacuum 
drying devices proposed heretofore, it was necessary for 
a user to have su?icient floor space so as to accommo 
date the freeze drying apparatus and the large condenser 
associated therewith as well as a supply of steam or 
other motive ?uid for heating the shelves within the 
apparatus. 
The drying apparatus of the present invention is pri 

marily designed for use in laboratories and the like. The 
apparatus of the present invention is small, compact, and 
is primarily designed so as to have electrically heated 
shelves and electrically operated condenser means all dis 
posed within a single housing. In this manner, theappa 
ratus of the present invention will provide shelves which 
may be almost instantly heated when desired as well as 
a condenser means which may perform its intended func 
tion more rapidly. . 

i The shelves within the housing of the apparatus of the 
present invention are preferably a rigid heat resistant 
non-conductive sheet of material having an electrically 
conductive coating on opposite surfaces thereof. The 
electrically conductive coating is preferably covered with 
a non-conductive ?lm such as lacquer. A spacer device 
is provided so as to space trays of articles from the 
shelves whereby such articles will be heated by radiant 
heating. The condenser means includes a pair of ther 
moelectric plates coupled to a source electricity in a 
manner whereby the polarity of the current connected 
thereto may be reversed so that the plates are cold when 
acting as a condenser and hot when moisture frozen 
thereon is being melted. 

It is an object of the present invention to provide a 
novel drying apparatus. 

It is another object of the present invention to pro 
vide a novel vacuum drying apparatus. 

It is another object of the present invention to pro 
vide a novel vacuum drying apparatus having electrically 
heated shelves. 

It is another object ofv the present invention to pro 
vide a vacuum drying apparatus having electrically heated 
shelves which are readily removable for cleaning purposes. 

It is still another object of the present invention to 
provide a vacuum drying apparatus with a thermoelectric 
condenser means. ‘ 
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limited to the precise arrangements and instrumentalities 
shown. > 

FIGURE 1 is a perspective view of the apparatus of 
the present invention with portions broken away for pur 
poses of clarity. 
FIGURE 2 is a longitudinal sectional view taken along 

the lines 2-—2 in FIGURE 1. , 
FIGURE '3 is an enlarged partial perspective view 

showing the manner in which the shelves are to be elec 
trically coupled when mounted. 
FIGURE 4 is an enlarged partial perspective view of 

the condenser means. 
Referring to the drawing in detail, wherein like numer 

als indicate like elements, there is shown in FIGURE 1 
a drying apparatus designated generally as 10. 
The drying apparatus 10 comprises a vacuum tight hous 

ing 12 which may be insulated if desired. The housing 
12 is provided with an access opening selectively closed 
by means of a pivotably mounted door 14. The interior 
of the housing 12 is adapted to be evacuated so that 
drying may take place under vacuum. Thus, a vacuum 
pump 16 is connected to the interior of the housing 12 
by means of a conduit 18. The conduit 18 communi 
cates with the housing 12 adjacent the bottom portion 
thereof. 
The housing 12 includes oppositely disposed side walls 

20 and 22. A plurality of brackets 24 are ?xedly secured 
to the inner surface of the walls 20 and 22 at spaced 
points above one another. Shelves 26 are horizontally 
supported by means of the brackets 24. While only two 
shelves 26 are illustrated, the number of such shelves 
may be increased as desired. Each shelf 26 includes a 
rigid heat resistant non-conductive layer of material hav 
ing a coating of electrically conductive material 28 on 
opposite surfaces thereof. The coating of conductive ma 
terial 28 is preferably covered with a ?lm of electrically 
non-conductive material such as lacquer. The brackets 
24 are preferably electrically non-conductive. 

' The shelves 26 are disposed above one another within 
the housing 12 between an upper shelf 32 and a lower 
shelf 33. The shelf 32 is provided with a coating of 
conductive material 34 on a bottom surface thereof. The 
coating of conductive material 34 is identical with the 
coating of conductive material 28 and is preferably cov 

~ ered with a ?lm of non-conductive material such as lac 
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quer. The shelf 33 is identical with the shelf 32 except 
that the coating of conductive material 34 is disposed on 
the upper surface thereof. In this manner, it will be 
seen that trays of articles disposed on the shelves 26 
between the shelves 32 and 33 will be subjected to radiant 
heat from above and below. 
Each of the above mentioned shelves are proportioned 

so that their side edges are spaced inwardly from the in 
ner peripheral surfaces of the housing 12. A layer of 
heat insulating material 36 is supported by brackets 38 
below shelf 33. The layer 36 is proportioned so that its 
side edges are spaced inwardly from the inner peripheral 
surfaces of the housing 12. Such spacing of the shelves 
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and layer 36 provides a passageway for ?uids and vapors 
within the housing 12 as will be made clear'hereinafter. 
An electrical conduit 49 is disposed in an upright po 

‘ sitionadjacent the back wall of the housingylZ, The 
‘electrical conduit ‘40, per se, is of conventional construc 
tion‘ and includes female sockets .42 at spaced points 
therealo'ng. The shelves 26, 32 and‘33 are provided 
with male socket members 44 extending therefrom. The 
coating of conductive material on the shelves 26, 32 and 
33 is electrically coupled to the male socket members. A'» 
greater number of female sockets 42 than the number of 
shelves may be provided so that the spacing between the 
shelves may be varied as desired. 
The electrical conduit 46 is connected to a switch 46 on 

the housing 12. The switch 46 is preferably provided 
with a switching element having two on positions and an 
off position. ’In.one of the on positions of the switch ele 
ment, the polarity of the current will be reversed for a 
purpose ‘to be made clear hereinafter. The switch46 
is coupled to a pair of alternating current terminals 52 
and 54 by means of wires 48 and 50 respectively. The 
wire as may be provided with a variable resistor 56. 
- As shown more‘ clearly in FIGURE 2, the bottom wall 
of the housing 12 is provided with a centrally disposed‘ 
concave portion 60; A drain pipe 62 extends from the 

V . concave portion 60 through the bottom wall of the hous 
ing 12. The purpose of the pipe 62 will be made clear 
hereinafter.‘ A thermoelectric condenser means 64 is dis 
posed between the bottom wall of the housing 12 and the 
layer 36. 
As shown more clearly in FIGURE 4, the condenser 

means 64'includes a pair of spaced substantially parallel 
heat absorbing plates 66 and 68. As will be made clear 
hereinafter, the plates 66 and 68 are electrically coupled 

An N-type thermoelectric element 70 and a 
P-type, thermoelectric element 72 extend from the ‘plate 
66. Element 76 is connected to a heat transfer ?n 74. 
Element 72 is connected to a heat transfer ?n 76. An 
N-type thermoelectric element 78 extends from the plate 
68 to a heat transfer ?n 80. The heat transfer ?n 80 is 
disposed intermediate the ?ns 74 and 76. A P-type 
thermoelectric element 82 extends from the plate 68 to a 
heat transfer ?n 84.‘ The plates 66 and 68 operate as 
cold junctions when current is ?owed therethrough in a 
proper direction. Elements 72 and 78 are electrically 
coupled together by means of a metallic strip 86. The 
metallic strip 86 functions as a hot junction. A male 
‘socket member 88 extends from the ?n 84 and a male 
socket member 9tlextends from the fin 74. The mem 
bers 88 and 90 are adapted to cooperate ‘with female 
sockets on a recti?er 92, per se, of conventional construc 
tion. The condenser means 64 is supported by brackets 
'94 on theside walls 20 and 22 of the housing 12. 
The operation of the apparatus 10 has follows: 

. It will be assumed that it is intended to use the appara 
, -.tus 10 to freeze dry articles, such as the above mentioned 
articles. Such articles will be disposed within trays 96 
and disposed within a freezer until such articles are 
frozen. Then the trays 96 are transferred to the appara 
‘tus 10 and placed on spacers 98 which rest upon the 
shelves 26 and 33. The trays 96 may be provided with 
perforated bottoms so as to provide for ease of escape 
of vapors. The ‘spacers 98 locate the bottom of the 
trays 96 in a position so that the articles within the trays 
96 Will be heated by radiant heat from above and below. 

' Thereafter, the vacuum pump 16 will be initiated ‘so as 
to evacuate the interior of the housing 12. At the same 
time, the switch element on the switch 46 will be ‘ma 
nipulated to an on position so as to enable current to ?ow 
to the coating of conductive material on the shelves. 
Such current will also ?ow to the recti?er 92 wherein 
direct current will be ?owing from the recti?er 92 through 
the ?n 74, element 70, plate 66, element 72, strip 86, ele 

’ ment 78, plate 68, element 82 and ?n 84 back to the 
recti?er 92 in that sequent. With the current ?owing in 
this direction through the alternate thermoelements and 
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4.i 
plates, plates 66 and 68 act as refrigeration plates and 
absorb heat and condense moisture. ~ 
The radiant heat will be at a su?icient temperature so 

as to sublime the ice within the frozen articles. _ The re 
sulting moisture will readily ?ow through the passageway ‘ 
provided between the side edges of the shelves and layer 
36 and the inner peripheral surfaces of the housing l2. 
Such moisture will be condensed by the plates 66 and 
63. Any liquid condensate will be drained through the 
pipe 62. When the predetermined amount of moisture 
has been removed from the articles, the pump 16 may be 
stopped and the switch element manipulated to an off po 
sition. Thereafter, the door 14 may be opened and the 
trays 96 removed therefrom. Thereafter, the switch ele 
ment on the switch 46 may be manipulated to its other 
on position thereby reversing the polarity of the current 
supplied to the trays and thermoelectric condenser means' 
The reversal of the polarity of the current supplied to the 
condenser means 64 causes the plates 66 and 68 to be 
come hot thereby melting any ice formed thereon. There 
after, the switch element of the switch‘ 46 may be ma 
nipulated to an off position. I 
When desired, the various shelves and the condenser 

means 64 are readily removable for cleaning purposes. 
The spacing of the'female sockets on the electrical con- ' 
,duit 42 accommodates the drying'of various sized arti 
cles. Large articles may also be'accommodated by're 
moving one of the shelves 26 if desired. The repetition Y 
with which the shelves may be heated and the compact 
nature of the apparatus It} enables the apparatus 10 to be 
suitably adapted for laboratory purposes. 
electric means 64 enables a condenser to be provided in 
the same housing as the heater‘ shelves. Heretofore, it 
was conventional to provide the condenser in aseparate 
housing of a size comparable to the size of the housing 
containing the heater shelves. Thus, in order to use the 
apparatus 16 of the present invention, only a source of 
electrical potential and an outlet for the drain pipe 62 
are required. \ ~ _ 

The material of the rigid electrically non-conductive 
heat resistant shelves and coating of electrically conduc~ 

_ tive material thereon, per se, form no part of the present 
invention since the same are commercially available. 
Likewise, the materials of which the thermoelectric con 
denser means 64'are made from, per se, ‘form no part of 
the present‘ invention since the same are commercially 
available. ‘ 

When the apparatus 10 of the present invention is 
utilized as a drying apparatus, it Will be appreciated by‘ 
those skilled in the art that the operation of the same is 
identical as set forth above except that the articles will i 
not be in a frozen state when inserted within the hous 
ing 12. While the apparatus 10 has been disclosed with 
spacers 98 between the trays 96‘and the shelves, it will 
be appreciated that the spacers 98 may be eliminated if 
desired. Also, it will be appreciated that the coating of 
electrically conductive material on the shelves is elec 
trically isolated from the supporting brackets for the 
shelves and the housing 12 as well as other‘ elements 
so as to prevent short circuiting of the same. While the 
electrically heated ‘shelves have been disclosed as being 
in the nature of planar sheets having coatings of elec 
trically conductive material thereon, it will be appreciated . 
that equivalent devices may be substituted therefor so 
long as they conform to the nature and environment of 
the shelves as disclosed. The particular material of the 
layer 36 forms no part of the present invention. The 
layer 36 should be made of any heat resistant insulating 
material capable of performing the function of preventing 
the plates 66 and 68 from being subjected to direct radiant 
heat from the shelves. While the shelves and condenser 
means are removably secured to the electrical conduit 4-0 
by means of female sockets and male socket members, it 
will be appreciated that other equivalent devices may be 
substituted therefor. 

The thermo-' 
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The present invention may be embodied in other speci?c >2 
forms without departing from the spirit or essential at 
tributes thereof and, accordingly, reference should be 
made to the appended claims, rather than to the foregoing 
speci?cation as indicating the scope of the invention. 

1 claim: 
1. A drying apparatus comprising a housing having a 

drying chamber therein, said chamber including side, front 
and back Walls, said front wall having a door thereon, 

' said back wall being opposite from said front Wall, means 
supporting a plurality of electrically heated shelves in 
said chamber, said shelves being coupled to a common 
electrical conduit, a thermoelectric condenser located 
below said shelves in said housing electrically coupled to 
said conduit, 21 heat re?ecting and insulating shelf located 
betweentsaid thermoelectric condenser and said electri 
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cally heated shelves in said chamber, said heat re?ecting ' 
and insulating shelf being spaced from said side walls to 
provide a passageway for ?uids and vapors within said 
housing, a vacuum pump in communication with said 
chamber in the region of said condenser for selectively 
evacuating said chamber, said common electrical conduit 
including a vertical strip mounted on said back wall having 
spaced contact members thereon, said electrically heated 
shelves and said thermoelectric condenser having spaced 
mating contact members at one end thereof adapted to 
mate with said mating contact members on said vertical 

I strip, and guide means on the side Walls of said housing 
supporting said electrically heated shelves and said ther 
moelectric condenser in a horizontal position with said 
electrically heated shelves and thermoelectric condenser 
mating contact members in alignment with said vertical 
strip mating contact members. 
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2. The drying apparatus of claim 1 wherein said ther 
moelectric condenser includes spaced substantially parallel 
heat absorbing plates disposed in substantially horizontal 
planes and a heat sink, said heat sink being located be 
tween said thermoelectric mating contact member and 
said heat absorbing plates, said vertical strip being adapted 
to be connected to a source of electrical energy, switch 
means on said housing connected to control the supply 
of electrical energy to said vertical strip, said switch 
means being capable of reversing the polarity of electrical 
current in said strip to heat said thermoelectric condenser. 

3. The drying apparatus of claim 1 wherein said ver 
tical strip is adapted to be connected to a source of alter 
nating current, said electrically heated shelves being re 
sponsive to alternating current, and. a recti?er mounted 
on said vertical strip adjacent said vertical strip mating 
contact member associated with said thermoelectric con 
denser to rectify current fed to said thermoelectric con 
denser through said last-mentioned vertical strip mating 
contact member and said thermoelectric condenser mating 
contact member. 
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