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THERMOELECTRIC DEHUMIDIFYING
APPARATUS

Robert W. Fritis, ElIm Grove, Wis., assignor, by mesne

assignments, to Minnesota Mining and Manufacturmg
Company, a corporation of Delaware

Filed Apr. 29, 1957, Ser. No. 655,858
11 Claims. (Cl. 62—3) .

This invention relates to apparatus for - condensing
vapors and more partlcularly to apparatus for removmg
water vapor from air.

There has long existed a need for a simple, safe, effi-
cient, quiet, inexpensive dehumidifying apparatus for
condensing water vapor from ambient air. It is a gen-

eral object of this invention to provide a Peltier type heat

pump dehumidifying apparatus aﬂ‘ordmg the aforemen—
tioned desired characteristics:

A more specific object of the’ mvennon is to provzde

apparatus of the aforementioned character. wlnch has no
moving parts and thus is silent.-

A further object- of the invention is to prov1de appara—:

tus as above characterized which is; relatively..open:or

exposed to the ambient air to thereby permit ‘a large.

capacuy of air flow across its dehumldlfymg surfaces per
unit size.
Another object of the mventwn is to prowde a spec1ﬁc

arrangement of components in a Peltier type. heat pump .
which afford a minimal I2R or Joule losses in the elec- .

trical circuitry thereof.
Another object of the mven’uon is to provrde a devwe
as aforementioned which is compact -in all dlmensmns

offers minimal resistance to air flow, is sturdy, easily-

fabricated, and otherwise well—adapted to the purposes
for which it was designed. .
-The. novel features that are. charactenstlc ‘of the in-

" vention are set forth with particularity in the. appended

claims. The invention itself, however, both ‘as o its or-
ganization and methed of operation, together ‘with addi-

tional objects and advantages-theréof, will best be un--
- derstood by the following description of. specific.embodi-
~ments when read in connection with the accompanymg

drawings, in which:.

. Figure 1 is a fragmentary perspectxve v1ew of de- .-
humidifying apparatus constructed in accordance.’ “with

the inventive concept, part of the cxrcultry thereof bemg
shown sem.l-dlaorammatlcally, :

Figare 2 is an-end view, partially in sectlon, of a modi-
fied form of dehumidifying apparatus. similar in many
respects to the -apparatus depicted in Figure 1;

10

15

20

2

" Referring now to Figures 5 to 7 of the drawings, the

reference numeral 8 represents electroresponsive dehu-
midifying means for ambient air in the form of a single
bank Peltier type thermoelectric heat pump which is op-
erable to condense moisture from ambient air on one
side thereof and is operable to exhaust the heat absorbed
from the ambient air on the other side thereof.

More particularly, the heat pump bank 8 may com-

. prise a generally rectangular assembly of alternately sit-

vated dissimilar thermoeclements 9 and 10 (to be later
described) which are alternately interspersed with flat
plate or strip-like thermojunction members 11 and 12.
As shown, the thermojunction members 11 and 12 ex-
tend outwardly in opposite directions, and ecach are
formed and assembled such that portions of each mem-
ber are in direct electrical and thermal contact with the
thermoelements 9@ and 10. For ease of discussion, the
members 11 may be characterized as cold or heat ab-
sorbing  thermojunction members and thermojunction
members 12 as hot or heat exhaustmg thermojunction

- members.
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As best shown in Figures 5 and 6, the cold thermo-
junction members 11 are each formed with the first por-
tion ¥3) the opposite sides of which are in direct con- -
tact with the alternate thermoelements % and 10, and a

- second or fin portion 11c which extends outwardly and

downwardly from portion 115, The lower edge 1le of

-portion 11c (as best shown in Figure 6)-slopes down-

Wardly from portion 115 to a point 114, the latter form-
ing a drip edge for moisture that tends to condense on

. portion I1c. If desired, the two side walls of portion 1ic .
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may be bevelled toward the outer-lowérmost corner. 114,
as at 1%f to enhance the tendency of the condensed
moisture to: drip from point 114 rather than staying and
frosting up on the remainder of portion 1ic.

The hot -or exhaust -thermojunction members 12 are’
similar to thermojunction members 11 but without hav-
ing the outwardly extending or fin portion offset in the
manner of portion 1lc. - As shown in Figure 7, the ther-
mojunction. members 11 and 12 are preferably relatwely
flat or thin as’compared to their length, and when in as-
sembled relation -are disposed stich that a portion of the

“two large flat surfaces thereof are in contact with the alter-

* nate thermojunction members 9 and 16 as shown. “Thus,
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the electrical path- through the heéat pump bank 8 as’
shown by the arrows in Figures 4 and 7, traverses the
thickness, i.., short or thin dimension of the _thermo-

i ,junctlon members 11 and. 12 and thus 12R losses are at;‘

a minimum, :
A layer of électrical and thermal msulatron 17 is; dlS-

“posed in‘surrounding relation to ‘the heat pump bank.§ -

' and to the individual’ rows: or layers thereof affordnlb :

55

Figure 3 is a-left-hand end v1ew of the apparatus

shown in Figure .1; :
Figure 4 is a fragmentary s1de elevatlonal v1ew of the
bank of heat pump thermoelements and. the-thermo-

junction members ‘illustrated in the dehumidifying ap- -

paratus shown in.Figures 1.t0 3, a poruon ‘of the -ther-
moinsulation having been removed so. as to show. the re-
lationship of the component parts of the two Tows or
layers of thermoelements and thermo;unctlon members
illustrated;

Figure 5 is a view similar to Figure 4 showmg a single

row or layer of thermoelements and thermo;uncnon—

members;

Figure 6 is a transverse vertical sectlonal vxew taken,
- .70
Figure 7 is a sectxonal plan v1ew taken along the lme_ :

along the line 6—86 of Figure 5; and

7—7 of Flgure 5.

both: eléctrical and thermal insulation theréfor:: The fin"

poitions.of .thermojunction members 11 and 12 protrude B

through the layer of insulation covering the side walls of
bank 8 for coactlon wrth the amblent air -as shall be‘

.apparent

“The electncal c1rcu1try for the - apparatus compnses a

i rdlrect ‘current source, illustrated schematically at 2¢ in
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Figure 7. - A conductor 22a is electrically connected to
the extending fin portion of a hot thermo;unctlon member
124 and a retirn conductor 225 is connected to a cold -

"thermomnctlon member, -for example, thermo;unctlon
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member 11a at the opposite end of the bank '8, and'is
also connected to. the other side of the source 20." Thus,
the current flows, @s shown by the arrows, “from the source .
20 through conductor 22a to hot or éxhaust fin 124, to
thermoelément: 10, then serially through- thermojunction -

.~ member 11, thermoelement 9, to the next thermojunction .

member 12, and so on through: the alternate thermoele-:
ments of thermojunctlon members- until it reaches thej
left-hand end-of the heat pump bank (as shown in Flgurer



2,944,404

7), whereupon ‘the current wilt return to the source 20
through conductor 22b.

As aforementioned, it is required that the thermo-
elements 9 and 10 be dissimilar. By this it is meant that
they must be of opposite polarity, and depending upon the
direction of current flow, so disposed that the junction
between the thermoelements 19 and i% pump heat from
the cold or absorbing fins 11 to the exhaust fins 12.
In a positive thermoelement heat flows in the direction
of current flow and in a negative thermoelement the heat
flows opposite to the current flow.

While any suitable dissimilar materials exhibiting the
required positive and negative characteristics may be used,
it is preferred that thermoelements 9 and 1¢ be of mate-
rials which exhibit a high Peltier coefficient, low thermal
conductivity and low electrical resistivity. More speci-
fically, thermoelements 9. and 1¢ may be of the materials
described in the copending application of Robert W. Fritts
and Sebastian Karrer, Serial No. 512,436, filed June 6,
1956. Such materials are semi-metallic alloys or composi-
tions which may be characterized as binary metallic com-
pounds of slightly imperfect composition, i.e., containing
beneficial impurities constituting departures from perfect
stoichiometry by reason of an excess of one of the metals
over the other and/or containing beneficial impurity sub-
stances denominated as promoters. Such semi-metallic,

4

semi-metallic alloys, desirable, for example, in the ther-
moelements for heat pump application, can be markedly
and advantageously altered in a reproducible manner by
the addition thereto of controlled amounts of matter other
than the constituents of the base composition. Such com-
positions may also be denominated “beneficial impurities”
as distinguished from wundesirable impurities. - For con-
venience, these additions are hereinafter designated “pro-.

* moters,” since they tend to enhance. the electrical charac-
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compositions also include mixtires of such binary metallic -

compouads, which may be denominated ternary metallic
alloys or compositions. Certain of these alloys or com-
positions exhibit negative and certain exhibit positive
electrical characteristics.

A negative thermoelement may, for example, be formed
of an alloy comprising lead and at least one member of
the group tellurium, selenium and sulphur. For example,

a negative thermoelement of lead-selenium-tellurinm-

compaosition could include a tellurium-selenjum constitu-
ent in which the selenium is but a trace. In this case,
such constituent should constitute from 35% to 38.05%
by weight of the composition, the balance (61.95% to
65% by weight) being lead. At the other extreme where
the tellurium-selenium constituent consists almost entirely.
of selenium with but a trace of tellurium, such-constituent
should comprise from 25% to 27.55% by weight of the
final composition, the remainder (from 72.45% to 75%
by weight) being lead. Between these two extremes, the
selenium-tellurium constifuent varies linearly. with the
ratio of selenivm to tellurium (expressed in atomic per-
cent) in the selenjum-tellurium constituent.

A negative thermoelement may also be formed of an
alloy of lead; selenium and sulphur. For example, 2
thermoelement -of = lead-selenium-sulphur compusmon

could consist of a selenium-sulphur constituent in -which

the ‘sulphur is but a trace. In this case, such constituent
should, constitute from: 25%. te. 27.55%: b
composition,. the balance (75%.. 10 72.45% - by-weight)

by weight.of the. .
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teristics desired for the particular application of the base
compositions.

As has previously been, observed, all of the aforemen-
tioned base compositions exhibit negative Peltier E.M.F.
and negative conductivity, By the addition of certain
“promoters,” such negative properties may be enhanced,

-while the polarity of the electrical properties of the base

compositions may be reversed by the addition of certain
other “promoters” to provide a semi-metallic composition
having positive electrical characteristics, i.e., positive
conductivity and Peltier E.M.F.

The aforementioned copending application of Robert
W. Fritts and Sebastian Karrer gives a complete descrip-
tion of the beneficial impurities, including both departures
from perfect stoichiometry and promoters, which have
been found to be effective for improvement of the elec-
trical properties of semi-metallic thermoelements for heat
pump. applications when added tc the aforementioned
base compositions in minor amounts. For example, up
to a maximum of 6.9% by weight of beneficial impurity
including 3.9%- excess lead and 3.0% promoter.for pro-
moted compounds  and a maximum of 10.4% by weight
of beneficial impurity for unpromoted compositions.

The proportions; and ranges: of the varicus constituents
aforementioned and particularly the minimum limits of
lead constituent in the. compositions, must be regarded as
critical if the composition is to have the electrical prop-

-erties -desired in thermoelectric. heat pump elements. If

the lead content is significantly less than the minimum
amount indicated for any particular selenium-tellurium
or selenium-sulphur proportion, the desirable values of
Peltier E.MLF: and resistivity will not be. afforded, and

. the significant electrical and mechanical properties . will

not be reproducible. 'On the other hand, if the lead con-
tent for any composition appreciably exceeds the afore-
mentioned maximunt limit, the resulting composition is
too metallic in nature to. afford satisfactory electrical

- characteristics for the purposes of the present invention.

being lead. At the other extreme, where the . selenium- -

sulphur .constituent comsists, almast entirely of. sulphur

with but a trace of selenium, such constituent should.com-.

prise from 12.8% to 13.37%. by. weight of the final com-
position, the remainder (from 87.2% to  86.3%. by
weight). being. lead. - Between these. two._extremes,: the
selenium-sulphur constituent varies lmaarly with the ratio

of selenium to sulphur, (expressed. in, atomic percent).. in

. the selenium-sulphur constituent. - With: regazd. to. ﬂL
aforementloned comp051t10ns, it-will be-observed-that. in
each case there is an. excess of lead over and.above. the.
amount thereof necessary.for satisfying the. stoichiometric
proportions of the cornpound formed. in- the-second. con-
stituent or . constituents, Le., the. teJurmm, selepium or.
sulphur. For example,- a corm‘gosmon ‘consisting, sub-
stantially of lead-and-selenium: can. contain up.to. 10.4%.
lead by weight of the total compesition. over and. abave»
the 72.41%. lead stoxchlometncally necessary; for.-com-:
bination with: selenium..- -

Fhe: electrical eharactensucs af. the aforemenuened

A positive thermoelement may also. be formed of an
alloy of lead and-telltrium in which there is am excess
of tellurivm over and above the amount thereof neces- -
sary for satisfying the stoichiometric proportions of the
compound - lead-telluride.  Such -alloy or composition
should consist essentially of lead and tellurium in which

the lead is present in the range of 58.0% to 61.8% by

weight and the balance in the range of 42.0% to 38.2%
by weight tellurfum. TIt' will 'be observed that in this
case there is.an excess of tfelluriiun over and above the

.. amount thereof necessary for satlsfymg the sto:chlo-
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metric proportions. )

As has - been. prevmusly observed the tellu.num rrch
base. lead-tellurium compositions exhibit positive Peltier
E.M.F. and positive conductivity. The electricat charae-
teristics. of this compound, desirable, for exaniple in.ther-
moelements for heat pumb applications; can be markedly
and advantageously altered in a reproducible manner. by
addition thereto. of controlléd amounts of matter other
than the constituents of such base composition. Such.
matter may also be denominated “beneficial impurities™
as. distinguished. from undesirable impurities, and for con-
venience, such additions are also designated “promoters,”
since they tend to enhance the electrical characteristics
desired for the particular application of the base com=

position.

75

The aforementioned copendmg application of Robert
W. Fritts and Sebastian Karrer gives a complete deserip~
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B
tion of the beneficial impurities, including both depar-
tures from perfect stoichiometry and promoters, which
have been found to be effective for improvement of
electrical properties of semi-metallic thermoelements
for heat pump applications when added to the afore-
mentioned tellurium rich base .lead-tellurium com-
positions. For example, up to a maximum of 5.5% by
weight of beneficial impurity including 4.9% excess tel-
lurium and 0.6% promoter for promoted compounds and
a maximum of 6.7% by weight of beneficial impurity for
unpromoted composmons

The proportions and ranges of the constituents of the
tellurium rich compositions aforementioned and particu-
larly the minimum limits of tellurium in the composi-
tions, must be regarded as critical if the composition is
to have the electrical properties desired in thermoelec-
tric heat pump elements. If the tellurium content is sig-
nificantly less than the minimwm amount indicated, the
desired values of Peltier E.M.F. and resistivity will not be
afforded and the significant electrical and mechanical
properties will not be reproducible. On the other hand,
if the tellurium content appreciably exceeds the aforemen-
tioned maximum limits, the resulting compositions will
not afford satisfactory electrical characteristics for the
purposes of the present invention.

Not only are the proportions and ranges of the com- -

positions aforedescribed considered to be critical, but so

" also is the purity. More specifically, the limit of:toler-

able . metallic impurity in the final composition has been
found to be on the order of 0.01%, and the composi-
tion must be substantially oxygen free, if the mechanical
and electrical properties desired are to be maintained and
are to. be reproducible. " In the case of promoted ‘com-
positions, however the 11m1t of tolerable 1mpur1ty is
0.001%.

For purposes of the present, apphcatlon it' will be as-
sumed as aforenoted that the current flow is in the direc-
tion of the arrows in the conductors 225 and 22a and
that thermoelements 9 exhibit positive characteristics and
thermoelements 10 = exhibit negative characteristics.
Thus; as a given current flows from the direct current
source 20 -through the alternate thermoelements and
thermojunction members, heat is absorbed from the am-
bient air surrounding the extending fin portions of the
cold thermojunction members 11 and is pumped to the
fin portions of the hot thermojunction members 12 for
exhaustion to the ambient air surrounding the latter.
When the temperature of the ambient air surrounding
the cold thermojunction members 11 reaches the dew
point, the water vaper will tend to condense on the fin
portions 11¢ and run down to dripping point 11d and
thence fall to suitable collection means, for example, the
collection means 25 shown in Figures 1 and 3.

Figure 4 shows in detail the arrangement of two ad]a-
cent rows or layers of thérmoelement and thermojunc-
tion members-in a bank 8 comprising a plurality of layers
of the type shown in Figures 5 to 7. In Figure 4 it will
be observed that the lower bank 8z is offset horizontally
with respect to. the upper bank 8b. As perhaps best
shown in Figure 1, any number of suitable rows or
layers may be incorporated in a bank 8, each layer or
row preferably being offset from the one just above. The
honzontal “offsetting of one layer or row relative to -an-

other prevents possible electrical shorting of the thermo- .
65

junction fins in one layer to the next. Further, the hori-
zontal effect exposes more of the -projecting or fin por-
tions of the hot and cold thermojunction members to the
ambient air flow and also prevents condensed water
formed on the fins of an upper layer or.row from dnp-
ping directly.onto the fins therebelow.

In connecting the series electrical circuit of the layer
or row 8b to the next succeeding -lower layer 8a; a hot
thermOJuncnon member 14 is utilized which is similar
to the other hot thermojunction members except that it

has a depending offset portion which conducts the current -

6

from a positive element in bank 85 i0 a negative eiement
in bank 8a so as to keep the correct heat pumping rela-
tionship therebetween. The depending offset portion is
preferably provided with an external fin adjacent the row
8a corresponding to the fin thereof adjacent row 8b. A
coid thermojunction member 14’ is similarly suitably
formed on the other end of bank 84 to conduct, if desired,

_the current to the next succeeding lower row or layer,

10

15

20

25

30

35

40

45

50

53

60°

70

75

and to also afford a heat dissipating fin adjacent the next
lower layer.

The bank 8 shown in rlgures 1, 2 and 3 illustrates the
use of five layers or rows of thermoelements and thermo-
junction members in a bank as a continuation of the ar-
rangement shown in Figure 4. The arrangement shown
in Figures 1 and 3 is particularly well-adapted for de-
humidifying ambient air in that it is a relatively open
structure which does not obstruct the flow of ambient air
and hence affords a large capacity of air flow thereacross.
The heating of the hot side and cooling of the cold side-
of the banks shown in Figure 1 causes simultaneous
opposite air flows across thé respective surfaces as shown
by the arrows in Figure 3. Tt will be noted that these
air flows, however, do not. oppose each other since they
are separated by the wall afforded by the bank 8.

As shown in connection with Figure 1, an alternating
current - source 24 may be provided for the device, in
which case a rectifier shown schematically at 23 is con-
nected in the circuit to change the alternating current to
the direct current that is needed for the Peltier type heat
pump. Of course, if the heat pump dehumidifying ap--
pardatus as shown in Figure 1-i$ used in an inhabited area,
some open type of screening apparatus is necessary to
prevent human contact with the projecting fins of  the
thermojunction members. As aforementioned, a water -
collecting container means 25 having an ouilet' 26 may be
disposed at the bottom of the apparatus to collect mmsture
dripping from the cold fins 11c. :

The ‘apparatus shown' in F1gure 2 is partlcularly well-
adapted for debumidifying air or the like for delivery
to a substantially closed chamber 27. The heat pump
bank is suspended in enclosure means 28 having an inlet
29 and outlet 32. It will be noted that the inlet is dis-
posed at the top of the cold or heat absorbing side 30
of the heat pump bank, and the outlet is disposed at-the
top of the hot or exhaust side. ' Thus, the heat ‘pump
bank defines an air-passageway within the enclosure means
28. Air that enters the inlet 29 is cooled by the cold or
heat absorbmg side of the banks 30, which tends to cause
said air to move downwardly, whereas the air on the hot
or exhaust side 31 of the heat pump bank is heated and
tends to rise to leave through the outlet' 32. The simul-
taneous cooling and heating action of the opp051te sides
of the heat pump bank causes movement of the air with-
out the necessity of a fan. It is to be noted that the cool-
ing and the heating of the air complement each other in
the moving of the ambient air across the surfaces of the
heat pump to deliver dehumidified air to chamber 27.°

While elecirmesponswe dehumidifying apparatus con-
structed in accordance with the principles of the present
invention are shown in a particular relationship, it is ob-
vious that there are many modifications and changes that
may. be made in said dehumidifying apparatus without

‘departing: from the spirit of the invention. = All of such

changes -are contemplated as may come within the scope ‘
of the appended clauns What is claimed as the inven-
tion is:’

1. A dehumidifying devwe comnrxsmg a casing havmg
means including a thermoelectric heat pump bank defin-
ing a generally U-shaped passageway having a pair of
vertical extents connected at their lower ends, said casing
also having an air inlet means in communication with the
upper end of one of said vertical extents and air outlet
means in communication with the upper end of the other
of said vertical extents, and said thermoelectric heat pump

> bank having-cooling thermojunctions on one side thereof:
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disposed in heat transfer relation with the air in said one
vettical extent and having  heating thermojunctions on
the other side thereof disposed. in heat fransfer relation
with the air in said other vertical extent, said heat pump
bank when energized pumping heat therethrough from
said cooling thermojunctions to said heating..thermo=
junctions, cooling of the air in said one vertical extent
by said cooling portion effecting removal. of moisture
therefrom and convection of the cooled air downwardly
within said one vertical extent, heating of the air within
said other vertical extent by said heating portion effect-
ing convection of thé heated air upwardly within said
other vertical extent aiding the convection effected with-
in said one vertical extent in generating air flow through
said U-shaped passageway causing inspiration of air into
said-inlet- and discharge of said air from said outlet in a
dehuwmidified. state.

2. A dehumidifying device comprising a casing having
means defining a generally U-shaped passageway having
a. pair of vertical extents connected at their lower ends,
said ¢asing also- having air inlet means in communica-
tion with the upper end of one of said vertical extents
and air outlet méans in ¢communication with the upper
end of the other of said veértical extents, and a thermo-
electric heat pump bank having opposite sides forming
wall portions of said vertical extents respectively and
having heat absorbing thermojunction means on one side
therenf disposed- in heat transfer relation with the air in
said.one vertical extent and heat emitting thermojunction
means on the opposite side thereof in heat transfer rela-
tion with the air in said other vertical extent, said heat
pump bank when energized being operable to pump heat
from. said heat absorbing thermojunction means to said
heat emitting thermojunction means, cooling of the air
in said. one vertical extent by absorption of heat at said
heat absorbing thermojunction means effecting removal
of moisture from said air and convection of the cooled
air downwardly within said one vertical extent, heating
of the air within said other vertical extent by emission
of heat at said heat emitting thermojunction means effect-
ing convection of the heated air upwardly within said
other vertical éxtent aiding the convection effected within
said one vertical extent in generating air flow through
said passageway causing inspiration of air info said inlet
and discharge of said air from said outlet in a dehumidi-
fied state.

3. In a Peltier heat pump condensing apparatus hav-
ing thermoelements and hot and cold thermojunctions, a
heat conductive thermojunction and condensing member
having a first portion in heat conducting relationship
with a cold thérmojunction, said member also having a
condensing portion extending herizontally away from
said thermojunction and formed with a downwardly and
outwardly sloping lower edge terminating at a point
spaced laterally from said thermoelements, whereby upon
conduction of heat from said first portion by said thermo-
elements, heat is conducted from said condensing poi-
tion. and fluid condensing on said condensing portion
will drip from the otter terminus of the lower edge of
said condensing portion.

4. In a Peltier heat pump condensmg apparatus hav-
ing thermoelements and hot and cold thermojunctions,
a ffirst heat conductive thermojunction and condensing

member having a first portion in heat conducting rela-

tionship with a cold thermojunction, a second thermo-
junction and condensing member similar to said first
member, said second member being spaced vertically and
offset longxtudlnally from sald first member and simi-
larly engaging ancther cold tlermcjuirction, said mem-
bers each having a condensing portion extending hori-
zontally away from the associated. thermojunction and
formed with a lower edge sloping downwardly and out-
wardly to a corner spaced laterally from said thermo-
elements, whereby upon conduction of heat from said
first portions by said thermoelements, heat is conducted
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8

from said condensing portions, and fluid condensing on
said condensing portions will drip from said corners.

5. In a Peltier heat pump, a bank of first and second
dissimilar thermoelements each having end portions and
side portions, first and second thermojunction members
interposed between and joined to the side portions of said
first and second thermoelements to afford thermojumc-
tions therebetween, and a layer of thermal insulation
surroundingly disposed to the end portions of said
thermoelemeénts to prevent dissipation or absorption of
heat thereat, said first thermojunction members extending
outwardly through said insulation from one side only of
said bank, and said second thermojunction members éx-
tending outwardly through said insulation from the op-
posite side only of said bank.

6. In a Peltier heat pump, a bank of alternately dis-
posed P-type and N-type thermoelements each having
four end portions and two side portions, condensation
and absorption thermojunction members alternately inter-
posed between and joined to the opposite side portions
of each of said P-type and N-type thermoelements to af-
ford thermojunctions therebetween, and a layer of ther-
mal insulation enclosing said bank of joined thermo-
elements and thermojunction members to prevent dissi-
pation and absorption of heat, said condensation therme-
junction members having portions extending outwardly
through said insulation from one side only of said bank,
and said absorption thermojunction members having por-
tions extending outwardly through said insulation from
the opposite side only of said barnk.

7. A thermoelectric heat pump -comprising a plu—
rality of first and second thermoelements, and a plurality
of substantially flat thermojunction members of material
having good electrical and thermal conductivity inter-
posed between said first and second thermoelements with
the 1latter joined fto opposite sides thereof affording
thermojunctions therewith, the junctions of 5aid theriho-
elements and thermo;unctlon membets also electncally
connecting said first and second ‘thermoelements for cur-
rent flow from a first thermoelement through the thick-
ness of said thermojunction member to a second . thermo-
element then through the thickness of a second therimo-
junction member to another first therindelement, said
thermojunciion members havmg heat absorbing and heat
emitting portions projecting ih opposite directions respec-
tively from between said thermoelements to afford heat
transfer means for said thermojunctions.

8. A Peltier heat pump condensing apparatus com-
prising therimoelements having het and cold thermo-
junctions, a first heat conductive thermojunction and con-
densing member having a first portion in heat conducting
relationship with a cold thermojunction and having a
lower edge, said first member also having a condensing
portion disposed ocutwardly from said thermoelement and
having a lower edge sloping déwnwardly from the lower
edgé of said first pottion to a corner, a second heat con-
ductive thermojunction membetr having a first portion in
heat c¢onductive relationship with a hot thermojunction
and having a second portion spaced outwardly thereffom
for dissipation of heat, whereby upon conduction of heat
ffom said first portion of said first thermo;uncuon by said
thermoelements, heat is conducted from said condensing
portion, and fluid condensing on said condénsing portion
will drip from said corner, and upon conduction of heat

to said second portion of said second thermolunctlon

member from said first portion, heat will be d1$$1pated

9. In a Peltier heat pump condensing apparatus hav-
ing thermoelements and hot and cold thermowncﬂons a
first heat conductive thermojunction and condensitig
member having a first portion in heat conducting relation-
ship with a cold thermojunction and having a lower
edge, a second thermojunction and condensihg member
formed identically to said first. member, ‘said - second
member being spaced downwardly and. ofiset laterally

from said first member and similarly havmg a first pot-

~
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tion engaging another cold thermojunction, insulation
means intermediate said first portion. of said first and
second thermojunction members, both of said members
also having ‘a condensing portion sloping downwardly
from the lower edge of their respective said first portions
and leading to a corner, whereby upon conduction of
heat from said first portion by said thermoelements, heat
is conducted from said condensing portions, and fluid
condensing on said condensing portion will drip from
the respective corners.

10. A Peltier heat pump comprising a bank of thermo-
elements having at least one row of first and second dis-
similar thermoelements alternately arranged, a first
thermojunction- member having a substantially flat por-
tion interposed between a pair of adjacent first and second
thermoelements with the adjacent ends of said thermo-
elements electrically joined to opposite sides thereof for
current flow from one through the thickness of said
thermojunction member portion to the other, said thermo-
junction member having a portion projecting laterally
from one side only of said bank to afford heat transfer
means, and a second thermojunction. member having a
substantially flat portion interposed between the opposite
end of said second thermoelement and the adjacent end
of the next thermoelement in said row with the adjacent
ends of said second and said last-mentioned thermo-
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element electrically joined to opposite sides thereof for- ’

current flow from one through the thickness of said
second thermojunction member portion to the other, said
second thermojunction member “having a portion pro-
jecting laterally from the. opposite side only of said bank
to afford heat transfer means of a.sense opposite that
afforded by the laterally projecting portion of said first
thermojunction member. )

11. A Peltier heat pump comprising a bank of thermo-
elements having at least one row of first and second
dissimilar . thermoelements alternately arranged, a layer
of thermal insulation surrounding said bank, a first ther-
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mojunction member having a substantially flat portion
interposed- between a pair of adjacent first and second
thermoelements with the adjacent ends of said thermo-
elements electrically joined to opposite sides thereof for
current flow from one through the thickness of said
thérmojunction member portion to the other, said thermo-
junction member having a portion projecting laterally
from one side only of said bank through said insulation
to afford heat transfer means, and a second thermojunc-
tion member having a substantially flat portion interposed
between the opposite end of said second thermoelement
and the adjacent end of the next thermoelement in said
row with the adjacent ends of said second and said last-
mentioned thermoelement electrically joined to opposite
sides thercof for current flow from one through the
thickness of said second thermojunction member portion
to the other, said second thermojunction member having
a portion projecting laterally from the opposite side only
of said bank through said insulation to afford heat transfer
means of a sense opposite that afforded by the laterally
projecting portion of said first thermojunction member.
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