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4 Claims. 

The invention relates to contact recti?ers and‘ 
especially contact recti?ers requiring a,cooling 
medium applied thereto. 
The object of the invention is a method and 

5 ‘device for cooling metallic dry recti?er elements 
with an effective layer deposited on one side of 
the base metal. The new method makes possible 
a very e?‘ectivecooling of such dry recti?er ele 
ments, since it avails a combination of the ad 

10 vantages of water cooling with a complete pro 
tection of the ve?e'ctive layer against all atmos 
pheric in?uences. This is, in accordance with 
the invention, attained by drawing away from the 
side of the base metal carrying the effective layer, 

15 by means of a humidity removing means, for ex 
ample, oil, the harmful in?uences of the. atmos 
phere, while a cooling means acts on the other 
side of the base metal. A suitable device for car—. 
rying out this method in accordance with a fur 

20 ther aspect of the invention may, for example, 
consist in constructing the dry recti?erelement 
of tubular form and depositing the effective layer 
with which the humidity removing means is in 
contact,ypreferably on the outer side of the tube. 

25 Preferably also one or more ofsuch tube-shaped 
dry recti?er elements are arranged in an oil 
?lled container in such manner that cooling 
means, for example water or air, may be con 
ducted through the inner portions of the tube. 
Further details of the invention will be seen 

from the following description of an exemplary 
embodiment with reference to the drawing in 
which Figs. 1 and 2 show a tube-shaped recti?er 
‘element, according to the invention, in longi 

35 tudinal section and plan, while Figs. 3 -and 4 
illustrate metal containers in which one or more 
recti?er elements are incorporated in accordance 
with the invention. .. 
The tube-shaped recti?er element illustrated 

30 

40 in Figs. 1 and 2 consists of a copper tube I having’ 
a part or major portion of the curved outer side 
provided with a cuprous oxide layer 2, produced 
in known manner by heating under the supply of 
air, while on the inner side, the base metal is _free. ' 

45 On the cuprous oxide layer 2, there is a metal 
coating 3 deposited, for example, by spraying, 
which consists, for example, of zinc. The current 
conduction of the dry recti?er element con 
structed in this manner takes place by means of 

50 a shell or clasp 4 disposed around the tube and 
\ying rigidlyon the metal coating, while the cop-_ - 
\ ' r body of the tube l, which is the base metal, 
_ rves to conduct away the current. 
For the purpose of conducting away the Joule 

55 heat arising in operation, a streaming cooling 

(01. 175-4366) 
means, for example, cooling air, is conducted 
through the inner portion of the tube in the direc 
tion of the arrow, while the outer side of the tube 
shaped dry recti?er element is preferably pro 
tected by oil or another humidity removing 
means, for example, by an air space closed against 
the outside and being gas-tight against all harm 
ful in?uences _of_ the outer atmosphere. A par 
ticularly preferable embodiment of a device serv 
ing for carrying out the method, according to the 
invention, isshown in Fig. 3, which discloses a 
recti?er arrangement, suitable for connecting to 
a three-phase network in star connection. In 

,this arrangement, a single recti?er element is 
disclosed for each phase for the sake of clearness 
of drawing although more could be supplied. The 
tube-shaped recti?er elements 5 are arranged in 
a' metal container 5 which is provided with two 
intermediate bottoms l and B and the center por 
tion of which is ?lled with oil. The oil contacts 
the effective outer sides of the tube-shaped recti 

, ?er elements 5, while preferably cooling water 
plays on their metallic inner sides. The water 
streams through in the manner shown in the 
drawing to collection spaces 9 and In 'in open 
communication with the inner portions of the 
tubes in the direction of the arrow. The current 
conduction to the recti?er elements is effected by 
shells l I located on each of the outer sides of the 
tube. ' Of the three shells ll, each one is con 
nected to another phase of the secondary wind 
ing l2 of a transformer, the neutral point of 

- which, at the same time, forms one of the direct 
current poles of the recti?er arrangement. The 
other direct current pole is in the walls of the 
metal container 6, the intermediate bottoms ‘I 
and 8 of which are metallically, conductively con-. 
nected with the base metal I of the tube-shaped 
recti?er elements 5. These connections may be 
produced by soldering or screwing; the tube ends 
may also be rolled into the intermediate bottoms. 
So that, in the construction of these connections, 
the effective layer of the recti?er elements should 
not suffer, they should be so deposited on the base 
metal I that the tube ends are free from the effec 
tive layer in the manner illustrated in Fig. 2. It 
may be preferable to carryout one or two of the 
intermediate bottoms ‘I and 8 ?exibly, or fasten 
them ?exibly in the container, and to take into 
consideration the heat expansion of the tube 
shaped recti?er elements andto' prevent a too 
strong mechanical stress of the connection po 
sitions with the intermediate bottoms. . 
In the embodiment illustrated in Fig. 4, one or 

more U-shaped bent recti?er tubes I3 are in 
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2 
serted in the cover ll of a metal container l5 
which is ?lled with oil, while cooling water is 
conducted through the recti?er tubes. For sup 
plying the alternating current, tube shells it 
serve here also. ' The direct current is derived 
from the base metal of the recti?er tubes l3. ' 
If the tube shaped recti?er elements are to be 

used in series circuit or in Graetz bridge circuit, 
then the individual recti?er tubes are preferably 
connected with each other and with the con 
tainer walls by oil-proof rubber hose or by tube 
elements of insulating material in which the recti 
?er tubes are screwed in water-tight. The elec 
trical series connection of two tube parts then 
takes place at best through the insulating tube 
.elements by means of a metallic buckle which 
contacts the outer metal layer of one of the tube 
shaped recti?er elements and the tube end free 
of effective layers in the other. Instead of this, 
the recti?er tube parts and the insulating tube 
shaped intermediate pieces may also be connected 
by means of a suitable cement. To construct the 
intermediate elements, a composition material of 
various types may be used. 

In one of the cuprous oxide recti?ers con 
structed and arranged in the above given manner, 
a considerable cooling effect is attained, since 
copper is a very good heat‘conductor with the 
method according to the invention. With this 
cooling effect, we succeed in conducting away the 
Joule heat developed in the blocking layer, i. e., 
between the copper and the cuprous oxide with a 
very small temperature drop at the cooling means 
conducted through the inner portions of the tube. 
Since the danger of break-down and the magni 
tude of the back current of the cuprous oxide 
recti?ers rise with the temperature of the blocking 
layer, the above-described cooling method, espe 
cially since it avails a high drop in the blocking 
layer temperature, offers the possibility of utiliz 
ing the recti?er elements, as regards potential, 
particularly well. For example, the potential on 
the direct current side may be raised from the 
heretofore common value of 6 volts to 8-10 volts 
without much consideration. Since the losses in 
the current passing direction are not in?uenced 
by this potential increase, we succeed in this man 
ner in decreasing the watt loss of the recti?er by 
approximately ,% and correspondingly increasing 
the efficiency. 

If a selenium is used as an effective layer also, 
it is preferable to deposit the selenium layer on 
an iron tube and to provide it with a sprayed 
metal coating after the heat treatment. How 
ever, instead of this, aluminum tubes may also be 
utilized by oxidizing or nickeling them on the 
outer sides and then depositing the selenium 
layer. In iron selenium recti?ers, the actual 
blocking layer is separated from the iron tube 
forming the base metal by an intermediate 
selenium layer. Since seleniumyhas a compara 
tively small heat conductivity, it is preferable also 
to cool the outer side of the ‘tube shaped selenium 
recti?er element. This may take place either by 
providing tubes through which cooling means 
streams in the means surrounding the recti?er 
tubes externally in the oil or air, however, even 
without such cooling tubes, aggoodcoolingof the 
outer side of the tube shaped selenium recti?er 
elements may be attained by covering the outer 
side of it only in regions with the effective layer, 
while at the remaining parts, the outer side of the 
base metal is bare, so that just as the base metal 
of the tube inner portion, it may serve for heat 
conducting. , . 

2,189,817 
Dry recti?er elements constructed and cooled 

in the above described manner are suitable with 
particular advantage for feeding galvanic paths 
and other electro-chemical current consumers, 
accordingly, in the case in which large current 
strengths and lower potentials are involved, and 
in which, at the same time, the air is commonly 
humid and contains acid vapors and impurities, 
while only cooling water is available. 

Since the described dry recti?er elements with 
stand a comparatively high_loading, they may be 
constructed not only with particularly good eili 
ciency, but also with dimensions decreasing 
spatially; in many cases, the space requirements 
of these dry recti?er elements drops down to 115 
of that heretofore required. A further important 
advantage resides in the fact that a very intensive 
cooling without rotational parts, or parts me 
chanically moved in any other way, such as venti 
lators or pumps, is attained. Further, since their 
eifective layers are closed gas-tight against the 
'outer atmosphere, the recti?ers may be arranged 
in electro-chemical operations without any addi 
tional protection immediately adjacent to the rec 
ti?er loads. ' 

If the feeding of welding devices or other cur 
rent consumers is involved which require recti 
?ers of large capacity which may be moved from 
place to place, it is advantageous to cool the tube 
shaped recti?er elements not by streaming cool 
ing- water, but by means of cooling air. Also, in 
this case, a liquid, for example, water or oil, may 
be used as cooling means which is itself cooled in 
a special air-cooled device. 
As compared to the air cooling, the oil cooling 

has the advantage that when it ‘is used, harmful 
in?uences which arise from any impurities of the 
cooling air, such as dust, humidity or acid vapors, 
are avoided. 0n the other hand, the relatively 
small cooling effect attained with oil cooling must 
be taken into consideration, since for the dry rec 
ti?er elements-particularly when such in 
volved in which the effective layers manifest a 
negative temperature coe?lcient—only compara 
tively low operating temperatures are permissible - 
and this requires a very small thermic circulation 
of the cooling means. Arti?cial oil circulation, 
however, will require special pump devices which 
render the plant complicated and costly. 
The invention is also applicable to contact recti 

?ers and similar devices involving materials other 
than or in addition to those mentioned. In fact 
many modi?cations can be made in the number, 
arrangement, combination and form of the ele 
ments disclosed. Accordingly no limitations are 
intended to beplaced upon the following claims 
except as necessitated by the prior art. 
We claim as our invention: 
1. A contact recti?er comprising a tubular me 

tallic element, a layer on one surface of said tubu 
lar metallic element forming a rectifying contact, 
means for making electric contact to the surface 

' of said layerand means applying an electrically 
insulating cooling medium to both the outside and 
the,inside of said metallic tubular element. 

2/. A contact recti?er comprising a hollow cop 
per tube, a copper oxide layer on the outer curved 
surface of said copper tube‘, means for making 
electrical contact to the periphery of said layer, an 
electrically-insulating liquid contacting the ?rst 
said means, and means circulating a cooling 
medium through said tube. ’ 
I 3. A rectifying system for connection to a poly 
phase circuit comprising a plurality of hollow 
tubular elements having contact recti?ers on their 
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outer surfaces and means circulating a cooling 
medium through the hollow portion 01' said ele 
ments, and an electrically non-conducting liquid 
in contact with the outer surfaces of said hollow 
tubular element. 

4. A contact recti?er comprising a copper tube 
having. an oxidized layer on at least a portion of 

the surface thereof, means for making electrical 
contact to the outer surface of said layer, means 
for supporting said tube in an oil bath, and means 
for circulating a cooling ?uid through the interior 
of said tube. 
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