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COOLED ELECTRODE FOR HIGH POWER
ELECTRIC DISCHARGE LAMPS

The invention relates to a cooled electrode for elec-
tric discharge lamps of high power rating such as, for
example, high pressure xenon lamps with a power input
of more than 10 kW. Such lamps must have electrodes
which can be loaded with high currents, e.g., of more
than 100 amperes.

It is well known to increase the load capacitance of
the electrodes by providing a cooling means which pro-
tects them from overheating (see DDR Pat. No.
10,791). A cooled electrode is supplied with cooling
liquid through a tube which extends axially within the
cylindrical electrode shank and ends short of the elec-
trode tip. It is open at this inner end; the cooling liquid
is removed from between the annular space formed be-
tween inner tube and electrode shank. In another em-
bodiment, the interior space of the electrode is subdi-
vided by an axially extending central partition or off-
center partition. An improved embodiment is de-
scribed in U.S. Pat. No. 3,604,968, according to which
cooling liquid is supplied to the electrode tip by an ap-
erture provided laterally of the electrode axis, is then
passed through a serpentine duct and is discharged at
the other end thereof. By this means, a more uniform
flow velocity and enlareed surface area for heat ex-
change is attained and thus the cooling effect is en-
hanced. Other embodiments of cooled electrodes have
inserts of large size, usually of a refractory material,
e.g., tungsten (see U.S. Pat. Nos. 3,531,673 and
3,408,518). Due to the low heat conductivity of tung-
sten, the face of the electrode is usually at relatively
high temperature.

It is an object of the invention to provide for cooling
of electrodes of high load capacitance and which have
a face of small thickness.

SUBJECT MATTER OF THE PRESENT
INVENTION

Briefly, the face of the electrode is made of a highly
heat-conductive material such as copper, and the thick-
ness of the electrode face is kept as small as possible,
at most equal to the wall thickness of its cylindrical
sleeve. The inner surface of the electrode end is of con-
tinuous, radially outwardly extending concave cruva-
ture starting from a centrally projecting part, and the
duct formed by the space between the interior surface
of the electrode end and the supply tube is small rela-
tive to the discharge duct between supply tube and cy-
lindrical electrode wall. Due to the fact that the dis-
tance between interior surface and supply tube is kept
extremely small, the highest coolant velocities are de-
veloped in place of highest thermal stress and thus are
arranged to have the best cooling applied. The distance
between interior surface of the electrode end and the
supply tube is about between 0.5 and 5 mm.

In an embodiment for lamps of less high power rating
and with a wall thickness of the face up to about that
of the cylindrical sleeve, the part projecting from the
center of the interior surface tapers into a tip, and the
interior surface is of cardioid shape. The cardioid-
shaped design causes a constant flow velocity along the
interior surface of the electrode face so that a high heat
transfer coefficient, increased due to the high flow ve-
locity, is maintained all over the interior surface of the
electrode end.
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In another embodiment, and for use in lamps of very
high pressure and small wall thickness of the face, the
part projecting from the center of the interior surface
is shaped as a pin, or rod, bearing against an abutment
inside the supply tube. The rod may seat in a recess of
a flow control part located between the supply tube and
the rod, passage of the coolant being assured by axially
directed ducts. The supply tube may also have a crown-
link serration at its end with the outer crown sleeve
abutting the interior surface of the electrode end and
supporting it.

The wall thickness of the electrode end, i.e., the elec-
trode face, should be no more than about 3 mm and not
less than about 0.5 mm. The face itself or possibly the
whole electrode can be made of a material of high heat
conductivity such as copper.

The invention will be described by way of example
with reference to the acompanying drawings, wherein:

FIG. 1 is a longitudinal section of an anode having an
interiorly projecting tip;

FIG. 2 is a longitudinal section of an anode having a
projecting button;

FIG. 3 is a section along line A-B of FIG. 2;

FIG. 4 is a section along line C-D of FIG. 2.

The anode of FIG. 1 comprises the hollow cylindrical
copper body 1 which is closed and rounded off at one
end. The wall thickness of the cylindrical sleeve of
body 1 decreases towards face 2 of the anode; it is com-
posed of the same material as is the cylindrical part of
the anode. The wall thickness of the face, in its thinnest
place, is about 1 mm. The interior surface 3 of face 2
has, in its center, a projecting tapered tip 4; outwardly
of the tip, it is of cardioid shape. The spacing of interior
surface 3 of the face from supply tube 5 (also of cop-
per) for the coolant, is 1 mm. Tip 4 radially symmetri-
cally distributes the flow of coolant.

FIG. 2 shows an interior surface 3’ of face 2 with a
projection 6 in form of an extending rod or pin. Rod 6
abuts a recess 7 formed on a part 8 which internally is
provided with several bores 9 extending parallel to the
electrode axis. Part 8 fits at one end against the interor
surface 3’ to the electrode face, The surface of this end
of part 8 is provided with grooves 10, uniformly distrib-
uted over the circumference thereof, having, adjacent
face 2, a depth of 1 mm. The other end of part 8 is de-
signed such that an annular gap 11 is formed between
part 8 and the electrode shank. This end of part 8 is
connected with supply tube 5’. The coolant, in the
present case water, is supplied via copper tube 5’ axi-
ally to the center of the anode cavity; it flows past rod
6 projecting from the interior surface of the face; it
then flows radially along the interior surface 3' of face
2, and is discharged to the annular gap 11 through the
ducts formed by grooves 10 and portions of the interior
anode surface 3'. The pressure delivering the coolant,
e.g., 10 atmospheres, should be less than the gas pres-
sure within the lamp. The electrode face may mechani-
cally deflect upon increase of lamp power input and it
can then bear on'part 8. Current of 500 A was passed
through the anode. The heat removal was about 8 kW.

Stoppage or blocking of flow of coolant is avoided in
the electrode according to the invention by the design
of the interior surface thereof. The electrode face is
supported or strengthened so that it may have a rela-
tively small wall thickness. Heat conduction by the
coolant is thus highly effective. As a result of effective
cooling, blackening of the lamp bulb by sputtered elec-
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trode material is substantially prevented and the radia-
tion from the hot electrode towards the lamp bulb is re-
duced to a minimum. As a result, the lamp bulb may be
reduced in size while maintaining the same wall load-
ing. The cooled electrode can be easily and cheaply

made and uses inexpensive manufacturing steps and
materials. :

Various changes and modifications may be made

within the inventive concept.

We claim:

1. Electrode structure for combination with electric

discharge lamp of high power rating comprising

a hollow cylindrical electrode body (1) closed at one
end (2) and adapted to project into the discharge
lamp;

tube means (5, 5') axially located within the elec-
trode body and subdividing the interior space of
the electrode body into a central supply duct and
an outer discharge duct for cooling fluid;

the closed face of the electrode body being made of
highly heat conductive material, and the electrode
face having a wall thickness not more than about
the wall thickness of the cylindrical portion of the
body (1);

the interior surface (3) of the closed electrode end
(2) being of continuous, radially outwardly extend-
ing concave curvature;

a central projecting part (4, 6) extending interiorly
inwardly from said surface towards the tube means
and forming an origin for said surface of said con-
cave curvature;

and wherein the space between the interior surface
(3) of the electrode end (2) and the supply tube
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means (5, §') is small relative to the cross-sectional
area of the dischare duct formed between the sup-
ply tube means and the cylindrical electrode wall
to provide for high flow velocities of coolilg fluid
in the region beneath the tube end (2).

2. Electrode structure according to claim 1, wherein
the part (4) projecting from the center of the inner sur-
face (3) is a tapering tip; and the interior surface of the
electrode end (2) is of cardioid shape.

3. Electrode structure according to claim 1, wherein
the part projecting from the interior surface of the tube
end (2) is a projecting rod (6) extending into the sup-
ply tube means.

4. Electrode structure according to claim 3, wherein
the supply tube means comprises a tube (5') and an
end part (8), said end part being located between the
end of the tube (5’) and the inner surface (3) of the
electrode;

a recess formed in the end part, the rod (6) being lo-
cated against said recess to support the end of the
electrode;

and axial ducts (9) formed in said end part (8) com-
municating between the tube (5') and the inner
surface (3') of the electrode.

5. Electrode structure according to claim 1, wherein
the wall thickness of the end of the electrode (2) is be-
tween about 0.5 and 3 mm.

6. Electrode structure according to claim 1, wherein
the spacing of the interior surface (3) of the electrode
end (2) from the coolant supply tube means (5 5 in
the region of said electrode end (2) is between about
0.5 and 5 mm.

L I * * %



e 7! e i e .

UNITED STATES PATENT OFFICE

CERTIFICATE OF CORRECTION

3,736,451 o May 29 1973
Dated _ _

- Patent No. :
‘ ~ Gerhard Weninger et al.

Inveﬁtor(s)

It is certified that error appears in the above—identlfled patent
and that said Letters Patent are hereby corrected as shown below:

On the COVeT sheet 1nsert <= 173] A551gneeP Patent=Treuhand=
VGesellschaft furrelektrlsche Gluhlampen mbH <=. Column 1, line

127, venlareed" should read .= enlarged <-3; line 46, “cruva”

| <<y line 17, “(31" should read <= (3% --.

'.Signedvand sealed this 26th day of quember_19745 o

~ (SEAL)
Attest: .
MeCOY M. GIBSON JR. ' C. MARSHALL DANN
Attesting Officer _ Commissioner of Patents

| should fead - cuTva-j-é.-Column 2, line 9, "link"'should - read

s= like <=3 11ne 18, "acompanylng“ should read -= accompanying -~}
1ine_41 l\':Lntefror" should read <= interior =-; 1line 42, "," should|
'read AR Column 4, 11ne 4, "coolllg" should read -- coollng

USCOMM-DC 80376-P69
_U.S. GOVERNMENT PRINTING OFFICE: 859,930

FORM PO-1050 (10-69}.




