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The present invention relates to vapor electric 
devices, such as mercury lamps, and in particular 
to devices of this type which are operated at rela 
tively high vapor pressures. Our invention is 
applicable with especial bene?t to high pressure 
vapor lamps which are provided with an envelope 
of substantially capillary dimensions in which 
under operating conditions there is a pressure of 
at least several atmospheres. ' High pressure 
lamps are described in Bol, Elenbaas and Lem 
mens United States Patent No. 2,094,694, issued 
October 5, 1937, and‘ in Germer United States 
Patent No. 2,202,199, issued May 28, 1940. 

It is the object of 
improved apparatus and a method whereby vapor 
devices may be maintained at a desired operating 
temperature. In the operation of vapor electric 
devices of high wattage consumption, it is neces 
sary to carry heat away more rapidly than the 
natural rate of heat dissipation. The progres 
sive increase of vapor pressure otherwise would 
result in correspondingly increasing the voltage 
necessary to operate the lamp. Assuming the 
lamp to be operated from a supply circuit of high 
reactance, it eventuallywould be extinguished. 
In that. event the device would not restart until 
it had cooled and the vapor pressure had fallen 
considerably lower than the pressure at which it 
ceased to operate. This would result inunsatis 
factory intermittent operation. ' , 
Another source of di?lculty encountered in the 

operation of high pressure lamps is the devitri? 
cation of such parts of the vitreous envelope as 
are in contact with the discharge, the devitriflca 
tlon being especially marked in the neighborhood 
of the electrodes. In the forms of high pressure 
lamps shown in the above-mentioned 301 et al. 
patent in which the pressure of mercury vapor 
reaches many atmospheres during normal opera 
tion, the heat dissipation requirements are 
especially exacting. ' ' 
High pressure lamps may be cooled by the cir 

culation of water over their surfaces, such ar' 
rangement being described in B01 and Lemmens 
United States Patent No. 2,094,695, patented Oc 
tober 5, 1937. Ordinarily, high pressure mer 
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’ cross section on 

cury lamps cons'ructed to operate with a, load- ‘ 
ing of more than 200 watts per centimeter of dis‘ 
charge columnhave been water-cooled. It is in 
convenient and in 

electric devices. Water, al 
cooling medium, is subject to 

freezing. Also, water and other cooling ?uids are 
subject to fouling, especially when recirculated 
in a closed system. Furthermore, liquid cooling 

' I 

some cases it is lne?lcient to. 

,mally present during 

vprovided improved gas-cooling means, 

is apt to be too energetic at the region where 
unvaporized material, such as mercury, is pres 
ent. Ordinary air cooling, that is, cooling by air 
circulation, such as may be produced by a fan, 
is not suiliciently effective, particularly in lamps 
in which the discharge tubeis of small bore as 

indicated in Fig. 1 and pressures ‘of mercury 
vapor of at least several atmospheres are nor 

operation. 2 ' , 

of ouriinvention, we have 
conven 

iently using air as the cooling medium, by the use 
of which vapor electric devices may be operated 
at high pressures with materially higher wattage 
inputs than heretofore possible. Another advan 
tageous ‘result of our invention is asreduction ‘of 
devitriiication of the envelope in which a high 
pressure discharge occurs and which is cooled 
in accordance with our, invention. 
As will'be pointed out in greater particularity 

in the appended claims, the main novel feature 
of our invention comprises a method of and appa 
ratus for applying to a vapor electric device high 
velocity jets of cooling ?uid, preferably air, the 
cooling jet having a dimension which is materially 
smaller than the surface which is being cooled. 
Another feature of our invention consists in ap 
plying such cooling jet or 

As a consequence 

is apt to be most severe, that is, ordinarily adja 
cent the electrodes. 
sists in applying the 
cent the surface to 

nozzle ori?ceso closely‘adja 
be cooled that the area of 

impingement of the jet is substantially the same 
or but little greater than the diameter of the'jet. 

Several embodiments of our invention are 
shown in the accompanying drawing in which ‘ 
Fig. 1 shows a vapor lamp and jet cooling means 

in side elevation; Fig. _ 
mounted in a light projector; Fig. 3 is a partly 
sectionalized side view on an enlarged scale of a 
modi?cation in which part of a tubular lamp is 
coated with a light-re?ecting layer; Fig. 4 is a 

_ lines 4-4 of the modi?cation of 
Fig. 3; and Figs. 5 ‘and 6 are perspective views of 
nozzles for furnishing cooling jets. ' 
The lamp, shown in Figs. 1, 2 and 3 comprises a 

tubular envelope {provided at opposite ends re 
spectively with electrodes 3, 4 which may consist 
of tungsten. The 
of vitreous or fused quartz, 
ing glass also may be. used. 
ductors I, S are sealed into the envelope by, a seal 
ing glass as described in said 301 et al. Patent No. 
2,094,694 and as well understood. These conduc 

envelope 2 ordinarily consists 
although heat-resist 

' v jets to the envelope ' 

at a region where devitri?cation of the envelope ,. 

Still another feature con- _ _ 

2 shows such combination. 

The electrode con- ' 



2 
tors are connected to external contact caps ‘I, 8. 
At the respective ends of the envelope 2 and 

surrounding the electrodes is a quantity of mer 
cury as shown at 9, l0. Part of the mercury is 
contained in a pocket I! whereby the amount of 
mercury is adjusted during the manufacture of 
the lamp. The electrodes 3, 4 project about one 
millimeter beyond the mercury surface. The 
envelope also contains a charge of starting gas, 
such for example as argon or neon, at a pressure 
of about 50 millimeters of mercury. The lamp 
is supported by electrically conductive supports 
l3, M, on the ends of which it is held by spring 
clips l5, l6. Operating current is supplied by 
the conductors IT, IS connected to the contact 
terminals i9, 20. The supports l3, M are 
mounted on an insulating base 2 l . Such a device 
may be operated-at a pressure exceeding 40 at 
mospheres and up to 200 atmospheres and higher. 
Unless the envelope of such device is ener 

, getically cooled, it will continue to rise in tem— 
perature upon being put into operation, the volt 
age required to operate the device rising at the 
same time. The rise in vapor pressure with in 
creasing temperature would result in extinguish 

- ing the discharge after a short period of opera 
tion, or, if sui?cient voltage should be available, 
excessive rise of internal pressure would cause 
it to burst. 
E?ective cooling and continuous operation may 

be obtained by directing sharply localized jets 
of compressed air, or other suitable cooling ?uid, 
against the envelope of such device at the regions 
adjacent the respective electrodes. These jets of 
air, delivered by the nozzles 22, 23 and supplied 
by a pipe 24, should be directed substantially 
perpendicular to the axis of the envelope. Al 
though nozzles such as shown in Fig. 1 are ordi 
narily preferred, the jets may be modi?ed in some 
cases as shown at 22’ and 23", Fig. 6. Satisfactory 
jet cooling has been a?orded by maintained pres 
sures of 10 to 40 pounds. The jets of air may 
have a diameter of about 50 to 80 mils. Prefer 
ably the centers of the respective jets of air are 
located opposite the ends of the respc tive elec 
trodes. When the ends of the nozzles are 
lengthened to form slits, as shown in Fig. 6, a 
modifying e?ect can be exerted upon the vapor 
‘pressure and electrical characteristics of the 
lamp. For example, if the slit is positioned to 
direct the jet against a portion of the envelope 
adjacent unvaporized mercury, then the vapor 
pressure can'be maintained at a lower value. 
The nozzle openings should be spaced closely 

adjacent the surface to be cooled. A spacing 
of 1 to 2 millimeters ordinarily is satisfactory. 
Apparently. a layer of warmed air, which tends 
to normally adhere to" the surface to be cooled, 
must be effectivelyand rapidly eroded away. The 
jets of pressure air have an effective bu?ing 
action which we have found to be absent in the 
usual forms of air circulation. 

Surprisingly, such localized jets adequately 
cool the envelope portion between the regions on 
which the jets impinge. As shown‘ in Fig. 2, the 
described lamp and the jet-cooling adjuncts may 
be mounted in a light projector having a housing 
26 provided with the usual re?ector (not shown) 
and mounted on the supports 21, 28. 
The lamp shown in Fig. 1 can be operated with 

a lighting e?iciency of 86 lumens per watt of 
consumed electric energy and with brilliancies 
over 50,000 candles per square centimeter. Be 
cause of this high brightness, it is well adapted for 
use insearchlights; - ' _ 
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, The lamp shown ‘in Figs. 3 and 4 is in most 
respects similar to the lamp shown in Figs. 1 and 
2, but di?ers therefrom by having the envelope 2 
provided over approximately half of its circum 
ferential surface with a coating 30 of light-re 
?ecting material, such as platinum or gold, which 
extends longitudinally over the discharge space 
between the electrodes. The jets of cooling ?uid 
delivered by two nozzles 3!, 32 extend linearly . 
substantially over the entire discharge distance 
between the electrodes. The cooling jets of air' 
or other suitable ?uid preferably are delivered 
tangentially as shown in Fig. 4. In Fig. 5 is shown 
in perspective the nozzle 3! with its slit-shaped 
opening 34 carried by the supply tube '35. When 
employing a slit-shaped nozzle the width of the 
slit should be materially less than the diameter 
ofv device to be cooled. In the particular case 
illustrated, its ‘width is about one-?fth the diam 
eter of the lamp. In both modifications of our 
invention the portion of the envelope of quartz, 
or other refractory material, extending between 
the electrodes is cooled either locally or through 
out its length by the impingement of one or more 
high- velocity jets which, however, exert but little 
cooling effect on the masses of mercury or what 
ever vaporizable material may be employed ‘in 
the device. Our copending divisional application 
Serial No. 465,114, ?led November 10, 1942, is 
directed to features of our invention which are 
embodied in the devices illustrated by ‘Figs. 3, 4 
and 5.‘ 
What we claim as new and desire to secure by 

Letters Patent of the United States is: ' _ 
1. A vapor electric device comprising an en 

velope, electrodes therefor, a current-carrying 
medium including mercury in said envelope,‘ the 
resulting mercury vapor being at superatmos 
pheric pressure under normal operating condi 
tions, cooling means including nozzlesterminat 
ing respectively opposite said electrodes closely 
adjacent said envelope and having an opening of 
'such small dimension that a jet of air issuing 
therefrom impinges exclusively on said envelope, 
and means for supplying air thereto at a pressure 
su?icie'ntly high to maintain the vapor pressure v 
in said envelope below a predetermined dis 
charge-extinguishing limit. 

2. A vapor. electric device comprising an en 
velope, electrodes therein spaced apart, a cur 
rent-carrying medium in said device including a 
vaporizable material which in a condensed state 
surrounds said electrodes at least in part and cool 
ing means constructed to supply jets of gas under 
pressure directed against the parts of the en 
velope which are immediately adjacent said elec 

'} trodes and-having at least one dimension which 
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is relatively small with relation to the surface 
being cooled. . ' . 

3. A high pressure vapor electric lamp com 
prising a tubular quartz envelope, electrodes hav- Y 
ing conductors sealed into the wall of said en 
velope, a starting gas in said env'elope, bodies 
of mercury therein respectively surrounding said 
conductors and being sufficient in quantity to 
produce under operating conditions a vapor pres 
sure of at, least several atmospheresand means 
for directing against said envelope at regions ad 
jacent said respective mercury bodies‘ constricted 
jets of cooling gas at'a pressure of at least about - 
10 pounds having a- sec‘tional area less than the 
surface receiving the ‘local impingement of said ' jets. 

4._ A high _ pressure vapor electric. discharge 
device comprising an elongated tubular envelope, 



: electrodes 
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having stems respectively sealed into 

said envelope at the ends thereof, a ?lling for 
said envelope comprising a 
material which is vaporizable at the operating 
temperature of said envelope, and cooling means 

starting gas and a‘ 

constructed to project localized jets of com- - 
pressed air against said envelope at regions ad 
jacent said electrodes and substantially perpen 
dicular to-an axis passing through said electrodes. 

5. A high pressure mercury vapor lamp com 
prising an elongated tubular envelope which is 
capable of withstanding an internal pressure of_ 
about 40 to 200 atmospheres, electrodes of tung 

. and maintaining the pressure 
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sten therein having conductors sealed into the ’ 
ends of said envelope, a starting gas at a pressure 
of about 50 mm. of mercury, mercury surround 
ing said electrodes'and conductors except for a 
projecting tip, .means for supplying air under 
pressure to ‘cool said envelope, said means hav 
ingconstricted nozzles terminating closely'ad 
jacent to said envelope and being positioned to 
direct constricted jets of airlocally upon dis 
charge-carrying regions of said envelope en 
closing said electrodes. , 

6. A method-of controlling the pressure in a 
vapor electric device which comprises‘ a sealed 
envelope containing spaced electrodes and a va 
porizable material, which method consists in car 
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' ‘by the impingement of constricted jets of air re- p 
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3 
rying away heat irom'said envelope by the im 
pingement o! constricted jets of air thereon at 
regions adjacent said electrodes, the distance be 
tween said envelope and the base of said jetsand 
the area of impingement of said jets being sub 
stantially the same-as the‘ cross section thereof, 

of. compressed air 
for said jets at about 10 to 40 pounds, . _ ' 

7. A method of operating an electric discharge 
device‘ comprising an envelope of capillary di-~ 
mansions containing electrodes positioned near 
the ends thereof, and being provided with a 
starting gas and a quantity of mercury, 
method consists in operating said device with an 
energy input of at least about 200 watts per cen 
timeter of discharge column, cooling said device 

spectively directed externally against the elec 
trode regions of said envelope, so regulating the 
length of said jets that the area of impinge 
ment thereof is substantially the same as the 
diameter thereof, and maintaining the velocity 
of air delivery of said jets sumciently high to 
prevent the voltage‘ required to maintain a dis~ 
charge between said electrodes from 
a predetermined value. ' 
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