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1 57] ABSTRACT 

' A light piping unit for use in supplying radiant energy 
to the interior of a pressure vessel having an internal 
operating pressure differing from ambient pressure ex 
ternal to the vessel. The unit includes an elongated op 
tical light pipe formed intermediate its ends with an 
integral frusto-conically shaped mounting surface. The 

’ light pipe extends through an aperture in the wall of 
, the pressure vessel with the mounting surface thereof 

_ in ?uid sealed engagement with a cooperating frusto 
conically shaped mounting surface defined in a 
mounting ?xture attached to the vessel. The mounting 
surfaces of the light pipe and ?xture are maintained in 
‘pressure-?uid. sealing engagement with each other by 
the difference between the vessel operating and the 
‘ambient pressures acting on the inner and outer ends 
of the light pipe. A radiant energy source is accurately. 
supported in proximity to an essentially conically 
shaped outer end of the light pipe either directly by 
the light pipe or by the mounting ?xture. 

13 Claims, 7 Drawing Figuresv I 
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LIGHT PIPING UNIT FOR SUPPLYING 
RADIANT ENERGY TO THE INTERIOR OF A 

PRESSUREMVESSEL 

SUMMARY“ OF THE INVENTION 
The present invention broadly relates towthe utiliza 

tion of so-called ?ber optic material,_such as acrylic 
plastic, for transmitting radiant energy in the form of 
light and/or heat from an external source into a pres 
vsure vessel, particularly where vessel environment is 
hostile to electrical wiring and/or the vessel has a lim 
ited amount of usable internal space. More particu 
larly, the invention relates'to a compact, readily in- ‘ 
stalled and maintained unit comprising a radiant energy 
source in the form of an electrically powered lamp, a 
light pipe, and a mounting fixture for supporting the 
light pipe to extend in pressure-?uid sealed relationship 
through an aperture in the wall of a pressure vessel; the 
source being directly mounted on either the outer end 
of the light pipe or on a light pipe enclosing tube car?‘ 

_ ried by the mounting ?xture. 
In a preferred form of the present invention, the light 

pipe and mounting ?xture are formed. with frusto 
conically shaped mounting surfaces, which are main 
tained in pressure-fluid sealing engagement by the dif 
ference between ambient or atmospheric and vessel 
pressure conditions. For installations wherein there ex 
ists only slight differences between ambient and vessel 
pressures and/or when the vessel pressure conditions 
are variable the ?xture may be provided with additional 
devices for positively maintaining the light pipe prop 
erly seated in pressure-?uid sealed relationship there 
with. 

DRAWINGS 
The nature and mode of the present invention will 

now be more fully described in the following detailed 
description taken with the accompanying drawings 
wherein: 
FIG. I is a side view ofthe light piping unit of the 

present invention with parts broken away for purposes 
of clarity; > - 

FIG. 2 is an enlarged view of the light pipe illustrated 
in FIG. 1; . - 

FIG. 3 is a fragmentary sectional view of an alterna 
tive form of the lightpiping unit adapted for use with 
vacuum vessels; ' - 

FIG. 4 is a fragmentary sectional view of an other al 
ternative form of the light piping unit adapted for use 
with pressurized vessels; and . 
FIGS. 5 through 7 are fragmentary sectional views 

illustrating modi?cations of the unit of FIG. 4. 

DETAILED DESCRIPTION 
Reference is now made particularly ' to FIG. 1, 

wherein the light piping unit of the present invention is 
generally designated as'l0 and shown as including an 
elongated light pipe 12 having an essentially circular 
cross-sectional con?guration; a ?xture 14 for mounting 
light pipe 12 in pressure-?uid sealed relationship within 
an aperture 16 formed in the wall 18 of a pressure ves 
sel; and a unit 20 for de?ning a source of radiant energy 
in the form of light and/or heat. 

Light pipe 12 is best shown in FIGS. 1 and 2 as having 
an inner or diffuser end portion 22 having a suitably 
con?gured radiant energy outlet surface 24; an inter-. 
mediate portion 26, which is stepped to de?ne an inte 
grally formed annular mounting surface 28; and an 
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outer .end portion 30, which is formed with a suitably 
con?gured radiant energy entrance face or surface 32. 
Light'pipe 12 may be of any suitable ?ber optic mate 
rial, such as cast acrylic plastic. 
Mounting ?xture 14 is of two partconstruction in 

cluding a ?rst part in the form of an internally threaded 
outer sleeve 34, which is suitably ?xed in a pressure 
?uid sealed relationship to the outer surface of wall 18 
concentrically of aperture 16, as by welding; and a sec 
ond part in the form of an internally threaded inner 
sleeve 36, which is threadably received by sleeve 34 
having its through opening stepped to de?ne an annular 
mounting surface 38, as shown in FIG. 1. As will be ap 
parent, sleeves 34 and 36 cooperate to de?ne an open 
ing 39, which is aligned with aperture 16 and adapted 
to removably receive light pipe 12. Preferably, mount 
ing surfaces 28 and 38 are complimentary and are of 
frusto-conical configuration and have like cone angles 
on the order of about 45°. In the arrangement shown 
vessel pressure in excess of ambient or atmospheric 
pressure’ is employed to force mounting surface 28 into 
pressure-?uid sealing engagement with mounting sur 
face 38, and thereby maintain light pipe' 12 seated rela 
tive to mounting ?xture 14. Thus, in this arrangement, 
surface 28 faces towards outer end portion 30 and sur 
face 38 faces towards vessel 18. It is convenient to pro 
vide mounting ?xture 14 with a set screw or like device 
40 in order to facilitate assembly of the unit and to pre 
vent displacement of the mounting surfaces when pres 
sure within the vessel is reducedto ambient condition. 
Unit 20 is shown in FIG. I as including a housing 42, 

which serves to enclosev a radiant energy source in the 
form of an electric light bulb 44, a light bulb associated 
reflector 46 and a holder device 48 adapted to remov- ' 
ably mount a heat ?lter plate 50 permeable to light 
rays. When ?lter 50 is removed, heat as well as light 
from bulb 44 is applied to inlet surface 32 and transmit 
ted by the light pipe into the pressure vessel. 

. In a preferred form of the present invention, housing 
42 is removably ?xed to the outer end of light pipe by 
a conventional tube coupling device 51, which includes 
a shouldered compression sleeve 52, nuts 54 and 56 
and a deformable clamping sleeve 57. As will be appar 
ent, sleeve 52 is slideably ?tted onto end- portion 30, 
nut 54 is threaded onto sleeve 52 for the purpose of 
clamping a housing wall portion 42a therebetween and 
nut 56 is threaded onto sleeve 52 for the purpose of de 
forming sleeve 57 into friction grippingengagement 
with the outer surface of the light pipe. 

In situations where it is desired to project a concen- ‘ 
trated beam of light into the pressure vessel, inlet sur 
face 32 and outlet surface 24 may be relatively ?at. 
However, where it is desired to diffuse or direct light 
into all cornersof the pressure vessel, I prefer to em 
ploy the essentially conically shaped inlet surface and 
the hemispherically-shaped outlet surface con?gura 
tion illustrated in the drawings, wherein the inlet sur 
face is spaced from reflector 46 such as to position the 
latter’s focal point within the body of the light pipe at 
the point generally designated as “F.P." Outlet surface 
24 may be roughened, as by sand blasting, to achieve 
maximum light dispersion. The'cone angle d) of surface 
32 is determined by the equation (it = 6 - B, wherein 
B = sin‘l (sina/m), a = 90 — (r11 + (it) and critical angle 
6 = sin-1 (1/n,~).>Since III is known as being the cone 
angle for a given reflector 46, and n, is the known index 
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of refraction of the light pipe, d) can be readily deter 
mined. . 

Coupling device 51 is provided with a suitable stop, 
such as a tab 58 suitably ?xed to the outer end surface 
of sleeve 52, for the purpose of abutting against a mar 
ginal edge portion of surface 32 in order to insure accu 
rate positioning of light bulb 44 and associated re?ec 
tor 46 relative to such surface. This construction per 
mits unit 20 to be removed for maintenance and then 
repositioned on the light pipe without need for adjust 
ment of the spacing between the parts. 
FIG. 3 illustrates an alternative form of the present 

invention, which is particularly adapted for use with 
pressure vessels subject to vacuum operating condi 
tions. In this construction, light pipe 120 and mounting 
?xture 14a are identical to those discussed with refer 
ence to FIG. 1, except that surfaces 28a and 38a are re 
versed, whereby to permit ambient air pressure to 
maintain a pressure-?uid seal between such mounting 
surfaces. 

FIG. 4 illustrates an alternative construction wherein 
a two-part mounting ?xture 14b is mounted inwardly of 
the vessel and includes a ?rst part in the form of a 
sleevelike- bracket 60, which is suitably ?xed ina pres 
sure-?uid sealed relationship to the inner‘ surface of 
wall 18 concentrically of aperture 16,‘ as by welding; 
and a second part in the form of a mounting ring 62, 
which is releasably clamped to bracket 60, as by 
threaded bolt devices 64, for the purpose of positively 
forcing light pipe mounting surface 28b into engage 
ment with the ?xture mounting surface 38b de?ned in 
this case by bracket 60. In this construction, the dis 
tance between mounting surface 28b and the light pipe 
outlet surface 24b is substantially shortened and the di 
ameter of inner end 22b reduced to de?ne: a shoulder 
66 against which a deformable O-ring seal 68 is forced 
to bear by ring 62. This construction also differs from 
that described above with reference to FIG. 1, in that 
unit 20 is carried by the outer end of a light pipe pro 
tecting shielding tube 70, which is arranged concentri 
cally outwardly of light pipe 12!) and has its inner end 
weld affixed to bracket 60; and stop 58)) is formed inte 
grally with sleeve 52 and arranged to abut against the 
outer end'of tube 70. - _ 

The embodiments illustrated in FIGS. 5 and 6 are 
quite similar to that described with reference to FIG. 4, 
except that brackets 60a and 60b are formed with re 
cesses 72a and 72b to receive additional O-ring seals 
74a and 74b, which are adapted to seal against light 
pipes 120 and 12d, respectively. 
The construction shown in FIG. 7 differs from that 

illustrated in FIG. 4 in that bracket 600 is removably 
af?xed to the inner surface of wall 18 by bolt fasteners 
80, and is provided with an annular slot 82 adapted to 
receive an O-ring 84. 

I claim: 
1. A light piping unit for use in supplying radiant en 

ergy to the interior of a pressure vessel having an inter 
nal operating pressure differing from ambient pressure 
external to the vessel, said vessel having an aperture 
formed in a wall thereof, which comprises in combina 
tron: 

a ?xture attached in pressure-?uid sealed relation 
ship relative to said vessel wall peripherally of said 
wall aperture, said ?xture having an opening ex 
tending therethrough in alignment with said wall 
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4 . 

aperture and said ?xture opening de?ning an annu 
lar mounting surface;v 

a light pipe formed of a ?ber optic material, said light 
pipe being arranged to extend through said ?xture 
opening and having an inner end portion arranged 
inwardly of said vessel to de?ne a radiant energy 
outlet surface, an outer end portion arranged out 
wardly of said vessel to de?ne a radiant energy en 
trance surface and an annular integrally formed 
mounting surface complementary to said ?xture 
mounting surface and maintained in pressure-?uid 
sealing engagement with said ?xture mounting sur 
face by the difference between said vessel operat 
ing and ambient pressures acting on said inner and 
outer end portions; ' 

a radiant energy source unit; and 
mounting means for removably supporting said 
source unit outwardly of said vessel on one of said 
?xture and said outer end portion of said light pipe 
whereby to apply radiant energy to said light pipe 
entrance surface for transfer into ' said vessel 
through said light pipe. 

2. A unit according to claim 1, wherein said mount 
ing surfaces are of frusto-conical con?guration and 
have like cone angles. 

3. A unit according to claim 2, wherein each of said 
cone angles is approximately 45°. ' 

4. A unit according to claim 1, wherein said source 
unit includes a housing carrying an electric light bulb 
and a re?ector for directing radiant energy from said 
bulb onto said light pipe entrance surface, and said 
mounting means releasably clamping said housing to 
said outer end portion of said light pipe and including 
stop means engageable with said light pipe entrance 
surface to position said bulb and said re?ector at a pre 
determined distance from said light pipe entrance sur 
face. 

5. A unit according to claim 4, wherein said ?xture 
includes an outer sleeve af?xed to an outer surface of 
said vessel wall and an inner sleeve threadably af?xed 
to said outer sleeve and de?ning said ?xture mounting 
surface. 

6. A unit according to claim 1, wherein a tube is car 
ried by said ?xture concentrically outwardly of said 
light pipe, said source unit includes a housing for carry 
ing an electric light bulb and a re?ector for directing 
radiant energy from said bulb onto said light pipe en 
trance surface, and said mounting .means releasably 
clamping said housing onto an outer end of said tube 
and including stop means engageable with said outer 
end of said tube to position said bulb and said re?ector 
at a predetermined distance from said light pipe en 
trance surface. 

7. A unit according to claim 6, wherein said ?xture 
includes a ?rst part ?xed to an inner surface of said ves 
sel wall and de?ning said bounding surface thereof, and > 
a second part removably ?xed to said ?rst part for en 
gagement with said inner end portion of said light pipe 
for positively maintaining said mounting surfaces 
seated in engagement, and an inner end of said tube ex 
tends inwardly through said wall aperture and is af?xed 
to said ?rst part. 

8. A unit according to claim 7, wherein said inner end 
portion of said light pipe is formed with an annular 
shoulder intermediate said mounting surface and said 
light pipe outlet surface, and a deformable sealing de 
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vice is clampingly secured against said shoulder by said 
second part. 

9. A unit according to claim 1, wherein said source 
unit includes a housing carrying an electric light bulb 
and a reflector for directing light from said bulb onto 
said light pipe entrance surface, said light pipe entrance 
surface is essentially of conically shaped con?guration 
having an apex portion thereof extending towards said 
bulb, and said mounting means includes stop means co 
operating with one of said ?xture and said light pipe for 
positioning said bulb and re?ector at a predetermined 
distance from said light pipe entrance surface. 

10. A light piping unit for use in supplying radiant en‘ 
ergy to the interior of a pressure vessel having an inter 
nal operating pressure differing from ambient pressure 
external to the vessel, said vessel having an aperture 
formed in a wall thereof, which comprises in combina 
tion: 

0 

a ?xture attached to said vessel wall peripherally of I 
said wall aperture, said ?xture having an opening 
extending therethrough in alignment with said wall 
aperture; ' 

a radiant energy source unit, said unit including a 
housing carrying an electric light bulb and a re?ec~ 
tor for directing radiant energy from said bulb; 

a light pipe fixed within said ?xture opening, said 
light pipe having an outer end portion de?ning a 
radiant energy entrance surface and an inner end 
portion de?ning a radiant energy outlet surface; 
and - ' - 

mounting means for removably mounting said hous 
ing on said outer end portion of said light pipe, said 
mounting means including stop means engageable 
with said light pipe entrance surface to position 
said bulb and said re?ector at a predetermined dis 
tance from said light pipe entrance surface. 

11. A light piping unit for use in supplying radiant en 
ergy to the interior of a pressure vessel having an inter 
nal operating pressure differing from ambient pressure 
external to the vessel, said vessel having an aperture 
formed in a wall thereof, which comprises in combina 
tron: - 

a ?xture attached in pressure-?uid sealed relation 
ship relative to said vessel wall peripherally of said 
wall aperture, said ?xture having an opening ex 
tending therethrough in alignment with said aper 
ture, and said ?xture opening being stepped to de 
?ne an annular mounting surface; 

a light pipe supported within said ?xture opening, 
said light pipe having an outer end portion de?ning 
a radiant energy entrance surface and an inner end 
portion de?ning a radiant energy outlet surface and 
an intermediate portion stepped to de?ne an inte 
grally formed annular mounting surface facing 
towards and being complementary to andmain 
tained in pressure-?uid sealing engagement with 
said ?xture mounting surface by the difference be 
tween said vessel operating and ambient pressures 
acting on said inner and outer. end portions; 

a radiant energy source unit; and 
mounting means for removably supporting said 
source unitoutwardly of said vessel on one of said ’ 
?xture and said outer end portion of said light pipe 
whereby to apply radiant energy to said light en 
trance surface for transfer into said vessel through 
said light pipe. 
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12. A light piping unit for use in supplying radiant en 

ergy to the interior of a pressure vessel having an inter 
nal operating pressure in excess of ambient pressure ex 
ternal to the vessel, said vessel having an aperture 
formed in a wall thereof, which comprises in combina‘ 
tion: . v 

a ?xture having outer and inner sleeves, said outer 
sleeve being attached in pressure-?uid sealed rela 
tionship relative to said vessel wall peripherally of 
said wall aperture, said inner sleeve being thread 
ably connected to said outer sleeve and having a 
through opening arranged in alignment with said 
vessel opening, said inner sleeve opening being 
stepped to de?ne an annular mounting surface fac 
ing towards said vessel; 

a light pipe supported within said inner sleeve open 
ing and having an integrally formed annular mount 
ing surface complementaryto and disposed in pres 
sure-?uid sealed engagement with said inner sleeve 
annular mounting surface, said light pipe having an 
outer end portion de?ning a radiant energy en 
trance surface and an inner end portion de?ning a 
radiant energy outlet surface; 

a radiant energy source unit; and 
mounting means for removably supporting said 
source unit outwardly of said vessel on one of said 
?xture and said outer end portion of said light pipe 
whereby to apply radiant energy to said light pipe 
entrance surface for transfer into said vessel 
through said light pipe. 

13. A light piping unit for use in supplying radiant en 
ergy to the interior of a pressure vessel having an inter 
nal operating pressure differing from ambient pressure 
external to the vessel, said vessel having an aperture 
formed in a wall thereof, which comprises in combina 
tron: 
a ?xture having outer and inner sleeves, said outer 

_ sleeve being attached in pressure-?uid sealed rela 
tionship relative to said vessel wall peripherally of 
said wall aperture, said inner sleeve being thread 
ably connected to said outer sleeve and having a 
through opening arranged in alignment with said 
vessel opening, said inner sleeve opening being 
stepped to de?ne an annular mounting surface; 

a light pipe supported within said inner sleeve open 
ing and having an annular mounting surface dis 
posed in pressure-?uid sealed engagement with 
said inner sleeve annular mounting surface, said 
light pipe having an outer end portion de?ning a 
radiant energy entrance surface and an inner end 
portion de?ning a radiant energy outlet surface; 

a radiant energy source unit, said source unit in 
cludes a housing carrying an electric light bulb and 
a re?ector for directing radiant energy; and 

mounting means for removably supporting said 
source unit outwardly of said vessel on said light 
pipe whereby to direct radiant energy to said light 
pipe entrance surface for transfer into said vessel 
through said lightpipe, said mounting means re 
]easably clamping said housing to said outer end 
portion of said light pipe and including stop means 
engageable with said light pipe entrance surface to 
position said bulb and said re?ector at a predeter 
mined distance from said light pipe entrance sur 
face. 


