
;e3e`N`K|@l(6^T6@ <  _ 1 PROCESS FOR RECOVERING HELIUM USING AN EDUCTOR
Field of the Invention This invention is related to the recovery and 5
recycling of gases. More particularly, this invention is related to the
recovery and recycling of helium of from about 30o to 70o by volume in the
production of optical fibers from the draw tower cooling tubes of the
production apparatus. 10 Background of the Invention The present state of
the art for optical fiber manufacturing generally starts with the
production of a specially prepared glass rod or preform. The preform is
processed in a fiber drawing station to produce the 15 optical fiber. A
specially prepared glass preform is fed into a furnace where the glass
melts, forming a semi-liquid fiber. As the fiber falls through the air and
through a heat exchanger (chiller) it cools and solidifies. Following
cooling, the fiber is coated and 20 spooled. The draw rate is controlled by
the rate of cooling in the space between the furnace and the coating
applicator. In order to increase the rate of cooling, a small amount of gas
is often applied to the fiber heat exchange-r. Helium is generally used as
the 25 gas in this heat exchanger because it provides a high heat transfer
rate and is inert. The heat exchanger generally consists of an aluminum or
stainless steel block bored for a minimum diameter to allow the fiber to
travel through it. Helium or a mixture of helium 30 and air or nitrogen is
also fed into the cylindrical channel where it flows out one or both ends
of the block into the surrounding - -e. Heat is    VI'O (1I/9-42~')
PCT/US(Il/177s'J - 2  dissipated from the glass fiber through the helium
and, into the wall of the heat exchanger. The heatexchanger can have
conductive metal fins to dissipatethe heat from the heat exchanger metal
surface or the5heat exchanger can be manufactured with an
additionalwater-jacketed cooling source.Helium consumption during the
optical fiber drawcooling process varies from a few standard liters
perminute (slpm) of helium to several hundred standard10liters per minute
of helium per heat exchanger. Theprior art has disclosed helium recovery
from andrecycle to fiber optic drawing. See, U.S. Patent No.5,377,4. and
No. 5,452,583.These prior art include the use of rotating or15reciprocating
compression equipment, analyticalequipment and controls to recover and
recycle helium tothe fiber optic drawing station heat exchangers.
Thedecision to utilize this type of recovery method isdetermined by the
quantity of helium used per heat20exchanger, the cost of helium as well as
the cost topurchase, operate and maintain the recovery system.The ultimate
question that the fiber optics producermust determine is whether it is
economically beneficialto invest in drawing tower helium recovery
technology25on a site-specific basis.Generally, for applications where very
low volumesof helium are used in the drawing tower heat exchangers(5-50
slpm per heat exchanger), current recoverytechnologies may not be
economically viable.' 30The objective of this invention is to
provideoptical fiber producers with a low cost option forhelium recovery
and recycle. This is achieved by   VI'O fII/9~2;9 - 3  



PCT/US111/177sJ providing a helium recovery system which will result in 30%
to 70% recovery of helium from each heat exchanger  unit, without the use
of any moving parts such as compressors, vacuum pumps, control valves and
without 5 the need of analytical equipment. The prior art primarily uses
"once through helium" to cool the fiber during the drawing process or are
using helium recovery and recycle technology (at a substantially higher
helium flow than the present 10 invention) to cool the fiber. The prior art
generally utilizes moving parts such as compressors, vacuum pumps and
control valves. It would be desirable to provide a helium recovery system
that uses no moving parts. 15 It would be desirable to use an eductor to
facilitate helium recovery in a small-scale fiber optic cable manufacturing
process. The prior art eductors are commonly used for mixing, evacuating,
draining, drying, and many other routine process applications. 20 The
motive stream can be almost any fluid, and it can be used to move a suction
stream composed of gases, liquids, or powder-type solids. The discharge
stream combines the motive stream and suction stream and in most
applications is significantly different from 25 either of them. In the
proposed helium recovery and recycle application, a11 three streams are
basically the same regarding composition and properties. ' Some types of
eductor s have been known . For example, U.S. patent No. 5,836,745
discloses a fluid 30 recovery apparatus and method using a motive force,
which includes the use of an eductor for recovering fluid from a liquid
formation. It discloses a liquid   VVO (11IJ-429 PCTIUS(fl/1?7S9 - 4
submersible pump for pumping fluid from the liquid formation. There is no
teaching or suggestion in this art for the recovery of helium gas and or
other raregases and does not recover a liquid.5U.S. Patent No. 4,613,412
discloses an evacuatorsystem and process for an evaporative recovery
system,which uses an eductor to create a partial vacuum in anevaporative
waste recovery system. It uses a fluid asthe motive to the eductor in order
to evacuate10concentrate and distillate from an evaporator. Thereis no
teaching or suggestion in this art for recoveringand recycling helium gas
or other rare gases.U.S. Patent No. 4,115,235 discloses an apparatusfor
conveying a gas sample through an analyzer chamber.l5The prior art uses an
eductive loop in conjunction ~~:itha connective loop to convey a gas sample
through ananalyser. This art does not teach or suggest helium orother rare
gases to recover a portion of the gasdischarged from the eductor. There is
no teaching or20suggestion in this art for recovering helium or otherrare
gases, and recycling these gases back into thesystem for re-use.U.S. Patent
No. 5,795,146 discloses a furnacechamber having eductor to enhance thermal
processing.25This art discloses a furnace for thermally processingproduct
and includes one or more eductors. Theeductor(s) provides for increased
circulation ofatmosphere within the furnace for heat transfer oroutgassing
purposes. This patent discloses an eductor30to increase circulation within
a furnace chamber butdoes not use the eductor to recover helium or other
rare gases.   VVO Ol/9~2~9 



- 5  PCT/US(I1/1 ??S9 It is desirable in the art to provide for a fiber
optic manufacturing process and system, which recovers and recycles helium
and other rare gases at a lower cost than that associated with the present
gas recovery 5 and recycling technology. It is desirable to provide such a
process that requires no moving parts, requires no power, requires no
rotating compression equipment, can be installed as part of the fiber
producer's existing heat exchanger 10 supply piping, and requires little or
no maintenance. Further, it is desirable to provide an economical method
and system for the fabrication, installation, operation and maintenance of
this equipment, which is particularly beneficial to the small volume helium
15 recovering and recycling users. Summary of the Invention This invention
is directed to a process for recovering helium. The process comprises a)
passing a first gas containing helium to an eductor to produce a 20 second
gas; b) passing the second gas through a heat exchanger to produce a third
gas; and c) recovering the third gas into the eductor to combine with the
first gas. In one embodiment, the second gas may pass through 25 a cooler.
The second gas and/or third gas may pass through a rotometer. The third gas
may be split into a top portion and a bottom portion as it emerges from the
heat exchanger, and the flow of both the top portion and the bottom portion
as they emerge from the heat 30 exchanger may be partially regulated by
flow control means, for example, valves. Particulate removing devices such
as filters may be used to remove   VVO 111/9-42S> PCT/US01/17759 - 6
particulate from the third gas prior to combining with the first gas in the
eductor. As used herein, the term eductor means a hydraulic device. It may
consists of a nozzle and venturi 5 throat, used to create a negative
pressure (suction) by discharging a high pressure motive stream fluid
through a nozzle as a concentric, high speed jet flowing past or through a
suction stream inlet tube into a discharge chamber. The negative pressure
generated thus inducing 10 a positive draw of suction stream material
through the inlet tube and into the discharge chamber. As used herein, the
term rotometer means a device for measuring gas flow. One example is a
simple cylindrical apparatus through which air flours and the 15 rate of
flow is measured. Brief Description of the Drawing 



Other objects, features and advantages will occur to those skilled in the
art from the following 20 description of one preferred embodiment and the
sole accompanying drawing, in which Fig. 1 is a schematic representation of
a small scale gas recovery system for recovering and recycling gases
according to this invention. 25 Detailed Description of this Invention This
invention presents a concept to recover and recycle helium used in optical
fiber drawing station heat exchangers without the need for rotating or s0
reciprocating compression equipment. An object of this invention is to
provide an economical helium recovery unit for optical fiber draw tower
heat exchanger, which   f10 O1/9.12;9 PCT/L1S(I1/177;9 is small enough to
be integrated into the user's existing helium feed system as well as
requiring no moving parts. The recovery system will yield preferably 40% to
60o recovery of helium, more 5 preferably between 30% to 70o recovery of
helium, and most preferably over 80% recovery of helium, for nominal heat
exchanger helium feed -rates preferably between 5 slpm and 50 slpm, and
more preferably between 10 slpm and 40 slpm and most preferably between 15
to 10 30 slpm per heat exchanger. The process flow diagram for this
approach is shown as Fig. 1. Helium 10 is fed to each heat exchanger 40
through flow measuring device 12, for example, a rotameter, prior to
passing to pressure 15 regulator 14. The helium gas (known as motive) then
passes through pressure measuring device 16 and then through control valve
18, which may be a manual or automatic valve, before this pressure
regulated helium 20 passes through a flow measuring device 22, for 20
example a rotameter, and particulate filter 24, before entering eductor 26.
The eductor nozzle configuration 



results in a pressure drop of the inlet helium supply (motive) thus
creating a venturi effect on the suction side of the eductor 20'. This
venturi effect pulls 25 helium supply 42 from the heat exchanger 40, in~~o
the eductor 26 via stream 56. The total flow of helium 38 is directed to
each heat exchanger 40 via stream 56. ' The total flow of helium 38 to each
heat exchanger 40 via stream 28 is measured by flow measuring device 32, 30
for example a rotameter, located at the discharge of eductor 26. Helium gas
28 passed through filter 30 before passing to flow measuring device 32.
This flow   W'O (11/9-42;> PCT/CJS(11/177s1 _ g _ of gas 28 represents
combined flow of helium from streams 20 and 56. Stream 20 represents
make-up helium and stream 55 represents recovered helium. Helium stream 42
from heat exchanger 40, regulated through 5 flow control means, for
example,/ valves 58 and 60, which may be manual of automatic, passes
through filter 44 to remove entrained particulates. Recovered helium flow
from each heat exchanger 40 is measure by flow measuring device 50, for
example, a rotameter, located 10 after helium stream 46 was treated from
filter 44. Helium stream 46 flows through flow measuring device 50 prior to
forming helium stream S2. Isolation valve 54, which may be manual or
automatic, at the suction to the eductor is used to isolate the flaw of
helium 52 from 15 heat exchanger 40 to form recovered helium 56 for passage
to eductor 26. Since approximately 30% to 70%, preferably 40% to 600, of
the helium supply to each heat exchanger 40 is recovered, no analytical
equipment is required to monitor helium purity. The helium gas 20 that is
not recovered escapes to atmosphere from the top and bottom openings at
each heat exchanger 40 as unrecovered helium gas 62 and 64. An optional
cooler 36 can be installed in stream 28 to cool the helium prior to
entering heat exchanger 25 40. A plurality of coolers may be used. Each
cooler may comprise of a plurality of cooling tubes. Purity analysis and
control unit 34 and flow control unit 48 are optionally placed in the
system to control the flow of gas flowing in the system. Further, this
invention 30 contemplates a plurality of eductors, preferably placed in
sequence to effectuate the gas flow.   V4'O (11/9259 PCTI~1SU1/1?759 - 9
The system can be operated with or without recovery. Under normal operation
the total flow of helium to each heat exchanger is controlled with the
manual control valve. As flow is introduced into the 5 educator the venturi
effect draws the recovered helium 



from the heat exchanger into the suction of the educator If the manual
isolation valve at the suction to the educator is shut, the flow of helium
to each heat exchanger is still controlled by the manual control 10 valve,
however, there is no recovered helium flow from the heat exchanger. The
manual control valve could be replaced by an automatic control valve, if
desired. Other flow measuring devices could also be used to measure total
helium flow to each heat exchanger and 15 total recovered helium flow from
each heat exchanger. A single educator could be used to supply helium to
one or several heat exchangers, if desired As an option, an in-situ oxygen
analyzer could be installed on the suction to educator 20 from stream 40.
This device 20 could close an automatic valve on the suction of the
educator or provide an alarm based on an indication of a high level of air
contaminants from the fiber heat exchanger. The small-scale recovery
technology is a unique 25 technology not taught or suggested by the art in
a number of ways. The eductor-based recovery system utilizes pressure drop
across a venturi throat (eductor) to pull helium from the optical fiber
cooling tube and into the recovery unit. Prior art technology 30 utilizes a
vacuum pump or compressor to pull the helium from the optical fiber cooling
tube. The amount of helium pulled from the cooling tube in prior art   W'O
01/9.12s9 PCT/LiS01/177a9 - 10  technology consists of a control valve
usually at the inlet to the compressor or vacuum pump. Current technology
for recovery also utilizes an oxygen sensor to control the amount of helium
pulled from the cooling 5 tube. The oxygen sensor limits the amount of
helium pulled from the cooling tube such that no contaminants such as air
are also pulled into the suction of the compressor or vacuum pump. Since
most compressors and vacuum pumps are sized for capacities that exceed the
10 amount of helium needed to be -recovered, elimination of a control valve
on the compressor or pump suction may result in gas volume into the
recovery unit that are in excess of the amount of helium fed into the
cooling tube. This will result in the pump or compressor 15 pulling
contaminants into the recovery unit The eductor-based recovery technology
of this invention has no moving parts. The maximum percentage of helium
recovered from the cooling tube is limited by the eductor design (throat
clearances) . It is expected 20 that a maximum of 80% of helium can be
recovered from the cooling tube, thus eliminating the possibility of air
contaminants to be drawn into the recovery system. This eliminates the need
for automatic control of helium gas into the recovery unit and also
eliminates 25 the need for analytical equipment. Now, by the use of the
present invention, one can recover helium by the use of an educator and
without the use of moving parts such as compressors, vacuum pumps and
control valves. Although the invention has 30 been described in detail
with. reference to the embodiment herein, it is appreciated that there are
a 



V1'O 111/92;9 - 11  PCTIUSII l 11'7s9 number of other embodiments which axe
within the spirit and scope of the claims.   VVO ll1 /9-42;9 - 12  What is
claimed is: PCTIUSfII/177~9 1. A process for recovering helium comprising:
a) passing a first gas (10) containing 5 helium to an eductor (26) to
produce a second gas (28); b) passing the second gas (28) through a heat
exchanger (40) to produce a third gas (42) ; and c) recovering the third
gas (42) into the eductor (26) to combine with the first gas (10). 10 2.
The process of clam 1 which further comprises passing the -first gas (10)
through a regulator (14). 15 3. The process of claim 1 which further
comprises passing the first gas (10) through a manual valve ( 18 ) . 4. The
process of claim 1 which .further 20 comprises passing any of the gases
(10, 28, 42) through a pressure _regulator (14) contro=:.led from one of
the gases. 5. The pxocess of claim 1 which further 25 comprises passing any
of the gases (10, 28, 42) through a cooler (30') . 6. The process of claim
1 which further comprises passing any of the gases (10, 28, 42) through 30
a flow measuring device.   V'O lil/9-t259 



- 13  7. The process of claim 1 cvhich further comprises passing any of the
gases (10, 28, 42) through a filter. 7 5 8. The process of claim 1 which
further comprises passing any of the gases (10, 28, 42) through a control
valve. 9. The process of claim 1 which further 10 comprises passing the
third gas (42) through a purity measuring device (50) and a flo~~T control
device (58, 60) . PCT/USIi 1/177,9 10. The process of claim 1 which further
15 comprises controlling the flo~~.~ of the second gas (28) through a flow
measuring device (32) on the second gas stream and a floe: controlling
device (18, 58,60) on the first or trird gas. 20 11. The process of claim 1
wherein the second gas (28) is split into a pluralitsr of locations on the
cooling tube (36). 12. The process of claim 1 whereir_ the second gas 25
(28) is split into a plurality of cooling tubes (36). 13. The process of
claim 1 ~,n7he-rein the third gas (42) is slit into a plurality of
locations on the cooling tube. 30 14. The process of claim 1 wherein the
third gas (42) is split into a plurality of cooling tubes.   VVO U1/9-42s9
PCT/US(I1/1?7;9 - 14  15. The process of claim 1 which comprises passing
the third gas (42) through a top portion and a bottom portion of the heat
exchanger (38). 5 16. The process of claim 15 which comprises passing the
top portion and bottom portion through at least one flow control means (58,
60). 10 17. ^he process of claim 16 wherein the flow cont-rot means (58,
60) is a valve. 18. The process of claim 1 which further comprises passing
the third gas (42) through a filter 15 (44) to remove particulates. 19. The
process of claim 1 which further comprises a plurality of eductors.
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