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3,257, 780
ZERO GRAVITY SEPARATOR
James E. Webb, Administraior of the-National Aeronan-
tlcs and Qpace Administration with respect to an invens-
tion of Alexander D. Rosin and A. Milford Pope
Filed Oct. 18, 1963, Ser. No. 317,391 -
14 Clasms. (Cl 55—160)

The present mvenhon relatea eenera]]y to apparatus for
sepﬁratmg mixtures of gases and iiouids-from each other,
and is more pamcularly directed to apparatus for separat~
ing gas fromi a liquid in which the gas is suspended under
zero gravity conditions, and thereafter venting the gas
while retammg the liquid.

In various applications it is necessary to separate mix-
tures of gases and liquids. For example, it is frequently
desirable to separate liquid petrolevin from gas products
suspended therein or to separate the censtituents of a fluid
in a double-phase condition, i.e., gases entrained in a
liquid. The latter application of liguid and gas separation
hds recently become of particular importance in the con-

duct of various space missions, More particularly, under

conditions of weightlessness, or zero gravity, as experi-
enced by space vehicles during various missions, cryogenic
materials, such as liquid hydrogen contained in the fuel
tank of the vehicle, absorb heat energy through radiation
from the earth and sun, and this influx of heat energy
raises the temperature of the cryogenic material suffi-
ciently to cause boil-off. Due to the weightlessness, the
eas. generated due to boil-off remains suspended in the
liguid and, accordingly, a double-phase fluid is contained
within the tank. Inasmuch as the gas generated from

boil-off results in increased tank pressure, it is hecessary -

to vent the tank pressure to a safe minimum. In order
to vent the tank pressure without venting liquid, it is, of
course, necessary o separate the gas from the liquid and
vent the gas while returning the liquid to the tank.

1t is, therefore, an object of the present invention to
provrde a gas-liquid separator having particiilar applica-
tion in the venting of pressure of a space vehicle fuel
tank containing cryogenic material which exists as a
double-phase fluid under zero gravity conditions.

Another object of the itivention is to provide gas-liguid
separation and gas venting apparatus for employment in
a region containing double-phase fluid, which apparatus
is so arranged that the gas, prior to being vented, extracts
heat from the liquid rcturncd to the containment region
to reduce the tendency of the hquxd to convert to the

: douLle-phase condition.

Still another object of the invention is the prowsxon of
separation and venting apparatus of the class described
which is operable in response to pressures in the region
containing the double-phase fluid in excess of a predeter-
mined safe minimum pressure, while being inoperable in
response to pressures in the region less than the pre-
determined minimum. .

It is yet another object of the invention to provide ap-
paratus of the class described which includes control
means for selectively activating or ihactivating the appa-
ratus such that the apparatus may be no-mally main-
tained in an inactive state while being activated for pres-
sure responsive operation only when certain external con-
ditions prevail, such as when a space vehicle is in a par-
ticular attitude.. .

Another object of the invention is to prowdc hqmd-"as

-separating and gas venting apparatus wherein moving

parts are cooled by the separ rated gas prior to vénting
thereof:

Itisa further object of the invention to provide separa-
tor apparatus of the class described which may be readily
arranged to have 2 miinimum of angular momentum dur-
ing its operation.
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A still further object of the invention is to provide zero
gravity lxqmd»g'xs separating and pas venting apparatus
which_requires substantially no external power in its

opcr'itmh
Additional objects and advantages of the invention will

-‘become appafent upon consideration of the following de-

scription taken in CODjHﬂCthn thh thc accompanymg_
drawings, wherein:

FIGURE 1 is a schematic xllustrat:on of a space ve-
hicle fuel tank equxpped with liquid-gas separating and-
gas venling apparatus in accordance with the present in-
vention in the upper reézions thereof, cryogenic material -
contained within the tank being depicted as traveling up-
wardly into the region of the separator under zero gravity |
condition; X

FIGURE 2 is a schematic illustration of one form of
the invention;

FIGURES 3-5, inclusive, are schemanc illustrations
of a valve arrangement cmployed in the embodiment of
FIGURE 2 undcr varied operating conditions;

FIGURE 6 is a fragmentary sectional view taken at
line 6—6 of FIGURE 2, illustrating the vane arrange-
ment of a heat cuh’mger of the apparatus; X
" FIGURE 7 is a schematic illustration of a modified
form of the mvenuon,

FIGURE 8 is a sectional view-taken at line 8—8 of
FIGURE 7, illustrating particularly the heat exchdnger
of the modified apparatus;

FIGURE 9 is a schematic illustration .of the apparalus
of FIGURE 7 as rotated 90°;

FIGURES 10 and 11 are snm}ar fragmentary viev/s on
an cnlarged scale schemancu)ly illustrating a control valve
of the dpparams illustrated in FIGURES 7-9 unde* vaned
opcrating conditions; and

FIGURES 12 and 13 are similar fragmentary views on
an enlarged scale schematically illustrating a pilot valve
of the apparatus of FIGURES 7-9 in varied condition$
of operation.

Referring now to FIGURE 1 of the dramng, the in-
vention will be seenr to be illustrated with. respect to a
space vehicle fuel tank 11 containing a cryogenic mate-
rial, such as liquid hydrogen, as generally indicated at

12, Tt is assumed that boil-off of the cryogenic material

has occurred such that gas also exists within the tank 11.
Morcover, the tank is subjected to zero gravity condi-
tions such that the material exhibits weightlessness and
travels upwardly in the fuel tank. As a resuli, the gas
generated by boil-off is entrained in the liguid _aud, ac-,
cordingly, provides a double-phase fuid, as indicated at
13, in the upper regions of the tank. in order to accom-
plish separation of the gas from the liquid and to vent the
gas from the tank without venting liquid so as to maintain
the tank pressure at a safe minimum, gas-liquid separat-
ing and gas venting apparatus 14, in accordance with the

present invention, is located in the upper regions of the
fuel {ank 11. In this regard, the apparatus 14 may be
advantageously associated with or attached to the fuel
tank manhole or cover pl.ne 16, so as to be suspended
therefrom into the upper regions of the task. The double-
phase fluid 13 thus enters the apparatus 14 and, by means
outlined hereinafter, is separated into liquid and gas, the
liquid being returned to the tank, while the gas is \enled'
therefrom. Although the apparatus of the invention is
particularly described with reference to space vehicle fuel
tanks under zero gravity conditions, it will become ap-
parent thdt the apparatus may be advantageous employed
in a comparable manner in various other eqmvalent
environments. .

Considering now the apparatus 14, mentioned above
with respect to FIGURE 1, as to its basic aspects with
reference to the several forms thereof jllustrated particu-
larly in FIGURES 2 and 7, respectively, it will be noted
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that the apparatus includes separator means which afe
adapted for communication with a region comammﬂ a
‘pas and liquid mixture, for example, the upper portions
of the fuel tank 11 under conditions of zero gravity,  The
separator means includes a member which is mounted for

drivén movement and is poszuoned 10 iniercept the hquld—‘
gas mixture.

This member in its movement propels the
liquid of the mixture through liquid flow passages of a
heat cxchanger d;sposvd adjacent the separator member.

 The separator member is further arranged to channel the

gas of the mixture {0 an expansion motor, such as a tur-
bine, which is coupled in driving relation to the separator
member to effect the movement thereof. The gas ex-
pa‘lds in motivating the expassion motor and is conse-
quently cooled to a considerable extent. The apparatus

further includes means for receiving the e.\panded 2as:

from thie expansion motor and conveying same to gas

passages of the heat exchanger which are in heat exchanne
relation with the liquid passages thereof. During the flow
of gas through the gas passages of the heat exchanger, the
ligquid is hence thereby coocled in passing through the
liquid passages for return to the tank, or other rggxon
containing the double-phase fluid. A vent is provided
which is adapted for dispositien exteriorly of the region
containing the gas and liquid mixture. For example, the
veént may cxtend through the cover plate 16 of the fuel
tank 11. The gas passages of the heat exchanger are
communicated with the vent, and subsequent to passage
of the gas through the heat exchanger, the gas is ported
through the vent exteriorly ef the region containing the

gas and liguid mixture. It will be appreciated that asice .

from accomplishing venting of the pressure of a region
containing a gas and liquid mixture to a safe minimum
while retaining the liquid in the region, the apparatus
provides ihe added advantage of cooling the liguid to re-
duce the tendency thereof to convert to the double-phase
condition. The apparatus mzy
provided with pressure sensitive relief valve means in the

flow path from the separator member to the expansion

motor to control the flow of gas thereio in response to
the absolute pressure existing in the tank 11, or other
containment region. More particularly, the vaive means
may be arranged to prevent coemmunication with the ex-

pansion motor responsive to tank pressures less than a

predetermined minimuin safe level; and to establish com-
munication to the expansion molor in response to pres-
sures equal 1o or greater thad the predetv,rmm»*d mini-
mum safe level. The valve means thus is operable to
activate the separator and venting apparatus when the
tank pressure bécomes excessive to thereby relieve the
pressure, while inactivating the apparatus when the tank
pressure is {olerable. The valve means may further ad-
vantageously. include control valve means for selectively
switching the apparalus Between 2n aclive state of pres-
sure responsive operation, and 2n inactive state wherein
the apparatus is inopérable irrespective of the pressure
existing in the tank. The control valve means may be ar-
ranged, for example, to activate the apparatus for pres-
sure sensitive opération only when the space vehicle is in
a particular attitude, or when certain othér mw.,lcmu wed
conditions eXist

Considering now the separator and venting apparatus
gencrally ouilined above in greater deisil os 1o a particular
embodiment thercof and referring to FIGURE 2, there
will be sezn to be provided a double-ended drranzement
wherein components of the opposite ends thereof counter-
rotatae inmda to reduce angular momentum of the overs
all apparatus to negligible Jevel. Inasmuch as both
ends of the double-ended arrenes rnent are identical, only
one end is hereafter described in detail with the like
components of the other end being idenfi fed by like
primed reférence numerals. AMore particolarly, the Jleft
end, as vizwed in FIGURE 2, ‘of ihe double-ended sépa-

. Tator and vealing apperaius inclndes a circular separa-
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also be advantageously
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tor disc 17, which scrves as the separating member of
previous mention, and Js concentrically disposed within
an annular heat exchanger 18, More ;nmcmar!y, the
disc 17 is coaxially secured to a shaft 1% which is jour-
naled for rotation between an end of the heat exchanger

and a turbine housing 21 coaxially aligned with the heat’

exchanger. In this regard, a journal bearihg 22 may be
supporicd centrally of tHe annular heat exchanger 18, as
by means of a spider, or the like (not shown}, to pro-
vide an end mounting for the shaft 19 while yet enabling
fluid to enter the central opening of the heat exchanger
for sepamtin‘" action by the disc 17. More particularly,
the Jisc 17 is prcvzdﬂd with a plurality of radially ex-
tending gas inlets 23 in terminal communication with 2
gas flow passage 24 which extends lengitudinally through
the shaft 19. Thus, gas entering the central bpenings of
the heat exchanger 18 from a region containing & mix~
ture of gas and liquid flows into the gas inicts 23 of the’
disc 17 to the longitudinal fiow path 24 of the shaft 19,
“When the disc is rotating, liquid entering the central open-
ing of the heat exchanger 18 sujikes the rotating disc
and is thrown or propelied radially outward o the sur-
rounding heat exchanger. As shown in FIGURE 6, the
heat exchanger includes a plurality of circumferentially
spaced radial vanes 26 defining a plurality of radial liquid
passages 27 throtgh the heat exchanger. Liguid pro-
pelled cutwardly by the rotating .disc ce_nsequem’y passes
through the passages 27 and is returned to the tank or
othér region containing the gas and lquid mixture, It
will be thus appreciated that the separator disc 17 in its

rotation is operabdle to sepurate the gas from. the liquid of .
the mixture and to direct the liquid through the heat ex-
changer 18 with beneficial results subsequemly descrmed.

herein.

The turbine housmﬂ 21 is provsded with a. central
chamber 28 centrally of which a bearing 29 is mounted
to journal the corresponding end of shaft 19, A turbine
31 disposed in the chamber 28 s coaxially secured to the
shaft 19 «0 as to be rotatable therewith, and if will be thus
appreciated that the turbine comprises the expansion mo-
tor means of the separator and gas véniing apparatus,
In order to convey the separated gas from the flow pas-

" sage 24 of the shaft 19 into motivating relation to the

-
&
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turbine 31, the honsing 21 is provided with a radial flow

3 passage 32 which is in sealéd relation to the shaft 19 while

permiiting rotation thereof and communicates with radial
utlets 33 which extend from ihe flow passage 24. The
passa«e 32 is communicated with the chamber 28, pref-

erably through a relief valve 34 which is subsequently -

described in detail herein and which is secured to the
turbine housing Z1. Gas delivered from the valve 34 is
preferably fed 1o a nozzle box 36, or the like, disposed
in the housing 28 in a position to direct the gas upon

the vanes of the turbine 31, in driving relation thereto,

Thus, with flow established through the relief valve from
the flow passage 24 of the shaft 19, the gas drives the
turbine 31, which in tura drives the shaft 19 and sepa-
rator disc 17 secured thereto.
the other end of the apparatus is directed through the
gas inlets 23" of the separator disc 177 to the longitudi-
nal flow passage 247 of $haft 19’; and is chanpeled through
relief valve 34° 1o, the nozzle box 36’, which is located

in the chamber 28 on the opposite side thercof from

nozzle box 36 at 2 position diameirically opposed thereto,
The gas directed from the pozzle box 36 upon the vanes
of the turbine 31" effects rotation thereof, which in turn

rotaies the shaft 19 and the separatof disc 17 connected .

thereto. The vanes of turbine 31" are oppositely pliched
from the vanes of turbine 31 such that the gas gtreams
directed from nozzle boxes 35 and 38 cause the tur-

bings 1o rotate in mutually epposite directions. The gas
directed from the nozzle bO)x_s expands and is cooled 16

some extent in driving t%e respective turbines but still
retains a significant quantity of eneray :

Similarly, gas entering-
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In order th'}% the residual energy of the gas streams sub-
sequent {o driving the turbines 31 and 3% be cffectively
utilized and the pas be further cxpundcd and .cooled,
means are preferably pmvnde\d te channel each of the gas
streams, subsequent to its driving one iurbine, inte mo-
nvat:ng relation” with the oiher turbine suchi that the
residual energy of the gas siream contribules {o the ro-
tation thereof, More particularly, orifices 37 and 37' are
advaniageously mounted with the chambgr 28, as by
means of a spider 38, at a position Jongitudinally inter-
" mediate the turbines 31 and 31,
sages of the orifices 37 and 37" are re<pcuwe!y aligned
with the outlets of the nozzle boxes 36 and 36’. Orifice
37 thus receives the gas directed from nozzle box 36 sub-
sequent to its driving of the furbine 31 and channels the
gas_into driving relation to turbine 31’ to thus contribute
to the rotation therccf in the opposite direction, the vanes
of this turbine being oppositely pitched as previously
noted. ~ Similarly, the gas stream direcied from nozzle
_box 36’ is received by orifice 37’ subiséquent to its driving
of the turbine 31’, and is channeled through the orifice
. into driving relation {0 the turbine 31 to contribute to
the rotation thereof. It should also be noted, as an im-
portant adjunct of the invention, that gas flow passages
39 and 39" are communicated w ith the orifices 37 and 37’
and extend into the bearings 29 and 29’. Portions of the
gas streams flowing through the orifices are thus conveyed
to the bearings to effect cooling thereof.

Subscquent to driving both turbines 31 and 31’ the gas :

streams directed from the nozzle boxes 36 and 36/,
expanded and cooled to a considerable extent, are direc(ed
through the heat exchangers i8’ and 18, respeclively, to
effect cooling of the lHquid propelled ¢} herethrough, More
particularly, channels 41 are provided longitudinally of
each heat exchanger to define gas flow passages 42 Jongi-
tudinally therethrough. Flow paths 43 and 43’ com-
municating with the chamber 28 at positions adjacent
turbine 31 and orifice 37’ and adjagent {urbine 31’ and
orifice 37 then serve to comvey the expandcd codl gas
to the gas flow passages 42 of the 1espec.wc heat ex-
changers 18° and 18. Inasmuch as the gas is quite ceol
substantial heat is ex{racted fro*n the lighid propelied out-
wardly through the liguid fiow passages 26 of ihe heat
exchangers for return to the tank 11, or equivaient region
containing gas and liquid mixture. By viriue of the cool-
ing of the liquid returped to the tank, the tendency of
the liquid to convert to the coublc—phase conmtion is
significantly reduced.

In order that the gas flowing throwh the heat ex-
changers 18 and 13 may be v),oﬁed exteriorly of the tank,
or other region containing gas and liquid mixture, an
outlet vent 44 is disposed exteriorly of the region. The
gas passages of the heat exchangers are in turn com-
municated with the vent 44 by means including outlet
flow paths 46 and 46 which communicate with the vent
44, in the present instance through a control valve 47.
' The control valve is gperatively associated with the relicf
valves 34 and 34’ in such a manner that in an activating
state of the.control valve, gas flow to the turbinés 31 and
31, and hence operation of the.over-zll ‘apparatus, is
conirolied by the pressure within the fank-or other region
comammg the gas and liguid mixture. ”i"hﬂ control valve
47 is further arranged such that in an inactive state of the
valve, the over-all apparatus is rendered incperable ir-
respective of the pressure existing in the region of the
mixture,

Considering now the valving arrangement employed in
- the embodiment of FIGURE 2 in gresater detail, it will
be noted that the relief valves 34 and 34 respectively in-
clude vdye bodies 48 and 48§ baving chambeérs 49 and
49 therein. The valve bodies further include inlet ports
te the flow passages 32 and
232" with the chambers 49 and 49°. In addition, outlet

“ports 32 and 52’ in the valve bodies cominupicgté the

chambérs 49 and 49° with the nozzle boxzes 36’énd 38’

The longitudinal pas-.
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disposcd in the turbing chamber 28. The ovtlet norts
52 and 52’ yespeetively include seats 53 and 53° aﬁ.h; ch
are engageable by plug members 54 and 547 carried by
accordion members or bellows 56 and 56 respectively
mounted within the relief valve chambers 49 and 497,
The bellows are expansively and contractively movable
to réspectively engage the pliug members 54 and 54’ with
the seats 53 and 53, and to disengage the plug members
therefrom, depending upon whether the pressure acting
at the exterior of the bellows is less than, or greater than
the pressure acting at the inferior thereof. Thus, wheén
the pressure of gus introduced to the relief valve cham-
bers 49 and 49’ through the inlet ports 51 and 51”7 ex-
ceeds the pressure acting interiorly of the bellows 56 and
56°, the bellows contract to move the plug members 54
and 54’ ot of engagement with the seats 53 and 537,
thercby establishing flow 1o the nozzle boxes 36 and 38°.
As a result, the turbines 31 and 31’ are driven to, in turn,
drive the shaft and separator discs 17 and 17°, ie., the
apparatus is rendered operable 16 conduet its separating
and gas venting functions. Coaversely, when the gas
pressure in the relie? valve chambers 49 and 49 is Jess
than the pressure acting interiorly of the beéllows 56 and
56°, the latter expansively move the plug members 54
and 54’ into senled cagagement with the seats 53 and 53,
Gas flow (o the nozzle boxes 36 and 36’ for driving of
the tuibines 31 and 31’ is thus prevented and the appara-
tus is rendered inoperable.

Expansive and contractive movement of the relief valve
hellows 56 and 56’ is herein regulated by the control valve
47 which is arranged to appropriately control the pres-
sures at the interjors of the bellows in accordance with
the pressure existing in the tank, or other region contzin-
ing the pas-liquid misture. More particularly, the con-
trol valve 47 includes o valve body 57 having a pilot con~
trol port 58 communicated by fiow paths 59 and 59’ with
the interiors of the relief valve bellows 56 and 6. The
control port 58 communicates with a pilot chamber 61
previded in the control valve body 57 and this chamber .
is communicaied by means of a leak 62 with a control
pressure chamber 63. -An accordion shember 64 is
mounted in the chamber 63 and 2 stein 66 extends thére-
from into the pilot chamber 61, a dynamic seal being
provided between {he stem and chambers as by means of
a bellows 67. A valve member 68 is carricd at the end
of the siemh 66 in the pilot chamber &1 for engagement
with a seat 69 theérein defining the entrance to an outlet
passage 71 therefrom. In addition, an inlet port 72 com-
municates with the control pressure chamber 63 which
is adapted for communicable connecticn with the tank or
other region condaining the gas and liquid mixture. Thus,
the tank pressure is transmitted to the control pressure
chamber &3 via the inlet port 72. Meorcover, the ac-

_ cordion mermber 64 is so arranged that for tank pressures

less than a predetermined minimum safe level, the ac-
cordion member is in cxpanded condition which ‘main-
tains the valve ‘member 68 in sealed engagement with the
séat €9 to thus close the cuilet passage 71, When the
tank pressure as transmitied by the inlet pott 72 to the
coritrol pressure chamber 63 is equal to or exceeds the
predetermined safe minimum Jevel, the accordion member
63 contracts to thereby disengace the valve member 68
from the scat 69 and open the owtlet passage 71. II is
0 be noted that the outlet passage 71 is communica
with the vent 44, which in the jnsiz Space wh;
undergoing a space mission is dispmed in a vacuwmn, U
der other envircnmental conditions, the vent is otherwise
ported 1o a region having relatively Jow pressure com-
pared fo that existing within the tank. Thus, when the
valve member 68 is disengaged from the seat 69 under
conditions of excessive pressure in the fank as transmitied
1o the control pressure chamber 63, the pitot chamber 61,
and therefore the interiors of the relief valve bellows 56

‘and 567 communicated ihsre\nih, are vented tlirough the

outlet passage 71 and vent 44 10 vacuum or other ex-
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fremely Jow pressure.  Thus, the gas flowing into the re-
fife valve chambers 49 and 497 is at a substantially greater
pressure thut the pressure oxisting miuimly of the bel-
Tows,  Accordingly, communication is established through
the relief valves 34 and 347 1o the itozzle boxes 36 and 36
for driving the turbincs. However, when the tank pres-
sure as transmitled to the contro] pressure chamber 63
is not cxcessive und the adcordion member 64 engages, the
valve member 68 with the seat 69 to close the outlet pas»
this tank pressure also exists within the pilot
ch.:mbcr 61 by virtue of the leak 62 between the control
pressure’ chamber and the pilot chamber. Thus, tank

_pressure s at this time maintained within the interiors

of the relief valve bellows 56 and 56’ and this pressurg
is greafer than the gas pressure acting within the relief
valve chamberis on the cxicncrs of the bellows. The plug
members 54 and 54° ate consequently engaged with seats
53 and 53’ {0 thus prevent the flow of gas {o the turbine
actuating nozzle boxes 36 and 36, thus rendering the over-
all apparatus inoperable.

To facilitate sefective switching of the apparatus be-
tween aclive pressure controlled, and inaclive states, the
contro} valve 47 includes a solenoid actuated piston 73
mounted for reciprocation within a cylinder bore 74 pro-

vided in the control valve body 57. A stem 76 projects

coaxially from the piston 73 info an outlet chamber 77
through a communicating passage 78 having walls out-
wardly spaced from the stem. A seat 79 is provided in
ihe outlet chamber 77 zbout the fermination of the
passage 78. A plug member 81 secured to the end of the
stem 76 is engageable with the seat 79 'in response o
solenoid actuated movement of the piston 73, to the right
as viewed in FIGURE 2. An inkt passage 82 in com-
munication with passage 78 is coupled 1o the outlet flow
paths 46 and 46’ from the heat exchangers 18 and 18,
while the outlzt passage 71 from pilot chamber 61 and the
vent 44 are both communicated with the outlet chamber
77. Solenoids 82 and 83 in association with the control
valve body 57 are provided to effect movement of the
px ton 73 between zetivating and inactivating positions
wherein the valve momber 81 is respectively in engage-
ment with, and disengaged from the seat 79, in respons

1o appropriate energization of the sclenoids, When the
solenoid actuated piston 73 is in its active position with
the valve member 81 disenzaged from the seat 79, as

“shown in FIGURE 2, the outlet chamber 77, and there-

fore the vent 44, are communicated with the outlet flow

‘passazes 46 and 46" from the heat exchangers through

the inlet passaze 82 and passage 78. Thus, operation of
the apparafus proceeds under the pressure sensitive con-
trol of the accordion member 64 in response to the pres-
sure in the fank or other region containing the gas and
ligquid mixtures. When the sclenoid actuated member
73 is in ifs inactive position, however, and the valve mem-
ber 81 engages the seat 79, communication is blocked
between passagze 78 and thz outlet chamber 77. There-
fore, even though the rclief valves 34 and 34° aré con-
trolled to establish gas flow to the turbine actuating
nozzle boxes 36 and 38, the outlet flow of gas {rom the
heat exchangers is blocked from the vent 44 and there-
fore gas flow through the over-all apparatus is prevented
to render same inGperable.

From the foregoing, it will bz a mrcsiatcd that {he con-
irol valve 47 may assume four separate conditions of con-
irol of the separating and gas venting apparatus,
particularly, in one conditicn as depicted in FIGURE 2,
the solenoid actnzted valve means of the conirol valve is
in active venting pm;imn and the pilot valve means is
opened due to an excessive tank pressure sensed in the
control pressure chamber €3. In this condition of the
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coenirel valve 47, the relief valves 34 and 34’ afe respons -

sively opened to permit pressure relieving gas flow through
the apparatus 1o the outlet port 44 in the manner hcrcxn-
before described. :

A second condition of the comml valve Is illustrated in

8 .

¥ IGURF ¥ wherein {hc solenoid aciua:ad va?vc means is
in active venting position, but the pilot valve nweans is in

closed mdciwﬂmg position by virtue of the tank pres-
sure sensed in the control pressure chamber 63 being non:
cxeessive, As a result, the rchef valves are responsively .
closed, and gas flow o the turbines is prevemed to there-
by render the apparatus inactive, However, inasmuch -
as the solenoid actluated valve means is in active venting -
position in this sccond condition, upon a buildup of tank

pressurc 1o an cxcessive Jevel, the valve reverts to the first
condition and gas is ported to the vent 44, !

‘A third condition of the control valve is illustrated in
FIGURE 4 wherein the solenoid actuated valve means
has’ been actualed to inactive position while the pilot
valve means is likewise in closed, apparatus inactivating
posmon due to the sensed tank pressure being nohex-
CCSS!VC .

In the fourth condition of the vaIve as musirated in-
FIGURE 5, the pilot valve means is in open apparatus
activating position due to an excessive tank pressure and
the relief valves are, accordingly, also opcned How-
ever, the solenoid ac'ua:;d valve means is still in iis in-
active position wherein the yalve member 81 is in engage-
ment with the seat 79 to block communication betwccn‘
the outlet chamber 77 and the passage 78. Accardmgly,
despite the pilot valve being in apparatus activating posi-
tion, the apparatus is rendered inactive by virfue of the
solenoid actuated valve means preventing gas flow 1o
the vent 44,

Considering now a single-enided embodiment of liquid-
£as scparatmz and gas venting apparatus in gccordance
with the invention and which is also somewhat modified
in further respects from the embodiment hereinbefore
described, reference is now made to FIGURE 7. As
shown therein, the separator member is provided as an
elongzated hollow shaft 36 which has a plurality of out-
wwrdl}, extending vanes 87 at longitudinally spaced posi- -
tions thereof which encompass radial gas inlets 83 which
extend through the shaft wall 1o its hollow interior 89.
A perforated shroud or (ubé 91 is mounted in concentric
outwardly spaced relation to the shaft 86, and 2 bafile
92 is provided between the shaft and shroud at one end
thereof while the other ¢nd is open to permit the inflow
of gas and fluid mixtufe to the annulus hetveen the shaft
and shroud. The assembly of shaft and shroud is con-
centrically disposed within a hollow elongated cylindrical
heat cxchanger 93 comprising a nest of spaced longi-
tudinally cx!endmw tube 84 mounted in an annvlar array
between end plates 96 and 97. The tubes extend through
the end p!a‘cs and a cap 98 is coaxially sccured to the
end plate 87 in such a manner as to define an annulus
$9 communicating the tubes 94 extending through this
end plate,  The shaft 86 is journaled centra]ly of the
cap 98 at one end while the other end of the shaft ex.
tends through, and is journaled centrally in the end

plate 97. The shaft is closed at its end adjacent-the cap
98 and (he cap includes p?rforatmns as indicated at 161
to admit gas and liquid to the unnu]us between the shaft
86 and shroud $1. With the shaft in rotation, the liguid:
upon striking the vanes 87 is pm«el!ed outwardly through
the shroud perforations and through the spaces beiween
the tubes $4 of the heat exchanger 93 to be therchy re-
turned 10 a fank or the like within which the apparatus
is disposed. Enfering gas fows arcund the vanes 87 in

the manner indicated by the .»ﬁfpf,z;“m -shaped arrows of
FIGURE 7 and through the inlets 88 to the hollow shaft
interior 89. )

A turbine housing 162 is coaxiaiiy secured to the end
plate 97 of the heat exhanger 93 and end ppenings 103
from the hollow interior 8% of shaft 86 communicate
with a chamber 104 in the turbine housing. A passage
166 extends from. the chamber 104 to convey pas, intro-

 duced 1o this chamber from the hollow shaft interior

i
Sl

89, 1o a rélief valve 107, subseguemly described in de-
1ail, where the gas is divided into two portions. One




. carries 2 plug 132 which is engageable with the s
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portion of the gas is conveyed from the relief valve 1o 2
first nozzle 168 which extends into & turbine chamber
189 provided in the housing 102, The other portion of
gas from the relief valve is conveyed fo a second turbine
nozzle 111 which extends inio the torbine chamber 109
in opposed transversely offset relation {o the nezzle 108 as
best shown in FIGURE 9. Gas is directed from the
nozzles upon the vanes of a turbine 112 rotatably mount-

“

ed within the chamber 109, thereby eflecting rotation of

the turbine. In the rotatable mounting of the turbine,
a shaft 113 is preferably journaled coaxially of the tur-

. bine chamber 189 and extends through a chamber 114;

interposed befween the chamber 109 and the chaniber 104,
and into the latter chamber. A suitable coupling 116
then couples shaft 113 to hollow shaft 86. The turbine
112 includes an integral sleeve shaft 117 which is con-
centrically rolatably dispbsed upon the shaft 113 and

exfends into the chamber 114. A magnetic friction clutch
118 disposed in chamber 114 is provided to couple the

sleeve shaft 117 of the turbine to the shaft 113. The
tubine 112 s thus coupled in driving relation to the hol-
Iow shaft 86 with the magnetic clutch 118 providing in-
creased acceleration characteristics of the turbine.

The gas directed from the {urbine nozzles 168 and 111
is expanded and cooled in driving the turbine 112 and the

" hollow vaned shaft 86 coupled thereto and the expanded

cooled gas is Lh‘mnel"d,frcm the turhine compartment 109
to a manifold chamber 119 provided in the housing 102 at
a position of communication with the tubes 94 extending
through the end plate 87 from a semi-circular hzif sector
of the heat exchanger. ~The expanded cool gas thus fluws
through the tubes of this sector and at the opposite ends
of these tubes into the annulus 99 which channels the gas
{0 the ends of the tubes of the remaining semi-circular
half sector of the heat exchanger. The opposite ends of
the tubes of this latter sector which extend through the
end plate 97 communicate with a chamber 121 provided
in the housing 162. The gas is conveyed from this cham-
ber through a plurality of inlets 122 which serve to com-.
miunicate the chamber 114 therewith. The chambar 114 is
cominunicably coupled to an outlet vent 123 by means of
a shot-off valve 124, subsequently described in detail here-
in. Thus, the exy ;anded cool gas from the turbine c‘aambcr
189 makes a dz_a! pass through the heat exchanser 93 to
therein cool the liguid prcpdled outwardly through the
heat exchanger from thé vanes 87 of the hollow shaft 86.
The gas is thereafter returned to the turbine housing and
channeled through the chamber 114 {o cool the magpetic
clutch 118 enroute to the vent 123,
" Considering now ths valving arrangement emploved
with the embodiment of FIGURES 7-9, it is to be nofed
that the relief valve 107 includes a body 126 having a
chamber 127 communicated with the passage 166 for
conveying the gas received jn chamber 184 from the in-
terior 8% of the shaft 86. A recess 128 is provided in the
body 126 which communicates with the chamber 3127 and
is provided with a valve seat 129 thereat. A pair of outlet
ports 136 communicaie with the recess 128 in order 10
divide the gas flow therefrom into-the two portions which
are respectively applied 1o the turbine nozzles 168 and 111,
A bellows 131 is mounted within the chamber 127 and
zat 129
upon expansion of the bellows and is disensaszed from
the seat upon coniraction of the bellows. As rs the in-
stance of the reYel valves 34 and 347 of the emt
FIGURE 2, gxpansion and contraction of the 3
of relief valve 197 js controlled by the prc:sm-e dz‘z’er:mial
between the gas acting on the exterior of the bellows and
ih'e pressure interiof}y thereof: In the inszam cmbodi-

ment, the interior pressure of the bellows 131 is gon- -

trolled by means of a pilot valve 133 in'a manner similar
10 that described with respect to the pilot valve means of
the previous embodiment.

The pilot valve 133, as will be best seen fm'n FiG-
URES 9, and 12 and 13, is arranged 1o apply tan¥ prossure
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to the mfcrmr of the relief valve hc}}ows 131 when the
tank pressure is less than a predetermined minimum safe
level, and to vent the interior of the relief valve bellows to
vactum or other relatively low environmental pressure
when the tank pressure excceds the predetérniined mini-
mum. To this ¢nd, the pilot valve includes a body 134
having a conirol pressure compartment 136 within which
there is mounted an accordion mémber 137, A stem 138
projects from the accordion member 137 into a pilot
chamber 132 proviiiéd in the valve body and a valve clo-
sure member 141 is secured 1o the end of the stem.~ With

the accordion member 137 in expanded condition, the

member 141 is in sealed engagement with an ouglet port
142 communicating with thie pilot chamber at a position
of alignment with the stem 138, as indicated in FIG-
URE 12. When the accordion member 137 is in contracted
condition, however, the closure member 141 is disengaged
from the outlet port 142 as shown in FIGURE 13. In
addition, the closure member 141 is disposed in closed

scaling relation 10 the interior of a bellows 143 which is.
mounted within the pilot chamber 139 and communicated

with the control pressure chamber 136, when the accordion
member 137 is in the contracted position of FIGURE 13.
However, when the accordion member 137 is expanded,
the interior of the bellows 143 is ported to the pilot cham-

. ber 139, asindicated in FIGURE 12, An inlet port 144 is

communiciled with the controi pressure chamber 136 to
facilitate communicable connection thercof to the tank.
A pilot port 146 is pro»ided‘ in comununication with the
pilot chamber 139 and is connected 1o the interior of- 1he
relief valve bellows 131. The accordion member 137 is
adjusted such that when the {ank pressure applied to the
control pressure chamber 136 through the port 144 is
gréater than a predetermined safe minimum, the ac-
corgion member IS coniracted and the closure member
147 is disengaged from the port 142 and disposed in sealed
closing relation to the interior of the bellows 143 as shown
in FIGURE 13. Thus, the interior of the relief valve

bellows 131 is ported through the pxlot port 146 to -the

pilot chamber 139 and this chamber is ported through ocut-
let port 142 to a vent pipe 147 which communicates with
the vent 123 as best shown in FIGURE 7. The interior
of the relief valve bellows is thus at this time ported to
vacuum or other low pressure and the pressure of the gas
within the chamber 127 of the relief valve hence ¢ontracts
the bellows to disengag:'the plug 132 from the seat 129,

thereby establishing flow of gas to the turbine nozzles 108 ’

and 111. The turbine 112 is thus driven and the appara

tus is rendered operable 1o produce its liquid-gas separat«
ing and gas venting functions. When the tank pressure
is below the predetermined safe minimum, this pressure
acting in chamber 136 upon accordion member 137 is in-
suﬁicxcn; to contract same and, accordingly, the accordion

snember is in expanded pmmon as indicated in FIGURE "

12. The closure member 141 is therefore in sealed closing
engagement with the ouilet port 142 and is disengaged
from the bellows member 143 whereby the pilot chariber
138 is mmmzmicated with the chamber 136, Tank pres-
sure consequently exists in the pilot chaimber 139 and is
applied through the pilot port 146 to the interior of the
relicf valve bellows 131. The pressure of the gas in the
relief valve chamber 127 acting on the exterior of the

bellows 131 is m%z.f“*em io contract same against the

tank pressure existing in its interior. Accordingly, the

relief vaive bellows 31371 is in expanded positibn to sf:aiafsiy

© engage the mun 132 with the seat 129 and prevent fow of .

gas to the turbise nozzles 108 and 111, Thus, the appara-
tus is rendered mmoperable in the conduct of its se:pax'a.wa,a
and pas venting functions,

Considering now the shot-off valve 124 in greater “de-

tail, it is to be noted that this valve includes 3 housing 148
w hhh is communicated 2t its upper end with the chamber
114 and communicdted at its lower end with the vent 123
through a port including a valve seat 149 facing into the
vent. The shul-6ff valve includes a bellow 1531 which

is mourited within the housing 148 and has a stem 152

S ﬂ” i
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proejecting therefrom with a plug 133 at its end. The ping
is disposed within the vent 123 and is engngeable with

the seut 149, A spring 154 disposed within the vent acts

upon the plug fo normally urge same into sealing engage-
ment with the seat and to normally maintain the bellows
151 in a contracted condition. -

- To provide, sclective opening and closing of the shut-
off valve 124, the valving arragnement of the embodiment
of FIGURES 7-9 is further provided with a centrol valve
156 which is arranged to selectively control the pressure
within the interior of the bellows 151 between a level
which is overbalanced by thé force of the spring 154,
and a lével which overbalances the spring. Moré par-
ticulayly, with the interior pressure of the beliows 151
relafively tow, the force of the spring 154 opposing this
pressure is suf}”’cu:m‘y large to urge the plug 153 into
sealed engagement with the seat 140, With a elatndy
high pressure existing within the bellows interior, this
pressure opposes and overbalances the force of the spring
154 to thus effect expansion of the beliows and movement
of the pluz out of enzarement with the seat, thereby port-
ing the interior of the housing 148 to the vent 123.  Pref-
erably, the control valve 136 is of 1he sofenoid actuated
variety and includes a valve body 157 having 2 cylinder
bore 158 with a piston 159 mounted-forsolencid actuated
reciprocation therein. A siem 161 projects from the
piston into 2 chamber 162 and also extends through a
passage 163, in spaced relation to the walls thereof, into
a chamber 164 communicated with the chamber 162
through the passage. Valve sests 165 and 167 are pro-
vided at the upyosilc ends of the passage 163 which re-
spectively face info the chamber 162 2nd the chamber
164. Plugs 168 and 169 are carried by the stem 161
and are respectively engageabie with the seats 166 and
167. In one solenoid actuzted pesiticn of reciproca-

tion of the piston 159 as determined by appropriate ener--

gization of sclenoids 171 and 172 carried by the body
157, plug 168 is in engagement with seat 166 while plug
169 is disengaged from seat 167, as depicted in FIGURE
10. In another position of reciprocation of the prston
plug 168 is disengaged from seat 166 while plug 169 is
engaged with seat 167, as uupicted in FIGURE 11. The
chamber 162 is provided with an inlet port 173 which
is arranged for communicable connection to the tank, and
the chamber 164 is provided with an cuilet port 174
which is coupled by means of a vent pipe 176 into cem-
muonjcation with the vent 123. The control valve is
further provided with a ccntrol port 77 which is com-
municated with the intermediate region Of the passage
163 and is communicated with the interior of the shut-
off valve bellows 151, Thus, withi the control valve actu-
ated to the position indicated in FIGURE 10, the cham-
Jber 162 is blocked from pas:,arr $63 while the interior
of the shut-off valve bellows is communicated through
pilot port 177, passase 163, chamber 164, outlet port 174,
aﬁd vent mpe 176, with the vent 123.  The interior of the
shut-off valve bellows is accordingly ported to vacuum or
oiher low environmental pressure such that the beilows is
contracted by the force of the spring 154 and the plug
133 is engaged with the seat 149 (o thereby block com-
munication beiween the chainber 114 and the vent 123,
(Gas How through the apparatus is accordingly prevented
irrespective of the condition of the pilot valve 133 us de-
picted in either of FIGURES 12 and 13, The 3;;31‘3«
tus is, accordingly, locked in an inactive state. With the
piston 139 of the Cd’lir()} valve actuated to the pem.m
depicied in FIGURE 11, however, the chamber 164 is
blocked from communication wiﬂ; the passage 163, ard
tank pressure is applied through the inlet port 173, chans-
ber 162, passage 153, and control port 177 to the interior
of the' sndt—Of{' valve bellows 13J. The fank préssure 2t
the interior of the beilows is sufficient to overbalance
the force of the spring 154 to thereby disengage the plug
153 from the seat 149 and thercby comimiunicate the
chamber 114 with the vent 123, In this conditicn of
the control valve, operation of the appdratus is conirolled

" the relief valve to t}
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by the pilot valve 133 in accordance with the prcssu’re"

existing within the tank in the manaer previovsly de-
seribed,  More particularly, where the tank pressure is
excessive, the pilot valve 133 effeets opening of the relief
valve 1087 to thereby actuate the apparatus for gas-liquid
sepamimg and gas vent,ng service. Where the tank pres-
sure is not excessive, the pilot valve effects closure of
reby render the apparatus inactive.

Although the present invention has been described here-
inbefore with raspect to several preferred embodiments,
it will be appreciated that various variations and modifi-
cations may be made therzin without departing from the

true cpir't and rcope of the iavent'on, and thus it is not-

micnded to limit the invention except by the terus of the
following claims.

‘What is claimed is: .

1. A zero gravity separator comprising an annular heat
exchanger adapted for mounting within the upper regions
of a tank ¢ontaining & fiuid in double-phase iiquid and gas
condition, said heet exchanger having liquid flow passage
extending radially (hercihrough, said heat exchanzer hav-
ing gas ﬁaw passa ges extending longitudinally thereof in
heat exchange relation o said liquid flow passages and ter-
minating in 2 vent i,,e adapted for porting exteriorly of

- said tank a turb.m housing secured 10 said heat ezchang—

er and having a sealed uara‘ser therein, a turbine journaled
for rotaticn within said cha imber, a separator disc co-
'-‘mHy disposed within said hcai exchanger, said disc
having a plurality of gas inlets extending radially thereof,
a shaft coaxially connecting said disc and said turbine,
said shaft having a longitudinal passage communicating
with the gas inlets of said disc and having a radially ex-
tending outlet spacad therzfrom,
valve bf\dv in asscciation with f;did turbine housings,
said valve body having a flow path extending there-

“through including a valve seat, nozzle means disposed

1 in communication with one
> .g}» said vilve body for direct-
motivating -relation to said tur-
bine, means defini ow path in sealed rotation permit-
ting relation io said sbaf znd communicating said cutlet
of the shaft passagze with the second end of szid fiow path
through said valvc, bodv, pressure sensitive valve mems-
ber mcunted within s2id valve bedy and engageable with
said seai, said valve member movable betiveen a position
in engapgement with said seat and a second position out
of engagement therewith in.response to gas pressures in
said tank respectively less than ang greater than a prede-~
termined pressure, and means communics ting the turbine
chamber with sald gas pass

2. A zero f’ranfv separator comprising a turbine hous-
ing havi ing a seal ted chamber therein, a pair of urbines
journaled in snid chamber for independent coaxia
tion in oOpposite directions, first nozzle means d:sp@sed
within said chamber for directing gas upon said first tur-
bine to effect rotation thereof, second nozzle means dis-
posed within said chamber for directing gas upon said see+
ond turbine to effect rotation thercof, means within suid
chamber defining a ﬂrst orifice ivmmmdmady interrned-
ate said first .md sezen nd arbm\s in alignment with said
first nozzle ve gas directed therefrom subse-
quznt to t turbine and direct the gas in
i d m'bme mezns defining a

within said turbine ho
end of said fiow path
ing gas thereflro

second orifi
second m:‘*‘f 25 3
3 ﬁwrcfm;ﬁ m’bswu“nt L]

and directing the gas inwo

fzr heat exchanpers secured 10 said turbine housing ré-
spactively in conxially oulwardly spaced’ relation to said
first and second turbines. said first and second heat ex-
changers each having liguid flow passages extending radi-
ally thereithrough and gas fiow passages exlending longi-
wedinally thereof in. heai exchange relation with said

qu;lid flow passages, first and second separator discs re- .
v mounted for rotation within said .

vy
e

spectively coax

means defining a relief

sages of said heat exchmger..

1 rota. -

driving reletion 10 szid first turbine, first and sf:toxzd apnoyp-
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first and second heat exchangers,- said first zmé sec@nd
discs respectively having radiully extending gas inlets,
first and second shafts respectively coaxially connecting
said first disc and said. first turbine and said second disc
and said sécond turbine, said first and second shafts re-
spectively having longitudinal. passages communicating
with the gas mls*s of said first and second discs and hav-
ing gas outlets intermediate said first disc and first tur-

bmc and intermedate said second disc and said second-

turbine, smeans defining a fi rst flow passage in sealed ro-
tation . permitting relation to said first shaft and com-
mmucatmv +the outlet thereof with said first nozzlé means,
means defiping a second flow path in sealed rotation per-
mifting relation 'to said second shaft and communicating
the cuﬂet thereof with said second nozzle means; a third
flow . path communicating a region of sald chamber ad-

;aceﬂt sand second turbine and said first orifice with said -

gas’ pass apes of said second heat exchanger, a fourth flow
path communicating a region of said chamber adjacent

_said first turbine and said sccond orifice with said gas

passages of said first heat exchanger, and means com-
municating the gas passages of said first and second heat
exchangers with an ouﬂet vent.. '

3. A zero gravily separaior according to claim 2;

wherein said first and second tirrbines ‘are journaled in

bearings within said chamber and ineans defining flow
paths befween said first and second enﬂccs and said
bearings for gas cooling the latter.

4. A zero gravity separator according to c!mm 2,
further defined by a first relief valve body carried by
said furbine heusing and including'a valve chamber and
jnlet and outlet passages comrunicating szid first flow
path and first nozzle means through said chamber, said
outlet passape of said valve body including a valve seat,
an accordion valve member mounted within said valve
chamber for expansive and contractive movement into
and out cf engagement with said seat, a second relief
valve body carried by said turbine housing having a
sealed chamber and inlet and dutlet passages communicat-
ing said second fiow path and said second nozzle means
tarough said chamber, said outlet passages of said second
valve body having a valve stat, a second accordion valve
member mouated within said chamber of said second valve
body for expansive and contractive movement into and
out of cnpagement with said seat of said outlet passage
thereof, and pilot valve means coupled to the interiors of
said first and second accordion vd}vr members for se-
lectively controlling the pressures therein between levels
greater than aad less than the pressure of gas in the cham-
bers of said first 2ad second valve bodies.

5. A zero gravity separator accarding to claim 4, fur-
ther defined by said turbine housing and said first and
‘second heat exchangers being conta zined within a closed
tank and said oufet vent being ported exteriorly of said
tank, and by said pilot valve means communicating the

‘interiors of said first and sécond zccordion valve mem-

bers with said putlet vent and the inierior of said tank re-

spectively in response 1o pressures in said tank greater

than and less than a predetermined pressure.

6. A vero gravity separator according to claim 5, fur-
ther defined by a control valve body Laving a pilot cham-
ber and a control pressure chamber comrmunicated through
a leak passage, said control walve body baving a pilot
port communicating with »axd pilet chamber and »{}Bpied
1o the interiors of the Brst and second accordion valve
members in the chambers 0{ said first and sccond rélief
valve bodies, said control valve body having an owtlet
passage communicating said pilot che .mber with said out-

Iet vent and a valve seat in the pilot ¢chamber at the

enttance of said outlet passage, said conirol valve bedy
having an inlet port communicating said control pressure
chamoer with the interior of said tank, a pressure sens-
ing zccordion member mounted in zaid con&rol pressure
chamber, a closure member connected to said pressure
sensing ‘accordion member and disposed in said pilot
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chamber for engagement with said seat thorein, said pres-

sure sensing accordion member movable helween first
and se.cond pusitions wherein said closure maember is
éngaged with and dlﬂengaged from the seat in said pdct
chamber respectively in response o pressures in said con-

-tro} pressure chamber less than and greater than said pre-

determined préssure, said pilot chamber, said conirol pres-
sute chamber, said outlet passage, szid pilot port, said

inlet port, and said accordion member with closure mem-

ber ¢onnected thereto thefeby comprising said pilot valve

means, said control valve body having an outlet chamber

communicated with said outlet vent and an inlet passage

communicating the gas passages of said first and second

Leat exchingers with said outlet ckamber, said outlet .
chamber having a valve seat at the termination of said

inlet passage {herem, a solenoid actuatable piston mounted’
for reciprocation in said coatrol valve body and having

a closure member connected thereto respectively engaged

with and disengaged from said seat in szid outlet chamber

it response to reciprocation of said piston between first”
and second’ posmons and solenoid means for selectively

reciprocating said pxston between saJd ﬁrst and second'
positions,

7. A Z<ro gravity <ep rator comprising.,an ei‘ongated’
hollow cylindrical heat exchanger adapted for mounting
within. the upper regions of a tank confaining a fluid in
double-phase liguid and gas condition, said heat exchanger
having a plurality of longitudinally extending gas flow
passages with the passages of one semicircular half sector
of the heat exchanger communicated at one end with the
passages of the other half sector of the heat exchanger

to thereby circulate gases in one longitudinal direction

‘hrough the first half sector of the heat exchanger and
then in the opposite longitudinal direction through the -
second half sector of the heat exchanger, said heat ex-
changer baving liquid flow passages extending radially -
therethrough, a hollow shaft journaled for rotation co-
axially wzthm said heat exchanger with one end of the
shaft being closed and the other end béing opened to
define a ﬂow path longitudinally ﬂ;xerahrouﬁh said shaft
having a plura}ity of longitudinally spaced cutwardly ex-
tending vanes encompassing radial gas inlets communi-
cated with said flow path, said shaft upon rotation pro-
pelling liquid introduced to the hollow interior of said
heat exchanger from said tank outwardly through said
liguid flow passages for return to said tank and chan-
neling gas introduced to the hollow interior of the heat

. exchanger through said gas inleis of said shaft to the flow

ath extending longitudinally thereof, a turbine coaxially
cen uected in driving relation to said shaft 1o effect said
rotation thereof, means communicating with said flow path
of said shaft for directing gas therefrom into motivating
relation to said turbine, said gas being expanded and cooled
in motivating said turbine, means channeling éxpanded
gas from said-turbine to said gas passages of the first
half seclor of said heat exchanger, and means for veat-
ing the gas passages of the second. half sector of sa'd
heat exchanger exteriorly of said tank.

8. A zero gravity separator according to claim 7, further
defined by magnetic friction clutch means coupling said
bine to sgid shaft, and means for channeling gas from
the gas passages of said second half sector of said heat
exchanger inte cooling relation to szid clutch means
p‘rior {o venting of said gas. . =

. A zero gravity separator according fo claim 7, fur-
ber defined by a relief valve communicating said flow
paz?r of said skaft with said turbine, said relief valve in-
cluding an accordion valve member for blocking com-
munication between the flow path and turbine in response
1o expansion of the member snd establishing comununica~
tion between said flow path of said shaft and said turbine
in response to contraction of the accordion. member;
and a pilot valve including a pilot port connericd to the
interior of said accordion member of said relief valve,
szid pilot valve having an outlet port communicated with -
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said vent and an inlet port: adapted for communication
with said tank, said pilot valve operable to communicate
the inlet and pilof ports thereof in response 1o pressures at
the inlet port less than a prcdelcrmmed p'esmre and o
communicate the outlet and pilot ports thereof in response
to pressufes at the ‘inlet pori greater than said predeter-
mined pressure.”

10. A zero gravity separator according to claim 9,
further defined by a shut-off valve communicating the
gas flow passagzes of said second half sector of said heat

exchanger with said vent, said shut-off valve including an

accordian valve member for establishing communication
between the gas fiow passages of the second half sector
of the heat ezch‘ms»r and said vent _upon expansion of
the shut-off valve accordion member in résponse to rela-

tively ‘high pressure in the interior thereof while blocking
communicatjon between the gas flow passages of the sec-
ond half sector of said heat eAchan“er and said vent upon
contraction of the shut-off valve “accordion member in
response to relatively low pressure in the interior thereof,
and control valve means for selectively porting the in-
terior of said shut-of valve accordion member to said
tank.and said vent respectively to thereby establish said
relatively high and low pressures therein.

11, A zero gravily scparator comprising a {utbine
housing adapted for mounting within the upper regions
of a tank containing fluid in doub!e—phase gas and liquid
condition, said turbine houvsing having first, second and
third chambers therein sealed from each other and co-
axially aligned, said housing having an inlet flow passage

- communicating with said second chamber and first and

second outlet flow passages respectively communicating
with said first and second chambers, a turbine journaled
for rotation coaxially within said first chamber, first and
second turbine nozzles disposed at diametrically op-
posed positions of said first chamber adjacent said
turbine, a hollow elongated cylindrical heat exchanger
coaxially secured to said turbine housing adjacent
said third chamber thereof, said heat exchanger having
Jongitudinal gas passages with the gas passages of a
first semicircular half of the heat exchanger communi-
cating at a first end thereof with said first outlet passage
of said turbine housing and the gas passages of the sec-
ond semicircular half of the heat exchanger communica-
ting at the first end thereof with said inlet passage of said
turbine housing, said gas passages of said first half of said
heat exchanger communicated with the gas passages of
said second half of said heat exchanger at the second ends
thereof, said heat exchanger having liguid deSS‘ZCS ex-
tending radially therethrongh in heat éxchange relation
with said gas passages, a hollow shaft coaxially disposed
within the hollow intericr of said heat exchanger and
journaled for rotation between the opposite ends thereof,
said shaft closed at the second end of heat exchanger and
communicating at the first end of said heat exchanger
with said third chamber of said turbine housing, said
shaft having a plurality of longitudinally spaced ont-
wardly extending vames encompassing radial gas inlets
communicating with the holiow shaft interior, said shaft
upon  retation thereby prcpe’lim Yiquid outwardly
through said liquid passages of said heat exchanger and
channeling gas into said gas inlets 1o the hollow shafi in-

eriot for passage lo the third chamber of said turbine
housing, a maghetic friction cluich dz&poapd within said
second chamber of said turbine housing and coaxially
coupling said turbine to said shaft, and a vent adapted for
positioning exteriorly of said tank and communicably
connecied to said second outlet passage of sald turbine
housing, said turbine housing having a flow path com-
municaling said third chamber and said turbine nozzles,
whereby fluid entering the hollow interior of said heat
exchanger is separated by said shaft with the liquid being
propelled outwzrdly through the liquid passages of said
heat exchanger and the gas being channeled through the
}mliow zmenor of said shaft 1o said third chamber of
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said turbine housing, said gas is directed from sard third
chamber to said turbine nozzles and emanates therefrom
to drive said turbine which in turn effects rotation of said
shaft while the gas expands and is cooled in_driving said
turbine, the cooled gas is directed from the first chamber
of said turbine housing through the gas passages of said
heat exchanger to thereby cool the liqaid directed throngh
the lignid passages thereof, the gas is. directed from the
gas pissages of the heat exchanger to the second chamber
of said turbine housing to therein cool said cluich, and
is directed from the second chamber to said vent for port-
ing exteriorly of said tank..

12, A'zero gravity separator accordmg {o claim 11,
further defired by-a relief valve body carried by said tur~
bine housing and having a relief valve chamber with com-~
municating inlet and outlet passages, said outlst passage
of said relief valve body having a valve seaf, said inlet
and outlet passages of said relief valve body respectively
communicated with said third chamber of said turbine
housing and said turbine nozzle, an accordion valve mem-
ber mounted within said relief valve chamber and ex-
pansively movable info engagement with said seat and
contractibly movable oul of cngagement therewith, a pilot '
valve body carried by said turbine housing having a pilot
chamber and a control pressure chamber, snd pilot valve
body having an ouilet port communicating said pilot
valve chamber with said vent and a pilot port communi-
cating the ‘pilot valve chamber with the interior of the
accordion valve miember disposed in said relief valve
chamber, said pilot valve body having an inlet port for
communicating said conirol pressure chamber with said
tank, accordion valve means mounted within said conirol
pressure ¢hamber for movement between a first position
wherein szid control pressure chamber is communicated
with said pilot chamber and said outlet port is closed and
a second position wherein communication between said
conirol pressure chamber and said pilot chamber is
blocked and said outlet port is open, said accordion valve
means movable to said first position in response 1o pres-
sures in said control pressure chamber Jess than a pre-
determined pressure and movable to said sacond position
in response to pressures in said control pressure chamber
in excess of said predetermined pressure, a shut-off valve
body carried by said turbine housing having a shut-off
valve chamber with an inlet passage communicating with
said second chamber of said turbine housing and an out-
let passagé communicating with said vent, said outlet
passage of said shur-off valve housing including a seat,
an accordion valve member disposed within said shut-off
valve chamber for contractive movement into engage-
ment with said seat and expansive movement out of eg-

‘pagement therewith, a contro] valve bedy carrled by said

turbine bousing having an inlet port, an outlet port, and
a pilot port, said inlet port of said control valve body
adapted for communication with said tank, said outlet
port of said control valve body communicated with said
vent, and said pilot port of said control valve body com-
municated with the interior of the accordion member
disposed within said shut-off valve chamber, a solenoid
actuatable piston within said control valve body movable - -
between a first position establishing communication be-
tween said pilot port and said outlet port and a second
position esizblishing communication between said pilot
port and said inlet port, and solenoid means associated
with said control valve body for selectively actuaiing said
piston.

13, A zero ﬁravny separator comprising hollow cyline
drical heat exchanger means adapted for mounting within -
the upper regions of a fank containing a flvid in double-
phase liguid and gas condition, said heat exchariger means
having ligid flow passages extending radially there-
ihmuoh said heat exchanger means having gas flow
passages extending longitudinally thereof in heat ex-
change relation to sajd liguid flow passages and com-
municating with a vent for dispesition exteriorly of said
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tank; separator means including at least ope separator
-element mounted for rotation coaxially within said heat

exchanger means, each separator element being adapted
to propel liguid introduced from said tank to the hollow
interior of said heat exchanger meéans radially outward

througk, said liguid flow passages in response to rotatien.

of ﬂle element, each separator element having circum-
ferem;aﬂy dlspmed gas inlets éxtending inwardly into
communication with a common gas flow path for receiv-
ing gas introduced from said tank to the hollow inferior
of said beat exchanger means; a turbine connected in
driving relatibn 1o each scparator element to effect said

‘rotation thereof; flow means communicating with said

flow path of cach separator element for directing gas
therefrom into motivating relation to said turbiné con-
nected thereto, said gas being expanded ‘and cooled in
motivating said tarbine; valve means in operable rela-

tion to said flow means for permitting flow therethrough-

in response to pressures in said tank in excess of a pre-
determined pressure and blocking flow through the flow
means in response to pressures in said tank less than said
predetermined pressure; and medns for channeling ex-
panded gas from said turbine to said gas passages of said
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heat exchanger means, said gas theéreby copling said ligoid
retarned to the tank -through the liquid passages of said
heat exchanger means prier to venting of the gas. ex-
teriorly of the tank.

"14. A zero gravity separator according tc ‘claim 13,
further defined by said valve means includirg control
means for selectively opening and closing communication
beiween said gas passages‘of said heat exchanger means
and said’ vent; :
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