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ABSTRACT

The space gas/liquid separator, a key componcniin e v
transport subsystem of a space reactor powersvslen, vt
developed to remove helium gas from liquid Lithivria o
gravity. Helium is generated from lithium triadistion w th
reactor core and would reach saturation in lithivianafle 8 hges
of full power opcrations. 1N zero gravity space, thebe
bubbles would nucleate on the coolant containuicut v, o
and be swept into the lithium flow. The heliuus bublilis itz
flowing lithium willreduce heat transfer to and fromtheesatan

wmercase pressure. drop n the. coolant and reduc ¢ the systom s
power generation capacity. The helium bubbles cauld ale:atac,
to the fuel pin walls within the reactor core, possibly bis ik

some section of fucl pins, increase fuel pin ternpesatineesant
decrease operating system lifetime, A gas/liquid sepi vt wis
developed that consists of a containment vessel, a switlcr, o niti
screen and a storage screen.  ‘1'he swirler induces contintip.
force. which causes the lower density gas to accurntdateona,
the center axis, All coolant flow passes through «filte:se, =1,
The screcn pores size IS designed so that surfacctensioning,
pores will remove 100% of the helium bubbles thatz ¢ 700
micron or larger from the lithium flow.

The following terrestrial applications are @ dirvctesultof «
new technology that was developed for a space pow; svs i
One applications is removing air from coke. syrup justjricr:.
mixing with carbonated water. Another applicationisi L nvo g
air from purified water prior t0 carbonating the water  ‘11s
gas/liquid separator is also applicable for large covatae cisd
powerplants t0 deaerate the water before and aftethe foedy an
heaters.  Another terrestigglication IS for i au
Companies to Usc the gas/liquid separator and wl cnucinsl, o
remove all the, gasses from the. air and only dischai e clearerto
the atmosphere. An additional application that resultedirontls
gas/liquid separator technology, was separating liguic ¢ s b

dioxide from nitrogen. 1 his application is opposite from the
spacc application in thatitis removing a liquid from a gas rather
than a gas from a liquid.

AEROSPACE GAS 1. 1QUID SEPARATOR

‘1 heSprace Reactor Power System, know as SP-100, has a heat
transporisubsystern that includes a gas separator/accumulator, a
thermodlectric electiomagnetic pump, a thaw accumulators,
auxiliaiy cooling sudthaw components and the lithium
containment piping. ‘1 he heat transport subsystem of the power
systemn s SHOWE in ) ypure 1. The gas separator technology
developed, Choe . et al. (1 989), is summarized in this paper.

Functional Description

‘1 he SP-I OO pas separator/accumulator discussed by Buksa
(1994), a key corapouentinthe heat transport (11'[") subsystem,
separates and accumulates gases from the. fithium coolant. It also
accommodates thermal expansions of the lithium coolant over the
range of opersting temperstures from cold start-up to full power.
The separator maintains the system pressure. during operation.

“[he primary function Of the gas separator/accunlulator is to
separate  and colleet helium gas from the lithium coolant,
Heifivm  triurm, deuterivmand hydrogen arc al produced from
M utron interaclions with lithiurn,  The bulk of this production
occurs withinthe reactor core,  Fortunately, hydrogen, deuterium
and tritium allhave relatively high diffusivities through niobium-
based slloys of which the HT coolant boundary is comprised.
Thus, these three gasesteadily leak out into space. The helium
producud retaing within the HT coolant boundary, as helium has
alow diffusiwvity through |iobiut[l.based alloys.

If  the gas separaton was not present, the helium would reach
saturation within the lithiurn coolant within 48 hours after the
startof full poweropesations. Bubbles would begin to nucleate




on the walls of the HT loop and as the helium bubbles grow, the
will be swept into the flow field. The presence of theselubstic.
in the flowing lithium will reduce the effect v clnciruwy
conductivity of the coolant and increase the hydraudic resistanc.
in the punip, which will reduce the system’s power goncrabion
capacity. The bubbles also may become trappedwithir it ,, 1t

or possibly even blanket the core, at low power. ‘1hicweahi
increase. fuel pin teinperatures.
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Figure 1. 100 kWe Space Reactor Power Systomdieat
Transport Subsystem Components

Functional Reguirements

Based on the above description, the follow g furctail
requireme nts were  established for the space
separator/accumulator:

RRACE B PR

1 ‘I"he residual gas void fraction in the Lithiun flow et
be Jess than 0.001.

2. The maximum gas bubble size allowedto pasithnogn
shall be less than 0.1 of the fucl purspui ot w e
diameter,

3. The gas separation shall take place whcretheh Jiva

solubility is lowest, which is a the hig s tlisin

temperature. The highest lithium tergp ratiy s the
outlet of the space reactor between the rcacteradine
pump. The gas scparation shall be paifornciwh LT,
in-fine. arrangement S0 that small anwurts OL reidiad
gas arc removed as Soon as the flow stads,

4. Thermal expansions and contractions of the ¢ ol
shall be accommodated for the enticrangeof-pe
power System operations.

5. The heat transport subsystem prossuitsizgbe
maintained at 65 kPa (9.5 psia) at tue bepun g of

mission and 150kPa (22 psia) at the end of mission.

6. The total gas voluue shall be sized such that the gas
separation function is not degraded under any
operational condition.  This shall include the loss of
function of onc gas separ ator/accumulator.

1 he 849 separ ator/accurnulator design concept is shown in
Figure 2 The gas separator consists of four major components:
acontainment vessal, swirler guide vanes, a filter screen and a
gas stor age serezn. The containment vessel is welded to the
piping and contains the jithivm coolant under al conditions. The
switle r guide vanes induce centrifugal force in to the lithium/gas
flow stream which causesthe lower density gas to accumulate
toward the center axis. Bubbles with diameters greater than one
nnllinierer will naturally raigrate inward due to the centrifugal
accclerstion.  All coolant flow must then pass through filter
screca pores that will prevent 100% of the bubbles that are 200
micron or farger from flowing through the screen. These trapped
bubbles will gradually coalesce into larger bubbles and bc drawn
into the storage screen
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Figure 2. Gas Separator/Accumulator

G AS SEPARATOR DI SIG N AND DEVELOPMENT

‘1 he pas separator/accumulator for the space power system has
anoutside diameter of 22,5 centimeters. The filter section is 40
crutimeterslong arid the overalldevice length is approximately
65 centimeters. The full- flow pressure drop is only 2 kPa (0.3
psin) greaterthanthatof a straight section of pipe of the same
leuptt The gasseparator/accumulator arc. arranged in counter-
rotsting pairs, suchthatany unbalanced forces in space will be
rinimized




The gas separator/accumulator volume in one unit is abont 70
Liters. At full power operation, the helium gas occupic, ciby
32% of the total available. volume. At lower powe:jevels, the
primary loop temperatures are also lower and the Jithivmscoor
contracts accordingly. At standby power, (10% of fullthenial
power) accumulated gas occupies about 56% of the avsili ok
volume. At the freezing point of lithium, the gasvelurne:
than 6470 of the. total available.

Gas Separator Design

A gas separator/accumulator was designed tol¢nwove ! clun
from lithiuniin zero gravity. Using the helivm-lithivm analyics
codes, but substituting the properties of air forhclivinanawle
for lithium, a room temperature gas separator wes disigri..
fabricated, and tested both horizontally and veracalyags i
gravity. The device separated air from water even apaiist dicy
as predicted by the analyses. A design to separat- hchindf
lithium was completed based on the air/water tests.

The. gas separatar/accumiu Jator (GSA) separates helinmpis ton
liquid lithium. The helim gas generated in thelitbiunby
irradiation in the reactor is 12 liters (at 150 kPaand 12 75K %)
a 20 XWe power operating for 7.3 years at full powe: e w,
GSAS in the 20 kWe system are initially filledwitharyoua
Helium dissolved in the lithium will diffuse intotheary og:.
space ‘inside the GSAS, preventing the. formation ot lar pene V',
bubbles i the. lithium liquid. Bubbles larger than 200 ucon-
will be separated and stored in the GSAs;bubblessimatlor nin
2.00 microns do not affect System operation. ‘1 e gassicay
screen ensures gas storage: during reverse flow, asw cas
forward flow conditions.

The GSAS matutain the lithium pressure at GSk}'aiil}ln.r\mi:;'
of mission and at 150 kPa at the end of missionandaceoimnedntc
lithium expansion and contraction. Two GSAshaveadQit:
capacity, providing adequate margin for the 12 5ite; goaviat dn
the 20 kWe system design. The initia charge ofargmg<n
each GSA is contained by a rupture. disk. Thezupturedi-ks
opened during lithium till by raising the lithiui pressurecvera
disk rupture pressure.

The key dimensions Of one GSA for the spaccpowdisyste,
application are:

Overall length: 650 mm

Filter section length: 400 mm

Filter Section, ID: 220 mm

Containmient vessel wall thickness: 1.0 i
Inlet diffuser length: 150 mm

Outlet nozzle leagth: 100 mm

Separation filter pore Sire: 0.1 mm

Gas storage screen opening: 0.5 mim

Gas Separator | evelopment

Various fabrication options for the gas sepatstos/ac ol
fiter were considered:  w i r e screen, lases drilivd vkt
mechanical drilling/pun ching of holes on a plat ¢, ¢hcial
etching of holes on a plate, and sintered porous piste “Ihe
material for the gas sep arator/a ccumulator filter ys Niot i %

Zirconivne 0.1 % Carbon. Of al these options, wire screen was
considercd the, niost feasibleand economical. Laser drilling of
a0.75 . (0.01 0 inch) thick plate can aso be done, but the cost
to develn and to fabiicate is SV stantially higher than the wire
sereen. Mechanical d, illing/punching of a 0.25 mm (0.010 inch)
plate is cvenmorcexpeusive. The chemical etching of 0.1 mni
(0.004 1nch) holeson @ 0.75 mm (0.010 inch) plate is not
reco mmended because the depth to diameter ratio of the hole is
too high. Sinte:ed porous plate is heaviest of all options, and
mechamcal strengthis difhicult to achieve with a thin plate.

A special type of wire screen called the twilled clutch weave
screcnvas selected for GSA application, and Figure 3 shows the
twilled d utch weave sereen geometry. This particular type of
scicen produces relatively stall size holes and is mechanically
strong. Twodiflerenysaniples of the twilled clutch weave screen
we 1e procu red and tested for particle retention.

“Ihe to stwas conducted by trying, to pass glass beads of known
sizes thiough the seree ps.  The testresults are summarized in

T'able) Thetestdataindicates that these two particular screens
canrvtam particles larges than 200 microns, and theoretical

Figure 3. Twilled Dutch Weave

calculation supports the I¢ sults. However, this is approximately
twiccaslarge as  the vendoradvertised value. The vendor




Description
wire Sin! (Warp)
(m (Shute)

Particle Retention Size

Per Vendor, (micron)

% Passed for 50 micron
Various Sizes 80 micron
of Micro- 110 micron
spheres Used 200 micron
Theoretically Calculated

Min. Particle Retention

Size, micron (mil)

advertised value may have been defined based ous diffi-¢:
application than GSA type of applications. Fifty, cghity and o
hundred ten micron diameter glass beads al passcd through thie
screen, but two hundred micron diameter glass beadds wouldnye
pass through the sereens. The impact of the larger paric
retention size O f the screen was evaluated and the foll »werne
conclusions were drawn.  For the space reactorpowsr s
separator km-year Systems, 200 microns (8 mils)is smiath s1then
we SMallest flow passages in the reactor core (1 62nwno (s
roils) or in the converter heat exchanger (1.25 1w o180 ik,
The screen wire, sive of 254 microns (10 roils) oilargiwiud
ensure a ten year life for a 20 kWe space power systenis, |
any particular missions which may require the. smalliat Tow
passages less than 200 microns, smaler wire. sizecsucthas 1)
microns (5 roils) may be used to reduce the minimun puvic
retention size from 200 microns to 100 micrens withshoirt
sereen life.

The filter bubble breakthrough pressure was calivl=tedifo:tic
above two screens. ‘I’his calculation shows thatitreauire 2
kPa (0.39 psia) for 20 x 200 screen and 2.9 kPa (0.47 paiarf
20 x 2SO0 screen for the gas to pass through thesciven 1
expected pressure drop across the GSA filter sercenatthe b4
flow is 011 the order of 0.07 kPa (0.01 psia). Fuiliwiune ysi
shows that any gas bubble slightly larger thauthcrsinianm
particle retention size is separated by the screen duetolov soean
pressure drop compared to the bubble. breakthroughprosaun.
The screen samples were tested by Yahalom, et d (19.0) ina
clear plagtic tube with waterfair. The purpose. of thewati /s«
test is to confirm the results of the particle. retentiontesibyvia . .
beads, and to prepare the testing method for statie ithivnes
In water/air test, the bubble behaviors and thescicea Lot
breskthrough  were visually confirmed, and the N i
observations werce then correlated tothe pressine ooy
measurenent across the screen, In static lithiuny test, oy o 1
observations can be made.

AIR/WATER TESTS
A gas/liquid scparator was designed and fabricatccin

Table 1, Screen Retention Results

20 X 200 20 X 250
screen . ¢ li(‘ll
0.279 0.254
054 0.216
110 _80
1 00% 100%
100 % 100%
100% 100%
0% . 0%
239 (94) 221 (8.7)

accordance with design analysis codes which predicted the
sepatatr on of air from water.  The separator/accumulator design
was tested with air and water, and the experimental results,
discussud by Pluta (] 993), verified the analytical predictions.
These same analytical codes with the properties of helium and
lithium wrere used to determine the. separator design parameters
for a20 kWe space 1eactor power system. The space separator
would then be built according to the design and demonstrated in
atest loap with heliun being injected in the lithium. The lithium
7 thatis speci fied as the light reactor coolant was irrediated in
a fast test rcactor, andthe ir radiation results verified the
analytically predicted helinm gencration rate.

TERRYSTRIAY. AP DIEICATIONS

‘1 hesypace gas/liquid separator has several practical gpplications
for industrial use.  ‘lhercare several U. S. companies
investigating the USC. of this space technology for thelr businesses.
These terrestria | application are a direct result of a new
technolgy that was developed for a space power system.

Beverage Business

(eke syrup is packagedand distributed in plastic containers.
While removing the coke syrup in order to mix the syrup with
carbonated water, the coke syrop gets air bubble.s which changes
the mixing ratio. So the beverage industry is investigating the
development of aterrestrial air/coke syrup separator based on the
space pas separator technology described above. The air/coke
syrupscparatordesignisasimple in-line separator that remove

airyrone COKE syrup just prior to mixing the syrup with
carbonted water .

The beverage industry oflen aerates water to purify the water.
This pracess leaves aitin the water. The aic must be remove
fromthe purified water prior to carbonating the water. The
beverape industry is investigating the deveiopment of the space
gas/scparater technology foranin line air/water separator in their
waler purification process.




Commercial Steam Powerplants

The space gas/liquid separator technelogy IS also by ing
investigated for large CC, mmercial Steam powes plivts to deacrats
the water beforc and afler the feedwater hesters, Kooy ng the
air before. the fcedwater heater makes the hesttiansicrinthe
feedwater heater more ¢ flective, increases the opeizsting ifcam
of the feedwater heaters and increasesthe conmmcicia 1 pow . rpi+ 0t
efficiency in producing electricity. Removing the an fro m the
water afler the feedwater heater increasesthe he a1 tran.te:
effectiveness in the boiler, the boiler lifetime snd slvo it srens
the efficiency of commercial powerplants.

Commiercial stcam powerplants use existing Joss ¢ fiee e
deaerators today. Howwever, the existing deaciators hevebiocn
manufactured and used for many years andarcicl ndly
incxpensive.  Therefore it requires a utility and ajwoweplot
component manufacturer to invest in the devclopancnof this
component based on the. Nel return ininereased tevenw fiomtie
sale of clectricity. At present a componcnt manufac ur g
company is working with utilities to obtainthen mitcrcstin
determining the. benefits of developing andusing, sirwer
separator based on the space gas/liquid separatortes huoloyy 1 f
economically promising the manufacturer willdosehothe
air/water separator and the utilitics Will USC thiis te chuodcry
improve their powerplant ¢ fficiency and reducc the goat of
clectrieit y,

Industrial Plants and Equipment

Another potential application is to use the. gas/licpuicise paralon
and wet chemistry 10 remove al the gases from the wutizlis
discharged from the plant processes and equipment atad ¢ ns s
clean air to the. atmosphere from the their plaut  Que cou pany
is o the, process of developing @ gas separator for thas pur o
The company built a gas separator model and duplicie the
removal Of air fromn water as described for the Spalespe by
development above, The company plans to deve fop, biriiear d
demonstr ate the air purificati on function of a gas s¢paratuio
their own plant and on their equipment. This COpany p]a'm, )
show zero rrir pollutants exhausted from thCil’p]ilnls'liiu;aiprm 1,1
based on the gas separator technology. Once damionstrateths
company plansto build and market the. scparatorsbasedonttic
plant and cquipment as an operating example.

Nitrogen Gas Industry

An additional teriestrial application that resulted (o thes sy,
gas/liquid secparator technology, is separating liguwcd ca o
dioxide fromnitrogengas. This application is opposicironth
space application in that it is removing a liquid fromagesian
than a gas from a liquid. However, the, company took the sy e
technology idea rind is successfully using surfacetensio,
properties to scparate small amounts of liquid ¢ bondiosid
from very large now rates of nitrogen gas,
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