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A measurement technique for obtaining the pumping performance of a centrifugal collector under
microgravity has been developed and evaluated through microgravity experiments. These tests have
been conducted under conditions such that the pressure sensors cannot easily detect the pressure rise
of the liquid working fluid. These conditions have a pressure increase smaller than 400 Pa. The
characteristic of the head produced in a centrifugal collector calculated from experimental data
agrees well with that predicted theoretically from the velocity and the pressure generated by rotation
of the centrifugal collector. It is concluded from this result that the measurement technique can
correctly obtain the pumping performance of the centrifugal collector under microgravity. The
centrifugal collector has produced the head of 0.041 m at the rotation speed of 223 rpm under
microgravity. The working fluid is silicon oil. This head corresponds to the pressure rise of
approximately 390 Pa. @004 American Institute of Physic§DOI: 10.1063/1.1638872

I. INTRODUCTION evaporation loss. These include silicon oils in the tempera-
Disposing of large quantities of waste heat is one of thdure range of 250-350 K, fin—lead—bismuth eutectics at

technical issues to be considered in the realization of Iargé’oo_500 K and liquid tin at 5001000 KSince LDRs do

structures in space which handle high powzom mega- not require solid bodies to protect the radiating surface from
watts to gigawatts such as solar power satellites, space faCPunctures by s:mall p.artlcles such as debris or small meteor-
tories in orbit and bases on the moon. The liquid dropleftes’ they are Ilghtwelght, and can b,e stowed in a small vol-
radiator (LDR) is an important candidate for resolving this ume at launch and easily deployed in ofbMassardcet al.

issue. Its lightweight structure, strong resistance to meteoritgave, reported th_"’:]t the Ls[;));c!ﬂcz?m;ss of”a sc;lar pr?wer fdy—
impacts, small storage volume requirement at launch anf@mic sygtﬁm wit an | hls 70 szgtrt an that of a
easy deployment in space make it a very attractive heat reystem with a conventional heat pipe radiator.

jection system for the above applications. The operation of  Droplet collectors for LDRs should have two functions.
the LDR is schematically shown in Fig. 1. The LDR consists©ONe 1S _to capture |nc_|dent _droplets without splashing and
of a droplet generator, a droplet collector, a circulating pumpSeParation of the working fluid because these lead to the loss
and a heat exchanger. Working fluid is heated through a he _v(;/c_)rkmghflw_d ml space. The otE_erh|_s to pl:jmp the worklr;g
exchanger by waste heat generated in a large structure TH“ into the cired ating pump, w Ichis s_et .ownst_ream'o a
space. The working fluid is emitted into space as multipledmplet collector, in order to establish fluid circulation. Since
streams of liquid droplets through nozzles of the droplet gengiroplet collectors operate in the high vacuum environment of
space, there is no static head exerted on the working fluid in

erator, toward a droplet collector. During the flight from the b f ithough ber of col h
droplet generator to the droplet collector in space, the dropth€ collectors. Although a number of collector concepts have

lets lose thermal energy by radiative heat transfer. After thfeen proposed, those that have been investigated in detail are

cooled droplets are captured by the droplet collector, th near collectors qnd _centrifugal collectdrs: They are re-
working fluid is recycled to the heat exchanger by a Circu_spectwely shown in Figs. 2 and 3. The former collector cap-

lating pump. Liquids with low vapor pressure are candidatedures incident droplets and transports the captured droplets to

for the working fluid from the viewpoint of minimizing j[he.circulating pump by utilizing an auxiliary liquid fi!m on
its internal surface. The latter collector captures incident

droplets on a liquid film inside a spinning cone. The liquid
dAuthor to whom correspondence should be addressed; electronic maif.”m_ is formed through the mlgratlon_ of the incident dro_p|e_t3
tota@eng.hokudai.ac.jp radially outward due to the centrifugal force. The liquid
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FIG. 3. Concept of centrifugal collector.
Heat
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stream of pumping equipment. However, there is a size limit
FIG. 1. Schematic diagram of liquid droplet radiator. to the experimental setup for microgravity experiments using
the drop shaft or drop tower. Centrifugal collectors with large

flows out through stationary pitot tubes that are immersed irgarr:ﬁterstﬁam:]ot t()je ltJhS ed in these n_mcrograwty (tax(;)eglmentsl.l
the rotating liquid pool. The latter collectors have the advan- n the other hand, the pressure rises generated by sma

tage that the liquid films of these collectors splash much IeSgiameter centrifugal collectors are so small that the pressure

than those of the former collectors because of the centrifugaﬁenﬁ_?]r 'i n(;t gble télj deltect ;h.e n;hW'th suffltt:lent I? ccurta)llcy.
force acting on the liquid films. We consider that centrifugal € technique developed In the present work enables us

collectors are more appropriate for the droplet collector tha O Mmeasure the _head_ generated in the centrifugal collector
the linear collectors. under microgravity using the drop shaft and the drop tower,

A centrifugal collector with a pitot tube for fluid recov- by filming the movement of the working fluid in a transpar-

ery such as that shown in Fig. 3 was developed and produceg‘f't tuf)e b%/h means of an 8t Tmhvideo ]?arr][ﬁra. This. article
the head of 34 kPa at 300 rpm under normal gratigew escribes the measurement technique for theé pumping per-

- g rmance of a centrifugal collector under microgravity using
reports have described the performance of centrifugal dropIJ
collectors under microgravity. The surface position of thet € MGLAB drop shaft and reports the test results for the

working fluid in centrifugal collectors under microgravity is pumping performance of the centrifugal collector under mi-

different from that under normal gravity, as shown in Fig. 4 crogravity. These tests have been conducted under conditions

Since the pressure at the entrance of the pitot tube undér“Ch that the pressure sensors cannot easily detect the pres-

microgravity differs from that under normal gravity, the sure rise qf the liquid working fluid. These conditions have a
pumping performance under microgravity is not equal to thaP'eSSUre increase smaller than 400 Pa.

under normal gravity. The most cost-effective and easily uti-
lized microgravity platforms are drop shafts or drop towers.
The performance tests of a droplet gener@mijnear drop-

let collector!® and a gear purmphave been conducted at the

drop shafts of the Micro-Gravity Laboratory of Japan Inc.

(MGLAB)'?1® and the Japan Microgravity Center Inc. Free
(JAMIC).* The head, which is an index of pumping perfor- Surface
mance, is most simply measured under normal gravity as the )
height of the level of the pumped-up liquid from a reference Working
level. However, this measurement method is ineffective un- Fluid
der microgravity. The head can also be calculated from the :

velocities and the pressures at the upstream and at the down- (a) Normal gravity

‘."‘ Working Fluid for
) Auxiliary Film : Free
\\ to Circulating 7 Surface
W Pump -
- \ .
_ y . Working
4/ Auxiliary Film Fluid

Working Fluid for : .
.. Auxiliary Film (b) Microgravity

FIG. 4. Surface positions of working fluid under normal gravity and micro-
FIG. 2. Concept of linear collector. gravity.

Downloaded 14 Mar 2006 to 133.87.26.100. Redistribution subject to AIP license or copyright, see http://rsi.aip.org/rsi/copyright.jsp



Rev. Sci. Instrum., Vol. 75, No. 2, February 2004 Centrifugal collector pump performance 517

Vacuum Lock Chamber
Vacuum Shutter

® 110

100 m
(Free Drop Zone)

No.1 Friction Damper

©
o

= N No.2 Friction Damper

o o

o % Centering Guide Thickness: 3 mm [mm]
@

Cushion (a) Collector

Stainless-Steel Pipe I Vinyl Tube
5

FIG. 5. Schematic drawing of MGLAB drop shaft.

Il. EXPERIMENT

A. Microgravity experiment facility 3

Figure 5 schematically shows the MGLAB drop shatft.
The drop shaft is 150 m deep and is equipped with a drop
tube of 1500 mm diameter. The free drop zone is 100 m long
and the breaking zone is 50 m long. The free drop zone can (b) Pitot tube
_prowd_e the m!crograwa .duratlon 0f4.5s. The braking ZoneFIG. 7. Configuration and dimensions of centrifugal collector and pitot
is equipped with two friction dampers and a bellows damper,

These dampers are designed to maintain the deceleration of

th.e capsule to _Iess than 10 G and allow the cgpsule to Sto@/stem, or the payload. As shown in Fig. 6, the capsule is
without damaging the capsule body, the experiment SUPPOYH0 mm in outer diameter and 2280 mm in height. The pay-
load area in the capsule where an experimental setup is
$900 mounted is 720 mm in diameter and 885 mm in height. As
the figure indicates, the payload area can be separated into
several stages. The maximum payload weight, including the
base, the rack and balancing weights, is 400 kg. Since the
capsule is released by turning off the power supplied to the
magnetic chuck used for suspending the capsule, the capsule
Expetimental can start to fall smoothly. The capsule falls in the drop tube
—Support which has a vacuum conditidnearly 4.0 Pa A high-quality
System microgravity environment (10°-10 °G) is supplied.
Payload
 Area B. Experimental apparatus

¢ 720 (Payload)

180

Figure 7 shows the configuration and the dimensions of
> Rack (a) a centrifugal collector antb) a pitot tube used in a series

] of performance tests. The distance from the rotation axis to
the entrance of the pitot tube is 48 mm. The angle between
the lower conical surface and the rotation axis is 35°. Work-
ing fluid is placed in the centrifugal collector before the cap-
sule is assembled for the fall. As shown in Fig. 4, the quan-
tity of working fluid put in the centrifugal collector is set
such that the working fluid does not touch the tip of the pitot
FIG. 6. Schematic diagram of drop capsule. tube under normal gravity, and does not overflow the brim of

2100
885 (Payload)
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Supporting \ ;‘;

Collector Wall

Rod > ; ,
Pitot .
Tube — . Vi nyl Working
I THbe Fluid
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Surface
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Camera : Misiis
FIG. 8. Schematic illustration of experimental setup. i

. . . . FIG. 9. Schematic diagram of centrifugal collector in plan view.
the centrifugal collector under microgravity at the maximum g g P

revolution of 223 rpm in a series of performance tests.
Through a series of performance tests, the quantity of workthe pitot tube. The gravitational term is neglected because the
ing fluid has been set at 80 ml. head produced by the centrifugal droplet collector under mi-

2
Ug &

2 p

The experimental setup including the observation decrogravity is discussed. As the interface in the vinyl tube

vices is schematically shown in Fig. 8. The centrifugal col-faces the atmosphere, the pressure at the surface of the work-

lector is rotated by the AC speed control mot@riental  ing fluid ps is 0. The headH, that the centrifugal collector

Motor Co., Ltd. MSD425-401L The fiberscopgOlympus  generates under microgravity is given by the following equa-

Promarketing Inc. IF8C5-120monitors the behavior of the tion:

working fluid at the tip of the pitot tube. The 8 mm video )

camera(Sony Corporation CCD-RV1Q0records the inter- _ } ( _ } (5 YE ) %)

face between the working fluid and the air moving in the ° g g\ 2 e

translucent vinyl tube, and can record the movement of the . o .

working fluid at the section between 12.0 and 15.5 cm fromWher.e g is the gravitational acceleration under normal

the entrance of the pitot tube. An incandescent li@t{€100 gravity. S . .

V, 40 W) is employed for illumination. Silicon oilShin-Etsu Qon5|der|ng loss at the inlet of the pitot t.ut_>e, pressure

Chemical Co., Ltd. KF-96 50 cSis used as the working loss in the entrance length of the pitot tube, frictional Iosslln

fluid. The properties of the working fluid are listed in Table I. the pitot tube, and loss at the bend and elbows of the pitot
tube as losses of energy, the total energy IBs$rom the
entrance of the pitot tube to the interface in the pitot tube is

C. Measurement method expressed as

Figure 9 shows a schematic diagram of the rotating col- 5

2
lector as a plan vigw. Th_e centrifugal collec_tor generates thE _ gi$+)\ I_S Us +E, (0<I<ly), 3)
movement of working fluid through the rotation and the pres- 2 d2
sure increase of working fluid under the centrifugal force. 5 2 2
Applying Bernoulli's law and taking the loss of energy in the Us o I us FE4 ls—1y Ug L<l<l,), (@
={—+N= — —_ <l<ly),
pitot tube into account, the following equation is obtained: & d2 @ éVblz—ll 2 (h=ls=h
2 2
Ue pe_ Us Ps Ug Is Ug Ug
whereu, p, andp are the velocity, the gauge pressure, and the 2 |2 2
density of the_ working fluid, respectively. The gubscripts E,= gi_sﬂ\ S5 Eat &y s
ands, respectively, denote the entrance of the pitot tube and 2 d 2 2
the interface between the working fluid and the atmosphere 1 U2
in the vinyl tube.E, denotes the .total energy Ios; per unit. +§bH ?S (I3<1<ly), (6)
mass from the entrance of the pitot tube to the interface in 413
u2 2 u2
TABLE I. Properties of working fluid. E =/f— Ss _s
| §I2 +)\d 2 +Ea+2§b2 (|4<IS<I5)7 (7)
Property Symbol Value 5 5 ) 5
Density p 957 (kg/n™) E|:§_£+)\I_S$+E +2§b$+§ E (|5<| ) (8)
Coefficient of viscosity “w 0.0479(Pa 3 '2 d 2 a 2 €2 s
Surface tension o 0.0208(N/m)

whereE, is the pressure loss in the entrance region
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I ug D. Experimental procedures
=&== < . .
Ea gla 2 (Is=la), © The procedure of the performance tests is described as
5 follows. (1) Preparations for an experiment under micrograv-
E —gﬁ (1<l (10 ity are conducted: before the capsule is assembled, working
a2 a - sh fluid (80 cn?) is placed in the centrifugal collector; the rota-

tion speed of the centrifugal collector is set; a blank video-
etape is inserted into the 8 mm video cameg@. The 8 mm
video camera starts to record just before the capsule begins
to be assembled. The 8 mm video camera continues to record
for about 60 min, until the capsule is disassembled after a
free fall. (3) The command for turning on the light source is
dlransmitted from the control room at 20 s before a free fall.
(4) The command for starting to rotate the centrifugal collec-
tor is transmitted from the control roont @ s before a free
fall. (5) The final drop sequence is initiated and about 2 s
later, a gravity condition 10° times less than normal gravity
is detected(6) After the capsule is disassembled, the work-
|,=0.065Red, (11 ing fluid in the centrifugal collector and the pitot tube is
] o ) discharged. The videotape is removed from the 8 mm video
where Re is the Reynolds number, which is defined by camera. Batteries for the 8 mm video camera and the fiber-
pugd scope are charged.
Re= . (12
y73
In the case where the Reynolds number is sufficiently smal
to regard the flow in the vinyl tube as the laminar flow, the
Darcy friction factor is given b} The characteristics of the head produced by the centrifu-
gal collector are essential data for designing centrifugal col-
_ 6_4 (13) lectors for practical use in space. Here, the method for de-
Re’ riving these characteristics from the data obtained in the
microgravity experiments is described.
The streamlines of stable flow in the rotating body as
B o Tb 0-9 shown in Fig. 9 are concentric circles on the plane vertical to
{p=0.0051% 9 Re d/) (14 the rotation axis. By applying the Navier—Stokes equations

in cylindrical polar coordinates to this case, the following
where 9 is the angle of the ben@=90°), ry, is the radius of  equations are obtained:

curvature, and

length(=2.7)," \ is the Darcy friction factor, and;, ¢, and

£, are coefficients of loss at the inlet0.5),'® the bend, and
the elbow (=1.129 of the circular pipe with the smooth
inner surface, respectively.d is the diameter of the vinyl
tube (=4.35[mm]), | is the distance from the entrance of
the pitot tube to the interface between the working fluid an
the atmospherd,, |,,...,|5 are the distances from the en-
trance of the pitot tube to the positions of the pitot tube
shown in Fig. Tb), respectively, and, is the entrance
length, which is given b¥

IIE. Method of analysis of pumping performance

The coefficient of loss at the bend is given‘by

u? 1dp
ry| 19 —=——, (18
a=0.95+4.42(a) (15 TP
_ , , #u 1ldu u
Since the distance from the entrance of the pitot tube to the 0=v F+ T 2 (19
r r

observational sectionl {=0.120-0.155m]) is longer than
the entrance length,, the total energy los&, from the  wherer is the distance from the rotation axis amds the
entrance of the pitot tube to the observational section is repkinematic viscosity(=u/p). Since no slip occurs on the wall

resented in of the centrifugal collector and no tangential stresses act on
2 2 2 2 2 the inner surface shown in Fig. 9, the boundary conditions
E = ﬁ_f_gﬁ_,_)\l_sﬁ_i_zg&_f_g& (16) are
A bp Teep f
Substituting Eq(16) into the right-hand side of Eq2), atr=ry: U=ryo=2mryzs, (20

the following equation is obtained:

Ju u
) =0, (21)

1 | atr=r;: = (———
Ho=gg| 1+ &t érng +20+Le|ud, (17 A VT

29
o ) ) ‘wheref is the number of rotations per minute and the sub-
whereH_ indicates the head measured in experiments. Thigq intsi andw denote the inner surface of the working fluid
equation indicates that the head produced in the centnfugao{nd the wall in the centrifugal collector, respectively.

pollect_or can be. calculated from the velocity of the. work- Solving Eqs(19)—(21) for u, the velocity distribution is
ing fluid at the distanck; from the entrance of the pitot tube.

That velocity is measured in a series of microgravity experi- o f
) . I U=rw=2mr—. (22
ments using an 8 mm video camera, as shown in Fig. 10. 60
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FIG. 10. Experimental setup with the base. FIG. 11. Ratio of gravity acceleration in an experiment to normal gravity

acceleration.

As shown in Fig. 9, there is a pitot tube extending into the o
rotating working fluid. The wake flow occurs downstream of HC_Crif ' (26)

the pitot tube. In the case of the centrifugal collectors withrpis equation indicates the pumping performance of the cen-

small circumferences, it is possible that the entrance of th%ifugal collector. Compared with Eq€25) and (26), it is
pitot tube is located in the wake flow. Here, a cons@i®  t5,nd that

introduced as follows:
1, 1\?
f cri=2—(2re—ri)(27c@) . (27)
u=c-rw=c‘27rr6—0. (23 g
The fluid volume in the pitot tube is not replenished during
The constant is a value specific to the shape and arrangethe test, the fluid levelr(,—r;) decreases as, becomes
ment of the centrifugal collector and the pitot tube. It islarger. The working fluid is set at a constant quantity in the
reasonable to suppose that the constaquals 1 in the case centrifugal collector before the experiment starts. Hence, the
that the circumference of the centrifugal collector is suffi-inner radius at distandg from the entrance of the pitot tube
ciently large to recover the velocity loss in the wake flow,to the interface between the working fluid and the atmo-
such as that of the centrifugal collector designed for practicatphere can be identified in each experiment because the
use in space. quantity of the working fluid in the pitot tube at distanice
Substituting Eq(293) into Eq. (18) and integrating from is equal in each experiment. It is theoretically predicted
the inner surface; to the entrance of the pitot tubg, the that the head obtained by the measurement technique devel-
gauge pressure at the entrance of the pitot tube becomes oped in this present work is proportional to the square of the
(2 number of rotations per minute. By using derived by ap-
2mC _) ) (24)  plying the least squares method to the plotted data, the con-
60 stantc can be calculated from E@27). Finally, with substi-
Since the inner surface of the working fluid faces the atmolUting the value of the constant into Eq. (29), the
sphere, the gauge pressure at the inner suaée consid- characteristics of the head produced by the centrifugal col-
ered as the gauge atmospheric presspre 0). Substituting  €ctor are formulated.
Eqg. (23) atr=r, and Eq.(24) into Eq. (2), the sum of the
velocity head and the pressure head theoretically becomesiil. RESULTS AND DISCUSSION

1
Pe=pi+ 5p(re—rf)

Figure 11 shows the gravity acceleration relative to nor-
mal gravity acceleration in the case that the centrifugal col-
lector was rotated at 187 rpm. The experimental support sys-
As Eq. (25) shows, the sum of the velocity head and thetem sent a signal when the microgravity sensor in the
pressure head produced in the centrifugal collector with thexperimental support system initially detected a gravity ac-
pitot tube is proportional to the square of the number ofceleration less than 0.1 times the normal gravity acceleration.
rotations per minute. In this figure, the horizontal axis denotes time and its origin

The data obtained in a series of experiments are plotte@ the moment at which the signal was sent. As the graph
in such a graph as Fig. 13 whose horizontal axis is the squaifidicates, the gravity acceleration is stable at approximately
of the number of rotations per minuté and whose vertical  1.0x 10~2-fold the normal gravity acceleration from 0.1 s to

f 2
2770—) . (25)

1
Ho=5g (2re=ri)| 2mc g

axis is the headH; calculated from Eq(25). The constant, 4.5 s. The experiments conducted with other paraméi&&
in the following equation is derived by applying the leastand 223 rpmhave also been confirmed as being carried out
squares method to the plotted data in the graph under stable microgravity conditions.
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FIG. 13. Head produced in the centrifugal collector vs square of the rotation
speed.
In the case that a pressure sensor is mounted downstream of
26 s 29s P

the pitot tube, the velocity of the working fluid at the pres-
FIG. 12. Cetrifugal collector and images of the interface at the observaSUre Sensous is zero and the total loss of the he&g is
tional section under normal gravity. derived from Eq.(16) as zero.
Substituting these values af andE, into Eg. (28) and

Figure 12 shows images of the centrifugal collector andhen solving forps, the following equation is obtained:
the interface between the working fluid and the atmosphere — ,gH. . (29)

in the vinyl tube during an experiment captured on videotape

by the 8 mm video camera. The time after starting a drop id NiS equation converts the head produced in a centrifugal
shown under the images. The centrifugal collector was roSollector into the pressure measured by a pressure sensor

tated at 187 rpm. As the figure shows, the interface betweeffiounted downstream of a pitot tube. The pressure is ap-
the working fluid and the atmosphere is moving in the vinylProximately 390 Pa in the case of 223 rpm. Pressure sensors
tube. It is notable that the collector for LDRs has the capa@nnot easily detect this pressure increase in a liquid working
bility to push the working fluid forward. The movement of fluid with sufficient accuracy.

the working fluid in the vinyl tube is observed to be an  Figure 13 shows the head, versus the square of the
almost uniform motion. Analysis of the images has revealed?umber of rotations per minute. The line in this figure is the

that it takes 1.4 s for the working fluid to pass through thelin®ar approximated curve obtained by using the least
observational sectiotbetween 12.0 and 15.5 cm from the Squares method. This figure indicates that the head obtained

entrance of the pitot tubeThis clarifies that the velocity of Y the measurement technique developed in the present work
the moving interfaceu, is 0.025 m/s in the observational 'S Proportional to the square of the number of rotations per
section. minute. Since this result is theoretically predicted as shown
Substituting this value afi into Eq.(17) as the velocity in Eq._(25), it verifies that the meas_urement technique dgvel—
at the center of the observational sectiorL375 m from the ~OPed in the present work can obtain the head produced in the
entrance of the pitot tubethe headH,, produced in the cen- centrifugal collector with reasonable accuracy. Compared

trifugal collector under microgravity is calculated. The ve-With Ed. (26), it follows that

locity of the interface between the working fluid and the ¢, =8.34x 107 m/rpn?.

atmosphere in the observational section and the head pro-

duced in the centrifugal collector are summarized along witiVhen the interface between the working fluid and the atmo-
the rotation speed in Table Il. Substituting E8) into the ~ sphere in the pitot tube is located at 0.1375 m from the
left-hand side of Eq(1), the following equation is obtained: entrance of the pitot tube, the volume of working fluid in the

) pitot tube is
1 US pS 3\ 2
He==|—=+—+E|. (28 4.35x10° 5 3

gl2 »p mX| ————| %0.1375-2.04X10 ° m’.
TABLE II. Surface velocity of working fluid in the vinyl tube and the head As the initial volume of the working fluid in the centrifugal
produced in the centrifugal collector. collector is 80.x 10" ® m?, the volume of the working fluid
Rotation speed Intorface HeadH, in the gentrlfugal collegtor is 78>_010 me. U'smg the con-
(rom) velocity (m/s) (m) figuration of the working fluid in the centrifugal collector

under microgravity shown in Fig.(8) and the dimensions of
ig? g'ggg 8'822 the centrifugal collector shown in Fig(d), it is calculated
203 0.034 0.041 that the inner radius of the working fluid in the centrifugal
collectorr; is 39.5<10 3m. Substituting the values cm‘ri
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FIG. 14. Head produced in the centrifugal collector vs rotation speed. . .
Distance from the pitot tube entrance [m]

FIG. 15. Velocity of the interface between the working fluid and the atmo-

and r; into Eq. (27) and solving forc, the constant is  Sphere in the pitot tube.
derived as 7.08 10" 1. Substituting this value of into Eq.
(25), Eq. (25) becomes the equation for obtaining the headis significantly different from the velocity in the observa-
H. produced in the centrifugal collector used in the presentional section and the movement of the interface observed in
work. Figure 14 shows this characteristic for various innerthe observational section becomes an almost uniform mo-
surfaces of the working fluid. tion.

Substituting the values of andr, into Eg. (23), the
velocity at the entrance of the pitot tulog is obtained:u,
=0.66 m/s. A comparison between this valueugfand the |\ piscussion
velocity of the moving interface in the observational section
(us=0.025 m/s) reveals that the velocity in the observational  In the present work, a technique for measuring the
section decreases to 3.8% of the velocity at the entrance gfumping performance under microgravity of a centrifugal
the pitot tube. On the other hand, the movement of the intercollector has been developed and evaluated. The characteris-
face between the working fluid and the atmosphere in théics of the head produced in the centrifugal collector calcu-
pitot tube has been observed to be an approximately unifordated from experimental data agree well with those predicted
motion. The remarkable decrease of the velocity of the worktheoretically from the velocity and the pressure generated by
ing fluid in the pitot tube has not been measured in the obthe rotation of the centrifugal collector. It is concluded from
servational section. Here, the velocity of the working fluid in this result that the measurement technique can accurately ob-

the pitot tube is examined. tain the pumping performance of the centrifugal collector
Substituting Eq(25) into Eq.(2), the following equation under microgravity. It has also been described that the head
is satisfied: produced in a centrifugal collector under microgravity can be
predicted from the radius of the entrance of a pitot tube, the
1 F12 1/u? inner radius of working fluid in a centrifugal collector, the
—(2r§— riz)( 2m7C _) = <_S + E|) (30) constant specific to each centrifugal collector and the number
29 60/ g\2 of rotations of the centrifugal collector. Although the head

cannot be estimated theoretically without obtaining the con-
The loss of energ¥, at distancd from the entrance of the stant specific to each centrifugal collector by microgravity
pitot tube is found from Eq¥3)—(8). The inner radius of the experiments or other similar means, obtaining the character-
working fluid in the centrifugal collector; depends on the istics of the constant specific to each centrifugal collector
initial volume of the working fluid in the centrifugal collec- will allow us to estimate theoretically the head produced in a
tor and the distance from the entrance of the pitot tube to theentrifugal collector under microgravity. It is reasonable to
interface between the working fluid and the atmosphere. Isuppose that the constant equals 1 in the case that the cir-
follows from this that Eq(30) is the appropriate equation for cumference of the centrifugal collector is sufficiently large to
obtaining the relationship between the velodityof the in-  recover the velocity loss in the wake flow, such as that of the
terface and the distan¢gfrom the entrance of the pitot tube centrifugal collector designed for practical use in space.
to the interface. This relationship is presented in Fig. 15. AdNonetheless, it is notable that the technique for measuring
the diagram indicates, the velocity of the interface betweenhe pumping performance described in this article can obtain
the working fluid and the atmosphere moving in the pitotthe head produced under conditions such that the pressure
tube rapidly decreases after the working fluid enters the pitosensors cannot easily detect the pressure increase of the lig-
tube. Next, the decrease of the velocity becomes graduallyid working fluid. This technique is an important contribu-
gentler, and then the velocity becomes approximately steadtion to the measurement of the pumping performance under
This verifies that the velocity at the entrance of the pitot tubemicrogravity.
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