STATUS TYPE OCLC #.
Submitted -01/23/2019 Copy ‘944127
SOURCE REQUEST DATE NEED BEFORE
iLLiad 01/04/2019 02/03/2019
BORROWER RECEWE DATE

vA@

LENDERS

VRC, GFV, GPM, DOV, GWY, OUB, 8ZR, VWL, YYP, *URB, RGC, KQY, OHM, RNG:

(RN RRENE A

192640482

DUE DATE

LOCAL ID
AUTHOR: 'ARTICLE AUTHOR
TITLE The new encyclopaedia Britannica.. ARTIGLE TITLE
IMPRINT Chicago, Encyclaopaedia Bfitannica [1574] FORMAT
o EDITION

ISBN 9780852292907 VOLUME
NUMBER

DATE

PAGES

INTERLIBRARY:LOAN INFORMATION

ALERT AFFILIATION
COPYRIGHT

VERIFIED <TN:1822118><0DYSSEY uva.hosts.allas-sys.
~ MAX €OST OCLC IFM - 40.00 USD- ' SHIPPED DATE
LEND CHARGES FAX NUMBER
LEND RESTRICTIONS EMAIL
BORROWER NOTES ¥ you don't use 1s{ effexpress, use our UPS VBE197 - ODYSSEY
Ground (160 N. McCormick'Rd.) Title-pg. with copies, pfease! Thanks!. ARIEL FTP
(mazCost: $40) ARIEL EMAIL
BILL TO

-BILLING NOTES Same

J. W, Beams
Centrifuge
Book

15th ed.

1974
unknown

VIVA / ASERL / CRLG / GVGL / GIFJ  GS#P /
Us:ccL

4leo@virginia.edu

uva.hosts. attas-sys.comfLL

ILL, Borrowing

Alderman tibrary, Univ of Virdinie
P.0. Box 400109

Charlotiesville; VA, US-22004-2498

SHIP VIA Odyssay{E»mail!UPS {below) RETURN VIA
SHIP TO yniversity of Virginia - Alderman Library RETURN TO'
ILL - Borrowing.
160 N. McCormick Rd,
Charloftesville, VA, Us-22904




‘cepfrifugal pumg 32

motion: In & frame of reference attached to
the whirling stone, the stone ig at rest; to
obtaini a balanced force system, the outward-
acting ceatrifiigal force must be mcluded
Centrifugal forceé can be incredsed by in+
criasing either (13 the speed of rotation, ]
the mass of the body, or"(3) the radius, which

is the. distance of the body fromi the denite of

the curve. Increasing either the mass or the
radius increases the centn_fugal force: .prepot-
tlonally, but increasing the speed of rotation.

increases it in propm'uon to the square of the:

speed; that ig; an increase inspeed of 10 times,
say from 10 to 100 revolutions. per_ minute,
increases the centrifupai force by a facior of
100, Cenirifugal force is expressed as a-multi-
ple- of G, the symbol for normal gravitationat
force (stnctly speaking, the acteletation due
o gravity). Centrifugal fields of maore than
1,000,000:000 G have been produced in-the
lahnramrv by devices called centrifugcs..

centrifugal pump, device for moving liquids
and gases. The two major parts of the device

are the impelier (a wheel with vanes) and the'

circilar pump casing afound. it. In the most
common. type, called the volute centrifigal
pump, fid enters the pump at high speed
near the centre of the rotatmg 1mpeller and is

threwn against the casing by the vanes. The:
centrifugal pressure. forces. the fluid through.

an opening in the ‘casing, This outlet widens
‘progressively in a spiral fashion, which re-

duces the speed of the fluid and thereby in-.

creases pressure: Centrifugal pumps produce.a
continuous Bow of fluid-at high pressure; the
pressure.can be increased by linking several
impellers together-in one system. In’ such a
rmiltistage pumg the outlet for cach: impelter
.casing serves as the inlet to the next. impetler.
Centrifugal pumps areé used for a wide. vari-
ety of purposes, such as purhping liquids for
‘water supply, icrigation, and sewage disposal
systems. Such. devices are also utilized as gas
.EOMPressors.

centrifuge, -any device that applies a sus-
tained centrifupal force; that i, a force due to
rotation. Effectively, the centnfuge substitutes
‘a similar, sironger, force for-that of gravity,
Evéry ‘centrifuge contains a spinning vessel;
theré are many configuratidns, dependmg on
use. A perforated rotating.drum in a laundry
‘that throws off cxcess water from clothes, for
example; is: & type of centtifupe. A similar
type is-used in industry to separate ﬂulds from
solid matter after crushing.

As enunciated- by Sir Isaac Newton in his
first faw .of motion, a’ freely movidg body
{such as a ball) tends to travel in a straight
line, and if directed along-a curved path by
some restraining force (sach as would result
were-a hand-held string tied 1o it) # will ex-
ert a force against the. directing or zéstraining
force in its continual effort to fly off ont) a
straight’ tangeniial course. It is a familiar ob-
servation that an objeet revolving in a citcle
exerts a force away from the centté of rdia-
tiem. This force, which is the owtward pull of
-the-ball-on its String, is the centrifugal force.
Also, there i§ general appreciation of the fact
that the amount:of this force-cin be increased
by increasing cither the angular velocity of
rotation, the mass of the object, ¢r the radius
of the cicle through which the object moves.
Perhaps not so gederally: apprccmted is the fact
that whereas the centiifupal force is. dlrectly
proportlonal to the radius and to the mass, 1t
is proportional to the Squgre of the angular
velodity.. For example, doubling the imass of
the rotating object will increase the centiifu-
gal force by & factor of 2, but doubling- the
number of revolutions per minute {rpm) will
increase the centrifugal force by a factor of
4 (equals 2 times 2} 's1rn1]arly, increasing the
speed by-a factorof 10 will inerease the force

by a factor of 100 (equals 10 times 10). Cen-
trifiigal force is expressed by the basie relation
F=m | R=4d'n*R; F is the centrifugal
force, m the mass, R the. radius, v the speed,
and # the number of revolutions per second.

The cenirifugil Torce is often compared di-
rectly with the weight (pull of gravity) of the

object, and the amount of force is stated as

so many “lines gravily” or so many “G.”
Through the lise of special research apparatus,.
forces preater than 5,000,000 times pravity
have been produced by spinning simall rmetal

rotors of about pea size at speeds excéeding.

1,000,000 revolutions per minute,

The rotanng element of a centnfugc is usu~
ally driven about .a fixed axis: by an electric
motor, or by an-air lurbine in some. high-
speed machings, and is- known as a rtotor,
‘bowl, or drum. For thé minimizing.of v1bra—

tion.and strain on the shaft and béarings, it is-

-essential that a loaded rotor be well bHalanced;

.., that:its'total mass be so distributed - about
_{he axis of Totation that the resultant of all
the eleimental forces is zero. If the bearings are-

suited to hlgh speeds :and if dmple power is

available to overcome the frictional res:stancc'

of the bearings, the only limitation fo the
speed of a well-balanced rotor is the strength
Against rupture ‘of the material from which. it
is made,

For example, a:rolor with a 13-centimetre.
(6-inch} diametér uséd in cerfain biologicil
studics and designed espemally for high speeds

“has a limiting -speed for routine.operation of

about 60,000. revolutions per minbute, In a
rotor 'of given design, the maximum angular
veloc:ty obtainable before ruptire is to a-cldse
approxlmauon mversely propornnnal tey the
rotor’s diamecter. Thus, a $mall rotor having
only one-half the diameter of a larger one can
be as safely rotated at twice the angular veloc-
ity and with the prodnction at the periphery
of twice the centrifugal force.

The widest use of centrlfugcs is for the con-
centiation and punﬁcatmn of matcnals in
‘suspenston or -dissolved: in fluids: Suspended.
particles denser than ihe suspending liquid
tend to migraté toward the periphery, while
those less dense move toward the centre, The
rapidity with which the. mlgmtlon proceeds is

-dependent on the intensity of the centrifugal

field, the différence between the density of the
pamc]e and ‘that of the suspending liquid, the
viscosity of the liquid, the size and shape of the
particle, and to some extent the concentration
of the particles-and the degree 1o which ihey
are clecirically charged. The net motivating
force exerted on the particle. is. the difference
between the centrifugal field acting on it and
the dpposing buoyancy of the liquid. All other
things being equal for two particles, ne with
a_diameter [0 times that of the other will
fequire onty VAo as. much average. ccntr]f'ugal
field to move a given distantce ina given time
as the smaller;

Frém the foregoing dmcusmon, it is clear
that ¢ practically complete scparation of the
suspending medibny. and the suspended pat-
ticles can be produced it “the ‘centriftigafion
is allowed to conlinue-until all particles have
collected against the outer wall of the. spiniing
vessel or centrifuge.. It should also be noted
that a partial separation of two groups of
suspended particles of different size can be ef-
fected by allowing centrifugation to continde

only long enough for all of the larger particles

to be completely packed into-the scdimient,
since then many of the small particles will stitl
be suspended in the fluid, I sep'lratmn of the.
larger as well as the smaller particles is:desired,

the surface. fluid can be drawn off and the'
sediment resuspcndcd in some suitablé liquid -

and Subsequently centrifuged again. to cffect
further separation,

Centnfuges may be-classified in three general
categories depending on whether the spinning,
céntrifige bow! that contains the material té
be separatéd has a-solid wall, & perforated wall,

or same combination of the two. Also, they
may be. characterized accordmg tc whether
the material is treated in a continuous flow
‘process, a.batch process, or & combination of
the abave progesses.

‘Botile centrifuges, A boitle centrifuge is a’
batcli-type separator that is ptimarily used for
research, testmg, or control. ‘The scparanon
takes place in test tube or “boiile:type” con-
tainers, which are symmetrically mounted on
a vertical shaft: The shaft of a bottle centrifuge

is usually driven by dn electric rhotor, gas

turbine, or a hand-driven géar. train located

gbove or below thé rotor. In most cases, the.

botiles are supported by high- strength ‘metal
conlainers so that. their axis is perpendlcular
to the axis of rotation, The sedimentation oc-
curs.in a radial direction, and in some botile

‘centrifupcs the test tubes or bottles are in-
-clined at-an angle 6f about 37° 1o the axis of

rotatien in order to reduce the distance that
the material maust settle.

Bottle centrifuges .are standard equipmeit
for most biological, chemical, or medical lab-

_oratones They are usecl to separate solid ma-

terials in suspension dr to clarify lzqmds when
precipitation will not take place in a reason-
able time:in the gravitationdl field G..In most
commercial boitle centrifuges. the cenirifugal
field may be varied from a few G up to tens
of thousands. Commercial uses of the battle
centrifuge include tests for the butterfat con-
tént of milk, determinadon of the scdiment in.
¢rude mineral and vegstable dils, and-clinical
tests of various kinds.

“Tubular centrifuges. The tubular centrifuge
is used primarily for the continuous separa-
tion of liquids from Haguids or of very. fine

molar
1

tight fraction
heavy tratlion
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Figure 1: Tubular. pentrifuga

pamclcs frofo. liguids, altbough in some cases.
iis cmploycd as a batch-type. centrifuge. in
general, it is used when bigher centrifugal
fields are required for.separation, The rotating’
bowl of a.tubular centrifuge consists of a long .
Liliow tube- (leqgth many times its diameter)
as shown' schiematically in Figure 1, For con--
tiuous separation the feed or material to be
centrifuged enters.at ong ‘end nearthe axis and
is removed in two streams containing the sep-
arated material. In many cases the séparation
is not complete and the separated fractions:
must be passed through the' machine several
times. Many different designs for the. interndl
structure of the tubé arc employed; but in
general radial varics.are used: to bring the feéd

‘material vp 1o speed and to slow. down the

separated sireams: before they are discharged.
The r:t:nmfuge is driven by a high-speed motor

or 4n air-or steam turbing. The sedimentation




takes place as the fluid flows from one end of
the 1ube 1o the other. When the heavy mate-
rial consists of very fine partlcles or molecules
and the concentration is very low, the solid
material is ysnally allowed to deposu on the
wall, In this case the machinc i§ operaied as'a
baich centrifuge.

The tubular centrifuge is finding an increas-
ing number of applications because of the
high centrifugal fields that may be used (10
G near the periphery in some cases). A few
typical usds are s follows: {1 the puuﬁcauon
of vaccines [unccnmfuged vaccines conlain
a large ampunt of nonesseatial -and “harmfial
:material), (2} purification of {ubricating and
:industrial oils; {3) clarification and purifica-
tion' of food pmducls such as essential oils;
extracts, and fruit juices; (4) separation of im-
mistible Hquids that caniot be separated: by
gra\ﬂt

D;.sk-zvpe centrifiges. The disk-iype cen-
trifuge consists: of a vertical stack of thin disks
in the shape of cones. The _sedimentation
mkm- wlagce 1 the radial direction in the sace
between adjacent cones. This grcatly reduoes
the settling distanee and hence increases. the
rate at which the matérial is separated, The
angle of the cones is designed so that vpon

reaching the inside -surfacé of the come the-

heavier aterial slides down along its surface
in 2 manner that is similar to that of the 37°
fixed-angle botile centrifuge.

The disk-type. centrifuge usually opérates
continuously. The ‘miterial to be’ processed
enters ‘in one stream and is separated into
two purified streams, These contrifioges are
used primarily for the scparation of liquids
in which the solid or immiscible compofients
occur ‘in relatively low concentrations. The
familiar cream separator, widely used in the
dairy indusiry and on farms for separafing
creain’ from milk, is'a typical example of this
type of cc:ntnfuge They also are used for the,
purification of fuel oil, theé reclamation of
used motor oif, and the removal of soap stock
in the refining, of vegetablc oils.

Basket centrifuges. Basket centrifiges are
offen calted centrifugal filters or clarifiers,
They have.a perforated wall and cylindrical
‘tubnlar rofor. In many cases the outer wall
of a-basket ¢entrifuge. consists of a fine rmesh
scréen or a series of scréens with the finer
mesh screens suppoﬂed by the heavier coarse
screen, which in turn is supported by the
bowl, The liquid passes through the screen,
and thie particles too large to pass through: the.
screen are deposiled. The basket centrifuge is
emp]oyed in the manufacture ‘of -cane supar,
in the home.and in laundries- for the. rapid

drying -of clothes, and in the washing and.

drying of many kinds of crystals.and fibrous
materials, ete.

Vacuurh-type centrifuges.  In the centnfuges
described abtve, the rofor spins in air or
some other gas at atmasphenc prcssurc The’
-gaseous: friction, on a spinging: rotor incréases
‘gt ' relatively high rate so that the power res
guired to drive the rotor also increases rapidly.
A a tesult, the temperature of the rolor rises
:clrasncally, sometimes- exceeding the boiling
point of Water. As the rotor surface near the
periphery’ moves faster than near the axis, a
thermal gradient or veriation in temperature
through the rotor wall is established along the
radius with the penphery at a higher tompera-
ture than the axis, Theése small radial temper-
ature gradients producé convection within the
centrifuge, and these convectidn cutrents can
cause remixing and disturb sedimentation:

The heat buildup and convection problems
caused within a centnfuge by air resistance
can be avoided by $pinning the rotor within
an evacuatéd chamber, The elimination of
air resistance also makes possible. the attain-
ment of high rotational speeds with re]auvely
littie expenditure of energy. Many vacyum=
type centrifupes are uitracentrifuges, fe, they
operate. at speeds of inore than about 20,:

000 revolutions per minute, Figure 2 sliows
a schematic diagram of an early vacuum-type
aliracentrifuge. The cenmfuge totor located
inside ithe vacuum chamber is connecled 1o
the alr-supportcd air-driven turbine by & ver-
tical, small-diameter, flexible ste¢l shaft.
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Figure 2! Alr-driven, vacaum-typs- ultracentnfuge

The rotor of a typital vacuum-type ultcacen-
irifuge is 18 cm {7 inches) in diameter and
carries 300 millilitres (10 ounces) of liguid
in a centrifugal ficld of more than 300,000
. Practically all substances of importance in
medicine.and biology and all-other subsiarices

with molecular weights'of 50 daltons (one dal-

ton I8 1.66 3 1072 grams) or ‘more are easily

purified in this type of bottle-centrifuge. The
‘rotor ¢f 2 vacuum-type wirgcentrifuge can be:

réplaced By ong with. sector-shaped ‘cells and

‘transparent windows so that the progress of

the sedimentation can be opticaily measired
and photographed. This meihod wag first used
by T. Svedberg and J.B. Nichols in 1923 and
was widely applied ihereafter 10 determine
the- sedimentation rates and. sives of many
submicroscopi¢ p'lmcles parl:cular[y protein.

-molecules and viruses:

The vacuum-type centrifuge may be used for
the determination of the molecular weights
of practically all substances in solulion. Ia
modersi commercial vacuum-type centrifuges
the air drivé and support havé been replaced:
by the more efficient and convenient electric
motor drive, and ihe entire machine has been
redesigned and made almost automatic in its
operation, The present commercial vacuum-
type ultracentnfuge. lias.becore an indispens-
able tool in laboratories where it is hecessary
to purify substances. of importance in bio-
chemistry, biophysics, biology, medicing, and
the pharmaceutical industry,

The ultracentrifuge can be used in two

_pnnc:lpal ways for detemnmng the molecular

we:ghts of various proteins, The first consists

i carrying out the sedimeéntation in a cén-

trifugal field hlgh enough to produce a rela-
tively sharp sedimentation boundary, i.e., the
boundary between the sedimenting malecules
and. the puire-solvent. The rate at which this
boundary moves.out aleng the radius joward
the periphery is thén measured and the value
of the molecular. weight is calculated. This
is cailed the raté of sedimentafion method,
The second -method consists in centrifuging
the material until equilibrium is established
in the centrifuge cell, Le, until the rate at
which th¢ materia] settles out i balanced by
back diffusion.. If the concenfration in the cell
is-then determined at various radial distances,
the value of the molecular welght can be cal-
culated,

Vacuum-type lubular centrifuges are used to

T, Ao Bl nilal -
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purify many biclogical materials that cannot
<asily be separated in other ways. They have
‘been employed both as corntinuvous-flow and
as density-gradient ccntnfuges The density-
gradlent centrlfugc consists' in scmng up 4 ra-
dial ‘density variation or gradient in the fubu-
lar centrifige with slowly scdlmcn’tmg nonre-
active smaller molectiles such as sucrose or
calctum chioride. If; then, the deénsity of the.
substance to-be purified falls within ‘the range.
of the artificial density gradient, it wiil col-
lect in a thin eylifidrical surface ata definite
radius, ¥f more than one substance s in the
‘solution, each of the substances will Loliect at
a radius determined by its particle dénsity..
Another 1mp0rtant use of the. vacuum-type
centrifuge is gas sepatation. When a gas is
subjected to & centrifugal field, a radial pres-.
sure gradient is immediately. estahlzshecl Con-
sequently, a ‘mixture of any two pases with
different molécular weights may ‘be separated’
in a centrifige wiih the lighter gas beirg
concentrated on the. axis. In 1919, dfter it
was pointed out that it should be poss;blc to
separate the isotopes.of an’ glement by cen-

‘trifuging, a nuimber of attempts were made to

obtain, séparation but were all unsuccesshil,

probably duc 1o convedtion and remixiag in
the centrifuge. In 1937 the isotopes of chlorine.
werg scparated with 2 vacuam-iype ultracen-
trifuge. An evaporative ventrifuge method. was

-gised in which the material o be separated is:

admiited to the rotor and tondensed on the
periphiery with the rotor statigniary. The ro-
tor is then driven.to operating speed and the
lighier malerial pumped out through the hol-

low shaft while the heavier material remaing
4in the centrifuge to be callected later, The.cen-

trifuge. used in gas separation should be spun
45 rapidiy as possible’and should be’as longas
possiblé: The centrifuge ‘method 15 suited to
the separation of the heavier isotopes as well
‘as-the lighter ones, because it depends on the
differences in the masses rather than on. their
absolute values,

Since the mid-1940s the technique.of gaseous
centrifuging has been further diveloped and
extended. Workers in Germany and in
The Netherlands have had. considerable suc-
cess with the method. A remarkably simple
vacuum-type gas centnfugc that is especially
adapted to uranium isofope separation- has.
beén devised. During.the 1970 a centrifuge
plant was constricted in Europe for the pur-
pose.of commercially. producmg reactor-grade-
vranium-235-for use in nuclear power plants.

centring (Construction): see falsework.

ceniripetal acceleration, property of the
motion of 4 body traversing a circular path.

"The acceleration is directed radially toward

the centre of the circle and has a magnitude
equai to the square 9f the body's speed along
the curve divided by the distinee from the
centre of the circleto the movmg body, The
force causing this acceleration is direcied also
toward the centre of the circlé and is named
centripetal force.

ceitromere (biclogy): see chromorome,

centumyiri, in ancient Romie, court ‘of civil
Jutisdiction that gained dlstmcnon forits héar-
ing-of inheritance clairms, through which it fa-
fluenced suceession. The court, instituted in ¢.
150'c, was-composed of three men from each
tribe; a-total of 105 judges, hence, the name
centyntviri (100 men™), which. remained un-
altered cven when the number increased to
180 by the time of Trajan. It disappeared in
the 3rd century Ap.

centurmn, the pnnmpal professmna.l officer
in the armies of ancient Rome and its'empire.
The centiirion was.the comntander of a:cen-
turia, which-was the smallest unit of a Roman
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