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Absorpiion pinpise - e technicad asage of high adsorptivity of some rnateri-

als such as activated charcoal. <tiwea eol et Dtooks ke attractive for experimental

situation when 0 is desirable tooavend iurions eifects of conventional pumps <7
Nevertheless. o date adsorption ponpes have no! been widely spread in cryogenic
techinique because of hcin Tow ealized caproity. The reasonois the Tollowing,

iner: isothernal

A scheme of aceapion snping oot suggesis two ditterent i

adsorption vnder Teniprranure U and ad arbent vepenceation stage under tempera-

care Ty, Tnorder 1o con oot shle efficeney” o a o ap one dvies to enlarge Lhe
atount. of gas adeo, od Gl the cyele B inesesing Soth the total mass of ad-
sorbent and the diffeienc 0 T winel opetber wiin the traditional method of

adsorbent heat e, voreas D e essany e of e epersting cy e,
Fhe aimn b e e posen s co ok amotier approach to the problens
Lased on e henip shea he approach will be orelinanarily formutated, and then
! K ;

a scheme of an “adsorption ami wit! be described To seneralive the description, the
thermodynanic cor=ideration s fo be done. Numienical examples will demonstrate
that the obtained s dvircal capressions ~an be used as working formutas for caleu-

lating the parametar s of a contimuons advorption purap

Dhesion concept

(o a closed cvile which consie~ of vwo sothoras Toand 1, and 1wo isesteres. The

The contrrtonts arannt e poms CAPY 8 sieeested to operate with respect
!
verking region of cacl ooy o that of s i stope, the difference Ty - 1)
Leing as snall oopo i coledinvely anal sounn of adsorbent can be heated by
the method excin i - e swerinlin of divecs suthe o o the coolant so that there
s no necessity o onnalets res ool af the s Keatzaoen of CAP permits one to

oblain fast-aciiry onnpre e any es

GaOTPI0n bl

Lot aveoibion o Foee o e wueid o o ontter = face of wometallic vessel filled
with coolant @\ foroeine vobione s equipped with infet 3 and outlet 4 valves
The electromazs 1 teld cxeved vpade A Eas a anaxemam of electrical component

1

on the spot o o lserhens ae cneratinng Cosed oo (Figare 2) consists of two
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isotherias -2, 3 1 it 1w noetores 250 Ponn . charactorizes the adserbent

slate of the Towe - presseate ane e least amenut of sdeocbod gas: 1 valve 41w closed

and 3 is oproaed b s cone Done e cvacuatin e volame. the state of the adsor

Lent heing b oone e st B2 M the sotnt o the valve 1w closed and
) - B i H ot
the electroa et i et s N g i il aeearbent. At the end




of stroke 2-3 the adsorbent is transitted to state 3. the point belonging to the other
isotherm. During stroke 3-4 valve 4 is opened and the desorbed gas is evacuated by an
outer pump. At point 4 the electromagnetic heating is off and both valves are closed.
the state of the adsorbent being changed along 4-1. What is above called CAP is a
combination of four units with different strokes carried out at the same time.

The nitrogen adsorption isotherms for charcoal presented in [igure 2 arc calcu-
lated on the basis of the appropriate theory confirmed by experimental data '

Calculations

Let the adsorbent he spread homogencously enough over surface 1 so that its
mass per unit square m and the depth of layer [ arc assumed to be constant. Below
the other parameters of the adsorbent such as heat conductivity A and specific heat
capacity ¢ are suggested to be known.

The total heat flow W (1) to the adsorbent changes its temperature T and partly
transits to the coolant at the temperature T, thence the heat balance cquation is given

by

Trne + (T = TN = W(t), (1)

where W(t) = W) + Wy, ie 1t consists of two parts connected with the electromag-
netic heating of the adsorbent and the heat of adsorption, respectively.

The specific heat of adsorption ¢ is usually calculated with the help of the
Clapeyron-Clausius equation

2
=T ) (2)

d1
where v”, v are the molar volumes occupied by the molecules of the gas and adsorbed
phases, respectively; the derivative of pressure P with respect to the temperature T
being calculated along the phase equilibrium curve. In the case under consideration
v" >> v and by changing the variables Eq.(2) is transformed to a formula for calcu-

lations given by
w OV ov
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Numerical values of the partial derivatives of an adsorbant’s volume V(P T)
can be found out from the family of adsorption isotherms, the latter being general
experimental information satisfactorily described by the theory.

For Wa one can write down the following

W, = Qa = qmna+ qma, (1)



where @ i< the tumbier of moles of the adsorbant per mass unit of the adsorbent
(see Figure 2 e cain be showno g - 0 for the isotherins presented o Figure 20 Tor
steady dsothernal rocess 301w casy to obtain from P (1)

/ o, - qunalt ol A {9)

and the saine {or 12

Il = igomaf il (6)

where 1, is the time of the stroke and ¢, g, are calenlated from Fq.(3) for the cor-
responding wothern. The equation for the 2.3 and -1 strokes is nonlinear in the
general case, But when 40777 i acomtinuous function inside the region under consid-
eration. there i the vpportuaity to simplifv the task. The approximate cquation is
given by

Do vl /\\'[ 4o W, v/V.,\/,Il, (
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where
a = maiqy/ ooy a2 and ratga i A
At last the solution of Bu(7) is expressed as

W DA )
R T T (8
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where 0 Cre = oo A D8 3 and 1 s the temperature of the adsorbent at the
beginuing of the stroke

Nummerical examples

For numerical caleatanions the used reference data are the following

AW oem DR 0.03 ¢ (J mol 1) 7060
AW oem™ K1 0.28 g2 £ mol N 11 500
c(Jeg "hT o1 P e ant) 0.5

Two Liniting quantitios Ao and A, are used to tihe imto account different quali-
ties of a heat coatact between the adsorbent and the coolant. According to this, the
restlts of 1he numerical caleulations are divided into two groups: the first aight hines
ol Table present the data obtained witly A and the fower eight ones are for the data
with A, Liside every group four npper and four lower Jines show the results obtained

with = 0 25¢ c *and e =005 cms 2 respectively, The specific adsorption heats
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for two isotherms are figured by ihe above-mentioned method: pis a bulk density of
charcoal.

The caleulstion procedure and results are commented stroke by stroke below.

1-2. Isothermic adsorption. From Fq.6 it is possible to estimate W and then
the knowledge of (J, = gria makes it possible to caleulate £, The imequality £, > @
satisfies the condition ol the steadv process. The molar flow from the evacuation
volumme is showr: in the Tth colunmn. the total square of the adsorbent spread beng
supposed to be of W0 The value of 1,05 taken as a constant for all the following
strokes.

2.3, Isosteric transit. Uhe only purpose of the stroke is to overheat the adsor-
bent up to the temperature /o0 Substitunion of 7,0 7. fand 1, Bq.8 alfords the
opportunity to caleulare 15

3.4, Isothermal desorption. The feasibilite of the stroke is connected with the
capacity of an outer pump that is shown i the T-th columu of Table. Wy, s caleulated
from Eq.5.

41, Isosteric transit. The corresponding substitntions in Eq.3 allow one 1o
check up that the final temperature of the adsorbent s approxtmately T

The CAP. consisting of fonr identical adsorption units, will have the molar flow
of value which 1% shown in the T-th columu. in the lines for (1-2)-strokes. The onter
pump has to provide the molar flow of the same value during the (3-1)-strokes, but
the necessary puniping speed becomes b times as low as in the case of the absence of
CAP. As one can judge from Figure 2. the compression factor k> 10,

Inereasing m or decreasing A apparently leads to the increasing 0 and, conse-
quently. to lowering the pump capacity. The molar flow as large as 0.095mol s
can be reached when a very good thermal contact (A =0.28W cm” b K7 between
the coolant and the thin laver of the adsorbent (e +0.25g cm™?) s used, but that
requires an clecironagnetic wave generator with an average output power of abont
6kW. The latter can be lowered ver if a thermal contact between the coolant and
the adsorbent is changeable One can see 1t easily when the contact is off during
the (2-3)- and (3 1)-strokes, the necessary heater power is only equal to Wy < W, /2.
The changeable thernial contact. of course, will complicate the adsorption unit, but
the complication is the cost of obtaining a CAP of a very high pump capacity with
modest coolant consumption and heater power.

The CAP designed for heliun or other gases of mierest in cryogenics will hiave

. 2
the same pump capacity at proper Ttemperature and pressure ~

Conclusion

The working parameters of the continuous adsorption pump - CAP - can be
caleulated on the basis of the family of adsorption isot herms. The pump capacity of
the CAP proves to be comparable to that of Root’s pitmips, which makes it possible
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Frogare 1 Schematic diagram of adsorption umt.
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to use CAP in crvogenic techuigue. In particular. it is applicable 1o pumping out the
vapour of cryogenic hquids in He evaporation and He / He dilution refrigerators
inclusive >,
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JNn6ypr M.IO. E8-95-225
AncopOLHOHHAs OTKAauKa HETIPepPhIBHOIO AEHCTBHS

[Npeanaraercs HoBas cxema axcopbunornoro nacoca. BakyyMublit Hacoc pabo-
TaeT NoO CTPOrO YCTAHOBIEHHOMY  4- TAKTHOMY 3aMKHYTOMY LHKJY, COCTOALLEMY
M3 ABYX M30TEpM M ABYX u3octep. [NokazaHo, yTo ans noapo6GHoro pacuyera pabounx
XapaKTEPUCTHK aicopOLMOHHOrO Hacoca Helipepuisoro aeicteus (AHH]) Heobxo-
IMMBI TOJIbKO 0OLLME CBENEHHS OTHOCHTENBHO TEPMOAMHAMUYECKHMX CBOIICTB IpHME-
naemoro ancopBenra. Hekoropbie 0cOGEHHOCTH NpeANaraeMoro Hacoca, TakHe Kak
HebGonbiuas pasHOCTh TeMneparyp ancopOuu4 W pecopbumu, pasmeuietne ancopbeH-
Ta, @ TakXe crnocod ero Harpesa, NO3BONAIT, KAK OXHAAETCA, HJOCTHYL C NMOMOLLBIO
AHH]I npon3BoaMTENEHOCTH OTKAYKH, CPAaBHMMOM IO BEIMYHHE C TOH, YTO MoNy4a-
0T NMPH UCMOB3IOBAHHH IBYXPOTOPHBIX Hacocos Pyrca.

Pabora Brinonkena B Jlabopatopuu Beicokux anepruii OUAH.

[Tpenpunt OOBEAUHEHHOTO HHCTHTYTA SUCPHMX MceacaoBaHuil. lybna, 1995

Liburg M.Yu. E8-95-225
Continuous Adsorption Pumping

A new scheme of an adsorption pump is proposed. The vacuum pump
is supposed to operate with respect to a rigidly determined 4-stroke closed cycle
which consists of two isotherms and two isosteres. It is shown that routine
information about thermodynamic properties of adsorbent is required for detailed
calculation of operating characteristics of the continuous adsorption pump (CAP).
Some design peculiarities such as a small difference of temperatures of adsorption
and desorption processes, the adsorbent placing and the method of adsorbent
heating — all together are expected to provide the pumping capacity of a CAP
which is comparable to that of Root’s pump.

The investigation has been performed at the Laboratory of High Energies, JINR.

Preprint of the Joint Institute for Nuckear Resecarch. Dubna, 1995
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