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* °Translated from French:

Chinie & Industrie
38: 3-12. 1937

The Drying of Gas by Calcium Chloride

Laboratory of Research, S4o.ay & Co.
"- 3, [T'CI "

Now that calcium chloride is currently used in lhe laboratory as a
drying agent for gas, it has scarcely been the object of analogous applications
in industry, for various reasons--In the>*44.lAwSj will be found ;hc results
of experiments tending to uti2.ize' _on a lar,,e scale, ta effect not only co-
plete drying, but a reduction of the quantity of :..ter contained in the
gases treated. . series of tables and diagrams make it possible to resolve
the problems which %re posed in practical industry. -

Introduction:

Calcium chloride is frequently used in labor-tories as dryirg agent

for gases: they are made to pass under a bed of porous granules of anhydrous

calcium chloride. The gases coming out are extremely dry insofar as the

layer of chloride contains still a sufficient quantity of anhydrous chloride.

This process has not received important industrial applications. It is,

in fact, rather costly for the follo4ng three reasons:

-The quantity of water fixed per kilogram of CaCl 2 is relatively we-k,

for the chloride loses its efficacy in proportion as it is hycratad.

wvThe apparatus necessarily proceeds irreguldrly, for the hydr.Ltei.

calcium chloride is solid am its replacem,,nt by new chloride demanas a

considerable cost of labor.

-Anhydrous calcium chloride in porous granules is a relatively ex-

pensive substance.

The question changes aspect completely when one desires not a complete

drying of the gas but a reduction of the quantity of water containc; one

can then utilize the calcium chloride industrially, bit by bit, at little

€cost, and regulate the operation in such manner that the water is evacuatcd
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at the state of saturated solution. In such a case the installations can

0 - work continuously and no supervision is necessary.

.%rrangmeants of this kind have already beer, recoummended. They have bocn

little used up to the present, doubtless beruse of the lack of sufiicient

technical date to determine the dimensions of the apparatus ana o foresee

the cost in calcium chloride. The results which we present here have the

short aim of filling this void. They result from a profound experizmental

study of the question.

Calcium chloride can serve in the drying of all gzs not reacting che ically

with it. The results which we give bear on the drying of air.

Dryinp .kpraratus:

The drying apparatus consists of a simple cylindrical column of iron

filled with calcium chloride at 73-75% CaC 2 , crushed to bits of 25 to 50 mn.

It is to be noted that parti(les such as are used as antidust are not suitable

for this purpose because the particles unite too easily under the effect of

humidity. The calcium chloride rests on a grille in a box covered with

metallic mash vith holes of 2 mm. The gas to be dried is injected under the

grille by a lateral pipe permitting as equal distribution as possible in all

sections of the apparatus. At the base of the apparatus is -4apted a siphon

permitting evacuation of the chloride solution. The dried air leaves by a

tube set in the top cover.

In practice, the feeding of the chloride apparatus will not be continuous.

Drying leads to a consumption of chloride, the haight of this will progressivel.-

diminish and it will be necessary to place a new charge in the apparatus at

the moment or the heightof charge will no longer be sufficient to assure the

result desired.

-2-
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Functionin 7 of the Apparatus:

If one considers a column of drying functioning nor.4lly, one can

distinZgaish two zones:

-The first occupies the lower part of the 4pparatus and has only a

slight height. It is in this zce that the major part of the fixation of

water tak. s place. Thc complete op-,ration, concdnsation of wmter vapor

and dissolution of chloride, bei.n exothermic, thc temperature of air

increases strongly and as t~e surfce of radiation is weak, the nmua

temperature attained at the hier level of this zone is only slightly

lower than that corresponding to an adiabatic opCrat+.on.

-The secona zone carries on all the rest of the chaninZ of chloride,

Its height being less, the heat losses by radiation a:-e --orc *.ort " ;

the cooling -which resalts has the effect of ircreAsinZ the hygrometric

degree of the air; but because of the presence of chloride, there is excczs

0 fixation of water with release of heat, v.ich slows the cooling of air.

The wAter vapor condensed forms, on the surface as grains, a saturated

solution which rolls to the base of the apparatus where it is evacuated in

continuous fashion by siphon.

7or the unitary output of air enclosed b:;ccn 700 and 3.500 kg. of
irih/',m 2  

. . ... . • nte

dry /h,. (1), air, on leavi g the aaratus, is in

with the chloride solution saturated at the governin temperature at

the neak of the piling up of the chloride. Its content in humidity is then

a functionof its temperature. That is why the temperature is an essential

factor in the question of drying.

The curves of fig. 1 give the variations of the quantity of zater

contained in air in hygrometric balance with the saturated solutions o.'

CaC1, as a function of temperature. One sees that the content of
2-

vapor of air in hygrometric balance with the saturated solutions C-%
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*much stronger, and the incre"se of this content more rapid, the hi-,,er the

C) temperaturo.

This diagram Gives also, for each temperature, the content limit in :tc-

of air, 6tich one attains by dryinz by mean of calcium chloride £ollowdr.-

the process which we are studying. If'one desires to obtain more d.ry air,

* he must have recourse to another drying agent.

Tn augment the efficacy of d a lo..,erir aof the ten--cvatu.' ;f

at the moment where it leaves the chloride would always be favorable. The

drying operation being exothermic, 'be temperature of ir at the peak of

accumulation of chloride will be much higher than the tenperature, and the

hygrometric degree of air will be higher.

-Bach time that it will be economically possible, there would be

interest in coaling the humid air before its entrance into the drying

apparatus. Xter this preliminary cooling, there would eventually be con-

densation of part of the water vapor. In act, saturation at 20 C for example,

corresponds to only 54,6°hygrometric at 30 0 C. and 31,50 hygrometric at 400

centigrase.

Consumption of calciuw chloride:

In industrial producticn, all water taken off as air passes the state

of chloride aoluticn, the consumption of chloride is directly proportional

to the quantity of water fixed; that is to say to the production of patput

ol air by the difference between the quantities of water contained in the

air before and ater drying. The consumption of chloride depends equally

on the concentration of the solution leaving the apparatus. This concentration

increases with the temperature of air on drying.

In an apparatus such Ls we have previously described, in which th: air

O to be dried is injected dirnctly under the calcium chloride, the consu.. tior,

is important and varies from J .7 to 3,0 kg./kg, f:-ed water -or the Cr.tn
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units onta d boton 720 a n, k. o* dr:,, ai L1n,/.a2 nrd the initial

teniperaturos vary Ircn 20 to 400 centi-rdc. The acrsuniticn is strongly

reduced 'y effecting pralimin.r. dryii. of air !y moans of the solution Of

a3l 2-hioh rolls fraa the ding. colmn. The oporatlon can be e ciJ.y e.focted

by plaoins at the brise of the dryirg c6lumn a scru:hor equipped ivith 'Raschi g

rings. Air entorint at the lo-'aer prt of the aTraratus crosses tho accumulationi

of Raschig rings on vhich the solution drops prtocuti' frIrv t- d:-in;. by

chloride in the heig-ht of 'the apparatus. t-is zone, 'I ch Ifnctions as

scrubber, the air already yields a part of ito .:ater vapor to the solution.

Is a result the solution which rolls to -he base of the upreratus is more

diluted than that rwhich dries vithout sc:-ulbor. The consimpticn cC chloride

vi.ll then be reduced. 7e have verified t~at cconomy on consupt.on at.ains

5OZ f'or a scrubber of ln. in heiht. There is soracely an.y advantage in

utilizinS a higher scrubber.

If, -,or reasons of enoumbronce, it is not possible to superpose in the

saie apparatus the parf funotioning as scrubcr arndth part filled v't chlorid3,

the scrubber will be placed alongside the other. This disposition vill nec-

essitate the installation of a pump to retake the solution rollim; to the

base of the apparatus to the chlori de and drive it buck to the sum.rnit of the

scruw3er.

Tsolution of problems of industrial drying:

After havin rapidly seen the functionin:; method of a drying ccl:x ':o

wvi: approach the industrial problems posed.

It ics necessary, for exomplc, to calculate the cficacy one catr. ,t.:,,

from drying a quantitj of air in detenrned conditions, in an tr\....

.hizh the dimensions are fixed in ancs. .. ore ....... .

Q' to (Aetcrni: th e dinens~ons of a dryin- apa'".t:s, ".:

Best Available Copy



troted undcr i:.pocod ccnditions.

.As the focdin: of chloride ill bd dis contnue.d, the l-ntity of chloride

to introduce at the time of each rec-r.ing should be calculated in such a

manner that the frequency of recohar ,ing will be in agreement v'ith the nec-

essities of the service. lie may add that lessenin;7: the encumbrance of the

apparatus, as much in sec-dons as in hei;;ht, entails alv;nys increasins the

frequency of chargings. Uhen industrial problcs are rosolvod, it will then'-

be necessary to s'dopt a solution ccnciliati; these other matters.

In some cases, it ill be necessary, to obtain the result Lmposed, to dry

two or more tines vith intermediate refri;,eration. From the point of view

of consumption of chloride, it would alrays be interestinC, to adopt a drying

apparatas bearirq- a scrubber, as we have indicated previously.

In order to permit rapid resolution of problers of dryin:' iwhich -Mild

occur im practice, we ha ,e established a certain nxbo.'r of tables and diagroms

for -P ich we will show the use.

In order not to complicate the tables and diagrams, we have calculated

and traced for a total constant pressure of ?7C-Om. lig, to an ambiant tcnpera-

ture of 20 0 C. and have adopted drying apparatus in irpn, .,hich will be the usual

case. This choice is Jutified by the fact that variations of total pressure

and ambiant temperature are in general weak and do not influence the results

very much.

The tables and diagrams which we present will suffice largely for the

solution of industrial problems. They have becn estahlished for an apparatus

v.ithout scrubber.

In tin case of adoption of .an apparatus bearing, a scru:,er of 1 m. in

height, the qualities of air dried (temperature and content in rater) .ill

scarcely be modified, but the consumption of chloride will be onl; ° hal" of

* that rosulting from 6ur tables.
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To simplify tlho language, vie '.ill use thi follojin7 notations:

0 I.otanions Units iernin g

to oC Temperature of air being dried
ue °hygrometric y1y.rometric deg-roe of air being; dried
Pc- gr./kg. dry air 1,ater vapor content of air bein. dried

1C Temperaturo o:' tndiabatio dryig
ts e, Tcrmoerature of air. at hither level of calciuia chlorid
US Ohy rarietric Htygrometric de:r,, of %ir at hi! her level of chloride
Ps gr'. .dry air T.ater vanor contet of air after drying
A kg.dry air/. Ouznut of air rol_-.ted to dr. air
Al kg.dry air/.rn2  Unit output of air rolated to dry air
2)- _ir.rotur of th) colunn at dossicc
if He!irht of Plow of cwlciurm uhloride

Usually, it.n of doteniinin; the dixaensions of an apparatus

in -hich one desires to pass i .m3/h. of air at 0C. and at ve dcrees hy,-romotric.

The efficiency of dryin:- should be such that the hy~rwo.tric doeroe of air

treated, returned to the sa6n temperature, should equal u.

The weight of dry air bein; a quantity %vthlch is cc-stant in the couio

of drying, we have the output and quantities of nxtor contained in t ai c~r

n per k1loram of dry air.

Tables I od II give a review of usual data concerninr, yield in kilo rarIs

of dry air containing P gr. of Y'ater por kilogram of dry air.

Figure 2 gives irmediately the temperature of adiabatic drying, ta, as

a function of tli s tate of initial air (temperature and hygrcmtric do;rce).

Table I.-- height of dry air containd in 1 TO of humid air
for different temperatures and different hyi;romotric
degrees. (Total prossure of humid air: 7GOmmn.g).
U. eight of dry air, kilograms.

Table IT.--Variation of the quantity of v-Atcr in the air as
a functicn of the tomperature and hy;ronetric de-
:;ree .(Total pressure of htmid air: 70 t.Mg).
Quantity of water in air, gr./k , drj air.

TaIII.-- Lowrin; of chloride in the apparats ac a function
of initial conditi ons.

Table IV.--
Consumption of' oom ercial calcium chloride as a
runcLion "ef conditions of dvYix-.
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-"e roc Ull thai ... t :por turri c ' issu.in7 air is close to t4. !t is

0 thon, to !kncv- ta, since the ater contont o' trcated air depends on tc.

it is the content corro3-pondin- to'hymromotric balance v'ith the solution sat-

urated in calcium chloride..

* .aximun content of v:ater in issuin air, Ps rnimunm, being irnposed, the

dia~rcm of fij,,ure I -ivo! the ts 7r'.%imum of Pir 3"t the end of drying.

Tt should be r.oo'I tht,.t ns raximum ".rnd ns :aximum corrospond to the

minimum hoirht of the flmv of chloride, that is to its height irmediataly

before reoharging. Immediately aftcr the reca;n..-, the height is .::imum.

i's and ts corrosponding at this moment are minimum. In the course of funct-

ionin: of the apparatus between tro chargin s, 7c and t increase pro resivoly

to attain their maximum values at the moment of rccmarind.

The dia-ram of 1i. 3 lets us choose tho dizensions of the apparatus.

This diagram gives the tamirature of issuing air, ts, as a function of unitary

O output of dry air for differin., adiabatic tempratures. Parthermore, to each

ta there are two oorreosponding, curves sctbjoct to the relative dimensions ofH

the drying column; one of the curves corresponds to ean D I, the other to an

D 3. The ivoaaiabatio curves are traced frm 5 , 5PC. but one can interpolate

between these values. For values of Homprised botweon I and 3 , interpolation

is pormitted; extrapolationig equally in the neighborhood of these values.

This diagram shows immediately if the drying is possible with a single

column. Sufficient for this is that ts minimum corresponding to th- curve

of the ta of the problem and 3, be lczver than the ts naximum found on the

diagram of figure I. In the contrary case one should use two columns with

intermediate refri~eration.

The dlagr m of figure 3 will show the possibilitTy of adopting iliter an

apparatus of lar~e diameter and little heiht, or an apparatus of sall ...:.



6L ' ! cat height. Only lo0nl i fesitv in c "rtct ' ith %,-.1

th -p' tiu : ".-'.2. ,.-i' - ju 'ouj:: " x:,iay add that t %I ll. K - :,":ed

from the dia, 'rerft corr';nfs to the ninumurr hoit of the flow of chloride

underneath v.hichit should not fall.

The actual height of apparatus should bo calculated taking into account

the consumption of chloride and desiderata concerning the frequency of ro-

cIr Li gs.

Table III gives lowerin- of chloride in the apparatus as a function of

initial conditl ons (temperature 'and unita, 9lov; of air to be dried). To

obtain actual lcw.eriiz'of chloride in the apparatus in cm/ZW hours, you must

mltiply the lorzerir-, givon in t.e table, by the difference (?e-Ps) of

quantities of rater contained in air before and after dryino.

From the actual lowering of chloride, one deduces the total height of

the apparatus. -

0.e add that the total height thus calculated should be increa-od in

the neighborhood of 3,':to take iz.to %ooount the increase of oonaumnpion due

to the fact that followin- the difference in hoi;Pht of flow of chloride be-

tweon two rochbr4ins, the consuption is a tron-ct :mmediately &:ter rechar;inz;,

and then dininishes.

Also, for technical reasdis, one cannot tolerate only very veak variations

in hygrometric doeree. of dried air, it is nceeu.ary either to adopt &n aprtus

o£ groAter diameter and consent to fre~iuent reoharin~s, or envisage continuous

feedin of chloride.

Table IV ivos conswmption of co,-.Lrc:al d-1oride at 72-75, Cal01 in -ilo-

pra.s ;or !±lot;v of fixed -water. *.noy:±nj the unitary output of air =nd- tho

qiantity of uator taken off by drying, one deduces the hourly consunpticn.

'i recall a6cdn fat the consumption .u. calculated corresponds to -n

apparatus in .hioh the humid air to be dried is introducod'at the bace of

chloride flay.



Thiz coms .,pt ou vill oduc d b

C) scru..ber o.C I.~ in .,oi ;ht.

First exx-nle

.hr-t aro t' dinionsions or a'n armratus to be u.cod i n treatin!, 1 3 0o
m /,1 of air at 310C and 9001hy-rrorncti~s W. h yce~.c o eo

ai rod, returred to 310" ~11 not he morc than 56?

Table I permits c1uatoiof A:

A~ ,1 x 1.300 =1.430 kG./A.

(1 m3 hutmid ai.r a~t 310( ar 900hy,-rometric ca, tains 1,11 k.dy iJ.

Table IIg1 e~

a 2.5,6 gr:.-. dry air;
F's 15,3 'r /kg. dr air,

Tho diagram of fi ,re I sho~a- that in order never to have -?s ~'15,6 it is

necessary t'u t -e rxirnum to '~K 53,36

1.i1th, the aid of tho dic.:-ram of VJ.ZLre 2, rn f35iAs-'4 ce.ntigrade.

T.e ther. consult the diacrm of ei~ura 3. One 3eos that ts 53,5 is ,rea-i-or

than the ts mininur. corraspondini, toD pora~ f 3

Dzringi is th.mn pot~siblo with a, single coln.

From the point of vicy. of dimencions of reaaus : envis,...e throo3 cases.

A) First case. -Local utilization notnes.itatos -An ap-aratus of lo,.,. height.

This condti.c-n citaile a %-ook unitary ontput, thr> a rather lar~o diamo tcr.

v etrwpooation, one finds on tWh : of .:i rre 3 that, for the unit ary

outnut of 720 kg/.M2 it ia nececctary tha~t /0, 65 in order that k /fl/rp

ts 453,5.

The section of the apparatus should boe qual to 1450 2 i2, o f r,.Ih

D Z1 C-0 M.

Tho 75.nimum heoipht or i 1ow of chloride "ticd b ecual to 1, 60 Y: C.,

1,04 M.

-10-



....,t-14 a' i of V-.'1r, ::. , one f '.c, 'n'ri o s-• -Pr ad o t'~- i n ...... th.t .. .... lo:"orL.z of' c: lori.d is eq a

Q to 4,SC cm./24h. for I 'r. of fixed tu-tcr rer kilorm 0-f dry air.

The of'rin- ot chloridc io then cqual to:

;, 56 (25,6 --- 15,6) 45,8 cnm./24 hours.

Thq initial height hould 'be equal to:

1,04 + 0,46 = 1,5 motors;

if one recharges one a d,'..

. hile takinr into acocurit the incretLse o.f.' o:n.e nut z to th lnit-'

flowr a hei ,.ht of 1,5 5n tor,.

After pro-ressive lo;:erin; 0o' the chloride !eoc1, Ps continuoi inoreasir.

in the cour-o of functionin', and osv-llat,,s "ot'-cun "'C rininum and 15,6.

Ps minimum correcoonds to thn b:. nni. of the -cticl:, imnordiately after

roeharginr, and corresponds to a 5 '6 0,97.

After figure 3, ts minimum corresponding to ta ., Al 720 and

D " 0.97 is equal to 52,80 eontirrado.

One then deduces Ps mini-mum = 15,1 (sec figure I).

Beteen tw reckargings of chloride, Ps will vary fCra, 15,1 to 15,6 .

dry air.

Consumptioit of chloride. -- In accordance ith Table IV, cons ",nition of
(15,1 4 15,_6 )1450 .,-

chloride will be equal to: 2,33(25,6 -- 2 ) 3 - 4,6 kg./hour

At each rooinrging, it vill be necessary then to introducd in tho apparatus

34,6 x 24 "- 830 kg. corinercial chloride of calcium.

Thus, in resuin, an apparatus is necosary of about 1,6 r. in diareter

and about 2 m. in height to take into account the place necessary to inject

air under the "rille.

One .must load on the srille a layer of chloride of 1,55 m. in height.

The apparatus vill be recharged after 24 hours of action by intr1llct.cn

of 830 kg. of calcium chloride.

-11-



Second Case.-- For lace of sioe, one desires an &parratus of lo.. sFct:ion.

0 This condition i.moes the choice of .. lvarge output cf unitary air.
'.e riii edopt A /.r00 kg.n./ 2  fhich ._xcs at 0,73 ra. the diamter of

the apparatus.

By i nterpolation, one finds on the diao ram of figure S that vith tho out-

put of air adopted, ts £ 53,5 vfhen 63.

Tho minimu- height of the layer of chlorlde is equal to 1,63 x 0,73

1, 20 m. arproximately.

WJith the aid of ta*le II, onn finds tat the lo.erin.- of chloride is

equal to 26,3 x 10 .262 cm., when a period cf 24 hear rechar-in g i3 adopted.

The initial hei-ht uld then ;e in this case (1,2 Iplus 2,6) 1,03 equals

3,9 m. corresponding to an 5 initially equal to 5,3G4.

The hei tht thus obtained is very large. One can eventually reduce it by

oonsenting to a frequency of rechar gings.

Q We admit, for example, a period of recharginr at twelve hours.

The lowering of chloride is equal this ti: e to 1,3m end in cansoquence

Initial H equals (1,2 plus 1,3) 1,03 equals 2,60 ra.

which corresponds to 9n initial D equals 3,56.

.e cal attention to the fact that we have verified that the loss of

chargo of a oolunmn of 3 m. in height, full of chloride in -rains of 15 So 25 -mm.

is very vweak. For a unitary output of 3,20D mZ/h./m 2 the loss of charge is

only 2k mm. 11g, or 380 m. of water.

H0The diagra of fi:-ure 3 shov, that 3f cqt.-ls 3,56, ts equals 59,70 C ard
D

in consequence initial Ps equals lA,3 (sec diagram of' A-ure 1).

Betw en tvo successive rechargings, Ps will N anr then from 14,3 to 15, G.

The median Ps is thus equal to 15 and Pa -- Ps equals 25,6 - 5 equals l0, .

-12-.1



Con.-Lxmtion of ohlorid. -- Accordir.c: to tt.e it V, 4 con .nption of chlo ide

be'ten tw:o rechr;irZs is eqUl to: 2,75 x 10,6 x 1000 x 12 equals .50 k.

in adopnting this solution, an apparatus of about 3 m. is neceessary and

one of about 0,73 m. in diameter. One must load, or. the grille a layer of

chloride of 2,6 za. in hoight. T'ho ap: .ratus ,ill be recharged after 12 hours

of action, 5 introduc1on of 510 kg. of calcium chloride.

C) rrhird case. -- There is intorost in this case in utilizirC an intermediate

output of air, so as not to adcpt excossivo w, 1vcs in either diameter or height

of the apparatus.

Let us oxoxine for example the solution of the problem posed, in adopting

a unitary output of air of 2,000 kg. of dr, airy .. 2 .1 .4 50 72 2 a d D eq r l , 6 m

in this case S oqals 2.000 equals 0,725 in2 and D equals 0,96 i,

The diagram of fi-urc 3 show-s that, in this case -minimum equals 1,3,~D

which corresponds to H minimum equals 1,25 metcres.

In acordance -with table III, t~he loreriw, of chloride is eq.,ual to 13,74 x

10 equals 137 c.,/24 h, thus initial U equals (1,25 plus 1,37) 1,03 equals

2,70 r.. and E equals 2, 81.
D

y interpolation on diagram of figure 3, one finds that vhenD equ l 2,81,

tv equals 51,6 0C.; to this ts minimum correspords a ?s minimu equals 14,2

(diagram of fimure I).

Botteen two successive rechargins, the content in rater of the air dried

v.11 vany from 14,2 to 15 9. Px .mdian is then equal to 14,9.

Oonsumption of chloride. -- Usin; table iV, haoirly co rsumption of cornnercial

chlori-e is equal to:
1450

2,53 (25,6 --14,9)I00 equals 39,2 kg.

The consumption of chloride in twenty four hours is then equal to C-U

kilog ,rms.

i -13-



la su'.mxxry, to 'p.. rtu would haea )Cu~t 7.r. rmo ChtnndO6 :;.

A layer of chloride 2,7 m. in hoi:-ht should bic loadod on the rill unl tho

apparktus reoharged every 24 h-arz, intr.cduon- 04 0 . o2 calium chloride.

S!eoftdZ,';cpl~o

Vhat are tie dimensions of the a.pAratus to be used in treatin- 60On, h. of

&it at 25 0 C. an 90o 6ygronctric, so that the h'-romotric deareo of dried air

left at 20 0 C, will not be more than 50?

l o cam, as formcrl:', calculatQ ii. of table I:

A equals 1,1V2 x 600 oquals S21, 6 k .i/cur

Table iI tives th3 feilovin:

Pe eqtals 17,8 r..: . dry, irJ
Ps equals 7,1 r.A;. dr,; air.

The diagram of figure 1 sho; s that in order t--"t ? q 7,1,

it is necessary that to be < 350 centi-rade.

Lith th help of the dic.rn of fi,:ure 2, ,c f tn a equals 4,A centiirz.

Now consulting the diara.a of figure 3, Y:o can see (by interpoiatior.) hat

for ta equals 45,8 and - equals 3, ts is alvays * 35; w carnot thcen .....

the desired result usirv; an apparatus constituted cf a single colurm. T'.o

oolumns must be used with intermodiate refrigeration.

"-c are going to show the action to follo, Par doterminin the dimensions

of the two apparatuses.

'ie ill simultaneously calculate fbr the casoes of tv extrerie unitary

yields of 720 ar.d 3, 500 kg.A.m 2 co as to ba able to choose judiciously the

dionsio.:s to use.

As the dryiun is done in two apparatuses, it is lo-ioal to divide the

quantity of v0ter in half between the two. The content of tater in the ci

leaving the first apparatus should then be < 12,5 gr./k-., vhich in.1ic '

.1" -14-
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ts , 49,4 0C (see dialran of figure 1).

oe have seen that ta equals 45,80C. it results that t"hatever the dimensicrL'

of the apparatus, thc quarntity of fixed water rill bo greater than half of tho

total imter to be retained in the t,'o times. in ccncequence, the hoight of

the layer o., chlorida zhould io as little as possible.

Experi.imntz have shorn that, in order to have r,7lar 'unctioning, the

layer of chlorid should not be less than 0, C .. ;n hei;ht. Then a minimuz

eq,als 0, 5 metero.

To facilitato the toxt, '!o !'ill .4.d~ ct ;n a the follov.ng successive

operations leadin!; to results of drnir,o- .-'.ith ta lis or diagra.rs consulted

betweon parenthesis. (see table of nrededimn pa-o).

T'A aro going to suppose nor- th.4 the air le,.vin those t.-o columns passes

into a refrigerant, at the end of which the temperature is reduced to 2500.

As at no moment, can the value of Ps at ths ord+ of t vo tiraes be higher

than 7,1, we will calculate from the second apparatus wrhile supposing that

Pe (2nd time) is equkl to Ps maximum (first time).

In those conditions, table I show. that:

----- to Pe equals 9,75 corresponds a hygrometric degree equal to 50 at

250 centigrade,

--- to Pe equals 9,93 corresponds a hygrometric degree equal to 51 at

250 centigrade. Tie can not, begin calculatin- t- apparatus'of the sec ud time.

Second time
A1 ............. 720 3,500

ue ........... o 50 51

t e . . .4 . . . . . . . . . . 2 5 2 5

ta ,.(diagr. fiure 2) 33,6 33,9



'e3 soo that it Is usolozs to pursue the oalculatior.. In fact, v.-otovi.r,

0tho appai-atuc, ts at the orl oi the second tim~e ~i-til ), 1o,, -r than 33, C and

thero-'ore the coaresptzndings ?s -vi11 be nctubl.y lo''or than 7,1.

'ihilo admittinr, ovon tlvxt the fact of hoavin;1 a %vator con tent of dried air,

lower than the required vilue, be oaaqatible rith tho technical do -snds, ti-rc

vould result a uaseless oa---i-tior. o' chlor- 'o.

In arder to a value coaser to 7,1 tho v.tor c~ntcnt 01' cried air, one

*an send only a part of the air to bc dried. into the t~o columns, or sen~d

t h.e total air into the first oo~r:*fl an~d a part on~ly -:nto the socornd. These

two m~othod4 of operation load to thr s.mc ccrnoxntion o,' ohlcrida, th first

permits a light reduotion of diameter of~ the t!vo colurns, the secon~d rit

eduoin; to a rinimizi the diametor of the coizan of dryirv, t .cetod the seozI

~.o are going to continue the oalculation uaizg as example tho second

s olution.*

fleterzr-iration of the quantity of air to pass into the, second appAratus

neocssitates knorled~e of the waimm quantity of izatar ncntained in t:io air

on leavin- this apparatus .

To arrive at this, we need the aid of diagran in fij~ure 3, to determine tho

ts maxImum Ibr the outnut oonsidered, di-hie adoptir, Hi eq ;as 0, 5rn.. and D oq::Js

m the diameter of th: apparatus of the first tirdie.

One easily deduces Ps zuximura, A send D to use. ..o thon continue tho cal-

-ctulaton takinS H eqiuals 0.5.

Y.o -1ve )hirc follovin' t'-. cvlculatior.:. (5eo t-1e jc :- ra--.sfoi

One has tVcon the. Wdmens icns fcr tho t,.o c: trc:.;nc'us Their com-.rzc.-

will pcr-at clhoos ir. 'udioiouslir an irnterrod!i-.rv outruLt .'or '.-hich the ul-A

iuator -lG-l maei A sm an
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he examploo :jven, ,e toursclvos- unique ly in tP'e point cf ,: , .

the ta les and diagrwiis; hut, in practieo, it is Oertain trnt the ap~rartus
ued alw'as have a scruiber. There .ill result fromt this a lessenin of

consumption of chloride and a lessenin; either of height of apparatus or

frequency of rechargings.

In practice, with a soru A)er of' :.. in height, consumption of chloride
will be reduced by half, and therc'ore, if one maintains the same initil

h of the layer of chloride as in thE case o an apparatus without scru er,

the length of tire e tv,-c-n tr-o consecutive rochar.in,:s -ill :o doubled; if,

on thc ccr.trary, there iz little in.terest in oranin,: thn re ch,: .. r., s the heig-ht

of the apparatus may be reduced.

Conclusions

Q Drying of gas by calcium chloride is an operation necessitating a very

simple apparatus and is eff'ected uithout supervision.

The diarams and tables presented make possible the solvirc of pro )lens

of dxying air as presented in Industrial practice. It is possible to determine

whether a problem can be solved by dryinr in one single or in several machines,

and to calculate the dimensions necessary as well as cosumption Jo' calcium

chloride and frequency of rechargings.

There. is always interest, from tho point of vlewv of result o Cdryhnt .s

wiell as consumption of chloride, in refrigeraLting the gas before it : e

* ~rt thnm4 111ratus na in usirg an :as.raIV. etij-acubr

SIt is necessary to note tahat, even at a strong unitary output. ;of ,  3.000

3 m~ofh~mi ir, toro i3noOO
to 3.200 m 3/h./m2 of humid air, thore is no chloride dust, granted that, especially

with lar-o unitary outputs, the grains in the vhole cclu-M are recovered

: immediately vith a film solution.
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