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'jjMriritct: І’ я  the tyslfc рйжяй» оі'йийі tfrnste tit оту <;Ыдап$ «box are coamtcnat Ac hydrodynamic iiwiteb uf liquid Ue* dwiag 
;;р*«в wppfc wut «Junng ovrrflo* «і liquid frims tray to tray, During steiwn supfJy,. the hydrodynamic model и dewmmed m  perfect 
{jjtyftKKmeni model.and durtog, jiqtwiомсгЯон, it is demited w ad i iwitkl There wew received the ̂ Іздг«аі«ісіоГііццііІ fltw m  

ііуе<аде rtiddeece tie» оПіцийі, dsgf» аг<йфешйж wound the м »  cm (he nay, number of perfect mtxuog «Us dcpsfliJmg 
i|i№ rsu|ei(»l №. Itiun Ймдаг efex d w # e of Jiqeid dctej .̂ In Y*X аюяіііШее tteie Ш «1фбЫ і  «єні tine sm4 theoretical stage of p>arftxi 
|ііі#1я«іткпі Twidct. There v*wc «ftit&tfared tbs шйиМйи of mwml transfer of th m v tk a i Jtm gt and theoretical st%e w ith perfect 
' «iiftatKincnt. I he advwUfe» o f Use ш ш  weurifer ey«Mc procem  ю the sutknaiy о т  ж  s im d .

.3Kt)W*trdi: ім ш  Lramftr, cydfc dtiUJJaUon, theoretical stage, the th^orcDMl «Uge model with perfect dx»placcn>eut. residence ише



L  I n t r o d u c t i o n

Ршъимш up Lewis' work [1 j. the use of combinations 
of various hydrodynamic models of liquid and vapor 
рЫе* enhance* the efficiency o f component 
«ptimtion act і be tr*y. The greatest effect is achieved 
upon per feci displacement by liquid and vapor and 

•«wig-iliftclion movement o f liquid on adjacent сдаїай 
degrees In such conditions the- efficiency ofMmpijy'* 
tray may significantly exeocd the local ейкіевеу aitd 
reach С ш іов P I  suggested the way of
phase interaction, for which during the pastage of 
vapor trough  the column the liquid doesn't overflow 
tit>m nay !<j tray and upon liquid overflow it doesn't 

mix on adjacent tmy* {cyclic pmce&s). In a series of 
works [1, 4J it was shown that upon cumjjariion of 
itauo-niiiy w*J cyclic processes twth by the time of 
mas* transfer on the tray and by die phase interaction 
гмїме. the cyclic process is similar to the ssattatmry

 ̂ C4»rrtsj»«0 ili«e  iu ib « r ;  V dedyw & r Malcta, P h D ., K K trrti 
ittW i; «mas irafisfci* aad йкііН ш ім  ptuem . £«пшН: 
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рросе» upon staglc-dinection movement of liquid on 

contact levels end pcrJect displacement by 

liquid and vapor. A mathematical model o f the 
hydrodynamic processes occurring in a periodic cycled 

plate column is developed and experimental!) 

confirmed, The model is applied to the prediction o f the 

ЬаИрр distribution and:. Hit investigation of 

hydrodytVBfflit problems 15J. For description of tnass 
й ж ф е
processes, in ctwrtiiimie» Y*X there *m  suggested Ae 
гііеокязсаі «age model w A  perfect displacement {6J. 
The madet shows % a«ai« cbangc o f composition of 
the сопівсгія} phase* І т щ  щ т  «ірріу mom«at on 
ill column Ш)*і 4»й1$.іш^да4їС&гй)«іа^ ецшііоо »f 

malarial Ь аіш ^а«д**рраа o f meeting of the vapor 
raising. й э д и Ы - |^ « г ^  p d  liquid ой the above tin), 
T h e  « W *  b  th e  m a i t e i w i i c

rowtelto® o f the liquid How byd*od}namici irt (ia> 
columns wiflt! separawf ph^ «toveirant.



2. Peculiarities o f Hydrodynamic Conditions cloth to the sluice chamber. Subsequent \ apor supply І
of W ork e f  l i e  T w y  Columns with Separate opens the sluice chamber and the liquid flow* ш the ■ :
P h a se  M o v cm eilt empty tray below. Such sequence o factw w  take* place H

synchromcaliy on ail frays on the column height t be I
I he mass transfer technology suggested by Cjmmm . . " t , . ■

number of trays; m ше со I umm eonsce ui %v civ і nc rea ж
in the first attempt* of industrial implementation used _ ^ , * ■

imm  5 to 21, No сотріїсиноп m ргоъыоп or column Ж
the ordinary overflow trays accompanied bv t , I

operabmtv related to the increase o f trav пит her vwis я
changeable* or cyclic supply o f contacting phases to the . /  .. ,. n 1

observed. Description of the hqutd How Щ
column. Their use was unsuccessfyl Subsequently the t s , ;■hydrodvnamia should be subdivided m two Щ
creation of special contact devices allowed obtaining a t _ t |$tages~~vapor supply stage and щиы overturn stage. In S
bnifld range of the required technical solutions with , * , * I

the tirsi case during the mas* transfer bemeen чajwr I
^ar^optiortb 'o fd^crete^ ideventiiim ierriip iaJB ow  .. .  . 8 & _ .  B 4 > „ , , . r%and liquid, the liquid is on tlie bubblers cloth ol the tra> 
inputs. therefore* in our opinion, the term о sep&rale л , „ ,and йт т  i overflow from trav to tm>, U с disregard 
phase movement reflects the essence o f this t _  %.e .

the transfer ol liquid to the above trny, 1 lie v olume o§ 
phenomenon in the most integral manner and may be . , „ . t , ¥ .liquid m  the m y  can be considered а* сlosed'Circuit, 
mmI as a synonym to the tom of the cyclic process. In ^ _ e. , ,  t л ,No particle of liquid will leave this volume. And 
essence, the cyclic process of і іш  transfer in M f t , . 4

,  ̂ k though the liquid inside the volume in регачіїу im\ed
columns conies to satisfaction of шіиігшіепь to the , , ,  ̂  ̂ 4

under the mffuetice oi vapt>r item , e \m\e  ецхш %р$Ы 
liquid flow dynamics: {П lack of the liquid overflow  ̂ , k t. . , _  t

# , oi movement ol me liquid volume, «пк'іі щшйъ to
on the tiays dunng vapor supply; (2) lack of mixing of 4

гего, lack of gmdmrn m сопсстпиниіч т а  
liquids on adjacent trays dunng itqutd overflow, The  ̂ , , _  , . „

, . „ tempemtures for a ccrtam pomt of ты  and, hmn\.
constructive solution of such tasks aulomatic&Hy brings , . „

equal time of stay о? Ш  liquid pnrt»cks m% m e tvd} , 
about the enhancement o f т аш  transfer efficiency and л t , s 4 , 1 ̂ ........... Such conditions шч? peculiar m onh cmc hsKmais lunuc
reduction of power consumption for distillation process* , . „

, , , . , mode. i.e.« perfect displcicemcrH т<нк. ЧхтъЫк a
I he authors obtained a series of patents* which allowed a t ,

„  ̂ can be achieved m actual circumvtdmces. and not *mh
implementing alt ^vsmt^es of cyclic process m . . , ,

, ,  ̂ ^  л t  ̂ in hypothetic ffi$ton*iiow. Therelorc, during ИмичІегоІ
mdu t̂nal field. The algorithm of engmaefmg design of:  ̂ 44 ...................    f i p f ^  #іесоІшш, the If̂ осКнашіс model of
a special tray t$ m  follows, ТЫ  tt^utremem as to Л е ' „  _  л У t
t  ̂ 4< , .  ^ t , liquid flow on the tm\ m real a r c m ^ m w e s  is the
lack of liquid overflow on the trays during vapor

, ^ ewi petfecl displaceiiient modcL
supply is performed on the trays ot hollow type while
the vapor speed exceeds the column flood speed. The 3* The Theoretics) Stage Model with Perfect
гщтгетті m m the lack of liquid mixing on adjacent Displacem ent
trays during liquid overflow is performed bv> means of 1

t 4 '  For tormali êd description or ssark ol the ігач I
a sluice chamber located under the tray. Ihis 4 , / 1

„ , Й  ̂ M « columns with separate phase movement the *
installation works as follows, The liquid ftews {siipph, k

, 4 /  mathemanc model ol me рпксчч the
phlegm} are contim^usly s u l l ie d  to the tray. During

k % 4 л follow mg equations h mcd,
vapor supply* the liquid oocsfft overflow tmm imy to

(1) Material balance bv volatile component VC' an  
tray for the speed of vapor, k  the eokmi  ̂,«шж& the .,,,, ,,, s,

^ ^  л the contact stage during vapor m p p h .
column flood speed. The controlling influence on ,

..................  . ■ . . ■■:■ ^

liquid overflow from trav to way is excrcised by \ ipw , j  f ' " н  1 ‘ - ‘ 1 •• ;

the cut in supply o f  which for a couple o f seconds where H îs, the *лн>им of liquid on she ігач. лш!; О ■ і-!
allows Hie liquid to overflow from the tray bubbled vapor consumption. т Ы ;*; >»• VC conceniiauot» in

2ь Hydrodynamic* о! Uquid Flow in Ш  ШёЫ ЫШеж tte*l Шт&ьът Рт$Ш Шр&шттшпі Я
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уфог at the output from tray,%; >V-t - is  VC 
coocctitntltOR in vapor «I input to the tray. */•: *» is 

VyC roecattmtioit to liquid on the trey, %: r  is the 
У-щ м  supply lime, s; and a -  is the tray number.

(2) Liquid flow hydrodynamics during liquid 
;:4wetflow from tray to tray;

*K<0) = F v iC f^  + H - F M . I r J  (2)
O c f  Si , ,

:* ie re  b i s  the multiplication factor o f transfer of 
delay, F * H t i m  

Hf -is the amount of liquid flowing from the 

^ ф . і m l .
-is the v apo r supply lim e, see,

:r <Э) Мам transfer kinetics:
Vapor leaving the tray ach ieves balance w ith liquid 

ш ш і й |  m  the m y ;

(4) Equffibrkm line;
/  ~ mx (3)

The suggested  system  o f  equations is sa lv ed  

ф ш й уііс а % , G enerally , ihe concentration profited on 

stage are recorded &$ follow s:

i : ,
(4)

in *  t f
Meanwhile the source conditions &m as follow:

** £\
|p '  f m  tray columns, the m m t wіфщтш& n m k l к  the 
jp"»odet o f theoretical stage offered by McCahesThiele 

ЦЦ* The model h  based on ihe column material balance

by distributed component and h  expressed in m o 
postulates as follows: і I) The concentration eA soh tik  
component on the contact stage is permanent: 
Vapor leaving the stage b  in balance \*ith liquid 
leaving this stage» In this case, the hydrodynamic 
models of liquid and vapor firms are e\ pressed a> 
perfect mixing models. The process operating. line 
determine*» the concentration* of diMributcd 
component in liquid and vapor on e-ich t o \ . 
Meanwhile* it is discrete and the coordinates ot 
operating line points (trays) in ~~ \ coordinate* arc 
recorded № Л(хн, >Wi *,

We use ihfe technique tor obtaining of she cyclic 
process operating line. Upon lium n и tterim 
concentration profiles in liquid and vapor for a random 
point of time г* € rt I . on ail tra> :> v̂ e determine the
operating line point coordinates as h)< .>tr* >j<
(Fig, I), By changing the time points О c|o>r. L we 
graphically find any number of points re let red m the 
operating Пне (line 3, Fig. I }. Therefore, rhe operating 
line of the cyclic process h  built on the basis uf 
differential equation of the materia! balance bv 
distributed component on the contact ча^е**. It U deafen 
by definition as a line of points of m ating of rhe * ap«*r 
rising from the below tray and liquid located uri the 
above tray, The line is uninterrupted and straight tor 
>•* *<mx , The tangent o f the perfect dUplaeemem 
operating line inclination h  h%% than ihe \Мт:ъ of

• ш

**Ч/.

&*/

> & «

M*/

p >.< fa t

f  i x#*

4; Г
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L ; Using this line, m e  can determine the valuer o f 

concentration of the distributed component in vapor 

and liquid for each tray and any vapor supply point o f  

lime. The contact stage built on this line may be called 
a theoretical contact stage o f perfect displacement, for 
its operation conditions are the same as those o f the 

hydrodynamic mode o f  perfect displacement o f liquid 

and vapor in a single*dSR!€tlen liquid movement on 

adjacent trays suggested: by Lewis. The difference 
between cyclic and stationery process consists ія 

change of the coordinate system upott distillation. For 
cyclic process--during vapor supply A */0fr. for

stationary process-along the liquid movement route on 

the tray <kK t<il.

4. Hydrodynamic Model of Liquid Flow 
upon Liquid over flow from Tray to Tray

In the previous section upon construction o f 

theoretical stage o f perfect displacement w e considered 

the case o f the lack o f liquid mixing on adjacent trtys, 
f=4 According to the theoretical stage model with 

perfect displacement (hr liquid flow hydrodynamics 

upon overflow results in distribution o f component® on 

contact stages as o f the commencement o f vapor supply, 

equation i2), or. in other words, in determination o f 
constants o f С  m equation (4|, Therefore, the task o f 

description o f imperfect flows is simplified 

significantly. We use the simplest historically the first 
cell model, the only parameter in which is the number 

o f cells. To determine the actual stage o f liquid mixing, 

we need to study the distribution of separate liquid 

particles according to the time of their slay on the tray, 

ix  . to determine what share «(‘the flow is on the tray in 

a certain point o f time. The data an distribution o f the 

time o f stay o f separate particles on ihe tray are 
obtained by depicting of the s o m e  »>леш disturbance 
(tracer agent input} and analysis o f curves of 

dependence o f the tracer agent concentration on time 
C tr > in output liquid. For the mixing degree analysis 

we use three values:

The average residence time of liquid 

‘ •* > t* V
Уr « *5>
\ ’ Ь  P  r
0

The degree o f dispersion nmurid the mean

і r « (f V/r
~ С» I

" ‘ \  * , ' " 1 mГ t < (Ї jfc/r
. ■ . 6

The hydrodynamic celt model

v ,  <71

Modeling o f She liquid flo* h> dnmb rtamtv s in ihe
щщ%  of й < F < ls allowed obtaining the follow mg 

& ĉsndfan€e&;

The a v « | e  itrsidtoce time of liquid
ff r <«*

t*
Tim decree o f dispersion around ihe mean

fr" « \ ~ b . $9)
The hydrodynamic cel! model

 ̂ - *. . U0>
І ~ *

Due can determine the authenticity of obtained 
d e p e n d e n t of essence o f ihe cell model of ihe liquid 
flow hydrodynamic* by studying their behavior upon 
е ш е  values of f ' .  If F  w \ * the average time o f $ia> 
Г к  щ т і  to the vapor &uppl) ttmuz. the dispersion  b  

яг* ~ D* m d  the number o f crib  is S  *■ , <tnd Ihcse 
are the perfect displacement conditions. Shml;ir1\. 
tipoit F  ~ 0 ,  the #verage time of $i&\ t% r * л . she 

ё т р е т т  ш r r? -1 * and the number o f cells и. \  ~ \ 

-which are the perfect mixing еошіжогь. If is 
considered that while the number o f celb *> N ; №. 

tbe mode з д т ш т м с *  to the perfect displacement. I» 
our ease, this condition іч «да Нч ihe range 0. ^ I 1 
Therefore, the liquid fkm h}dmd>n*-tmii> deferrnine?*
the theoretical $ugz~  front the Шенгена til \ щ с  wiih
perfect mixing to the !hcorctiv«sl singe ut fcrteei 
displacement. For rhe cyclic inode гЫ р\п%\слі 

tutcrpretation o f  transfer o f the theoretical sx^p: ^  it!? 
perfect displacement into th& fhiHireltual M^gks modd 
nesute m increase o f  riie ш т ш т  of Ііциісі on the iray yp 
to inflnity, #  ^ , ш ё  in this case the cone cm rat ion
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af volatile component on the tray during the vapor 
supply time will пий change.

5 . C r a c l u s i m »

The offered mass transfer mode has some features 

compare it favorably with die stead} one. 

Separation efficiency does not depend on the string 

Aaraeter. The load increase o f a column on a liquid 
dees not lead to an increase m hydraulic resistance «ltd 

jtrmg blocking. a» the quantity o f a liquid on a ptate 

: «mains constant, and cycle frequency is changed only. 
Tfee effect of seocmdary self-evaporation o f  a liquid is 

Observed. Gas content o f  the bubble layet is on die 
feeims*. Residence time of a liquid in a string 

'-0маеамея. Besides, mass transfer technology with 

separate movement of phases has more degrees, of 
freedom in the process control 

Hie introduction o f this mass transfer mode on the 
hdostnei basis can provide a considerable economic 

. effect in the following respects:

• Capital expenditure saving;

• Cermrt energy saving;
• Increase in product's quality,

• Increase in product's yield;

» Environment enh*n«mem.

R e fe re n c e s

Ш W К Lm h«  R ciiito tes <»l Ытщ т)\Ыы% Ut>A ї ігл
€Ыт,ЗШ \т Ы  3W4№.

|3 | IJHM Wtiirtsx MR. І'&гша 1Ч*г&н4Ы 
йЫйЫкт, I ml кщ . Сішт, 5Jt №b I} ьлї-ьлл

P I Wi* M«C'»te. fc.W. TOefe Ind їщ  І к ш  Г  
Ш .

Щ I X  *к*тмегШL V\M SchrtNlt. P i Pans«* f i l l  
Chicrt Siurfsc* of єотгоікчі cyclic I
computer simulation тй ih«? *ЖіЦе* *.иЬ 
m m m tm m t &$етюп> n^wikv
ТесЬпЫод Н І Ш І  245*214

{ $ ] MJ\ ТЫэдгрдов. 1А  А №*%% І І)чІГи4> п ш  іс SiH і і і ІМ а in иї 
схсШ  р-Уіе тїттт, АК'НГ ІишгиІ і НЯ М 

1275-Ш7
J6J BJI, ІНШод В М Тщтш, ІіЛ.. Д> бшшк. іЧигграіічт of 

cyclic ж4  pfiNitfv» ії-ічіт̂ ч «г
\Ы ш**гтг*И> Ш йш USSR. ?<нмІ ГесімюМьл Ь іИ8*н 
32*55.


