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The influence of spiral  inserts  on the efficiency of the fractionation of petroleum products in ther-  
modiffusioncolumns is investigated. 

Beginning with the 1950s the thermal-di f fus ionmethod offractlonation has been widely usedbothin  analyt-  
ical r e s e a r c h  to separate narrow fractions of petroleum products in order  to determine their chemical  s t ruc-  
ture [1-10] and to study the possibil i ty of its application in technological p rocesses  of obtaining petroleum oils 
with valuable new propert ies  [11-14]. The apparatus used for this purpose has been descr ibed in a number of 
publications [15-18]. 

Various s t ruc tura l  modifications of thermal-diffusion columns have been suggested to increase their effi- 
ciency (a columnwith hor izontalpar t i t ions  [19], a flat inclined column [15, 20], a column containing a packing 
[21]) in which the common idea of decreas ing the velocity of convective flows is employed. In this case, although 
one is able to increase the degree of separat ion in the nonsampling mode of operation, in the sampling mode the 
productivity of such columns is lower than thatof  ordinary columns with an open gap. 

in 1962 one other method was suggested for intensifyingthe fractionation process  in a thermal-diffusion 
column [22], consisting in the inner cylinder of the column beingwoundwith a wire spiral  fully spanning the 
working gap. According to the data in [23], which usedthis  method, the introduction of spirals  not onlyde-  
creased the time it takes to reach the steady state in the nonsampling mode of column operation buta lso  con- 
siderably increased the degree of fractionation ofa c e t a n e -  decalin mixture in comparisonwith  a column with 
an open gap. We note that further  tests on the fractionation of the kerosene fraction of camomile o i lwere  ca r -  
r iedout  by these authors only in a column witha spiral  insert  andwere not compared with tests  ina column 
with anopen gap. Such a comparison is also absent in [8, 9]. The sole paper in which a column containing 
a spiral  was studied only in the sampling mode is the one of Yeh and Ward [24]. In it the fract ionation of 
n-heptane - -benzene and toluene -- isobutyl alcohol was studied as a function of the winding angle of the wire 
spiral  at different column productivi t ies .  It was established that at low sampling ra tes  there is some optimum 

Fig. 1. Diagram of experimental in- 
stallation: 1)jacket of condenser; 2) 
outer cylinder; 3) inner cylinder; 4) 
spiral; 5)fraction collector; 6) valve; 
7) supply vessel; 8) vapor generator 
of two-phase closed thermosiphon; 9) 
manometer; 10)thermostat; 11) ther- 
mocouple; 12) thermometer. 
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Fig.  2. Dependence of the time ~- i t takes to reachthe  equilibrium state 
onthe winding angle of the spira l .  

Fig.  3. Dependence of relat ive variation in the degree offract tonation 
onthe winding angle of the sp i r a l a t  different sampling ra tes :  1) a =0; 
2) 1; 3) 3; 4) 5; 5) 8; 6) 12 ml /h .  

windingangle of the spiral  at which the degree of fracttonatton is maximal,  with this maximum decreasing and 
shifting toward smal le r  angles as the sampling rate increases ,  and disappearing when i t reaches  a cer tain 
value, as a resul t  of which a column with a spiral  gives a lower degree offract ionat ion thana column withan 
open gap in this case .  These dependences were quantitatively different for each of the mixtures  studied. We 
note that, on the basis of the approximate theory of Yeh and Ward [24], the presence of the maxima indicated 
above is de termtnedby the physical charac te r i s t i c s  of the mixture,  the geometry  of the column, and the tem-  
perature conditions of its operation.  

Considering that in the creat ion of a thermal-diffusion apparatus,  both for analytical and for technological 
purposes,  the obtainment of narrow fract ions of petroleum products in the maximum amounts is one of its im- 
portant technicoeeonomic indices, we conducted a special  investigation with the aim of studying the influence of 
the angle of the spiral  winding on the efficiency of the fractionatton of petroleum products in a thermal-diffusion 
column. 

The tests were ca r r i ed  out in paral lel  on three columns which had the same indices of the working gaps: 
height 630 ram, depth 560 �9 20 gin, m e a n p e r i m e t e r  1 5 5 . 2 m m .  The construction of the column is partially 
described in [18]. The inner cylinder is made of Kh18N9T stainless steel with a wall thickness of 4 mm while 
the outer cylinder witha wall thickness of 8 mm is made of 45 steel with a nickel coating (Fig. 1). Eachcolumn 
is heated from an individual steam genera tor  8 by saturated steam whose temperature  Ts was determined from 
the p ressure ,  measured  by the manometer  9. The e lectr ic  power required bythe s team genera tors  was regu-  
lated byau to t r ans fo rmer s .  The advantages of such a means of heating are  expounded in [25]. The outer cylin- 
ders were cooledby water f rom three thermosta ts  10 whose delivery ra tes  were the same (within limits of ~-8%) 
and equaled 210 l i t e r s /h .  With this flow rate and with the condenser construct ion used the heat-exchange coef-  
ficient with the water  side was aw =2000 W/m s �9 deg, as was determined ea r l i e r  [18], whilethe heat-exchange 
coefficient with the side of the heating steam was a s ~ 11,000 W/m 2 - deg. On the basis of the data presented 
above, as well as the resul ts  of the measuremen t  of the water temperature  T w by thermocouples 11 in the mtd-  
sec t ionof  the condensers ,  we found the heat flux per unit column length 

ql = 93 (T s - -  T w ~ Wlra, 

the tempera ture  at the inner surface of the outer cylinder 

T a = T  w = - ~  In d9 x_ , 
.~ 2X oc . ~ doc 

and the tempera ture  difference 

AT ql (d2 - -  di) 
2~kliqdi 

betweenthe outer surface of the irmer cylinder (T1)and the inner surface of the outer cylinder,  where Xli q and 
Xoc are  the coefficients of thermal  conductivity of themixture  beingfract ionated andof  the wall of the outer 
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T A B L E  1. D i f f e r e n c e  An �9 102 in Ind ices  of R e f r a c t i o n  be tween  

L o w e r  and U p p e r  F r a c t i o n s  Ob ta ined  in a T h e r m a l - D  iffus ion Column 
with a S p i r a l  I n s e r t  a s  a F u n c t i o n  of the D e l i v e r y  Ra te  and  the W i n d -  
ing Ang le  of the S p i r a l  i n t h e  F r a e t i o n a t i o n  of IS-45 I n d u s t r i a l  Oi l  
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c y l i n d e r ;  doc ,  d2, and d 1 a r e  the ou t s ide  and ins ide  d i a m e t e r s  of t h e o u t e r  c y l i n d e r  and  the ou t s ide  d i a m e t e r  of 
the  inner  c y l i n d e r ,  r e s p e c t i v e l y .  

The t e s t s  w e r e  e a r r l e d o u t  u s ing  IS-45 i n d u s t r i a l  o i l  a s  the w o r k i n g m i x t u r e  a t  T s =158 .1~  T w =92~ 
T2 =96~ and T 1 =147~ The  d e g r e e  of f r a c t i o n a t i o n  was  d e t e r m i n e d b y  m e a s u r i n g  the ind ices  of r e f r a c t i o n  
of the i n d i v i d u a l f r a c t i o n s  on an I R F - 2 2  r e f r a c t o m e t e r .  The  s t e a d y  s t a t e  was  a s s u m e d  to be r e a c h e d w h e n t h e  
s a m p l e s  t aken  off o v e r  4 h a t  i n t e r v a l s  o f l  h did  n o t d i f f e r  in index of r e f r a c t i o n  wi th in  the e r r o r  l i m i t s  of the 
r e f r a c t o m e t e r .  B e f o r e  the s t a r t  of a t e s t  the o i l  was  f i l t e r e d  and then vacuum e v a p o r a t e d  in a 1 0 - l i t e r  v e s s e l ,  
f r o m  which  it was  p a s s e d  into the r e s e r v o i r  7 by a s iphon  ( see  F i g .  1). The  co lumns  w e r e  f i l l e d  th rough  the 
l o w e r  f i t t ing  6. 

The  f i r s t  s e r i e s  of t e s t s  was  s e t u p  in the a b s e n c e  of a s p i r a l  winding  in the w o r k i n g  gap  (an open gap) in 
the  n o n s a m p l i n g  and s a m p l i n g  m o d e s .  In the l a t t e r  c a s e ,  the co lumns  w e r e  fed  i n t h e i r  m i d s e c t i o n s  and s a m p l e s  
of  equa l  s i z e s  w e r e  taken  f r o m  the u p p e r  and l o w e r  s a m p l e r s  6. The  r e s u l t s  of t he se  t e s t s  a r e  p r e s e n t e d  in the 
f i r s t  co lumn  of T a b l e  1, in which  the ang le  0 ~ c o r r e s p o n d s  to o p e r a t i o n w i t h  an  open gap ,  and  they  d i s p l a y  the 
n a t u r a l  law of a d e c r e a s e  in An with  an i n c r e a s e  in the  s a m p l i n g  r a t e .  A f t e r  th is  s e r i e s  of e x p e r i m e n t s  was 
conduc ted  the c o l u m n s  w e r e  d i s a s s e m b l e d  and  s p i r a l s  of  n i c k e l  w i r e  0 .55  m m  in d i a m e t e r  w e r e  wound on the 
inner  c y l i n d e r s .  The  s p i r a l s  w e r e  wound with r e s p e c t  t o g a u g e s  s e t  fo r  a n g l e s  ~ =15, 30, 45, 60, and75  ~ 
r e a d i n g  f r o m  the v e r t i c a l .  The  ends  of the s p i r a l s  w e r e  r i g i d l y  f ixed  with s c r e w s  in no tches  m a d e  in the  c e n -  
t e r i n g  bands  of the i nne r  c y l i n d e r .  The  inner  c y l i n d e r  was  i n s e r t e d  into the  o u t e r  c y l i n d e r  a f t e r  the l a t t e r ,  
t o g e t h e r  wi th  the  c o n d e n s e r ,  was  h e a t e d  to a t e m p e r a t u r e  of about  150~ by  pumping  th rough  i t o i l  f r o m  a 
s p e c i a l t h e r m o s t a t ,  which  i n c r e a s e d  the d i a m e t e r  by 6 - 7 / ~ m .  Such an a s s e m b l y  m e t h o d  e l i m i n a t e d  the p o s s i -  
b i l i t y  of d i s p l a c i n g  the s p i r a l  t u r n s  a n d a s s u r e d  the r e p r o d u c i b i l i t y  o f the  t e s t s .  The  r e s u l t s  ob t a ined  a r e  p r e -  
s e n t e d  in T a b l e  1, whi le  the dependence  of the t i m e  it t a k e s  to r e a c h  the e q u i l i b r i u m  s t a t e  on the winding  angle  
of  the s p i r a l s  is  shown in F i g .  2. It is  s e e n  f r o m  th is  f i g u r e  tha t  i n the  r a n g e  of va lue s  of 0 < ~ < 60 ~ the t ime  of 
e s t a b l i s h m e n t o f  e q u i l i b r i u m  is l e s s  than  tha t  in a co lumn  w i t h a n  open gap ,  and  i ts  l o w e s t  va lue  is a t t a i n e d a t  
~p=15 ~ T h i s  r e s u l t  a g r e e s  w i t h t h e  da ta  of [23], in which  the t i m e  i t  t a k e s  to r e a c h  e q u i l i b r i u m  for  a c e t a n e -  
d e c a l i n  m i x t u r e  fo r  a winding  ang le  of 56 ~ was  r e d u c e d  by  abou t  1 .5  t i m e s  in c o m p a r i s o n  with  tha t  fo r  a co lumn  
w i t h a n  open gap .  But ,  i n c o n t r a s t  to tha t  r e p o r t ,  the d e g r e e  of f r a c t i o n a t i o n  An (the d i f f e r e n c e  in the  i nd i ces  
of r e f r a c t i o n  be tween  the l o w e r  and u p p e r  f r a c t i o n s ) d e c r e a s e s  wi th  an i n c r e a s e  in the ang le  (p, a s  s e e n  f r o m  the 
f i r s t  row of T a b l e  1. 

The  inf luence  of the  s a m p l i n g  r a t e s  on the f r a e t i o n a t i o n  e f f i c i ency  a s  a funct ion of the winding  ang l e s  of the 
s p i r a l s  is shown in F i g .  3, in which  the r a t i o  of the d e g r e e  of f r a c t i o n a t i o n  to tha t  in the n o n s a m p l i n g  mode  of 
o p e r a t i o n  of a co lumn  with  a n o p e n  gap  (An)0 is l a id  out  a l o n g t h e  o r d i n a t e .  As  s een  f r o m  the f i g u r e ,  i n the  
e n t i r e  r a n g e  of v a r i a t i o n  of the s a m p l i n g  r a t e s  the f r a c t i o n a t i o n  e f f i c i e nc y  d e c r e a s e s  upon the i n t roduc t ion  of a 
s p i r a l  winding  into the gap .  The  l o w e r  t h r e e  c u r v e s  a r e  e h a r a c t e r i z e d b y  the p r e s e n c e  of only  w e a k m a x i m a  
in the r e g i o n  of winding  a n g l e s  of 30-45~ i . e . ,  i n o u r  t e s t s  we d e t e c t e d n o  e x t r e m a l  va lue s  of r a t  which  the 
f r a c t i o n a t i o n  e f f i c i e n c y  g r o w s  s h a r p l y  wi th  a d e c r e a s e  in the s a m p l i n g  r a t e ,  a s  o c c u r r e d  in the t e s t s  of Yeh and 
W a r d  [24]. 

Thus ,  both  in the n o n s a m p l i n g  m o d e  and in the s a m p l i n g  mode  the i n t roduc t i on  o f a  s p i r a l w i n d i n g  into the 
w o r k i n g  gap  d e c r e a s e s  the  f r a c t i o n a t i o n  e f f i c i e n c y .  The  fac t  tha t  a p r o n o u n c e d  i n c r e a s e  in the  d e g r e e  o f f r a c -  
t i ona t ion  w a s n o t e d  in [23] upon the i n t roduc t i on  of a s p i r a l  with a w i n d i n g a n g l e  of 56 ~ into the g a p e a n  o n l y b e  
e x p l a i n e d  by  the f ac t  t ha t  the co lumn u s e d  in [23] did  not  s a t i s f y  the s t r i c t  d e m a n d s  on the g e o m e t r y  of 
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the gapand  didnot  provide a high degree  of i so thermy of the working su r faces  of both cy l inders .  As shown in 
[25], whenthese  demands a r e  not m e t  pa ras i t i c  convection cu r ren t s  develop in the column which considerably  
reduce the f ract tonat ion eff ic iency.  The e lec t r i c  hea te r  used in [23] p romotes  the crea t ion  of a t e m p e r a t u r e  
a s y m m e t r y  over  the p e r i m e t e r  of the column and degrades  its operat ing conditions owing to the nonuniformity 
of the heat  flux, causing nonuntformity of the p ress ing  of the f i be r -g l a s s  fabr ic  agains t  the surface  of the cylin-  
der  andnonuniformity  of the a r r a n g e m e n t  of the turns of the e lec t r ic  sp i ra l .  

In this case  the introduction of sp i ra l  inser t s  into the working gap should have a favorable  effect  o n c o r -  
rec t ing  the defects  of the geomet ry  of the gap and increas ing the degree  of f ract ionat ion.  In other words ,  sp i ra l  
inser t s  a r e  justif ied in columns of poor  const ruct ion quality whose heating and cooling a r e  organized without 
obse rvance  of the n e c e s s a r y  conditions for  main ta in inguni form t e m p e r a t u r e s  at the working su r faces  of the 
column [18]. 

As for  the tes t s  of Yeh andWard  [24], in accordance  with the approximate  theory which they proposed,  
the opt imum angle at  which the g r e a t e s t  f ract tonat ton of a binary mix tu re  is achieved in the range  of var ia t ion  
of m a s s  concentra t ions  of f rom 0.3 to 0.7 is de te rmined  by the equation 

cos q~ = , (1) 

where  L is the height of the column; 

K ~--- g2031328~ (AT)ZB " (2) 
9!qZD 

fl, rl, and D a re  the coefficients of t he rma l  expansion,  dynamic viscosi ty ,  and diffusion; p is the density of the 
mixture ;  AT is the t e m p e r a t u r e  difference;  6 and B a re  the s izes  of the gap and of its p e r i m e t e r ,  with Eq.  (1) 
being valid when 

K 2.52K (3) 
o,319y  T < "  < z---T--' 

while y e / 4  is the degree  of fractionatLon in the nonsampl ingmode .  

As s e e n f r o m  (1)and (2), the r ight -hand side of inequality (3) may  not be sa t is f ied at  some values of a, 
K, and L. In this ease  the conceptof  anop t imum winding angle of the sp i ra l  loses  meaning.  This  can occur  
with s m a l l g a p s  anda  high vLscosi tyof  the initial product ,  as seen f rom (2). A lthough these resu l t s  per ta in  to a 
b inary  mix ture ,  one can a s s um e  that they can a lso  be extended quali tat ively to mul t i componen tmix tu res ,  which 
is what pe t ro leum products  a r e .  It is quite poss ible  that with an increase  in AT, 5, and the ave rage  t e m p e r a -  
lure tn the gap one can, at  ce r ta in  sampl ing r a t e s ,  achieve conditions under  which the degree  of f rac t ionat ton  
is higher  than ina columnwith  an open gap. 
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M A S S  T R A N S F E R  IN A C O N I C A L  C H A N N E L  IN 

T H E  P R E S E N C E  O F  P R O C E S S E S  OF E V A P O R A T I O N  

AND C O N D E N S A T I O N  AT T H E  C H A N N E L  W A L L S  

L .  N .  S h u l e p o v  UDC 536.422 

The t rans fe r  of the wall ma te r i a lo f  a channel, caused by the presence  of a tempera ture  gradient  
along the channel axis,  is discussed.  

In the presence of a tempera ture  gradient  along the z axis of a channelthe t rans fe r  of mat te r  evaporating 
from the walls takes place f rom regions with high temperatures  to regions with lower t empera tures .  If the 
temperature  level is not very  high, the vapor flow takes place in the f ree-molecule  mode. The problem of the 
mass  t ransfer  ina eylindrinal channel inthe presence of a constant temperature  gradient  along the channel axis 
was solved in [1]. But the t rans fe r  o f m a t t e r  evaporating from the walls canlead toa change in the channel 
geometry,  so that it is interesting to investigate mass  t ransfer  in channels with a more  complicated geometry .  
The mass  t ransfer  in a conical channel is studied in the present  paper.  With slow variat ion of the radius of a 
real  channel along the z axis the shape of the channel in the vicinity of any point eanbe approximated by a cone. 
Thus, knowing the solution for a conical channel, one can approximately calculate the mass  t ransfer  ina chan- 
nel of more  complicated shape. 

We will take the coefficient of condensation as equal to unity and the velocity distribution of the evaporating 
molecules as Maxwellian at the wall t empera ture .  In this case the geometr ica l  quantities determining the vapor 
flow coincide with the corresponding quantities for a noncondensing gas with reflection of a diffuse cha rac te r .  
Using the values calculated for them in [2-4], we canwrt te  the express ion for the mass  ftux passing through the 
channel c ross  section at the point z. In doing this we will assume thata tempera ture  T o andthe vapor saturation 
p ressu re  P0 corresponding to i t a re  maintained at the channel entrance (at z =0), while at the other endthe chan- 
nel opens into a vacuum: 
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where T(z) is the temperature  of the channel walls in degrees Kelvin; P(z) is the vapor saturation p ressu re  at  
the temperature  T(z). 

Trans la ted  from Inzhenerno-Fiz icheski i  Zhurnal, Vol. 35, No. 2, pp. 284-286, August, 1978. Original 
ar t ic le  submitted July  4, 1977. 
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