
JOURNAL OF ENGINEERING PHYSICS 393 

SOME DRYING CHARACTERISTICS OF GRANULATED SUGAR IN AN EXTERNALLY 

HEATED PNEUMATIC DRYING TUBE 

Io L. Lyuboshits,  I. F. Pikus,  and N. G. Alkhanashvil i  

Inzhenerno-F iz ichesk i i  Zhurnal ,  Vol. 14, No. 4, pp. 726-730, 1968 

UDC 047.536.24 

Relations derived from an experimental study of the drying of granu- 
lated sugar in a pneumatic drying tube with external heating make it 
possible to determine the necessary height of the tube. 

Research  shows that high-quai i ty  granulated sugar  
intended for si lo s torage should have a un i form g ranu-  
lomet r ic  composi t ion ( c r y s t a l s i z e  not less  than 0.3 
ram), the f inal  mois tu re  content should be low (W = 
= 0.03-0.05%), and the f inal  t empera tu re  should not 
exceed 20-22 ~ C. 

P r e s e n t  indus t r i a l  d rye r s  do not sat isfy  these r e -  
qu i rements .  Hence the need for more  effective drying 
methods that will ensure  a high-qual i ty  f inished p rod-  
uct.  

In re la t ion  to granulated sugar ,  dry ing  tubes with 
external  heating possess  the following advantages: 

1. Poss ib i l i ty  of operat ion at high solids concen t ra -  
t ions,  s ince the amount of heat supplied is not  l imited 
by the amount  of drying agent, whose flow ra te  need be 
no more  than n e c e s s a r y  to ensure  re l i ab le  pneumat ic  
t r anspor ta t ion  of the ma te r i a l .  This resu l t s  in econo-  
mies  due to the reduced en t r a inmen t  of dust.  

2. High ra te  of heat t r ans f e r  f rom the heated s u r -  
face to the two-phase flow de te rmined  by the cons ide r -  
able reduct ion in the rmal  r e s i s t ance  due to a r t i f ica l ly  
induced boundary  layer  turbulence  and the high volume 
heat  capacity of the two-phase flowo 

3. Contact between the h igh- t empera tu re  dry ing  
agent and the high-humidi ty  ma te r i a l  may lead to a 
product  improved color cha rac te r i s t i c s .  Granulated 
sugar  is a hea t - sens i t ive  m a t e r i a l  whose mois tu re  con-  
tent  is de te rmined  chiefly by the moi s tu re  p r e se n t  at 
the surface  of the c rys ta l s  in the form of a thin f i lm of 
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sa tura ted  solution. Heat causes  decomposi t ion of su -  
crose  in the suc r o se - w a t e r  sys tem with the f o r m a t i o n  
of colored subs tances ,  whose ra te  of format ion  in -  
c r eases  with inc rease  in t empera tu re  [5]. At the same 
tempera tu re  the sucrose  decomposes more  rapidly in 
dilute than in concentra ted solut ions.  

At the beginning of the d ry ingp roces s  in apneumat ic  
drying tube with externa l  heating, when the concen t ra -  
tion of the solution enveloping the c rys ta l  surface  is 
re la t ive ly  low, the ma te r i a l  is in contact with cooler 
drying agent. The t empera tu re  of the heat t r ans fe r  agent 
is lowest at the beginning of the dry ing  process  and i n -  
c reases  along the tube when, as mo i s tu re  is evaporated 
and the t empera tu re  of the ma te r i a l  r i s e s ,  the solution 
at the c rys ta l  surface  becomes  more  concentrated.  

The apparatus  used in the exper iments  operated as 
follows: f rom the feed hopper the s ta r t ing  ma te r i a l  
en te rs  the s t a i n l e s s - s t e e l  working chamber  25 mm in 
d iamete r  and { m tall,  is en t ra ined  by the ascending 
flow of heat t r ans fe r  agent, and is ca r r i ed  upward, 
abso rb ing  heat from the hot chamber  walls.  It then 
en te rs  a cyclone, where the granulated sugar  is sepa-  
ra ted  f rom the drying agent, which is d ischarged into 
the a tmosphere ,  while the sugar  runs  into the d r i ed -  
product  hopper. Before coming into contact  with the 
mois t  ma te r i a l ,  the drying agent can be heated to the 
requ i red  t empera tu re  in a horizontal  sect ion equipped 
with an independent heating coil. 

The working chamber  had four sect ions,  each 1 m 
long and fitted with an independent heating coil connected 
to the power supply sys tem across  an RNO-250-5 
t r a n s f o r m e r .  The sect ional  cons t ruct ion  of the working 
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A) Varia t ion of t empera tu re  (~ of drying agent (1, 2, 3) and 
ma te r i a l  (4, 5, 6), B) mois tu re  content (%) of ma te r i a l  (1, 2, 
3) and amount  (kg /hr )  of evaporated mois tu re  (4, 5, 6) over 
height of dry ing  tube (p = 0.64 kg/kg;  t w = 130 ~ C; W1 = 0.89%; 
tl  = 01 = 15 ~ C): a) vp = 13.5 k g / m  2' sec; b) 17.5; c) 26.8~ 
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chamber  and rheos ta t  voltage regulat ion made it  pos -  
s ible  to keep the t empera tu re  of the heating surface  
constant  and uni form and to study the var ia t ion  of the 
mois tu re  content and t empera tu re  of the ma te r i a l  over 
the height of the tube. In the case of preheated s ta r t ing  
ma te r i a l  the feed hopper was also heated e lec t r ica l ly ,  
the voltage at the t e rmina l s  of the heating coil being 
regulated with a labora tory  au to t rans fo rmer .  The 
apparatus  was equipped with all  the n e c e s s a r y  control  
and measu r ing  ins t rument s .  The granulated sugar  used 
in the exper iments  had a mean  par t ic le  s ize d a v =  
= 0.865 mm.  

The exper imenta l  r e su l t s  were cor re la ted  in the 
form of curves  r ep resen t ing  the var ia t ion  of drying 
agent t empera tu re  and ma te r i a l  mois tu re  content over 
the height of the tube. (The data on three  exper iments  
are  p resen ted  in the figure. ) These curves  were con-  
s t rue ted  by success ive ly  ca r ry ing  out exper iments  with 
a var iab le  working sect ion height at fixed values of the 
p rocess  p a r a m e t e r s  in each s e r i e s  of exper iments .  

A mathemat ica l  analys is  of the curves  yielded the 
following equations for the dry ing  agent t empera tu re  
and ma te r i a l  mois tu re  content over the height of the 
tube: 

t = t w - - ( t~  - - h )  exp(-- AH), (1) 

u = u~q+ (ul - -  u~ n) exp (-- BH), (2) 

where A and B are  empi r i ca l  coefficients re f lec t ing  the 
effect of the ex te rna l  conditions on the heat and mass  
t r ans f e r  p rocesses  and the drying proper t i es  of the 
ma te r i a l .  

Empi r i ca l  re la t ion  (2) indicates  that the drying p r o -  
cess  takes place in the fal l ing ra te  stage�9 As Luikov 
points out [1], the ra te  of mois tu re  evaporat ion f rom 
the sur face  of a m a t e r i a l  is  analogous to the evapora -  
tion of liquid f rom a free surface  and, in accordance 
with Dalton 's  law, is de termined by the difference be -  
tween the vapor p r e s s u r e  at the surface  of the ma te r i a l  
Pm and the par t ia l  vapor p r e s s u r e  in the ambient  m e -  
dium Pp: 

dW 
d-~ = K S  (Pro - -  Pp). 

In the case of granulated sugar ,  the mois tu re  is 
evaporated from the surface  of a sa tura ted  solution. 
As the product  is dried,  the concentra t ion  of the so lu-  
tion enveloping the c rys t a l s  i n c r e a s e s ,  and, in accord-  
ance with Raoul t ' s  law, the vapor p r e s s u r e  over  the 
solut ion surface  decreases  with a consequent continuous 
decrease  in drying ra te .  This is conf i rmed by the t e m -  
pe ra tu re  curves  (figure, A). 

The following quanti tat ive re la t ions  were obtained 
for the coefficients A and B: 

A = (1.235--0.008E1) (Vp) -0"47 ~t -0"25. (3) 

B = 0.0115 (vp) -~ -o.25 .~-o.lz~-o.os . . . .  ~ ~ -  (4) 

The p rocess  p a r a m e t e r s  were var ied  over the fol-  
lowing ranges:  0.2 -< # -< 4 kg/kg; 9 -< up <- 27 k g / m  2 ' 

�9 sec; 7 0 - < t  w -  140 ~ 0 . 5 - d a v  ~ 2 .5 ram;  4--< E j-< 
--< 46 ~ C; 11 000 - Re -< 34 600. 

In designing sugar  dry ing  tubes with external  heat-  
ing it  is ne c e s sa r y  to know the coefficient of heat t r a n s -  
fer  f rom the surface to the two-phase flow. The resu l t s  
obtained for low solids concentra t ions  (p < 5 kg /kg )a re  
often contradictory.  Accordingly,  additional exper iments  
were per formed  using the same apparatus  as a l ready 
des cribed.  

In calculat ing the heat t r ans f e r  coeff ic ient  it is pos -  
s ible  to neglect  the radia t ive  and contact components 
[2-4] (the heating surface t empera tu re  did not exceed 
140 ~ C). The value of a w was de te rmined  f rom the fol-  
lowing expression:  

Q In tw - -  tl 
aw _ t w -  t~ , (5) 

F (G--  h) 

where 

Q = c L (t~ - -  t,) + 

+ ~d.m(Cd.m + U~)(0~-  01) + Gd. m r (it 1 - - l t2 ) .  

An analys is  of the exper imenta l  data showed that the 
heat  t r ans fe r  ra te  depends chiefly on the veloci ty of the 
drying agent and the solids concentrat ion,  The following 
quanti tat ive re la t ions  were obtained: 

Nu = 0.084 Re ~ exp (0.102~), 

0.2 ~ ~ ~ 0.9 kg /kg;  (6) 

Nu = 0.084 Re ~ exp (0.12Qt), 

0 . 9 < ~  ..<4 kg /kg .  (7) 

Empi r i ca l  re la t ions  (3), (4), (6), and (7) make it  
possible  to de te rmine  the height of the drying tube with 
allowance for  heating of the ma te r i a l  to the maximum 
p e r m i s s i b l e  t empera tu re  [6]. 

An analys is  of the f rac t ional  composi t ion and ex te r -  
nal  appearance of the dried product  indicates  that drying 
in a pneumat ic  drying tube with externa l  heating does 
not r e s u l t  in any abras ion  of the c rys ta l s  or changes in 
the color of the mater ia l ;  the c rys ta l s  p r e se rved  their  
o r ig ina l  sparkle  and sharp edges. Granulated sugar ,  
dr ied under  opt imum process ing  conditions,  fully s a t -  
isf ies  the r equ i r emen t s  of the re levan t  State Standard. 

NOTATION 

tl, t, and t 2 denote the ini t ial ,  va r iab le ,  and final  
t empera tu res  of the dry ing  agent; t w is the t e m p e r a -  
ture  of the heating surface;  H is the height of the d ry -  
ing tube; ul, Ueq, and u denote the ini t ia l ,  equi l ibr ium,  
and var iab le  mois tu re  contents of the mater ia l ;  S is the 
evaporat ion surface;  K is the evaporat ion coefficient; 
dW/dT is the dry ing  rate;  vp is the mass  veloci ty of 
the drying agent; p is the solids concentrat ion;  E j = 
= tl  - twet is the drying potential;  twe t is the wet-bulb 
tempera ture ;  dav is the average par t ic le  size; aw is 
the coefficient of heat t r ans fe r  from the heating s u r -  
face to the two-phase flow; F is the heating surface of 
the drying tube; c a is the specific heat of the air ;  L is 
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the hourly flow ra te  of the dry ing  agent; Gd~ m is the 
output of the apparatus with r e spec t  to dry mate r ia l ;  
Cd. m is the specific heat of dry  mate r ia l ;  r is the heat 
of vaporizat ion;  Nu = awdt /k  m is the Nusse l t  number ;  
Re = vdt /v  m is the Reynolds number ;  d t is the d i a m-  
eter  of the drying tube; k m and v m denote the the rmal  
conductivity and k inemat ic  viscosi ty ;  02 and 01 denote 
the f inal  and ini t ia l  t empera tureg  of the ma te r i a l .  
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