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Rotary . .  Drying of Paddy 

Kitt ipong Kullarnart, Sornchart  Suponrunnar i t  a n d  Prasal C h a l i d a p o n ~ s e  
< - 

School of Encrgy a n d  Ikloterlals 
. 

' 7  T . 
King  ~ o n g k u t ' s  Institute of Technology Thonbur i  Suksa\vat 48 Rd., Bangkok 10140 * 

Abst tact 

The objective of this research is to study strategies for drying high moisture 

paddy by co-current rotary dryer. Criteria for the study are quality of paddy, energy 

consumption and drying capacity. Experimental result showed t h ~ t  residence time distribution 

decrensed when feed rate of paddy. slope or  rotation speed of cylinder were incre,~sed. The 

mean residence time equation developed was found to be accurilte and s o  was the drying 

equrrtion. Energy consumption was 8-25 MJ/kg-water or equd  to 76% thermal energy i~nd 

74% electrical energy in terms of primilry energy. If moisture content of p;~tltly decrei~sed or 

energy consumption increased while with hold-up increased, energy consumption decre;~.sed. 

Grain quality was determined in terms of relative whiteness and relative h a d  yield. It ~ i ~ s  

found t l i i ~ t  i~verage grain quality was quite well but decreased slightly when the final moisture 

content decreased. The mathematical model was used to determinate the aypropriitte drying 

0 strategy. Inlet air temperilture was fixed at 11.5 C and initial moisture content of padcly was 

30% dry bi~sis. Finn1 moisture content wi~s  limited to 27,-23% dry basis. It W:\S found t11;it i ~ t  

il low specific air flow rate, the prim;try energy consumption wns considerably low and the 

drying cap;rcity was high. The ;rppropriate fraction of air recycled was 75%. 

Keywords : P.lclrly drying / Rot;~ry d ~ e r  / Residence time 
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~ ~ u u ~ i i u u n ' l ~ m j l n n i 5 n n a a d  w u ~ l ~ u i r o l ~ f i ~ u i u  Mcan rcsidclsc tiwc 1;; 
7% ' ri : 

;Jinnirnnaa.riliuiro~in'i x l~a: Y ;Jinzdi[uuauniruaq IBage 151 G'qaunis 
Y $4 

( 6 )  orln'n'l X nar Y ;d~~u~uujnnnnidyaaini f l~i~wimduns 

X = 0.038906 - 0.264 (m111) (2.1) 

Y = 0.791349 + 6.99093 (rnltl) (25) 

aumr (24) tiaz (25) I$'lGi'~uqrunaaini 115  'C l~ari?innniil~a 

einifl4i~wirluh.r 0.019-0.032 kgh-kg d& hold-up ~dad1~i-i x lia: Y f i f i inulu 

aunir (6 )  ~~~~ifiuu~~iuu~utlanirnnaaraui~aiuirnfiiuiurra~~~ L ~ ~ ~ L I R U U L R ~ U  

n'uaunirauaG~uar~g~ln~~un~~uun'a~Uda~ua.~ araudA n%~inqa 171 i ~ n n m i l n a  

~ I ~ ~ ~ ~ ~ L ~ ~ : L L ~ : ~ N M ~ ~ ~ ~ u L L G . I L ~ " u I ~ ' u  w u ~ ~ ~ u u v l g ~ l r n d ~ u n ~ ~ u u n ' a ~ ~ a ~ a u u r i ~ l ~  I 
(I X d  

n i l  k ~ i g . 9  n~u~uar~ini~fnui~idiianluvJ;Slnd~~niiganiaX~w'an'ua i m n ~  in11.ii 

wknu l n l ~ ~ i u u j i a a . r n i ~ n t 9 m ~ i a m 5 ' ~ i ~ ~ u ~ n i ~ n i r a u ~ ~ ~ 1 n d i n i : u  InulJqruyij 



2 Sclr7nnInaa1mnj1rw7= 3 ii i~u-mni5aut~~q 2 idu2 SULMC~R~~IJNU\J~:UIN 
m .  w A ,  L 

22-23 % dh I ~ U ~ U U I ~ I U ~ ~ ~ C ~ U ~ ~ ~ ~ U L L M ' J L L ~ ' ~  I nrq ~:~nt i ;u l i i luna1~1uwi1rJu 
m ~udumuIutu8naiwwa I c ~ a a  1:ip.12 wuiidCnnnidiilir,mnj1twi:X,ij 

~ n ~ i n ~ i u ~ u t ~ ~ a ~ w k n u X ~ a a d M ' ~ n s i n i 5 t l ; i n ~ t  ~ws1:d~nnii lnarnc~in~ nw I: 
d XI &~td~an ; r - ! t - r a~a$ [u t f l r i l~aua&u~un~~  %!t.~ailun itauu,iquinnh li 
rl d 

5:tnu&1&1nnil luum:nw k ~ i u d ~ a t 1 ~ u n ~ t 4 u i l , n i n u j u n i 1  t~a:tuoitrJirrui 

~ ~ n n ~ ~ ~ ~ u t i u u a ~ n ~ n n ~ u ~ t ~ u ~ : : a u  Gr Iig.13 w r r j i  d~nnmilvlaa1mn3itw 1:: 

0.01 6 kg / s=kg  dry h ~ l d - a p  mz~$~n'jnflnyu~?uuainifln~u 7 5  % uatain.ln$[{ 

DULL& 

0.01 6 kg/s-kg dry hold-up ~a:~nnn75n~u~?uuain1GIna'u 75 % 



L - ~aiuuiaii?iijnrjnr=uan, m - .  
M - miudu~uAniia, tn~B2uuinrjiuuA 

m = oYmnf1is'l~a~3~~1a, kg / s  . - 
MR = i'and7un1iu%U 

N 2 E m m r w q u ~ a ~ ~ ~ i i 4 n ~ 4 n 1 : : u a n ,  rprn 

n - d i ~ ~ r l m n a < ~ l i , k u a ~ ~ n s ~ n i s ~ y  u 

Q = ~ i ~ ~ n ~ i ~ ~ d ~ a n ~ a u ~ n " ~ n u n ~ d L u ' i ~ d u ~ ~ ~ a . ~ a u \ L ~ ' ~ ,  kg d a  

n ~ ~ u j a u ,  kw 
KC = 8nd1uain ~criiuuna'u 

K I I  = miuilu~uujni, decin~:\l 

,r = qru~$, *c: 
. I = t~a i i lu~~Mj ,  t11in 

d 
t 1  = naii!tbuwaui~ loa'noolrua.nnrajau\\G~, min 

d d 
I, = nain~duwaui~  inrniu~: laa, n ~ i n  

d d 
I, = n a i n w 8 o ~ ~ ~ ~ i ~ o ~ ~ u ~ ~ ~ ~ a u ,  min 

d 
v = ~21u~~?f15=1~i=laln lfl, ril/s 

.x 
W = ~ F ~ ' s ~ ~ . ) u ~ I ? ~ u ' ~ I W ,  k g -  walcr/kg-dry air 

0 = yul~u~~a4niojns4nrruan, dugma 

aqi=?nnudri~n'ua'l~ 
a = a1niduiY4 

d 
eq = nduqa 

fan = Gmau 

feed = i'aijaufi~rd:an i 

d 
h = tnrajdin~iu?au 

in = L ' U ~ \ R ~ D J D U \ L ~ ~ ~  

I 
d 

= n g p 3 ~  

~d = gndi3ui!ojns~nrruan 

= ijqj~3udaininiiuuni;u 

mix = ainidwdu 
J 

out = a a n ~ i n ~ n r a ~ a u ~ ~ M j ~  

p - a y n i m ~ i Y ~  



rot = m'?nyu%ns~ns:uan 
" = Is& 

w 

w = lJ1 

4. Soponronnarit, S. and S. Prachayawarakom, 1994, Optimum Strategy for I'luidi7ed 

t?cd Paddy Drying, Drying 'Tcchr~ology, Vo1.12, No.7, pp. 1 667-  1 686. 

5. Page, G.E., 1949, Factors Influencing thc Maxiniun~ Rale of Drying Shell Corn in 

Layers, IJnpuhlishcd Thesis, Master of Science, Purdue University, pp. 75-79.  
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Fig.1 R o t a r y  d r y e r  

Fig.2 Control  volumes  of r o t a r y  dry ing  s y s t e m  



START T--' " 
INPUT DATA 

1 CALCULATE : MEAN RESIDENCE TIME I 

- Woutl = 0.02 
I 

CALCULATE : Wout,Mout 

1 CALICULATE : ENERGY CONSUMPTlON I 
I 

Fig.3 Computer simulation flow chart  



t (mln) 
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Fig.4 Effect of air flow rate on residence time distribution 
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Fig3 Effect of rotation speed . . on residence time distribution 
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Fig.6 Effect of  slope on residence time distribution 
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. . Fig.7 Effect of feed rate of paddy on residence time distribution 
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Fig.8 Effect of moisture of paddy on residence time distribution 

Fig.9 Comparison of drying ra!e belween fluidized bed and ro!ary drying . 
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I Final moisture conlent  (%db) 
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Fig.10 Relationship between relative head yield and final moisture content o f  paddy 
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Final moisture conlent  (%db) 

Fig.1 l Relationship between relative whiteness and  final rnoisture content o f  paddy 



SP = Specific sir flow rate (kg/.-kg dry hold-up) . .. 

0 - ~ n l ~ ~ ~ ~ I ~ ~ ~ ~ ! ~ ~ ~ ~ I i ~ i ~ 1 ~ ~ ~ ~ I ~ ~ r ~ t 0 . 0 4  

0 10 20 $0 4 0  60 60 70 80 DO 100 

Fractlon of alr recycled (%) 

Fig.12 Effect of fraction of alr recycled on primary energy consumption 
and drying capacity at different specific air flow rate 

no te :  
S p e c i f i c  a i r  f l o w  r a t e  (SP). ( k g / s - k g  d r y  h o l d - u p )  
SP = 0.016 k g / s - k g  d r y  m o t t e r  : v = 0.743 m / s  
SP = 0.024 k g / s - k g  d r y  m a t t e r  : v = 0.945 m / s  
SP = 0.032 k g / s - k g  d r y  m a t t e r  : v = 1.094 m / s  
C y l i n d e r  d i a m e t e r  0.3 rn 
Cy l i nde r  l e n g t h  1.5 m 
Feed  r a t e  o f  wet  p o d d y  . 1  k g / m i n  
R o f o t l o n  s p e e d  o f  c y l i n d e r  2 0 r P m  
S lope  o f  c y l l n d e r  0.5 d e g r e e  
Residence t i m e  4.33.3.66,3.18 m i n  
l n i t l a l  m o i s t u r e  c o n t e n t  o f  p o d d y  3 0 Z d b  
Dry ing  p a s s  2 t i m e s  

' F i n a l  m o i s t u r e  c o n f e n t  o f  p a d d y  22-23 X d b  
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9P = Specific alr flow rate (kgls.kg dry hold-up) 
- . . -. 

SP - 0.Ofd SP = 0.024 SP - 0.032 

0 10 20 30 40 50 60 70 80 90 100 

Fractlon of alr recycled (%) 

Fig.13 Effect of fraction of air recycled on primary energy consumption 
to drying capacity ra!io at different specific air flow rate 


