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ABSTRACT: Drying of parboiled paddy in die wet and intermediate1 

zones, of Sri Lanka is a serious problem since rain prevails during most 
harvesting seasons. This operation which requires an extensive area could 
be replaced by introducing mechanical systems for the rice industry. 

Therefore, a furnace was designed to overcome the constraints of 
drying related to conventional energy cost and to develop and provide 
groundwork for intermediate technology.. 

The capacity of the designed furnace is 50 kg of husk. It could be 
successfully adopted for any forced ventilated type batch dryers using an 
appropriate air duct. The husk, consumption rate of the furnace is about 
10 kgA for drying of one tonne of paddy which is very low compared to 
the highly efficient rotary dryers used in other countries. • Maximum rate 
of combustion is 0.0036 kg/s, which occurs at an air flow rate of 1.0158 
m3/s. The temperature inside the drying chamber could be maintained at 
60 C by means of the thennoregidator mechanism of the furnace. 

The advantages of the furnace are simplicity of design, low 
construction cost, ease of .operation, low husk consumption rate and 
possibility to adopt to various kinds of force ventilated paddy dryers. 

INTRODUCTION 

The mechanical paddy dryers in use today are limited to some 
government farms and few privately owned rice mills due to lack of 
appropriate low cost furnaces. The heat requirement for this type of 
dryers is produced by a diesel burner.' Heat exchangers are being used 
in these furnaces to prevent possible contamination of the grain from oil 
fumes. In addition to that, the drying, system should always include a 
safety device which ensures that the fuel supply to the burner is shut off 
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if the flame goes out or if the fan stops. These types of furnaces are 
more complicated and expensive. 

A husk furnace has been designed for the fluidized bed dryer at 
the Rice Processing Research and Development Center in 
Anuradhapura. In this furnace air gets heated when sucked (blower) 
through cast iron tubes which are directly heated by burning husk in a 
combustion chamber. A mixture of husk and air is fed into the 
combustion chamber by another (husk) blower coupled to a 0.75 KW 
motor. This would indirectly effect the running cost of the dryer, in 
addition to expensive cast iron pipes. In order to prevent husk ash 
being exhausted with combusted gasses through the chimney, a trap is 
provided between chimney and combustion chamber. Hence the furnace 
is not so simple as it could be. A furnace has been developed for the 
rotary dryer require 50 kg of paddy husk to dry one tonne of paddy. 

In order to overcome the excessive cost and complexity, the direct 
husk fired furnace was designed. Thus a system such as the direct fired 
husk furnace becomes the source of energy to heat the air for 
mechanical dryers, being a simpler and cheaper system. The paddy husk 
which is approximately 20% of the weight of paddy has a calorific value 
of 14,000 KJ per kg. A huge amount of paddy husk is produced 
annually. However a small percentage is used in rice mills as fuel 
mainly for parboiling and the rest is wasted by burning in the open fields 
or on the road sides. Thus the use of husk directly in the drying 
process for generating heat could prove to be a very attractive method 
in the future. 

The heat input rate of the furnace is quite sufficient to maintain 
60 C in the drying chamber for a two tonne capacity forced ventilated 
paddy dryer. Constant temperature of the drying chamber could be 
maintained by means of the thermoregulator of the furnace. This 
furnace could be adopted to any kind of forced ventilated dryer by use 
of different air ducts. The objectives of this study were to design and 
develop a low cost furnace which could be coupled to most of the 
existing dryers and to compare it with other existing furnaces. 
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M A T E R I A L S A N D M E T H O D S 

T h e d e s i g n 

D e s i g n c r i t e r i a 

A i r cou ld b e h e a t e d e i t h e r by conven t iona l fuel u sage , e lectr ic i ty 
o r by n o n conven t iona l s o u r c e s l ike so l a r o r w a s t e p r o d u c t ut i l izat ion. 
T h e t w o l a t e r m e t h o d s a r e t h e m o s t feasible for t h e d rye r s u s e d in t h e 
c o u n t r y . A l t h o u g h t h e des ign of so l a r co l l ec to r s for t h e hea t i ng , p r o c e s s 
a r e poss ib le , its h e a t i n g ra tes a r c insufficient w h e n it c o u p l e t o th ick b e d 
d r y e r s . H e n c e , t he pro jec t w a s o r i e n t e d t o w a r d s d e v e l o p i n g a husk fired 
fu rnace . . 

D e s i g n i n g of h u s k fired f u r n a c e 

T h e h u s k fired fu rnace is t h e h e a t g e n e r a t o r of t h e d r y e r . T h e 
f u r n a c e is a modi f ica t ion of a larger- vers ion of h u s k fired c o o k e r s u s e d 
a t vi l lage level. T h e c o m b u s t i o n r a t e of t h e fu rnace d e p e n d o n t h e 
cha r ac t e r i s t i c s of h u s k ' c o m p a c t i o n , to ta l g r a t e a r e a , a i r p a s s a g e a r e a of 
t h e g r a t e s a n d t h e d r a u g h t a p p l i e d . T h e a v e r a g e c o m b u s t i o n r a t e , 
a p p r o x i m a t e d t o b e a s 60 k g / m 2 h u n d e r d r a u g h t , s ince it h a s b e e n 
r e p o r t e d tha t a m a x i m u m r a t e of c o m b u s t i o n as 69.79 k g / m 2 h for I R -
8 o c c u r r e d a t a n a i r flow r a t e of 532 k g / m 2 h ( M a h e s w a r i a n d O j a h 
1976) . T h e des ign p r o c e d u r e is given in A p p e n d i x 1. 

A c c o r d i n g to t he ca l cu l a t i ons m a d e on t h e des ign , t h e r e q u i r e d 
v o l u m e of t h e fu rnace w a s 0.018 m 3 . H e n c e husk c o n t a i n e r w a s m a d e 
f rom a n u s e d oil d r u m (170 I) for this p u r p o s e (Usefu l v o l u m e . o f t h e 
d r u m = 0.246 m 3 ) s ince it is c h e a p a n d is freely ava i lab le in t h e 
m a r k e t . T h e h u s k c o n t a i n e r c o n n e c t e d t o a con ica l r e c e p t a c l e a t t a c h e d 
a n d h o t a i r d u c t l e a d i n g t o t h e p l e n u m c h a m b e r t h r o u g h t h e b l o w e r . 
T h e husk c o n t a i n e r cou ld b e a t t a c h e d a n d d e t a c h e d f rom t h e con ica l 
r e c e p t a c l e w h e n n e c e s s a r y by m e a n s of a s u p p o r t i n g f r ame . T h e fu rnace 
des ign is given in F i g u r e 1. 

T h e g a s flow t h r o u g h t h e fu rnace w o u l d b e ca r ry ing r e s i d u e a t t h e ' 
fu rnace ou t le t , if t h e ve loc i ty of t he out le t g a s e s ( in conveying t u b e ) is 
g r e a t e r t h a n 3.5 m / s . T o avoid th is , t h e in t e rna l d i a m e t e r of t h e h o t 
g a s e s conveying t u b e wus d e s i g n e d no t t o b e less t h a n 70 m m . In d ry ing 
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seed paddy, a constant temperature of 43 C has to be maintained in the 
plenum chamber during drying. If parboiled, paddy is .to be dried the 
temperature should be maintained at 60 C . To maintain a steady 
temperature at the plenum chamber, a simple thermo- regulator was 
installed. By adjusting the air regulator mechanism of the 
thermoregulator, air flow could be controlled, and hence temperature of 
moving air. The cost of the furnace was less than Rs. 2000 (Appendix 
2). 

Construction of the furnace 

A prototype furnace was constructed according to this design and 
installed at the Meewatura farm of the University of Peradeniya since 
it was felt that intensive testing at the University prior to field testing 
would give a better understanding of the problems. This definitely made 
it easier to find solutions. After modifications, the final models were 
installed in Kalutara and Kurunegala districts for field testing. 

The furnace consists of a husk container, a supporting frame 
conical duct, and thermoregulator. A second hand oil drum (170 1) was 
used to make the container.and 4 mm diameter holes at 2 cm spacing 

.drilled in a circular cylinder, to enable the entry of excess air to 
facilitate complete combustion. A circular hole of 15 cm diameter was 
made in the bottom portion of the container. The paddy husk container 
was surrounded by 12 cm thick brick and clay wall to reduce heat losses. 
The outer wall of the drum was plastered with a thin layer of cement. 
The conical duct was made in a detachable manner could be attached 
or detached to the husk container by means- of the supporting frame. 

Operation implementation and evaluation 

The furnace was evaluated for optimum design after attaching to 
a 2 tonne capacity batch dryer. The moisture content of parboiled 
paddy and harvested paddy, was 32% and 20% respectively. Air flow 
rate, pressure, moisture, temperature and reduction of husk were 
recorded every half an hour until the moisture content of paddy reached 
14%. This procedure was followed with different depths (0.05 to 0.3 m) 
of paddy in the dryer. 
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RESULTS AND DISCUSSION 

Performance of the furnace 

Efficiency of combustion 

Energy in the form of heat is generated in this system by means 
of complete combustion. The combustion efficiencies were comparatively 
greater at the beginning of each test and then rapidly decreased within 
the first hour due to excess air (Figure 2). During the first phase of 
combustion pyrolysis takes place and the pyrolysis gases burn giving high 
efficiency of combustion. At the beginning, most of the inner layers of 
husk were pyrolysed leaving char. The rate of combustion of char is 
much lower than that in the pyrolysis phase due to the reactions of 
chemisorption by dissociation of C 0 2 to CO. The produced CO was 
perhaps not totally oxidized to C 0 2 due to relatively low concentration 
of CO to 0 2 reducing the probability of spontaneous combustion. The 
second reason for the reduced efficiency may be due to high flow rates 
and structures causing rapid cooling in the gas phase while producing 
soot. Unburn tars and volatiles are mainly responsible for the 
production of soot. The average value of combustion efficiencies were 
low compared to the combustion of diesel and petrol engines. 

Combustion efficiencies and the temperatures of the combustion zone 

Temperatures of the combustion zone increased with the increasing 
rate of combustion within the first hour and subsequently the rate of 
increase lowered for the rest of the duration of the trial. Temperature, 
as well as efficiency of the furnace were reduced because of excess air 
which eventually lead to some degree of incomplete combustion. 

Energy balance of the furnace 

Heat energy generated by even with incomplete combustion of husk 
(Qh i c ) was considerable, amounting to 32.33 KW and 27.61 KW for 0.1 
m and 0.2 m depths respectively (Table 1). The energy loss ( Q ^ by 
metal components varied from 4.15 to 6.58 KW and was minimized by 
bricks and clay walls. The average furnace efficiencies were 
comparatively high for 0.05 and 0.30 m depth trials. 
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Fig. 2 . Changes of canbustion efficjencies with time. 
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Table 1. Energy balance of the furnace 

d Q h c Qhic Qi 

(m) (KW) (KW) (KW) (KW) (%) 

0.05 27.31 10.93 12.2 4.15 59.97 

0.10 50.36 32.33 13.3 4.73 35.80 

0.20 49.9i 27.61 16.2 6.10 44.68 

0.30 32.84 9.36 16.9 6.58 71.48 

Notation 

d Depth of grain bed (m) 
Q h c Heat energy generated by complete combustion of husk (KW) 
Q h 1 c Heat energy generated by incomplete combustion of husk (KW) 
Q i Heat energy input to the drying chamber (KW) 
QT Heat energy loss (KW) 
E c Combustion efficiency (%) 

Energy supply and conveying efficiency 

The energy generated by the husk (from actual quantity of 
combustible) was further lost while conveying heated air through the 
blower and hot air conveyer. The energy conveying efficiency was the 
indicator to show useful energy for the drying purpose. The energy 
conveying efficiencies varied from 26.51 to 51.46% corresponding to the 
varying depths of the paddy bed. Subsequently the rate of increase 
lowered for the rest of the duration of the trial. Temperature, as well 
as efficiency of the furnace were reduced because of excess air which 
eventually lead to some degree of-incomplete combustion. 
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Comparison of the furnace with other efficient furnaces 

The rate of husk consumption by Rotary dryer was 50 kg to dry 
one tonne of paddy, which is low in terms of energy as compared to 
other systems such as fluidized bed and continuous dryers. The husk 

. consumption rate of the designed furnace is about 30 kg/tonne of paddy 
which is low compared to the furnaces used in other dryers. 

Quality of dried paddy 

Total milling recovery and head rice yield have been increased by 
2.09 and 4.68% respectively as compared to sun dried paddy, when 
furnace was attached to the batch dryer (Dharmasiri, 1989). However, 
this increment is almost same as for other furnaces. 

Adaptability 

The air flow rate is the determining factor of the heat input rate 
of different dryers. Hence this furnace is not advisable to be coupled 
directly for any forced ventilated paddy dryer, if the air flow rate of the 
dryer exceeds 3 m 3 / s . For high capacity dryers like the LSU, two or 
more furnaces of the same kind could be coupled to achieve the heat 
requirement of the envisaged dryer. If the air flow rate of the dryer is 
known, the heat requirement can easily be determined by the simple 
calculation as described in the procedure given in the Appendix 1. 
However, all air outlets should be connected to the blower inlet. 
Increase of the number of furnaces would not effect the temperature 
control system of the furnace. 

CONCLUSIONS 

The combustion efficiencies found, were low in comparison to fossil 
fuels and the efficiency varied with time. At the beginning, the efficiency 
was higher and its decrease was due to excess air. Also the average 
efficiency was found to vary with the depth of paddy in the dryer. The 
insulation used for the furnace was adequate to prevent excessive losses. 
However, the conveying efficiency was low due to inadequate insulation. 
The husk consumption rate is low which makes the system more 
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attractive in. comparison to other furnaces. The ninning cost of the 
dryer (1986) was 10 cents/kg of parboiled paddy. One of the major 
advantages of the furnace is that it could-be coupled to any of forced 
ventilated paddy dryer. Although, the system could be installed for post 
harvest drying both at farms and mills, it is advantages if further work 
could be undertaken to improve the air regulation system i.e. 
thermoregulator. 
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APPENDIX 1 

Assuming the following data, the design was undertaken as follows: 

Quantity of paddy to dried = 2000kg 
Initial moisture content = 20% 
Final moisture content = 14% 
Temperature of ambient air = 30 C 
Height of the paddy bed = 0.6 m 
Expected temperature of the hot air 

at the combustion zone = 200 C 
Husk content of paddy = 20% 
Calorific value of husk = 3220 kCal/kg 

= 5800 BTU/lb 

Design 

Expected air flow rate for batch dryer = 1.173 m 3 / s 
(Dharmasiri, 1989) 

The amount of water to be removed from 
the 2000kg of paddy when the moisture 
is brought down 20% to 14% (W 2 - where; 

W 2(100 - M 2 ) = W^lOO - Mj) 

= WKIOO - Ml) 
(100 - M 2 ) 

= 2000(100-14) 
(100-20) 

Therefore W 2 - W x 

The amount of heat required to remove 
one kg of water at 30 C 

The total heat required to remove 150 kg 
of moisture 

= 150 kg of water 

= 600 kCal/kg 

= 150 x 600 

= 90,000 kCal 
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APPENDIX 1, contd 

The weight of husk required to 
produce 90,000 kCal . - 90.000 kg 

3^00 

= 27.95 kg 
Assuming the efficiency of the furnace 
is 60% (Since the efficiency of the most 
furnaces is above 60%), the husk 
required would be = 27.95 x 100 

60 

= 4638 kg 

Expected drying time for batch dryer = 8.455 h 

Therefore husk burning rate ' = 46.58/8.455 kg/h 

= 531 kg/h 

Projected area of grate = 531 kg/h 

(Assuming combustion rate as 60 kg/m 2 h) 60 kg/m 2 h 

= 0.092 m 2 

= 0.02 m 2 

Maximum volume of furnace = 5.51 x 3220 
500,000 

(Assuming that the heat release rate is not exceed 598,000 kCal 
(35,000 Btu/cu.ft) of furnace volume under draught) (Ramalingam 
et al, 1979) 

= 0.036 m 3 

Assuming the compaction ratio of the 
husk is 2:1 maximum volume should be ' = 0.036/2 m 

= 0.018 m 3 
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APPENDIX 2 

Cost estimate of the design (based on rates in 1986) 

Item 
No. 

Description Unit Qty Rate Amount 
(Rs) 

0 Empty oil drum for 
the container 

- 1.0 125.00 125.00 

H) Round iron ( o - l * ) for 
the supporting frame 

m 25 17.50 43.75 

iii) Flat iron (l/4"xl/2") 
for strengthening the 
heated air conveyer 

m 3.0 13.50 40JO 

rv) Galvanized sheets (gauge) 
for the movable hot ab­
duct and the conveyer 

m 2 5.0 123.50 61730 

v) Springs - 2.0 5.00 10.00 

vi) Heat resistance asbestos m 1.0 420.00 420.00 

vii) Window hooks - 2.0 2.00 4.00 

viii) 4 1/2' thick brick work 
in day 

m 0.25 400.00 100.00 

K) 5/8" external plastering 
in cement 

_ 2 m 45 15.00 67.50 

Welding and tinkering days 1.0 150.00 150.00 
1578.25 

Adjusted amount (increased by 10%) 157.83 

TOTAL 
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