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m ABSTRACT : India’s contribution in the world production of fruits and vegetables during
2013-14 was 13.6 % and 14%, respectively (Anonymous, Indian Horticulture Database 2014).
Indiawastes fruits and vegetables worth Rs. 13,300 crore every year. The excess moisture in the
food is also contributes to its reduced storage life. To develop the dryer the design was prepared
on the basis of volume of wet material to be handled. Weight of arecanut considered per batch was
15 kg. Thedrying efficiency of the dryer depends on different factorslike, drying air temperature,
relative humidity of the air and the airflow rate through the drying chamber. A dryer has different
components like, drying chamber, heating unit and a chimney. While designing the dryer these
components were taken in to consideration. On the basis of the above assumptions the different
components of the dryer were designed.

mKEY WORDS: Dryer, Arecanut

mHOW TO CITE THISPAPER : Divekar, S.P. (2017). Design of wastefired-natural draft dryer.

Internat. J. Agric. Engg., 10(2) : 314-318, DOI: 10.15740/HAS/I JAE/10.2/314-318.

climate and physic-geographical conditions and as

such is most suitable for growing various kinds of
horticultural crops such as fruits, vegetables, flowers,
nuts, spices and plantation crops (coco nut, cashew nut
and cocoa). Its horticulture production has increased
significantly over the last two decades and as per the
final estimates, by 2013-14, it hasincreased to about three
times (2.87) since 1991-92 and to about twice (1.90)
compared to the production in 2001- 02. Thishas placed
India among the foremost countries in horticulture
production, just behind China. Asper Indian Horticulture
Database 2014, during 2013-14, India’s contribution in
the world production of fruits and vegetables was 13.6
% and 14%, respectively. Total production of fruitsduring
2013-14 was about 89 million tons, while that of
vegetables was 163 million tones. (Indian Horticulture
Database 2014). Indiawastesfruitsand vegetablesworth

I ndia has been bestowed with wide range of

Rs. 13,300 crore every year: Emerson study (ET Bureau,
Nov. 28, 2013). The main cause of loss is country’s lack
of adequate cold storage facilities and refrigerated
transport facilities. The other cause of lossesis excess
moisture content in the fruits and vegetables.

The excess moisture in thefood is aso contributes
to its reduced storage life. There are various ways to
enhance the storage life of the food. This includes
fermentation, addition of heat, removal of heat, chemical
treatments, etc. Out of these methods one which is
adopted from the centuries is removal of moisture
content through drying. The drying process drops down
the moisture content to a safe level so that the water
activity reduces and shelf-life enhances.

To reduce the losses and to enhance shelf-life, an
accelerated moisture content removal is required. The
drying methods employed for thispurpose are heated air
drying and sundrying.
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The mechanical dryers during operation need
constant electrical supply. In villages, un-interrupted
power supply seldom available. This becomes prime
hurdleindrying of perishablecrops. It wastherefore, an
agro waste fired natural draft dryer was devel oped.

B METHODOLOGY

To develop the dryer the design was prepared on
the basis of volume of wet material to be handled. The
design was undertaken on the basis of following
assumptions. The crop to be dried was arecanut (Table
A).

Table A : Assumptionsfor design of dryer

Sr. Parameters Assumptions
No.

1. Drying temperature of air, t, 65°C

2. Temperaturein drying 60°C

3. Temperature of exhaust, t; 40°C

4. Specific heat of water, Cpw 1 kcal/kgeC
5. Latent heat of vaporization of water 600 kcal/kg
6. Initial moisture content of arecanut (d.b.) 71.1 per cent
7. Final moisture content of arecanut (d.b.) 5.3 per cent
8. Drying period of arecanut, 6 30 hour

9. Initial temperature of arecanut, tq 27°C

10. Final temperature of arecanut, t 55°C

11.  Specific heat of arecanut, Cp. 0.28 kcal/kg°’C
12. Calorific value of saw dust, C, 3000 kcal/kg.
13. Weight of arecanuts, W 15kg

14. Thermal efficiency 25 per cent
15. Heat exchanger efficiency, Ne 35 per cent
16. Combustion efficiency, n 65 per cent
17.  Density of Arecanut p, 470 kg/m®

Design of dryer:

A dryer has different components like drying
chamber, heating unit and achimney. Accordingly, while
designing the dryer these components were taken in to
consideration.

Onthebasis of the above assumptionsthe different
components of the dryer were designed. The drying
chambersdesignisasfollows.

Design of drying chamber :

The drying chamber was designed based on the
amount of arecanut to be dried, density of arecanut and
the thickness of bed.

The floor area required for drying arecanut was

calculated as under,

_ Massof arecanut, kg
¢ Densityof arecanut, kg/m®” Thicknessof bed, m (

1)

Thedrying efficiency of the dryer isdepending on
different factors like drying air temperature, relative
humidity of theair and the airflow ratethrough thedrying
chamber.

Airflow rate:

The rate of airflow required for drying can be
calculated by a heat balance equation and with the help
of psychometric chart. The heat lossis assumed 30% of
thetotal heat provided. (Chakraverty, 2000).

Q.=GxV, &)

where,

Airflow rate, Q,

Humid volume in air at ambient air temperature
(27°C) and at 90% R.H. from psychometric chart, V, =
0.86 m¥ kg.

Rate of air supply in G kg/min

_ Wl[(Xid- de))\ + Cpc(tci - tcf) +Cpw (tci - tcf)Xid

¢ (0.24+0.45H) (- t1)6” 0.70

where,

W, Bone dry arecanut in kg = 5 kg

X4 Initial moisture content of arecanut, (d.b.) in
fraction=0.711

X, Final moisture content of arecanut, (d.b.) in
fraction=0.053

A, Latent heat of water vapour in kcal/kg = 600
kcal/kg

C.. Specific heat of arecanut in kcal/kg°C = 0.28
kcal/kg °C

X, Final moisture content of arecanut, (d.b.) in
fraction=0.053

C, Specific heat of water in kcal/kg°C = 1.0 kcal/
kg °C

t., Initia temp. of arecanut in°C = 27°C

t,. Final temp. of arecanut in °C = 55°C

H, Humidity at ambient air inkg/kg = 0.02 kg/kg

t, Drying temp. of air in °C = 65°C

t, Temperature of exhaust air in °C= 40°C

0, Drying period of arecanut in hrs = 30hrs

Air requirement for drying, Q,= 2.56 m¥min
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Fuel requirement:

It was assumed that the sawdust was used as a
fuel in the heating unit of thisdryer. The quantity of fuel
required per hour was calculated with the help of a
formulagiven below :

__ O

"N N Cn
where,
F, Fuel rate, kg/hr.
q,, Total heat required to heat the drying air, kcal/

(Chakraverty, 2000) (3)

hr.
C., Calorific value of fuel, kcal/kg = 3000 kcal/kg
n, Combustion efficiency = 0.65
N, Heat exchanger efficiency = 0.35

Qo =Wy [Xig - X)) A+ Cpe (tg -ty ) +Cp (L -ty ) Xig Xrlm
=1792.6 kcal/hr.
= 3.41 kg/hr

The dimensions of the heating unit were decided
with the help of the quantity of fuel required whiledrying.

Chimney:

A chimney isrequired to convey theflue gasesfrom
heating unit to atmosphere passing through drying
chamber’s central duct.

The temperature difference between outside cold
air and inside hot air of the drying chamber causes
pressure differencein chimney (Basunia, 2001)

P = 0.000308 x g (t, - t) x H 4

where,

P, Pressure difference between outside cold air and
inside hot air, Pa

G, Acceleration dueto gravity = 9.81 m/s?

H, height of the chimney, m.

Actual draft was assumed to be 80% of the draft
(P).

Actual draft (P) =0.8x P.

Velocity of exit air (c) = (2x P/ p,)°°

Volume of exit air (v,) = quantity of airinkg/ p,

Rate of exit air (q,) = v,/ drying time

Cross sectional area of chimney (a) =q/c

Theinsidetemp of flue gasesin chimney and outside
temperature of gases are required for calculating
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pressure draft in the chimney with the help of a
psychometric chart.

K AT,-T,)

Q= ©)

where,

Q, Heat loss, Watt

K, Thermal conductivity of material, W/m°K

T, Insidetemperature of heating chamber or drying
chamber °K

T, Outside temperature of heating chamber or
drying chamber °K

X, Thickness of material, m

A, Area of heating chamber or drying chamber, m?

B RESULTSAND DISCUSSION

The dryer was designed with the help of above
different formulae. The different componentsof thedryer
were designed as follows.

Design of drying chamber :

The floor area required for drying arecanut was
found as under,

15
470" 0.035 )

d =

= 0.911n?
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~ 0.92m? where

Mass of arecanut = 15 kg; Thickness of bed =
0.035m; Density of arecanut= 470 kg/m®.

On the basis of the area of the drying chamber, the
trays dimensions were finalized. Total ten trays having
dimensions 0.46 x 0.20 m were designed. Trays were
made of M.S. frame and wire mesh of 1"x1". The space
between the trays was maintained as 230mm vertically.
Accordingly theoverall dimensionsof thedrying chamber
was came as 1.130 m (h) x 0.510 m (w) x 0.490 m
(Depth). Thisdrying chamber was provided with adoor
having dimensions 1.130 m (h) x 0.510 m (w). A space
of 0.60 mwas provided beneath the drying chamber for
placing the heating unit.

Thedrying efficiency of the dryer is depending on
different factors like drying air temperature, relative
humidity of theair and theairflow ratethrough thedrying
chamber.

Airflow rate:
With the help of eqg. (2), the air requirement for
drying, Q.= 2.56 m¥/min

Fuel requirement:

1
—t X, X—
cf ) id 0.70

Qo =W [(Xig = Xgg) I +Cpe (L
=1792.6 kcal/hr.
= 3.41 kg/hr
Therefore, the overall dimensions of heating unit
were 0.40m (h) x 0.25m (d). The heating unit’s opening

was kept as 0.070m diameter.

—tg)+Cpy (tg

Chimney:

Theinsidetemp of flue gasesin chimney and outside
temperature of gases are required for calculating
pressure draft in the chimney with the help of a
psychometric chart.

P = 0.045 kgf/cm?

P =0.044 Pa

From the pressure draft the height of chimney was
calculated. Therefore from eg. 4 the height of chimney
isasfollows:

H=1.12m

The actual draft was calculated as 80% of the
calculated pressure draft.

P,=0.80x 0.044

P, = 0.032pa.

Thevelocity of exitair, C
C=2xP/p,
= 0.064
C=0.064 m/s
Volumeof exitair, V
V = 0.058m?

Rate of exit air, g,

g, = 1.94 x 10° m¥hr.

Cross sectional area of chimney, a,

a =178x10°%m?

with the help of formula(5) the heat |oss was 663W.

As per the design considerations the dryer was
fabricated with following specifications.

A drying chamber of 510x490x1130 mm was
prepared with the help of eight M. S angles having
25x25x5 mmsize. Thewallsof the drying chamber were
prepared of an asbestos sheet. The asbestos sheet was
preferred to minimize heat lossthrough walls. Thedrying
chamber was provided with ten trays hiving dimensions
460x200 mm spaced vertically 230 mm apart. Thetrays
were prepared using wires with mesh 17 X 17 mm. A
chimney of size 1480x350x60mm was placed at the
center of the drying chamber and the trays were placed
on both the sides of the chimney five trays each side.

Conclusion:

The dryer having drying chamber of dimension
510x490x1130 mm with ten trays of size 460x200 mm
each spaced vertically 230 mm apart and centrally
provided with chimney of size 1480x350x60mm was
designed.
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