‘/1HE DEVELGPNMENT OF A THROUGH CIRCULATION SOLAR HEATED
AIR DRIER FOR CASSAVA CHIPS \ -

o D
RupeRT BEsT AND Lisimaco ALONSO

CAsSAVA ProcraM. CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL
Ap. Aereo 6713, CaLi, CoLovBIA

o
AND CArLOS VELEZ. /933.

ENGINEERING DivisioN, UNIVERSIDAD DeL VALLE

A

CaLi, CoLoMBIA

§?§§?(§;[K;]ﬁjj . - :;%} Ig?
ZZ% 82 ‘ _:_/;Oogum

- COLECCON HISTORKA | N PSS

D bTH SymPosiuM INTERNATIONAL SOCIETY FOR TROE@C&L RooT __
o S Cros ,(kSTREY 625 . © ©
- ' " LiMa. Peru. FeBRuARY-21-26, 1983.




w5

THE DEVELOPMENT OF A THROUGH CIRCULATION SOLAR HEATED
AIR DRIER FOR CASSAVA CHIPS

Rupert Best and Lisimaco Alonso
Cassava Program, Centro Internacional de Agricultura Tropical

Ap. Aéreo 6713, Cali, Colombia

and Carlos Vélez -
Engineering Division, Universidad del Valle

Cali, Colombia

Abstract

A pilot scale through circulation drier.using solar heated air has béen
developed for drying cassava chips. .The design of the drier system, which in-
cludes a bottom ventilated df;ing bin, centrifugal fan and solar collector is
described. .In the evaluation trials the variables studied were drier loading
(37.5 - 150.0 kg/m2), airflow (11-18-m3/min. m2) -and varying air conditions in
the range 24-28°C and 62-72% RH. Design parameters for drier scale-up are

oresented.

Introduction

The great potential that exists in tropical Latin American_countries for

using dry cassava as a source of carbohydrate in animal feed concentrates (Pa-

drying that are technically and economically §u[ted to the production and cost

structures brevailing in the region. Natura];ﬂryipg on concrete floors is the



-

method most commonly employed for drying cassava for animal feed purposes and
during the 1970s research was car;ied out by various workers aimed at improving
‘natural drying techniques, both on concrete floors (Thanh, 1979) and in vertical
and inclined trays (Roa, 1974; Best, 1978). The results of these studies has

led to a greater understanding of the effect that factors such as chip geometry,

loading density and ambient conditions have on the rate of drying.

Despite the improvements in drying efficiency achieved through these studies
and the advantages that natural drying offers ovér artificial drying in terms of
ralatively low capital and operating costs, it is a method that remains totally
dependent on the weather. Consequently, natural drying is not practical in areas
with high year round relative humidity and, in regions with marked wet seasons,
the periods in which natural drying is possible are restricted. In cases such
as these, the use of forced air, through circulation driers, operating with am-

bient or heated air, or a combination of both, could provide an economically

-feasible alternative to the fully artificial, continuous drying plants whose scale

and costs of operation are such that their use in Latin America has seldom met

with success {(Crown, 1981; Freivalds, 1982).

A number of 1aborat6ry studies have been carried out to determine the op-
t imum parameters — bed depth, air témperature'and velocity — for drying cassava
chips in through circulation driers.- Chirife ‘and Cachero’(lS?d)‘found éhat for -
bed depths upto 120 mm, the drying time is ot “iAcreased at airflow rates above
5000 kg/h.m2 and scorching of the chips occurs above 84°C. They determined that
no constant drying'rate éxists and concluded that fnté}nalhﬁsfér movemznt is the
controlling mechanism from the beginning of the drying process, findings wﬂich”
have subsequently been confirmed by Webb and Gill {1974); Akhtar (1978) and
Igbeka (1982) . ' '
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On a larger scale, Rossi and Roa (1980) and Ospina (1980) carried out
trials in a 15 me drier, coupled to a 100 m2 solar collector. They used math-

ematical models for cassava drying and deterioration to determine minimum ajr-

flow rates under varying air temperature and relative humidity conditions. For

bed depths of 300 mm, the minimum airffcw rates varied between 47.5 and 102.5

m3/min per ton of fresh cassava, for temperatures in the range L0 to 20°C, cor-

responding to relative humidities in the range 25 to 55%.

The present paper reports some preliminary results of a joint project be-
iween the Centro Internacional de Agr?cu]turg Tropical, CIAT and the Universi-
Jad del Valle, Cali, Colombia, whose principal objective is to develop and e;al-
vate a forced air through circulation cassava drier for use by farmers' associa-
tionson the AﬂaﬁticCoast of Colombia (05pina-gt al., manuscript in preparation).
The complete evaluation will inc]ude.a'Eechnical and economic comparison of am-
bient, solar heated and fuel fired air systems: results of trials of the solar

heated air system only are presented here.

Drying system

The drying system that has been constructed at CIAT is an adapted version
of the system dgve1oped at the Centro Nacional de Treinamento em Krmégénagem,
CENTREINAR, Brazil (Sinicio and Roa, 1980) and consists of a solar collector,
a centrifugal fan and a drying bin (Figure 1). The centrifugal faﬁ:grqf§ air

through the solar collector and passes it through a 305 mm diameter duct into

the plenum chamber of the drying bin.

The solar collector, with an area of 10 m2, is constructed on a concrete

-

base and is made up of 200 mm layer of fine stones on which are placed concrete
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blocks, arranged longitudinally-along the collector. The concrete blocks, of
200 mm square section and LOO mm long, are designed in such a way that their
cavities may be oriented to maximize solar radiation absorption. The stones
and blocks are painted matt black. Above the blocks, a polythéne cover is sup-
ported by ;hicken wire and the lateral brick walls of the collector. CIAT's

proximity to the equator has made it unnecessary to incline the collector.

The centrifugal fan has forward curved blades and is driven by a 1.5 hp
electric motor at 600 rpm, The air flow can be varied between 0 and 38 m3/min
by adjusting a butterfly valve placed before the plenum chamber. The air flow

IS

is measured using a pitot tube connected to an inclined manometer.

The drying bin, whose dimensions are 1,0 m ; 2:0 mx 1.7 m high, is cons~
tructed of brick with a concrete. floor. At a height of 600 mm above the floor
and supported by wooden cross beams, a galvanized steel sheet with 3% opening
(3 mm diameter holes) is placed. Onto thislperforated floor, which has an area
of 2 m2, are loaded the cassava chips to be dried. The drying bin is protected

from the rain by a corrugated sheet roof raised 800 mm above the walls.

Thermohydrographs are used to monitor ambient temperature and relative
humidity and air conditions in the plenum chamber. Solar radiation is measured

using an integrating pyranometer,

.Procedu+e - -

The cassava variety used in the trials was HMC 1, harvested from 12 through
to 15 months. The whole cassava roéts were washed.in a2 concrete tank before
chépping in a Thai type chipping machine (Thanh, et al., 1979). The cassava

chips were sampled for fresh moisture content and then loaded- into the drier.




The change in moisture content of the cassava chips during drying was determined
by weighing three 200 mm diameter.sampling cylinders placed in the drying bed.
’At the end of the drying period a further sample of dry cassava was taken for
mojsture determination. On both fresh and dry samples, moisture content measure-
ments were carried out by drying to constant weight in an oven a2t 60°C. During
drying the cassava was turned at 0800, 1200 and 1600 hours to prevent deteriora-

tion of the upper layers of chips, and the fan was operated continuously day and

night.

To date three sets of trials have been undertaken as part cf the evaluation

of the drying system, The objectives of each set of trials were as follows:

1st set : To determine optimum drier loading
2nd set : To determine optimum airflow - rate

3rd set : To determine the optimum time of starting drying

Results and discussion

In Ehe analysis of the results the parameter used to compare trials is the
rate of loss of moisture, in kg of water per hour per square metre of drying
floor. This parameter, thch is a function of the initial moisture content of
tﬂe chips, the airflow rate and the temperature and relative humidity of the

drying air, gives an indication of drying efficiency.

The results of the first set of five trials, in which the loading rate
was varied from 37.5 to 150.0 kg of fresh cassava chips per square metre of
drying floor are presented in Table 1. The drying time increases with increas-

_ ..ing lgfding, however the rate of loss of moisture. is highest at 2.04 kg/h, m2

for a load{ng of 150 kq/m2, followed by 1.90 kg/h.m2 for a loading of 75 kg/m2.

]




, i Table 1. Determination of optimum drier loading

Drier Initial Time of Mean Max i mum Condifions Rate of

Trial loading moisture starting airflow pressure of drying Drying loss of

. content drying rate drop air time meoisture

kg/m23 .% dry basis h m3/min.m2 ins w.g. T°C %RH h¢ kg/h.m2d
1.1 37.5 184 1400 13.4 0.25 25 67 22 1.10
1.2 75.0 173 1400 12,0 0.24 28 59 25 1.90
1.3 100.0 178 1400 10.6 0.27 28 63 43 1.49
1.4 125.0 178 1400 11.2 0.27 27 66 L5 1.78
1.5 150.0 212 1400 11.0 0.28 28 63 50 2.04

!

% prier ioading in kg of fresh chips per square metre of drying floor.

b Mean airflow rate over the drying period in cubic metres per minute per square metre of drying floor.

< Drying time in continuous hours from the time of starting.

d Rate of loss of moisture in kg per hour per square metre of drying floor.




At the 150 kg/m2 loading, discolouration of the cassava chips ocurred after 36

hours and a faint malodor was observed. It was therefore felt that this loading
'was too high to produce dry cassava of an acceptable quality. On the other hand,
the 75.0 kg/m2 loading gave a drying tihe of 25 hours which, taking into accodnt
practical plant operating conditions, is too long for a one day per batch system.

In the circumstances it was decided to opt for the loading of 125 kg/mZ which,

drying In 45 hours, would fit into a two day per batch operation.

In the second set of trials, the airflow rate was varied between 11 and 18
m3 per minute per square metre of drying floor, at a constant drier loading of
125 kg/m2, Table 2. The rate of loss of moisture for thg two extrerme conditions
of airflow rate were the same at 1.82 kg/h.m2, However, at the 18.3 m3/min.m2
airflow rate the relative humidity of the dr#ing air was six points higher, which
suggests that the higher airflow rate will be necessary to allow for the worst

drying air conditions encountered.

Finally, a set of four trials was carried out in which drying was started
at 0800, 1100, 1400 and 1700 hours, Table 3. The results cféarly indicate that,
in terms of drying time and rate of loss of moisture, it is advantaceous to
initiate drying in the l;ter hours of the afternoon. Starting at 1700 hours
makes best use of the night hours, Qhen the re]ati@e-humidity of the air is high,

_.to remove moisture from the fresh cassava chips and then, on the second day of

'
.

—drying, the hotest hours are available to terminate the process.

As a means of comparing experimental results between trials, Table b brings
together the data for four trials in which a loading of 125 kg/m2 was used and
..the time of starting drying was 1400 hours. Comparing trials 1.4 and 2.4, in

which airflow rate and drying air conditions were similar, it can be seen that



Table 2., Determination of optimum airflow rate

Rate of

Drier Initial Time of Mean Maximum Conditions
loading moisture starting- airfiow pressure of drying Drying loss of
Trial content drying rate drop air time moisture
kg/m22 % dry basis h m3/min.m2®  ins w.g. T°C %RH he kg/h. m29
2.1 125.0 230 1400 18.3 0.31 zh 71 48 1.82
2,2 125.0 190 1400 15.7 0.31 25 71 49 1.67
2.3 125.0 228 1400 12.5 0.23 27 62 71€ 1.22
2,4 125.0 249 1400 11.3 0.29 26 65 4g 1.82
a, b, ¢ j d T '
‘ As in Table 1.
e

In this trial drying was interrupted for 18 hours because of rain.




Table 3. Determination of the optimum time of starting drying
Drier initial Time of Mean Max i mum Conditions Rate of
Trial loading moisture starting airflow pressure of drying Drying loss of
content drying rate drop air time moisture
kg/m?® % dry basis h m3/min.m2>  ins W.g. T°C %RH h© kg/h.m%d
3.1 125.0 203 0800 15.6 0.32 "~ 25 72 54 1.55
3,2 125.0 209 1100 17.0 0.33 26 69 49 .73
3.3 125,0 227 1400 17.3 0.30 26 67 47 1.85
3.4 125.0 214 1700 16.0 0.29 26 67 46 1.85
a, b,cyd

As in Table-1.

o1




-Table 4, Effect of initial moisture content and airflow rate on 'drying time?

Initial Mean . Conditions Rate of
Trial moisture airflow of drying Drying loss of
a content rate air time moisture
%.dry basis  m3/nin.mZ  T°C %RH h kg/h. m2
1.4 178 1.2 27 66 i 1.78
2.4 249 11.3 26 65 4q 1.82
3.3 227 17.3 26 67 47 1.85
2.1 230 18.3 24 71 48 1.82

a ijer loading,, 125 kg/mz; time of starting, 1400 hours.

i
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the higher initial moisture content of the chips in trial 2,4 increased drying
time by 4 hours. The considerable change that occurred in dry matter content

of the fresh chips,which decreased from 36.0 to 28.7%,can be attributed to a
change in climatic conditions. Roots for trial 1.4 were harvestéq during the
dry season, whereas roots for trial 2.4 were harvested after the rains had begun.
The rains stimulated growth, causing the breakdown of root starch to sugars and
their transport to the aerial parts of the plant. This is a phenomenon that
should be taken into account in planning root supply to a processing plant, as
changes in dry matter content could effect the profitability of the process;

the decrease in dry cassava yield pér.ton of fresh roots can be as great as 20%.

The effect of a high airflow rate on drying time and rate of loss of mois-
ture can be app}eciated by ;omparing trials 2.4, 3.3 and 2.1. The higher air-
flows in trials 3.3 and 2.1 were suf%icient to reduce drying time and maintain-
rate of loss of moisture even-though the relative humidity of the drying air was

higher in these two trials.

An important parameter for selecting an appropriate fan for the drying sys-
tem is the pressure drop through the drying bed; this never exceeded 0.33 in-
ches water gauge. It was observed during the dry}hg trials that the pressure
drop decreased during drying as the resistance to airflow was reduced, presum-
ably because the chips, on losing moisture,lost their tendency to adhere to one

énother.}_Ihere was also a noticeable shrinking of the drying bed, for a drier

loading of 125 kg/m2, the thickness of the layer of cassava chips decreased

from approximately 250 mm to 180 mm,

The detailed evaluation of the solar collector has not been concluded.

However, during the period of these trials the collector gave average increases
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in air temperature of between 1 and 3°C, corresponding to reductions of between
4.4 and 9.6% in relative humidity. It has yet to be determined whether the ad-
1

ditional cost of the solar collector is justified in terms of increased drier

loading, as compared with drying using ambient air alone.

Future work and conclusions

These preliminary results have indicated that basically two areas require
further investigation. Firstly, a comparison of-pne and two day drying needs
to be undertaken, as the former may be more convenient in terms of root supply
in ihe processing plant and will definitely produce-dry cassava of a higher-
visual quality. It had been hoped to evaluate the quality of the dried product
by measuring the condensed tannin content, whose productién during dryipg could
account for the brown discolouration observed. Unfortunately the high tannin
content of the periderm (bark) interfered with the results. Secondly, in order
to make better use of the drying capacity of the air, which after a certain
#rying period leaves the drying bed unsaturaied, a double bed bin or a two bin

reversiblie airflow system will be tested,

Although it is evident that further development work still needs to be
carried out, the results obtained from these trials have shown that at a drier
loading of 125 ka/m? and an airfiow rate of 18 m3/mj5.m2, it is possible to dry
cassava chips in two days, using 591ar heated air at average tqueratures ranging
between 24 and 28°C and reiéi}ve"hﬁmia}t}es-iﬁ'the'r;nge'GZ to 72%. This is

equivalent to a reﬁuirement of 8 square metres of drying floor and 146 cubic

metres per minute of airflow for each ton of cassava chips to be dried.
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