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ABSTRACT

This report presents the results of a program of study
carried out in the Department of Mechanical Engineering,
Fourah Bay College, University of Sierra Leone, on the use

of sawdust as a fuel.

A survey of the availability of sawdust has been done and
estimations show that there is about 2000 m3/month of the fuel
in Sierra Leone, the majority of sawdust being available in

sawmills,

An experimental investigation was carried out to assess
the effect of tree species and moisture content on the calori-
fic velue of sawdust. The variation of calorific value with
moisture content car be predicted, for five main trees from
which large amounts of sawdust are produced, using linear
equations. A general equation for mixtures of the sawdust is

recommended,

A method of burning sawdus=t was studied experimentally in
order to daztermine the variation with time of variables inv.lved
in the burning process. The method of burning the sawdust con-
sisted of making a holz through packed sawdust and lighting the
sawdust within the hole. A wide range of experimenis were
carried out to determine the variation of the burner hole
diameter, the mass of sawdust used and the effect of the height
of packing of the sawdust. Equations ar= presented for the
variation with time of the burner hole diameter and the pass
of fuel consumed for various air inlet hole diameters. Analy-
ses of thz results have indicated further generalizations of
the experimental data aud two equations are recomaended for use

in the design of this type of burner.

A crop Jdryer capable of using solar energy and sawvdust,
irdivicdually or siuultaneously as fuel, hes been desig..ed and
tested. The dryer can be used under all weather ~onditions,
The results of no-load tests show that temperatures of up to
90°C can be expected using solar energy and sawdust sisultane-

ously, and temperatures of 80°C and 70°C can be expected using




solar energy and sawdust respectively. Tests under loaded
conditions show that drying vccurred #i average tegperaiures
of 50°C and 60°C using only sawdust and combined sawdust and
solar energy respectively. Average temperatures of up to 60°C
can be expected under load using only solar energy. The dried
products, using the dryer, are better in quality compared to
open air sun drying and the time of drying can be decreased

by up to 50%.
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Chapter 1

INTRODUCTION

1.1 Background

Many developing countries have a snbstantial amount
of residues from agricultural activities. In many cases,
these residues are discarded as waste when they can be
used as fuel. One of the reasons why these potential fuels
are not used is because special systems are needed to burn

them which are expensive for the potential users.

One of the materials which can be utilized is sawdust.
It is available in many cquntries which have timber indus-
tries., It would therefore be beneficial if simple methods
of burning sawdust werc develop-:d in order to use the large

amounts of sawdust which are available.

Many developing countries concentrate a large propor-
tion of their manpower and energy resources in agricultural
activities in the attempt to provide adequate food for
consumption by the people wiitniu these countries and for
export. In many cases, the agricultural product needs to
be preserved in order to increase the storage time. It is
- ocbvious that the method of preservation must yield a good
quality produrt in order that satisfastory prices are

obtained both locally and on the export market.

y common method of drying crops is by spreading
them out under the sun until they are reduced to their
respective cquilibrium moisture contents. Thi3 method is
of course not without prcblems as it exposes the crcps tc
infestation by insects, contamination by dirt and. ~poilage

and losses due to rain and wind.

Varicus improvements can be made to this traditional
method of drying in order toc improve the quality of the
final product. But there s8till remains the frequent lack
of solar energy due to cloud cover, the time of the year
and time of day. This intermittent nature of solar energy
prolongs thc drying time and in many instances causcs

unnecessary spoilage of crops.

-



It would therefore be of benefit to the farmer if
simple methods are developed to dry crops even under

adverse weather conditions.

1.2 Aim of Work

The werk outlined in this report partly involved,
the experimental investigation of the parameters and
factors which arfect the use¢ of .sawdust as a fuel, and
the analysis of the results toc qr-ntitatively describe
the performance of burners using T1is fuel., The results
obtained would be used to design burners for various
domestic and small industrial applications suited to

rural areas.

The other aspect of thc project was to use results cof
the study mentioned above to design a crop dryer which would
use both sawdust and solar energy as sources of heat. The
dryer would be used to dry crcps so as to evaluate its

effectiveness under various conditions.

1.3 Literature Survgx

There has been a lot of work done on solar crop dryers
which have been reported in the literature. i survey of
solar dryers has been presented in a report by the Brace
Research Institute(l) which described work going on in
various countries throughout the world. Dryers have been
built for coffee, cacao, rice, tea, vegetables, grapes,
herbs, apples, wheat, timber, etc. The design &nd perfor-
mance of the dryers depend on the crop being dried, the
building materials available and the metecrological condi-

tions at thc particular location in question.

Two types cf solar dryers have been used for various
crops: indirect and direct solar dryers. Direct dryers
collect the solar radiation through trainsparent covers
at the top of the dryers. Directly underneath the
transparent cover is the crop which is heated by the
accumulated heat in the dryer. The moisture which is
driven off from the crop passas out of the cabinet, through
vent holes on the side walls of the dryer. The sunlight
is always on the crop being dried. Indirect dryers consist
of a collector which heats up the ambient air, and the

cabinet in which the crop is dried. The heated air is

-




circulated by a fan or by natural convection through the

crceps. The sunlight does not come into contact with the

crop in this type of dryer. Of course there ere dryers

which consist of a combination of direct and indirect

heating by solar energy. In addition it is also possible

to use a supplementary souarce of heat in these dryers, .

in case the available solar radiation is poor,

typical di—ect solar dryer hc:s been described in (2),
The transparent cover was glass and the cabinet made of
wood, The moist air escaped through holes drilled in the
sides of the cabinet. Sawdust and woocd shavinge were uscd
as thermal insulation for the vertical and bottom panels
of the cabinef. The top of the dryer was sloped at an angle
of £ = latitude + 15 degrees for the winter and OC= latitude

- 15 degrees fcr the summer.

Experimental results were shown in (2) fer the drying
of peaches, prunes, peas and cauliflower. The average
temperature in the dryer was 40°C above the ambient air
temperature of 35°C. The rate of drying in the dryer was
much faster than that compared to open air drying, and the
products were more superior in coclor and odor. For examplec,
peaches decreased in weight from 900 gm to 275 gm in 10 hours
compared to the time ¢f 16 hours in open air drying. The

efficiency of the dryer under no-load condition was btetwecn

L0% and 50%.

A dryer consisting of a flat plate collector, a drying
cabinet and dehumidifiecr has been —eported by Headley and
Springer (3). The hot air from the collector was circulated
by natural convection through the crops. The cooled air then
fell to the bottom of the cabine’ where the water was removcd

by condensation.

Four models were constructed and tested; some of them
userl the principle of indirect drying and the others the
direct principle. Temperatures of 110°C were attained in
three of the dryers under no-load conditions but changed
under loaded conditions, ranging from 105°C at the top to
80°C at the bottom. The crops dficd were yams, sorrel,
sweet potatoes and grass. The percentage of water removed

from these crops were 65% (yam), 55-60% (sweet potatoes)
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and 90% (sorrel and _rass). These dryers appeared to have

potential applications in tropical climates.

Selguk et al (4) have developed a solar fruit and
vegetable dryer comprising of a collector, a cabinet and
a fan for circulating the warm air. Glass was used as the
glazing material and metal chips as the absorber, in the
flat plate collector. The ambient air flowed through the
metal chips and through the trays containing the crops.
The top of the drying cabinet was covered with four layers
of PVC., An auxiliary heating system, using butane as fuel,
was attached to the dryer so as fd facilitate all weather
operation. Results using the auxiliary heating system were
Lowever not available. 7The results for tests using solar
energy alone, for drying bell peppers and sultana seedless
grapes, gave dried products of superior quality compared

to open air sun drying.

Another type of solar dryer has been reported by
nkyurt et al (5). It consisted of a solar air heater
connected to a multistcrey array of wooden shelves. The
ambient air flowed through an inclined matrix of steel
shavings, increased in temperature and then passed through
‘the shelves. The air picked up moisture from the crops
and then passed out to the ambient through vents at the
top of the cabinet. The mov_ment of thc air was zchieved
by natural convection. Tests were performed using whide
mulberries, peaches and seedless sultana grapes. ~ A3
noticed that the fruits in the bottom and top shel
dried faster than those in the middle ones. The times
taken for drying the fruits using the dryer were substan-

tially decreased compared to those for open air drying.

A crop dryer using a two pass solar air heater has
been reported by Satcunanathan (6). The design eliminated
the need for insulation. 7Two glass covers and the corru-
gated absorbing plate were located so that the air passed
through the glass plates and then undcrncath the blackened
absorber plate. This collector was located on top of the
drying cabinet so that the warm air from the collector

flowed from the top to bottom of the drying compartment




through the croprs. The air was circulated by a blower

located at the bottom of the compartment. Crops such aaq
sorrel, cacao, sliced bananas, chilli peppers and sweet
potatoes were dried, giving superior quality products
compared to open air drying, although the crops on the

upper trays dried better than those on the lower trays.

A grain drying and storage house has been described
by Buelow (7) which used the roof as the collector. Hot
air moved by a fan flowed underneath the roof, through
ducting and then through the grain, stacked to a depth of
five feet in bins. The author in (7) claimed that drying

time could be reduced by as much as 50 to 70 percent.

Rao and Macedo (8) used a solar dryer consisting of
a round bin with a perforated floor and a solar air heater.
The air was circulated with the aid of a fan. Six hundred
kilograms of carioca dry beans were dried in a bed 0.8 m
deep. The tests indicated that the drying rate at the top

of the bin increased by four times.

Large scale dryers have been developed for grain
dryinz. The grain is usually housed in a bin and the heat-
ed air removes moisture from the grain. Two types of
collectors are used for heating the air. The first is a
flat plate ccllector system inclined at the appropriate
angle for that location, (9), (10), (11). The sccond type
of collector is a part of the vertical wall of the bin.

The side predominantly facing the sun is painted bLlack and
covered with a transparent medium (12). The air flows
betwcen the absorber and the transparent cover and is heat-

ed up bHefore it passes through the grain.

1.4 Justification of Work and Methodology

The majority of work on crop drying have been confinecd
to the use of solar energy, eclectricity, gas and other con-
ventional fuels for producing the heat. Use of these fuels
have hLeen made as au:dliary sources of heat due to the cost
of the fuels, and the reclated systems needed for their use
make it expensive for the rural farmer to make use of

dryers using them.
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Solar energy is an attractive source of heat for crop
drying in developing rurel areas. A substantial amount of
work have been done on its use in the drying of various
crops. Despite this progress, there are certain technical
problems which tend to restrict the use of solar crop dryers.
Firstly, the intermittent nature of the available solar
radiation restricts the use of solar crop dryers tc speci-
fic periods of the day and times of the year. There is
also the need to circulate the warm air through the crops
during drying which is done in many cases by the use of
fans or blowers which need electricity for their operation.
The air can also be moved in the crcp dryer by natural
convection, a process needing proper design of the whole

dryer compared to that using a fan.

There is obviously a definite need for dryers to be
developed which use, natural convection for circulating
the air, and auxiliary fuels which are relatively inexpen-
sive. Developments along these lines would improve the
capacity of the rural farmer to produce better products

for the market.

The literature on solar crop dryers give an adequate
basis for further work on the development of systems for
rural areas in developing countries. Therc has however
been relatively little work done on the use of auxiliary
sources of heat with solar dryers which are appropriafe
to the needs of the rural farmer. The systems which are
presently being used utilize electricity, oil or gasAfor

relatively large drying operations.

Work on the use of wastc materials as fuel has been
initiated by the author, at the University of Sierra Leonc.
The use of sawdust as a fuel has been of interest due to
its availability in large quantities in many countries,
including Sierra Leone. Preliminary work has bLbeen done
to determine an adequat~ zconfiguration for burning this
fuel and to identify the variables which affect the burner
(13), (14). Further work (15) showed the possibility of
using the burner configuration in cunkers. These studies
indicated that detailed work was necessary in order that

efficient burners could be designed for various applicatiens.
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Considering the above, the project was carried out
with two objectives in mind; to investigate the variahles

S
"3 4

1 affect inte perfurmance of sawdust as a fuel using

30
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wil
a simple burner configuration and to use the results to
design a crop dryer using solar erergy and sawdust as

sources of heat.

The first phase of the project consisted of:

(a) estimating the quantity of sawdust available in Sierra
Leone,

(b) identifying various treces and to determine the calo-
rific values of their sawdust as a function of mois-
ture content.

(c) carrying out detailed experiments so as to understand
the burning process and to quantitatively describe 21t.

(d) proposing design parameters for burners using sawdust.

The second phase of the project was concerned with
designing a crop dryer using solar energy, and sawdust as
an auxiliary heat source. The sawdust burner would bhe
designed using the results obtained ir the first phase of
tle study. Tests would be carried out on the dryer, under
no load and load conditions using solar energy and the

sawdust burner, in order to assess its performance.

The results of this research project will hopefully
be a basis for further developments since there has, in
the author's knowledge, not been any such work reported

in the litzrature.




Chantaor 2
LNapter 2

AVAILABILITY AND DISTRIBUTION OF SAWDUST IN
SIERRA LEONE

It was of interest to know the quantity of sawdust
which would be available in Sierra Leone as a whole. A
survey was carried out to obtain an estimate <f th=

quantity of sawdust available and to relate it to e-z2as
where crop drying is needed. This chapter discisse. the

details cof the survey.

2.1 Availability of Sawdust in Sierra Leone

A survey was carried out to identify the varicus
areas in which sawdust was produced and in what quantities
they existed. Due to the area which had to be covered, it
was decided to obtain a list of ragistered wood workshops
in the country and then visit them to collect thz informa-

tion needed.

The survey indicated that sawdust can be obtained
from, sawing of trees in the forests, sawing the trees
into boards in the sawmills, and in carpenter and furniture
workshops. The quantity of sawdust obtained. from sawing
the trees in the forests is small and difficult to estimate
gsince it falls to the ground and is scattered amo.igst the

leaves, making it difficult to collect.

Estimating the amount of sawdust available in Sierra
Leone was not easy since no reccords are kept by sawmills
or workshops. Estimates have therefore been obtained from
measuring the sawdust produced over =z time period and by

interviews.

There are five sawmills which are known to produce
sawdust in substantial quantities and they arc located in
Kenema, Panguma, Zimi, Kasiri and Hanga as shown in figure
2.1. The areas where workshops also produce sawdust are
nlso shown in figure 2.1. It should be noted that there -
Are many small towns where some small scale wood workshop

produce sawdust which are not included in the survey.

T
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The estimated gnanti-y oi sawdust available at the

time of the survey in 1278 for varicis sawvmills is shown

in table 2.1 and are conscsidered to be on the low side,

Table 2.1 ¥ -timated quantities of sawdust available

..om various sawmills in 1978.

Location of Sawmill { Quantity of Sawdust m3/monthi

—

Kenema 700

Panguma 400

Zimi 2900

Hanga 200

Kasiri 200
!

The sawmills prccduced over 1770 m3/nonth of sawdust.

The comparison beiwecn sawdust produced by the sawmills
and other worXkshops in olher towns is shown in figure 2.2,
The sawdust Irom workshops in the towns where the sawmills
are located are not shown due to their relatively small
quantities comparad toc the cutput cf the sawmills. The

sawmills produce the substantial par: of sawdust in the

country due to the suwall scalc nax:re of the activities in
other workshops. Since the amnui1t of sawdust in figure
2.2 add up to 1835 mj/mowth it iz realistic to conclude

that considering other arcas c¢f the counti'y, the amount
of sawdust available in Sicrra Leone iz 1970 was about
2000 m3/month.

Discussions with sawmill au*horities indicated there
were plans to increase producticn, The sawmill at Kenema
for example hac plans to douvble their output of timber
which would rezult in dobliing the output of sawdust.

It was thercfor~ of inleves’ <o estinate the output of

sawdust from thosze sawmills .p to 1982,

The quantity <f t—ces cut and processed by the Kenema
sawmill from 1673 to 1977 wcera obtained, bhut the amount
of sawdust produ-ecd was noi nveilable. It was however
estimated from the survey that 700 m3/month of sawdust

was produced in 1977. “Jo*ings that this production of
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sawdust was not markedly different frcm 1978 it was assumed

that 700 mj/month of sawdust was produced in this year.

Assuming that the amount of sawdust produced at the
Kenema sawmill was directly proporiional to the volume of
trees cut, and knowing the volume of trees cut in each year
from 1973 to 1977, the quantities of sawdust produced in thesc
years were cstimated are are shown in figure 2.3. It is seen
that there has been a drop in the amount of sawdust produced
(or trees processed) from 1974 to 1977. It would appear thet
the future production would decrease yearly if predictions are
made using standard mathematical procedures. However, the
sawmills intended tc increases production; Kenema sawmill
expecting to double its output whereas it is estimated that
the others would increase production by at least 5 percent
of the 1978 output over the next five years. In view of
this information the amount of sawdust expected over the fivec

year period 1978-1982 are shown in table 2.2,

Table 2,2 Estimated quantities of sawdust to be
expected in the period 1978-1982,

Estimated quantity of sawdust m%/month

1978 1979 1980 1981 1982

| Kenema 700 ; 1000 L1400 1400 | 1400
Panguma 400 . 420 440 460 480
Zimi 200 i 260 220 230 240
Hanga 200 | 210 220 230 240
Kasiri 200 j 210 220 ! 230 240

The amount of sawdust produced in small workshops, bascd
on the 1978 survey can be cxpected to range from about .
0.2 m3/month for small workshops to about 1 m3/month for
large workshops. It is expected that these workshops will
not expand their facilities appreciably and will therefore
maintain roughly the same output »f sawdust over the next
few years. Increase in the production of sawdust from
workshops will be due to the sctting up of new enterprises,

such as for making furniture, throughout the country.




22000

20000
ESTIMATED
QUANTITY

OF 18000
SAWDUST
m/yr

15000
14000
12000
10000
8000
6000

/
/
[
[
O
1 1
'73 74

\
\
\
\
\
&
L |
75 76




- 14~

2.2 Collection and Distri™:tion of Sawdust

The preceding section outlined the source and auantities
of sawdust produced in Sierra Leone. It is now of interest
to work out methcds of collection and distribution of sawdust
noting the limitacions which exist in various parts of the

country.

Towns where sawdust are available are surirounded by small
farms and villages where this fuel may be used. There are
roads linking these towns to the villages and farms, thus
facilitating the transportation by vehicles after collection

has been done.

The collection in sawmills will not be difficult as
workers can be employed to fill up sacks or appropriate con-
tainers and then store them. The sawdust can then be collected

by the farmers.

It is felt that the sawmills would welcome this arrange-
ment as they now have to dispose of their sawdust daily.
They are located in areas of agricultural activities and the

sawdust would be in demand.

Small worksl.ops can make arrangements with individuals
farmers who would collect the =sawdust at weekly or mornithly
intervals. Transportation to the villages can + done by
local transport as is the case for taking agricultural produce

to the market.

The price that would have to be paid for sawdust has so
far not been discussed dvz to the uncertainty .I such a factor
in the use of the sawdust. It is felt that sawmills will
charge avsmall fee to farmers or nothing at a*l. Small
businesses will try to make thc¢ maximum profit from the

salie of sawdust.,
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Chapter 3

CAYORIFTC VAILUUE OF SAWDUST

The main parameter which determines the suitability of a
material as a fuel is its calorific value, which is the amount
of heat liberated by a unit mass of the substance on combustion.
it is necessary for the cal .ific value to be known so that
proper design can be cffected for systems using the fuel for

generating heat.

The calorific value »f sawdust depends on factors such ~s:
a) the type of tree from which the sawdust is obtained,
b) the amount of water present in the sawdust i.e. its moisturec

content.

Experiments were carried out to determine the effect of
conditions (a) and (b), mentioned above, on the calorific

values and are reported in this chapter.

3.1 Experimental Determination of Calorific Values

3.1.,1 Description of Apparatus

A bomb calorimeter was used to measure the calorific
values of the sawdust samples, its basic features are
shown in figure 3.1 and 3.2. The bomb shown in figure
3.2 is made of a rust proof material which is resistant
to corrosion by acids formed during the tests. The
cover of the bomb consists ol two sections which make it
airtight. The leads to the terminals, used for igniting
the platinum wire, were carried by the bottom cover.

One of the leads acted as a support for the crucible.
Also attached to the bottom cover was the valve which
allowed pressurized oxygen to be supplied to the bomb

but prevented any from escap. ig to the atmosphere.

The bomb was immersed in a container, having a
known quantity of water, which in turn fitted in an
insulated jacket. The temperature of the water was
mneasured with a Beckman thermometer, capable of reading
temperature changes from O to 6°C and accurate to
1/100th c¢f a degrece. A stirrer for mixing the water

surrounding the bomb was operated by an eclectric motor,
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3.1.2 Experimental Procedure

There are many different types of trees which carn
be used fcr timber by the sawmills. Due to their large
numbers it was decided tc use the sawdust from trees
which were amongst the most commonly used. Five differ-
ent types of sawdust were obtained from trees that had

Just been cut down so that the sawdust was wet.

The aim of the experiment was to obtain the calori-
fic value of each type of sawdust as a function of

moisture content.

A small quantity of sawdust was placed in an oven
at about 105°C for a predetermined time so as to decreasc
the moisture content of the sawdust to a particular valuc.’
After this time, a small amount (about 1 gm) of sawdust,
having a particular moisture content was placed in thc
crucible of the bomb calorimeter. The remaining sawdust
was weighed and then placed in the oven again for 24 hcur-
so that it would get completely dry. The weight of th
sawdust was noted at the end of this drying period and
its moisture content determined. The moisture content
was obtained from the ratio of the mass of water lost from
the sawdust sample over the 24 hour period to the mass

of the completely dried sawdust.

After the sample had been put in the oven, the sms’:l
amount of sawdust in the crucible was weighed and used in
the bomb calorimeter to determine its calorific value.
Standard bomb calorimeter test procedures were followed
(see for example (16)). The sawdust in the crucible was
ignited electricqlly using the platinum wire and the
change in temperature of the water surrounding tne bomb
was measured using a Beckman thermometer uatil the maxi-
mum temperature was attained and a gradual fall was
noticed. For each sample, at a given moisture content,
two tests for the calorific value were carried out and

the mean of these values taken.,

Calorific value tests were performed using samplcs
of the same sawdust at various moisture contents thc
different moistire contents being obtained by hc .ting

samples for different time intervals in an oven at 105°C.
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Sawdust from five different trees were used in the
experiments and calorific values were obtained for cach
sawdust at six moisture contents. A total of 90 calori-
fic valie and moisture contents tests were thus carried

out.

3.2 Results for Calorific Values

As already being mentioned, sawdust from five different
trees commonly available were used in the experiments to
determine the calcrific value of sawdust. Their local and

botanical names are shown in table 3.1.

Table 3.1 Names of trces from which sawdust was

obtained.
! Local Name Botanical Name
g Sowuli Fagara macrophylla
- Yawi X Tarrietti utilis
¢
Hendui i Lophira alata
Kondi l Uapaca guineesis
Njilei ' Entandrophragma
' angolense

The calorific values were evoluated from the experimental
data as outlined in Appendix 4, consisting of a sample data,

the possible sources of errors and their estimation.

The results for the variation of calorific value with

moisture content are shown tabulated in tables 3.2 to 3.6.

Table 3.2 Calorific Value versus moisture content
(dry basis) for sawdust obtained from
lophira alata (hendui).

Moisture Content % - Calorific Value kJ/kg
1

116 l, 9634

87 10972

69 11525

49 13451

24 16272

0 18877
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Table 3.3 Calorific valiue ~veisus mcisture content
(dry hasiec) for ET0R tain £ o
fagara macropn ( )

é Moisture Content % | Calorific Vaiue =J/kg !

— :

)

67 11122

51 l 12314

40 ; 14547

13 i 15526
{

6 ; 17038

0 i 16934

Table 3.4 Calerifi-c vnluc versu. =moisture content
(dry basis) for sawdust cbtained from
Uapaca guinzcoiz (Xerdi),

—
Moisture Conient % ; Calorific Value J/kg
) —_—
94 i 10049
77 : 11261
65 ; 12206
50 | imo7t
6 , 27251
i
o ' 4 /' " "', 8
1 S

Table 3.5 Calorific vaoluc
(dry basis) oo
tarrieti wvtilic

irclsture content
octained from

. Moisture Content ¢ | ZTalerifiz Value J/kg
——-.?-—.- - e — -

66 | 11477

55 ! 12457

43 | 12607
4

14 ] 15905

3 ! 15082
[

0 | 17770
)

e e+ e ot e et - e+ ———— 1 —
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Table 3.6 Calorific value versus moisture content
(dry basis) for sawdust obtnined from
entandrophragma argoliense (njileil.

Moisture Content % Calorific Value -J/kg
73 10018
62 10382
46 11644 '
20 13697
17565
C 16872

These results are considerec to be consistent since compa-
rison between the da*a obtained fcir repeated tests showed
differences of about 0.2 to 5%, with very few differing by more

than 0,.5%.

3.3 Discussion of ZTalorific Value Pesults

The results shcow that the moisture content for the sawdust
obtained from the sawrmill are 116% (hendui), 94% (kondi), 73%

(njilei), 67% (scwuli) and %%% (yawi). The initial moisture

content of hendui causes the calor:fic value of its sawdust

to be low, about 9009 -J/kg. The oznier sawdusts have relatively
high calorific values at their 11:271al moisture contents ranging
between 10,000 to0 11.000 :J/kg. It is cbrgerved that the calori-
fic values of the sawvcdust increase by 70 to 100%, for a decrease
in moisture contents from iheir originzl values to zero. This
indicates that there is a needl to know the calorific value of
sawdust a2t a given meistiure content ‘5 engineering applications.
Such results could therefore be used to determine the value to
which the moisturz content should bz decrecased in order that

the fuel be used =2zcnomically.

The variatior. of the calizrific value of the five different
types of sawdust u3czd are shown plotted versus their moisture
contents in figure: 3.3 40 3.7. The distribution of the data
points suggest that straizht lines can be used to represent
their variation., 7he e.-u tiom for thesc lines are shown ix
table 3.9 together with tleir czcrr~lation coefficients. It is
noted that the erquations predict the experimental data very

well and they can therefoere 2 used to predict the calorific
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Table 3.7 Equations for predicting the calorific
values of various types of sawdust for
any moisture content (dry basis).

: Type of E Equation Corre}a?ion
Sawdust : coefficient
Hendui ' CV = 18252 - 85 MC - 0.99
Sowuli CV = 17159 - 85 MC E - 0.98 '
Kondi CVv = 17814 - 81 MC - 0.98
Yawi CV = 17025 - 88 MC | - 0.98
Njilei CV = 16852 -103 MC } - 0.97

values of the specific types of sawdust if the moisture content

is known.

The question is immediately raised as to the validity of
these equations when mixtures of sawdust are only available,
which is in fact a realistic case. However under such real
conditions, it is not easy to determine the various types of

sawdust present in a moisture or the proportions in which they

exist. It would therefore appear that it is difficult to give
. generalized formula for predicting the variation of calorifie
values with moisture content for different proportions and types

of sawdust mixtures without further extensive gxperimentation.

It is nevertheless helpful to compare all the results as
shown in figure 3.8. The straight lines indicate that there
are lower and upper limits for the variation of CV with MC.
The data points also suggest that there are maximum and minimum
differences between these two regression lines of about 38 and
8 percent respectively corresponding to the high and low moisturec

content regions.

Since the spread in the data shown in figure 3.8 is not
great it is possible to represent these results by a single
equation which can be used to predict the variation of calorific
value with moisture content for mixtures of sawdust. This

equation has been obtained and is given by the equation
CV = 17155 = 81 MCucurinienneesnennaoernaansansnnaaaal3dol)

It should be stressed that cases very often exist whew-c the

sawdust available from a sawmill or workshop consist only cof onc
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type, in which case the equations shown in table 3.7 can be

uased accordingly.

A closer look at figure 3.8 indicates that the difference
between the lower and upper correlations decreases at lower
moigture contents. Tests in this study have indicated that
sﬁtisfactory burning of sawdust is achieved using it at a
moisture content (dry basis) of about 20%, which can be obtained
by open air drying. It is thus seen that for this range of
moisture content the maximum difference between the calorific
values is less than 10%. There is therefore no need, under
practical conditions; <o prefer the use of one type of sawdust

over the other,

- With regards to the use of mixtures of sawdust, mention
should be made of calorific values of sawdust mixtures which
have been used in experiments outlined in Chapters 4 and 6.
The mixtures whose ccmpositicns were unknown had a calorific
value of about 170COD ;;J/kg at a moisture contents of about 15
to 30% (dry basis). Therec appzars to be no adverse effect on
the calorific valuaes due to mixing various types of sawdust.

o~

More conclusive ccmments will, ¢f ccurse, depend on further

investigations.

D)

It is useful to menticn that sawdust does not need any
special effort to reduce its moisture content to the range of
values necessary for its effective use. It can be adequately
dried by leaving it exposed to the atmosphere. Of course,
the drying process would be dependent on the environment
surrounding the sawdust. It is thercfore recommended that

it should be stored in a warm place with a lot of ventilatiorn.

Summarizing une resulis of the calorific value study it can
be concluded that:
a) the calorific values of the different sawdust studied vary
substentiall:r wwiith char~es in moisture content.
b) the magnitude of the calorific values are adequate for low
'grade heat production,
c¢) equations are row available to predict the variation of
calorific value with riocisture content.
d) the calorific vaiuc of sawdust can be substantially incrcasecd
by open air drying.
e) there appears to be no res*riction on the use of mixtures

of sawdust or a specific sawdust in practical applications.
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CHARACTERISTICS OF SAWDUST BURNER

The availability and the calerific value of sawdust has
beon reported in the preceding chapters. The results have so
far indicated that there is adzquate justification to use this

waste material as a fuel for nroducing low grade heat.

This chapter is concerned with the process of burning
the sawdust. A simnle maothad of combustion has been used and
is shown in figurc %4.i. The burning process has been investi-
gated so as to understand its operation and to also obtain
parameters fcr the dzsign of nzrners for various applications.
The apparatus used, tlhe ernerimental procedure adopted and the

results and discussicns are presented below,

4.1 Experimental Appar~iu

The basic syvstom gsiidied is zhown in figure 4.1. In
operation the S.oose rawdust was packsd to a height H around
a rod passing thrcugh ihe aili =niet lL1ole of diameter approxi-
mately ecual to DB. The innzr surfa:e of the hole was then
1it and combustion took plaiz Ly *the passage of air through
the burner hole by natural ccnveetinn. The burning process

was studicd using the arpar.tus de~cribed below.

A schematic dizgram of the zpraratus used to study the
characteristice ¢f “he sawcnst burner jis +hown in figure 4.2.
Two different viers cf thec anpavatue 2re saovn in figures 4.3
and 4.4, The cut = c¢rziag wade of 0,25 cm thick galvanized

~n a2rd Liad a diameter of 61 em. The

[

sheet metal was . cu. Ll
inrer cylinder, siown in fieur: 5.2 and 4.4, was 15 ¢m high.
It had enough clenrarce with the cuicr c¢yiinder to enable its
free movement verticollv. 7t wnan sapnorted cn two stands as
shown in fitaves 1.2 amnd Lo, Lo rcdy connecting the inner
¢ylinder to the gt - ni were Zree %o wLove vertically through
slots cut cn the s.:'c ¥ th: outer cylinder. Using this
arrangement, it wre o587 3w o have various heights of packed

sawdust and av the vame time make yrovision for a calorimeter

to be used tn azs3es. *‘nie rate or hcat generation.

The stan-da surnpcestine the irner eylinder, and the outer
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casing rested on a plywood platform which was in turn supported
on a metal frame 20 cm high. It should be pointed out that a
hole of diameter 25 cm was cut on the plywood platform and
various plates having different diameter holes DB could be
mounted as shown in figure 4.2. Sccrching of the plywood plat-

form was thus prevented using this arrangement,

The entire apparatus was supported on a scale so that the
decrease in mass of the sawdust could be measured during the

course of the experiments.

The burner hole diameter, d, was measured using the set-up
shown, for examp’e, in figures 4.2 and 4.4. The caliper was
free tco move vertically, laterally and about a horizontal axis
through O as shown in Tigure 4.2. This arrangement was devised
to allow data to be obtained with less strain and discomfort

as was the case in previcus stndies (22) and (13).

4.2 Experimental Procedure

4.2.1 Determination of Variation of, Mass of Fuel Consumed,

Burner Hole i{‘iameter and Effect of Air Inlet Diametcr,

The sawdust used in the experiments was a mix-
ture of varicus types. A large guantity was obtained
and thoroughly mixed so i{1at the composition was
uniform. Semplcs werze occasionally taken to deter-
mine their calocvific values and moisture content

throughout the :<perimcnata.

In carryinyg out the experiments, a rod of dia-
meter equal to .he air inlet diameter DB was passed
through the ai~ inlet hole, The sawdust was placed
in the casing and compressed, after about every 5cm

: had been added, till a height H = 15.24 cm was
obtained. Th¢ rod was carefully withdrawn leaving
a2 hole having a diameter approximately eaual to DB'
A flome was <il:en placed underneath the air inlet
hole to ignii: tiie sawdust. The time needed for the
whole birner hole to b2 iznited was about 10 minutes

and there in> little asmoke at this point.

-~

The tmas s orX the whole assembly was then weighed

and the diarcéi2r of the burner hole measured.

Readings of ihe unass of the assembly and the burner
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hole diameter were-recorded at—about 15 minute inter-
vals for at least 3 hours. For a given,value.bf air
inlet diameter DB’ the experiments were repeated at
least five times giving at least sixty data points
for each experiment performed at a given value of DB.
Data were obtained for values of DB equal to 2.54,

5.08, 7.62 and 10.16 cm which spanned the range of

realistic vaiues which may be used in burners.

The density of packing of the sawdust was
effectively uniform during all experiments; variation
between experiments was not more than 0.9 percent.
The moisture content of the sawdust used was about

20 percent.

Determination of effect of height of packing

The same procedure used in the tests outlined
in the previous section was adopted for these tests,
the difference being that various heights of packing

were investigated.

In the experiments sawdust was packed to a
height H and for a given value of air inlet hole

diameter D the varijation of the mass of the whole

B’
assembly and the burner hole diameter were measured
at about fifiteen minute intervals. The experiments
were carried out for values of D, = 2.54, 5.08, 7.62

B
and 10,16 cm,

The height H was then changed and experiments

repeated using all values of D, mentioned above

B
for H = 15.24, 30.48, 45.72 and 60.96 cm.

Again the moisture content and the density of

packing were c¢ffectively constant during all tests.

of Experiments on Burner Characteristics

4.3.1

Results for variation QL mass of fuel, burner hole

diameter and c¢ffect of air inlet diameter

The preccding section outlined the experimental
procedures adopted to obtain data which was used to
determine thc characteristics of the sawdust burner.

It is recalled that two sets of experiments were

4--h-—--‘
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carr:.d out. The results cf thes. tests are presented

in this section.

The first set of experiments performed (see
section 4.2.1) was concerned with determining the
characteristics of the burner in terms of the varia-
tion of, mass of fuel consumed, burner hole diameter

and the effect of the air inlet hole diameter.

The variation of the change in the mass of the
sawdust used with time during the experiments was
obtained from the experimental data. The results
for the mass of sawdust used, me, with time are
shown in figures 4.5 to 4.8, for Dy = 2.54, 5.08,
7.62 and 10.16 cm respectively.

Figure 4.9 shows the variation of burner hole
diameter d, with time t. The dzata_ ere presented
for air inlet diameters DB equal 2.54, 5.08, 7.62
and 10,16 cm. Marny data points are shown since it
is recalled that for a particular value of DB’ the
experiments were done five times so as to establish
their repeatability. It should also be mentioned
that only one height of packing, i.e. H = 15.24 cm,

- was used in these experiments.

4.3.2 Results for the effect of height of packing on

variables -

It is recalled that these experiments were
carried out to delermine the effect the height of
- packing had on the other variables used to charac-
terize the performance of the burner. The varia-
tion of burner hole diameter 4 with time t for
values of H = 15.24, 30.48, 45.72 and 60.96 cm at
values of Dy - 2.54, 5.08, 7.62 and 10.16 are shown
in fignre 4.10, Similar results for the variation
of mass of fuel consumed m,. with time t for various

f
values of D, are shown in figures 4.11 to 4.14%.

4.4 Discussion of Results for Experiments on Burner

The experimental data have been presented in section 4,3,

These data were obtained to firstly determine the variation
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Regression analysis
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of t-e various parameters during the burning process and secondly
to ass.ss the effect of the height of packing of the sawdust on .
these parameters. It is now intended to expiain and analyze the

results obtained.

4,4,1 Consumption of Sawdust During Operation of Burner

versus t shown in figures

The resulta for o
k.5 to 4.8 indicate close grouping of the data

points., Since the data in each figure represent

five experiments as alfead&,mentioned in section

4.,2,1 it can be conc1u¢§§"§hat the repeatability

of the experiments is good qhd the data are reliable,

The distribution of the Aata points suggest that

straight lines can be used to predict the variations

of m. versus t. Linear regression analysis for

these results are shown on figures 4.5 to 4.8 for

various values of DB. The correlation coefficienta

for the linear equations are 0.99 or greater, indi-’ {

cating that they vepresent the data very well,

The equations for the variation of L with t

have the form

mf = st (401) A
where

m. = mass of fuel in gm

S = slope of straight line

t == time after start of experiments in minutes,

(The equations are shown below).

w,. = 4.1103¢t; Dy = 2.54 cm, H = 15.24 c» (4.2)

m, = 7.3983¢t; DB = 5,08 cm, H = 15,24 cm (4.3)
m, = 7.7589¢; Dy = 7.62 cm, H = 15.24 em (4.4)
m. = 9.3524¢; Dy =10.16 cm, H = 15.24 cm (4.5)

It is noted for this case of constant value of H
studied, tha‘. the magnitude of the slope depends on .
the value of the air inlet diameter, The variation

of S with DB can be expressed by a straight line as

shown in fisure 4.15, i.e.
S = 0,633 Dy + 3.1333 (4.6)
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for 2.54?DB$ 10.16 cm, H = 15.24 cm. f
Thus equations 4.1 and 4.6 can be used to estimate

the amcunt of fuel which can be used for a particular -
application, or the size of the air inlet hole

which can be used for a known mass of fuel and dura-

tion of burning.

It is however to be noted that although the ;

basic characteristics of the variation of B with t

has been obtained, the application of the generali-

zatior.s made is restricted to the narrow condition

of constant H = 15.24 cm. These initial results

nevertheless have indicated the scope of further

experiments which should be performed to obtain more

useful generalizations. This has been done in this

study and results are discussed in later sections

of this report.

Variation of Size of Burner Hole

The diameter of the burner hole increased with
time during the experiments as shown in figure 4.9.
Again the data points for each value of DB are closely

grouped and can be represented by straight lines. -

It is immediately noticed that the values of
the intercept of the straight lines, i.e. values of
d at t = 0, are different from the values of DB’
which should be the cases. The explanation for this
is that the regression analysis fits the best line
through the data points, implying that this line
does not have to pass through d = D, at t = 0 even if

B
the data at t = O corresponds to d = D The diffcr-

ence between these values of the intergept of thce

straight lines and values of Dj are 4, 2, 5 and 11

percent for D = 2.54, 5.08, 7.62 and 10.16 cm

respectively. These differences are consistent with

the scatter of the experimental data. The corrclatica
coefficients for the straight lincs range betwecn

0.96 and 0.99 indicating that the equations reprcscnt

the data well. The slopes of theac straight linecs -

are nearly parallel. Further discussions of thesec

results will be presented later.
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Effect of Height of Packing

Variation of d with time.

- . - - S — - o —— —

The discussion has so far shown the variation
of the burner hole diameter and the mass of fuel
consumed with time for H = 15.2% cm, and correlations
have been obtained. It was however noted that
although these results have shown salient features
of the operation of the burner it was necessary to
obtain a wider range of data to broaden the scope

of the generalizations which would be made.

It is recalled that the effect of H on d and

m_ were rcesented earlier in figures 4.10 to 4.14.

3 ‘
The results shown in figure 4.10 indicate that for

a given value of J_ all the data points for various

B
values of H are very closely grouped and the conclu-

sion can be made *hat the variation of d with t, at

a given value of DB' is independent of H. This

conclusion is very important considering the eoxperi-
mental data prescnted in figure 4.9 for H = 15.24 cn.
Both independent results, figures 4.9 and 4.10,

show the same trends and slopes of the straight lines,
at a given value of DB as indicated by the equations.
Close compariscn between the two sets of data show

that they are cffectively the same.

Variation of - _ with time.

- - — - - - - — - -

The varietion of mass of fuel consumed with
tim~2 are shown in figure 4.11 to 4.14. All the
results indicate a linear variation of mf versus

t. At a given value of D it is observed that the

’
mass of fuel <onsumed ovef a time period is greater
the higher tihe value of H. Thus in the design of
burners it may be convenient, for example, to
double the hcigbt of packing than to use twice as

many burner holes of a given height.

The results also show that more sawdust is

consumed the larger the value of D It is there-

B.
fore obvious that the results presented here can bc

used to design burners depending on, the rate of
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heat input needed, the duration the heat is needed,
the quantity of heat required and the size of burncr

which would be economical.

Generalizations for the Design of Burners

Two sets of experiments have been presented
and discussed in this chapter. The first consisted
of the investigation of the charecteristics of the
burner using only one value of H throughout the
experiments. In these experiments tests were
repeated five times so as to ascertain the depend:--
bility of the results. The second set of experiments
were carried out to determine what effect the height
of packing had on the data of the first experiments.
The results for the experiments have been discussed
individually and it is the intention to now present
more general equations considering a1l the experi-

mental data presented so far.

- - e - - G - e e -

The results for the variation of d versus t
are shown in figure 4.16. The full lines represent
the regression analysis for the experiments which
used a single value of H and the broken lines
represent the straight line equations for experimcntc
to determine the effect of H. These data were all
obtained for H = 15.24 cm.

It would ideally be expected that for each
value of DB the full lines and broken lines would
coincide. In practice as indicated by results in
figure 4.9, for example, some scatter is expected
from experiment to experiment for identical condi-
tions. The data in figure 4.9 show a maximum

scatter at any D_ of about 10% which is consistent

with the differe:ces shown between the curves in
figure 4.16. Based on this comparison, it can bec
concluded that since it has becn shown that the
variation of d versus t is independent of H (sce
figure 4.10), the more comprchensive data in figure

4.9 snould be used to obtain gencralizations for th

variation of d with t.
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Now, noting that straight lines which are .
nearly parallel represent the experimental data
well in ftigure 4.9 it was aitenupted ts re
the data to a form that could be represented by 1
a single equation. The results in figure 4.9
have been replotted in the form d/DB versus t ard
are shown in figure #4.17. There is a closer
grouping of the data in this case for all values

of D, compared to figure 4.9,

An experimental relationship of the form

-g- = A exp (Bt) (4.7)
B

has been fitted to the data, where A, B are cons-

tants and are equal to,

A = 1.04, B = 0,0063, This curve is shown in

figure 4.17. It is noted that this equation is
independent of H as indicated by experiments and

earlier discussicns,

The errors involved in practice due to the
use of sawdust having different moisture contents,
and different mixtures are expected to be withir
the scatter of the data shown in figure 4,17, R
Thus the errors involved by using equation 4.6 are
considered to be within the 1limits encountered in

realistic cascs.

The generalized equation presented above can
be used to determine the variation of d with t for

a given D It can also be used in the design of

B.
burners to specify various sizes which can perform

a given task.

In orde: to check the consistency of the
experimental measurements, results for the two scts
of experiments performed are shown in figurc 4.18
for the variation of m, versus t. The straight

line fits through the data are shown. It is -

observed that the results for both independent
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measurements are virtually identical. In view of
these agreemenis beiween ithe sitraight
through the data; it can be concluded that the
results presentea for the variation between m
and t for various values of H (shown in figures

4,11 to 4.14) are reliable.

It has been pointed out in the discussion

that the variation of m,. versus t is dependent

on the value of H and given by me = St, wher= S
is the slope of the straight line representing
the data. Figure 4.15 indicated that at a given
value of H, the variation of S with DB can be
predicted by a straight line equation. In view
of this, the results in figures 4.11 to 4.14 have
been presented in the form shown in figure 4,19
with the corresponding straight line equations

having correlaticn coefficients of about 0.95.

The equations are however restricted to
fixed values of H. A closer lcok at the resuuts
show that the data in figure 4.19 can be made into
a sing’>2 curve if replotted in the form % versus

D Figure 4.20 shows this variation, the data

B.
being virtually identical at a given value of DB.
A regression analysis has been done and a curve

representing the experimental data is given by

5 = 0.2421 exp (0.0982 Dy) (4.8)
Where
S =m_. , gm_
qf' min
DB = air inlet diameter, cm

H = height of packing, cm.

Equation 4.8 can thercfore te written as

3

s

= 0.2421 exp (0.0982 DB) (4.9)

Equation 4.9 has now brought together all the

rarameters of thii study.
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The equations presented above are strictly
speaking restricted to the range of values of DB
studied in this work. It is however considered
that the minimum value of DB used in practice
will not be much lower than the minimum value of
DB used in this study. It is also expected that
in applications using these burners the maximum
value of DB used would not be much greater than
that investigated in this study.

In the design of burners the particular appli-
cation greatly influences the options availzble.
These options may include:

(a) whether the burner should occupy a minimum
floor area cr minimum height,

(b) whether the heat transfer is by direct contact
with the hot gas or by exchange of heat betwecn

the hot gas and a surface L

(c) whether the conservation of the fuel is of
utmost importance
(d) whether the rate at which heat is supplied is

of importance.

Once tke application has been ascertaincd, the

equations can be utilized.

It is evident that there cannot be a particular
procedure in the use of the results presented in
this study as there are a variety of starting
conditions possible. In the case where the dura-
tion of operation of the burner is known in equation
4.7 can be uscd to obtain the relative final sizcs
of the burner hole for different air inlet diametoers.
The choice of the size of DB would depend on the
final size of the burner hole that can be tolerat:
considering various factors. The value of DB
can then be used in equation 4.9, since t is know.,

to obtain Tﬁ « The amount of heat liborated is
H

dependcnt on the value of m . uscd. _f this quantity

of hcat necded has been c¢stimatcd, then H can be

determinced.
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It may be necessary to do a few trial calculn-
ticns in order tha an optimum design can be obtaincd:!,

. It is of course obv:i.ous that the design should mzake
use of a number of burner holes, the number depending

on the amcunt of heat needed.

4,5 Summary of Results and Discussions :

The work which has been discussed in this section was
concerned with experimental investigations to characterize

the performance of the sawdust buraer.

Two different experiments were performed:

(a) To obtain data which will clearly describe the variaticn
of parameters used to characterize the burning of this
fuel.

(b) To obtain data which will show the effect the height of
packing of the sawdust has on the variables investigated

in (a)

The results of these experiments have been presented. It is

observed that the experimental data are reliable.

The variation of the mass of fuel consumed with time
depends on the values of the height of fuel H and the air .
inlet diameter DB, and ind:ividual equations have been presentu.d.
Tne variation of the burner hole diameter d with time is on
the other hand independcni of H for a given value of DB.
Two generalized formulae have been obtained, from analysis
of all the experimental data, which can be used to predict th:
perfcrmance of the sawdus:¢ burner investigated in this work.
The equations are

d

D = 1.04 exp (0.0053t)
B
and
M
— - 1
TH = 0-2%21 exp (0.0982 DB)

where H, d, DB are in cm, m e in gm, t in min.

The gencralized cequations can be used to design burners

for various applications.
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ChL ptC'I‘ 5

DESIGN OF SOLAR/SAWDUST CROP DRYER

It was mentioned earlier that one of the objectives of this
study was to design & crop dryer which could use sawdust as n
fucl. The design of a dryer which uses both sclar energy and

sawdust as sgsources of heat is described in this chapter,

5.1 General Description and Overall Operation of Crop Dryer

The general features of the crop dryer are shown in figure
5.1. The system for producing the heat using the sawdust is
shown in figure 5.2 and consisted of two burners, large and
small burners having twenty and eight burner holes respectively.
Four pipes of diameter 1.27 cm were connected to two headers
of diameter 6.5 cm such that they passed directly cver the
holes on both burners as shown in figure 5.3. Thus, when the
burners were in operation the heat generated was supplied to th.
four parallel pipes which passed directly over the holes. A
vent pipe was located on one ot the evaporator pipes as shown
in figure 5.3. A valve connected to it was used to bleed off
excess water in the evaporator pipes. A covering made cf gal-
vanized sheet metal was used tc protect the burners from rain
and also to produce a draft, for the operation of the burncrs,

through a 15 cm diameter tube (see fLigure 5.1).

The crop dryer is shown in figure 5.1. It was a cabinet
type dryer measuring 220 cm long, 100 cm wide and 63 cm high
with a top inclined at 20 degrees to the horizontal., The top
had a single glass cover. The dryer was insulated with sawdust
shavings on all its sides and bottom. Vent holes drilled at
its side panels allow air entering at the bottom to flow out
at the top (see figure 5.1 and 5.4). The inside of the crop
dryer was painted black sc as to absorb solar radiation coming

in through tlec transparcent cover.

Inside the crop dryer were six parallel pipes which werc
laid near the base of the dryer and connected to headers as
shown in figure 5.4. One of the header pipes was connected
to the evaporator by simple pipework and the whole piping
between the c¢vaporator and the hecader pipe was insulated. Tho

other header was connccted to an outlet pipe which was placcd

in a small tank containing watcr. The base of this drum was
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connected to a .27 cm pipe which was in turn connected tc

the evaporator i.e. to the header outside the burner.

In operation, it was ensured that the connections frcm
the evaporator to the heat exchanger and from the small tank
to the evaporator were well sealed. Water was then poured
into the tank until its level in the evaporator was such that
it started to escape through the vent pipe shown in figure
53. The secondary and primary burners were lit using the
same method outlined in section 4.2. Twenty-eight burner
holes were thus lighted to produce the heat needed to operate
the dryer.

After a short period of time the water in the evaporator
pipes was heated by the primary burner and steam was produced.
The secondary burner heated the steam to a superheated condi-
tion and it then flowed 1irough the insulated pipe into the
heat exchanger in the dryer cabinet. Heat was transfered tc
the air in the cabinet by free convection and the warm air
was allowed to escape throuzh the vent holes at the top.

(In the case where solar energy was utilized the heat was
accumulated in the dryer by the greeihouse effect). As a
result of the escape of the warm air, ambient air at a lower
temperature entered the dryer through the many holes drilled
at the base of the cabinet. Thus a continuous flow of warm

air took place from insidc the cabinet to the ambient.

The steam flowing through the heat exchanger experienced
a drop ia temperature and flowed out as wet steam through the
exit pipe which was made to hang into the small tank without
touching the water. The steam continued to flow until the

sawdust no longer gave anpreciable heat to the heat exchanger.

The dryer had three trays on which the crops were placed
during drying. They were loaded into the dryer through an
insulated door at the back of the dryer. The con*rol of the
temperature in the dryer was achieved by opening or closing

the vent holes on the cahinet.

5.2 Design of Crop Dryver Cabinet

The details of the crop dryer cabinet are shown in figurc
5.4, It consisted of two frames made of plywood 1.25 cm thick

with a gap of 10 cm for insulating matcrial b tween them all

around. In order to utilize locally available materials




sawdust shavings were used as the thermal insulating material.

Forty-eight holes of diameter 2.54 cm were drilled through
both walls of the cabinet, at the base, to allow inflow of
air., Similar sized holes were drilled, totalling twenty-four,
at the tup of the vertical sides of the cabinet for the cutlet
air. Plastic hose pieces were passed through the holes to
prevent wet“ing of the insulation. For purposes cof temperaturc
control, the holes for the ocutlet air were provided with simpl:

facilities for opening and covering them.

The top of the cabinet was sloped at an angle of 20 degrces
to the horizontal, which allowed for optimum solar radiation
collection without tracking. Two pieces of glass were used
to cover the top of the cabinet since the sizes available werc:
abcut a meter square. This arrangement of two panels also
helped to strengthen the top surface and to thus avoid easy
breakage of the glass. Single glass covering was used so
as to minimize the cost of *he sys*em. The glass was held in
place by wood putty which also prevented rain from entering

through the top.

The heat exchanger in the cabinet ras constructed from
pipes 1.27 cm and 6.5 cm in outer diameter. The 1.27 cm
pipes were welded con to th. 6.5 cri pipes as shown in figurec
5.4, The six pipes 195 cm long and ihc headers supplied hc-t
from the steam flowing through them to the air in the dryer.
The pipes were located directiy over the air Zalet hocles at
the base of the cabinet, 3 cm abceve the holes, so that the
coider air entering was immediately heated up, before gettin.

in contact with the air -n the cabinet.

The trays were made from wire mesh and plywood. The ply-
wood was used as thke stand, and the wire mesh. painted ble-k.
carried the crop (sec figurc 5.1). The dimensions of the
top surface of each tray was 60 cm x 60 cm. Thus the threce
trays effectively had a tctal surface area equal to that of

the base of the dryer, chus preventing wasted space.

The dryer cabinet was mounted on a stand 120 cm high
made of 5 cm angle iron. This material was only used since

the equipment wag moved ofien. A& less cxpensive material suc’

as wood could have been used " tne dryer was permanently lan
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The whole interior of the cabinet including the heat exchan-

ger pipes was palnted with black paint.

5.3 Desigp of Burner and Evaporator

Work on crop dryers indicate that it is desirable to have
working temperatures suited to the properties of the crop being
dried. It is not easy to control the amount of solar energy
being used for an application such as crop drying. The use of
sawdust in the producticn of steam for the dryer has an advantagco
in that the rate of steam production could be controlled. Thc

production of steam is however determined by the burner design.

Results discussed in chapter 4 showed that the design ¢f
the burner can be carried out if certain parameters are known
or are predicted. In this case, the main purpose of the burncr
was to produce steam in the evaporator. Considering an air
inlet diameter of about 2.5 cm and a height of packing of 15 cm
the rate at which the fuel was consumed, mf/t, was estimated
using equation 4.7. Then assuming that about 10% of the heat
would be transfered frcm the fuel to the evaporator and that
about 0.1 kg/min of steam would be generated it was estimated
that twenty burner holes weie necessary. Eight more burner

holes were added in a secondary burner to superheat the steam.

The burners were made from 0.3 cm thick galvanized iron
sheets., They were rectangular in shape measuring 72 x 56 x
25 Cm3 and 31 x 56 x 25 cm3 for the primary and secondary
burners respectively. Thec holes at the base of the burners,
i.e. the air inlet holes, were drilled 10 cm between centres
so that the burning coul:l take place for about two hours
before a new batch of fuel could be loaded. The cover ng
over the burner was made of sheet metal so as to withstand
the high temperatures. Draught was created by the short

chimney 50 cm high and 15 cm in diameter.

The stand for the burners was sloped at an angle of 20°
so that when the evaporator was mounted over the burner holcs
the water level in the small tank coincided with that in thc

evaporator. The stand was made of anglc iron due to the high

temperatures involved in the burners,




Chapter 6

PERFORYNCE OF SOLAR/SAWDUST CROP DRYER

The crop dryer which has been described in Chapter 5

was specially designed to make use of available solar cnergy

and waste sawdust. The design was restricted to the use of

cnly locally available materials.

Tests

were carried out on the dryer under load and no-

lcad conditions using solar energy and sawdust as fuels. The

procedure adopted and the results obtained are discussed in

this chapter with reference to the effectiveness of the

dryer.

6.1 Tests for No-Load Condition

6.1,

6.1.

1

A
o

No-Lcad Tests Using Solar Energy

These tests were carried out using only
solar energy to heat up the crop dryer while it

was empty, i.e. there were no crops in it.

Since only solar energy was used it was not
not nece..ary to consider the sawdust burner.
The dryer was located sc that the sloped top
faced south., The glass covers were cleaned, the
trays put into the cabinet and the insulated door
closed. The temperatures in the dryer were ineasurc:
at three points above the trays using thermoccouples
and a temperature indicator. Drybulb and wetbulb
temperaturcs were also taken outside and inside thc

dryer cabinet,

The experiments started at about 0900 hours
and lasted till about 1600 hours and readings of
all tempceratures were rcecorded at 30 minute inter-
vals. The tcsts were carried out during months
in the dry scason when the incident solar radiation
was generally high. The vent holes on the cabinct

were closaed during the experiments,

No-Load Tests Using Sawdust

Thoe primary and secondary sawdust burncrs

werce loaded w th sawdust and the burner holes for-
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The clcse grouring of the data shcws the consis-

teat operation of the burner and dryer.

L~ zdveantage of usiang the sawdust is indic
by the constant temperatures which can be mainte=i-er
£s loag zus the burners are Deing charged continuocus-
ly. The use of solar eiergy o the otlier rand gives
temperztures waich decreases as t:e svailable scl-—

radiation cdiminishies.

Tmenn soler energy ancd sawvcust are used, tohe
cdepencence cof ti:e temperatures on the availabilily
of sclzr energy is shown ia fifure 6.3 by the
differences in the <Qata for tie five days. Tiie
results fcr D=y 5 indicates that the 1eat te tie
dryer is effectively Being surplied by the sawdust
due to the 107 cvailzbility of solcor energy,
i975 Wh,/7° cver the period of tae test. The
highest temperatures of zbout SC'C occurred cn
Jday %, Cue to thle high inteunsity of solar radia-
tion. Thz =2ctuzal values were nct however avail--
ble. The results for Deys 1 and 2 were odtainecd
for only cne lcad of sawcust i ti:e buriers. T2
exte~t to whielhi the dryer woulcd use sawcust rculd
depenc on the azvaileble solar radiation and the

range cf temperztures desired.

Cempariag the results in figures 6.1, €.2
and 6,3, it is seen that the hishest temperaturcs
ar=2 obteined e solar energy a:xd seawcdust are
uised simultzneously. Terperztures in tae dryer
for solar cnergy and sawdust beins used senarstcl
ere rclatively lower but e nore constant verictio.

is chtained.

The results fer tire no-loasd conditions clerr’:r
show thest tlie temperatures iz the dryer a2re nigz.

unougi: for crcp drying.
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6.5 compared to the crop being dried in the dryer
using sawdust. The indoor drying gives effectively
constant moisture content over about 19 hours. It
was noticed that the okra went bad after about the
second day of drying. This comparison is in fact
very useful as it shows the usefulness of the crop
dryer if there is no available radiation to do opcn

air drying due to prolonged rains, for example,

Fig:sre 6.6 shows the results of temperatures
in the dryer during the drying of okra using both
solar energy and sawdust as fuel. The variation
in temperature for the three periods of drying arc
similar to those shown in figure 6.4. The drop
in temperatures are however due to the cluud cover
as manifested by the solar insolation and the

burning out of the sawdust in the burners.

The crep dryer, under load, responds to the
fluctuations in solar radiation intensities as
indicated, for example, by results for Day 2 at
about 1230 hours.

The wmoisture content results using solar
energy and sawdust simultannously are shown in
figure 6.,7. The results for open air sun drying
are shown compared to those obtained using the
dryer. It is sohserved that a moisture content
of 0.5 is obtained in 9 and over 17 hours using
the dryer and open air sun drying respectively.
The moisture content of the crop in the dryer
decreased quite rapidly with relatively less
reabsorption of water compared to open air drying.
It should be pointed out the average ambient air
temperature of about 30°C and relative humidity
of over 85 contributed to the slower decrease in

moisture content for open air drying.




€.k,

s#.iter the period of the experiments, the uvurs
driecd in tiie open esir wes observed tc be soft a:néd
moldy due to the water content whilst the procuct

in the dryer was well driec a:iid easy to pouad.

Solar saer y_es Fuel

2Q23r _saergy_gs _tuel

The veriation of the teuperatures in the cro-
dryer szre presented in figure €.8L. .gain, the
tenperztures have a close relatioa to the availoslc
solar energy. The mezu tenperatures in the cdryer
over each period of drying decrease over tle tirze
days. Since the solar rczdiestion for the first = -
seconn days azre sinilar and the nean temjserature
for Dey 2 is less than that for Day i, there =r2
nore lcsses frcm the dryer during the second day.
This is =sicly due to the nreseace of wind durin
thie seconcd day coupered to tire calmer coadition
wiich existed for Day i. It is thus ncted t:=t <o

perforzmzice of the dryer is influenced by facters

otiier then intensity of solar radiaticna.

The tine require< to reduce tie mcisture

XD

cnutezt cf olra to its equilibrium v=zlue is 2ffec?
vely the 3amz for open air dryiagz a2ac for the use
v: the dryer =28 shown iz figure 6.%. The cCecrensc
in the ncisture content of tihie crop in tlie dryer
is generzliy slower coupared to opean air dryiii;,
although ix the first four hours of crying tlhe
dryer dried the crop much faster. Tiie reabgormtilc
of veter by the crop in the Zdryer is mainly res-c -
sible for the performance of the dryer. The f£i .:l
product for open z2ir drying was again ancticed te

Ye poorexr in quz2lity comperccd to thie okra in tie

cryere.

Copzriscn Between Results Using Differeat Fuels

Uccder no-lcaed conditions, tiie termperstures
iz tlhe dryer are Iiighest vitea sclar enerzy a:<

savdusti szre used sinultanecusly. The lowest
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temperestures would cccur at low solar intensitics
when soler energy alone is utilized. Of course
for poor solar availability sawdust would be

used to increase the dryer tenperatures.

Tne main differences of the results rfor no-
loed slhiown in figures 6.1 to 6.3 are in the
magnitudes and form cf the temperature variations.
For the use of solar energy ~nlone tihe temperatures
in the dryer increase to a maximum value, znd tle:
decrease., The variation of the temperature is
closely relested to the variation of the solecr
intensity =znd an average day would zive tegper-

atures up tc &EC<C.

Hhen sawdust zlome is used the temperature
in the dryer rises ranidly to & vzlue of abcut
7C*C =2-a cz: be mainteined at this value if tihc

burrner is reloazded when the fuel is exl:austed.

Iz the cezse where scler energy and sawdust
are used simultzneously, higli temperatures wre
obtaired znd are nsintained above about 7¢6°C till

the evening.

dher: the dryer is loaded, (see results in
figures 6.5, 6.7 =nd 6.9) the moisture conteut
is reduced to C.5 in 19, 9 and ii lours usiag
sawdust, savwdust and solar e.aergy and solar euaeryy
resnectively. Tiie quality of crons for zll the
three cases z2re effectively the same. It would
be expectec tiet it would tel:~ substantially lcss
time to c¢ry crops using solar energy and s=wcust
simulteneously compared to using soclzr energy
2loie. Dut the results in figures 6.7 =nd 6.9
shov tiect t’2 sclar erer;y gives slightly loiwer
drying rates. Thesc rcsults cez.: be sunported Dy
roting tigt tests usiag solar ewnergy gnd sswdust
vere csrricd cut i April =:¢ tests using sclar
elniergy wore perxr  wmed in February. I3 .pril the
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tihe humidity is Rhiigh causing less noisture to be
giver up Dy tie crop. Gn the other heauad the
vweather in February is dry ezd windy whieh aids
the faster evzporztion of noisture from the our-.
This explzanztion is furtier supported if the dryi:;
rates focr cpen zir uader the sun ia figures 6.7
en€ 6.S :zre ccmipared. The faster rate of drying
it the cpen air show=n in figure €.% is partly cdue
to the low relzative humidity of tie z2ir zt thet
time of the yesr (Fedrursry) whereqs ti.e lower
dryiizg rate shown in figure 6.7 is for the rmcnt:

of rpril wien tixe relative umidity is very high.

€.5 Zfficiency cf Sol=r/Sawdust Crop Dryer

The preceding discussion oa the cperetioan cf tl.e dryer
adicate that the temperatures cdeveloped -re =~dequate for
¢rying various creops. These temperztures cam also within

lizits be regulsted by tihe rate of cousutiption of tle

savwdust, for exomple. It is however of interest to Imwow to:

t)

zzouint of useful eiergy from the sun z22d sawdust which is

uged during the dryirnz cf the crop.

Tuere arc severel efficiencies which can be determined 7 -
the crop dryer. The overal)l efficienry cza be defined ~3
m L '
"Z S A (6.2
c m.CV¥V + G c-
£
noere
2, = m2ss of wzter evzporatzc from crops in ~ given tioz

intervz1l, =
L = latent hect of water I/ g

o1 mass of sawcdust used » 7 given tine intervel, kg

f=
CV = celorific vzlue of scwcdust, J/ig
G = tot2l aoler rzdiction imcidert on dryer in a given

time intervzl, J.

~tcther efficiency ce. be defined for thc operation of the

éryer taking to zccou.t the zuount of steam generstec. This
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iatermediate efficiency is written in the form

m L
) ooy
I m o + C
s
wv.aiere

ng = mass of ste=n jenerzated ia z given time intervel.

Tr.e performance of tle burner can be determined by z burrer

efficiency
a L

(15 = ms

f.CV

(€.3

It is, of course, obvious tixzt when szwdust zlone is used -s
fuel G = ¢, ané whex sclsr cucrgy is used only equation 6..
cza be used to define the efficiency cf the dryer with = = (.

P 2
ES

Freliminary results have been obtzized for various effi-
ciencies of the dryer under various oreratiung conditions duri

the Crying of okrz. The cuantity of water evzporated from

)

tze crc the amount of stezn zenerated by the szw’ust and t.
b} [e )

L

mz8s cof szuwcdust used zre shovw.. in table 6._. togetier with t™-:

efficiencies.

T:2le 6.1

Zistimated efficic-cies for tliec dryer uprder lczd

or [on] (2] - w1 A}

“ert source S Lc _ L1 YLB o
Sclzr Yeb - - < - -
Sawdust 7.t 36.8 277 C.7 24 3
Sclzr/Sawdust ¢.G 172 94 14t 26 2.6

The overnll efficicincy of the dryer when c.uly sol-srxr
energy is used is 29 rerceixt unoting ti:at this applies to tie
conditions uader wiich the tests were carried cut. Tie losscs
{rom the dryer sre nredominzntly due to convection hezt
trznsfer froii the top surface 2:d the sides. e over=zlli
efficiencies are C.7 22¢ L1.4 percent when sawdust oad solsry
s2wdust are used =23 the scurces of hect. These values are
low z:d indicate tizt tlere a2are lesrce smousts of heat losscs
from the burner. The vzolues onL_ 8. ov thnt lerge !est logsco

ccecur from the szudust LHurner.
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These prelimin=sry results for the efficieicy of the dryror
indicate that further tests 1cve to be nerfermecd using differ-
et crorns and improved mezsuring equiprient in order to get
more conclusive results. Tlhcre are substontizl ezt losses
from the szwcdust Durzer wiich c2use the efficiexcies tc be
low. ia improvement in the design to minimicze these losses
will cocnserve the szwdust used, It mny Zowever be argued th-nt
the szwdust znd sclzr energy cre effectively free ~2d it is .ot
recesszry to imrmrove on the design which noy iccrees
It is felt that furtiher inmprovenents in the design will De
mzi.:.ly cencerned with tihie burner s¢ 28 to recduce s=zroust cc.-

sunption.
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Crapter 7

SCCHICMIC ~SFLCTS CF CRCF DRYZRS

The discussion c¢a the solarssawcdust cron dryer sc fer
inmdiczies that it czn be used to adenuztely dry some crons.
It is however of interc.st to evaluate the dryer's effective-
~es8s8 in terms of cost which is a good indicatcr cf the poter-
tizl use of such an equipment. The following sections will
therefore look at the direct 2nd indirect costs of the dryer
together with some of the henefits wiick will bHe derived
from the use of the dryer. It sghould be pointed out that
tiie analysis is unot exhaustive since, for examnle, only oune
crop hazs been dried and more drying tests need to be carried

out using various crops.

7.+ wvirect Costs of Jryer

gggital Cost

Thre prototype sclzrf/sawvdust crcp dryer whichr is under
discussion wes nazde from plywcod, =2nglie iro:, gelveiilzed irc:
sheets, gzlvaiaized iron pipes, glzss, wire mesh, putty, nlzstic
nose 2nd sawdust shzvings. Scme cf these matorials were
ciacser beceuse of the conditioas uader whichk the work wes
carried out. For examnle, under laboraztory conditions, it
#-~.8 necessary tc move the dryer i.i:zdoors a:id outdoors every
cey. The frames "zl t¢ therefore be meacde of iron and wheels
were zttached for easier transportation., Taiciz nlywood =zlsc
ac te he used for tic inner and outer wzlls cf the dryer sc
thizt it could withstz: ¢ the rough treatment arising out of

heviag to move the dryer arouad.

The brerkdovwr. of the cost of tire materials used in the

finzl prototype as shown in figure 5.1 is given in Table 7...

Ii the table lierc-below the total cost to produce the
nrctctype taking into ~ccount prelimirary desigas of various
rarts of the system aid labor costs for meanufzcturing 2.d
installation, have .ot beerr included since tliese would make

tiie totel value unrezlistically high. llowever in rezl life,
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it is estimated thet lazbor costs for manufezcturing the dryer
s shown would be about U.S.n. $i50 if 2z workshop were requestecc

to produce a siangle uait.

Tz2ble 7.3

Cost of materizls used to maaufacture prototype

. . Cost i
I.zterial Quantity Use Lecrcs
W oriywood, 6ft x> 45t 3 Cuter and inner 135 .0
sicde walls
374" plywood, bft x 4ft : Juter base 7C.CL
2" plywood, Uft x 4Ft i Ianer bese T0.CC
&" angle iroam, 2Gft 2 Stands 7C.Co
P 1/i€" gelvanized metzl z Cuter burner casing, -3C.uC
. sheet, bft x 4ft Suraers
2/32" galvanized metszl - Cover for burner 3.0t
sicet, Oft x 4ft zad chimney
" galvanized met=z1 4 heat exchanger 20.
pipe, Z20ft pires
i" galvanized metal i steam sunply to 0.l
pipe, 2Cft dryer
" galvanized metzl i ileaders for heat Zh.Co
- pipe, 20ft excaangers
Glass, 3ft x 3ft .E Transpareat covers 6.0
) iire mesh, 3ft x 3 ft 3 Tray for crcos L.l
Futty 2 tins Sezlaant Faln
Tlastic hose, 12 ft i 2ir irlet and 7.0
outlet :oles
olzck naint 3 tins paictiang of inner .00
w~1lls of Ccryer 2ad
trays
‘Telding rod i pkt weldiangeg stand S.0C
Rivets i pkt shect metel werk Y
Screws % pkts woodwerk 2.6C
lzils 3 pkts woodworl: Ll
TCT:.L €_.C.o0L

The author should point out thet 211 the

zre locelly availeble, but are imported which

expensive.

#1s0, it is nossible for prices to double i »

fevw rnonths which mrl.s it difficult tc predict costs.

matericls used

malies thiem ouitc
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Under normal use the walls of tne dryer c:in be mece o
from 5." inch riywcod sheets and wcoden poles or bamboo proles
used for the stand. The sz2wdust burner assembly could be madc
from both galvanized iron (for the burners anc pipes) aad
heat resistaiit dricizs which would appreciably reduce the
material cost. Furtlier development worX is therefore requirced
tc ascertain this but it is felt that such efforts could recuce
the material cost cof the prototype to zbout omne third of the
cost shown in Table 7.i. The labcr costs for manufacturiag

it would then drop to about § 75 for the prototype.

The costs can be substartially reduced if the manufacturcr
has the market for mzay units. :ilso the client should herve
the option of ordering a dryer made from durzble or less dur: -
tle materials, e.z. gless compaired to transparent plastic. S
Ir this way individuals haviang differe.at jincome levels can -

m=lte use of the technology.

It is at tnis stage difficult to predict the operating
cost of the dryer since many crops have not yet been dried
and the future cost of sawdust, which is hnow free, is unkuowi.

dstimates are however presented in Teble 7.z for the dryer.’ .
Table 7.¢ ' .

Estimated Cpcrating Cost of Dryer per Lonth

Item Cost Lecnes
Sawdust i8CC Xxg = menth 2t 50€ for 6C :g 36.CC
L~bor for onerating uait et i caily 3G.CG
inzintenance cost; 4% of c=zpitzl cost 2.,1C
Cost of igniting sawdust, nmstches C.5C .

he cost of the crops have .ot been included in Table
7.2 since results ace not yet aveilable to determine this.
For okra it is possible to dry about iC kg drmily with the

size of crop dryer being discussed.

It is estimated from results of interviews thet sawdust .

may be sold at about 5C cents for 6C kg which would be the
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fuel consumption if the burn2r were loaded thrice daily.
The lebor costs for operzting the dryer is estimated at
$ 36 a month since it is envisaged that the job is relatively

simple and would bde czrried out by one person.

7.2 Indirect Costs of Uryer

There are certain factors wh’ . have e&a overzall effect
of cost in the use of the solar-’'s: :ust crop dryer. Some of
these are related to:

e) the use of scwdust in tke crop dryer limiting use

of sawdust in other a2pniications
k) wmanegement prcblems

c) inconvenience of preparing the szwdust.

’ Sawdust is presently not used on o large sczle for zay
application; nearly z11 of this materizl is discarded as wosto.
It is therefore felt thazat giince its use in other ~pnlicrtions
is smz1l, the indivect cost would be low. There is however
the possibility thet, in the future, there will be some
industry set up to manufacture building matericls out of
sawdust. :.1so, the work which has been carried out by tie

. zuthor on other eprlications using sawdust cny create a demr1r
for this fuel in the rurel znd urban areas. In these cases

the indirect cost wculd be sudstantially increased,

The contribution to the indirect cost cdue¢ to menagenent
problems will depend'on tlie scale of the application, i.e.
the size of dryer, the different types of crops which will
be dried, tihe proximity of the source of fuel to the dryer,
experience of the operztor etc. No attempt is macde in this

renort to quantify these costs due to nanzagement nroblems.

The prepesration of the sawdust before igaitition is very
sinple end can be mnai~rged by 2~ six year old crild. It is
therefore expected thrt this fzctor will uot =2mnpreciadbly

affect the indirect cost of the dryer.

7.3 Lenefits of tle System

Some of the benefits of tiie crcp dryer ~re:
. a) Improvement in the quelity of crops dried conpzrecd

to open rir sun dryiug
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the szme amouat ¢f drying in {i and 6 Lours respectively. iis
wwoulcd incdiczte th=t the sclar/;szwdust combdinntic: coulc Zry

about iikg of c%ra cdurinrs 2 worZang J=y. The sawdust on the
cther hend would arcduce ieat tec ¢ry shcut & ks of olzra irn
twe werking deys. Thus frcm the noint cof nrocducticm tie
solzr/sawdust combinztion produces ncre cried crcons tiims the -
use.of solar enersy cor szwdust z=lcne, Siuce tiie eolor encrzy
is free it is useful tc sote tlhint tlie use of eolarxr erergy =€
szwcdust sinultsnecusly will he nore ecczonic:zl tiizn the use
cf s=wdust zlone. 1= tliis regerd it is cbserved tiict tie
snyvcust ccusunmed Wwihe Lot: fuels zre used simulta~ecusly is
=mueh less than that ccisumed when only sswdust is used. It
is therefore nore eccnonticel to use the sol-r/s-wéust combhi-

attion wihen solar ecergy is aveileDle.

Juring dzoys when the sclzer energy is quite :igi, it oy
e cesiratle to conserve tiie sardust for less f-ovoradle d-ys.
It is possible t==t lJuri=ng tle &ry se=zson, curing reriocs
itz reletively lcw relative Lunicdities, tiie use of scl=or
enercy cloie woulcd rrcecvice sweeldy drying. (Cperction of tlhe

Gryer usiag sevwcust +ill be econcmiczl curing

~r

periocds of lov
sclar evailebility sizce the crcps -rould otlierwise gc bHzd

+ithout adequste caryi:ng.

;soetler veri~ble wiich affects tiie ecoromic justificatico

cf the cron cryer is tie :.umbder of differeit tyres ¢f crcos

Wrich eor e driec, The ccitisucus omer-stic- t-e Cdryer
“tculd ne’-e it nmore nrcfit-ble to use. rFutur: 7z shculd

ccrcestrzte on the Jryir; ¢f varicus crors z.ud =2ssessing tl.e

eco-cmies of tle ~»nlicrtic:s.
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determining the calorific value of mixtures of different saw-

. dust &t various moisture contents.

The results of the study on the burner indicated that the
variations of the mass of fuel consumed and the diameter of the
burner hole, with time, depended on the air inlet diametcer and
the variations were linear. The mass of fuel consumed depended
on the height of packing whereas the change in diameter of the
burner hole with time was independent of thia variable. Equa-
tions have been presented for the variation with time of these
pa-ameters individually. for various vulues of air inlet diameter.
An analysia of the data shows that two equations presented in
this study can be used to design buarners for any application.

‘ These equations are: d/DB = 1,04 exp (0.0063t) and mf/Ht = 0.2421
exp (0.0982 DB)°

An integrated crop dryer using solar energy and sawdust
as fuel hax been designed and tested. The dryer uses steam
generacted by the sawdust burner to heat the dryer cabinet
and may also use solar energy for direct heating. Results
of tests under loaded and no-load conditions show that tempera-
tures, up to 90°C under no-loacd and up to 80°C when loaded,
can be expected. Tests using okra indicated that the dryer

. when operated using solar energy and sawdust, simultaneously
or individually, gave a better dried product. The drying
time using open air sun drying can be reduced by 50 percent
by using solar energy and sawdust in the crop dryer. The
dryer can be used throughout the year, during pe—-iods of n»

sunshine and in the evening depending on the need.

8.2 Recommendations

The results of this study are encouraging and show a
definite potential for the exploitation of sawdust for rural
production of energy. 1The following recommendations are
presented for future work.

1. Sawdust must not be regarded as a waste material which has
no use. Strategies should therefore be devised to collect,

store and Aistribute it on an economical basis.
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th

r.ore studies should be carriecd out of many more tynes o
seawdust so thot more ccaprenensive information oz the
veriation of czlorific value with meisture ccontent c=un b
obtained.

Further studies are needed to cdetermine the 2pplic2bility

of the design egu=stions nresented in this worlz for rznges

of veclues of DS lerger thnn that considered iz this worl-,

The crop c¢rycr shculd e modified with tiie 2im of usiag

it at the vill=ge level. The size siiculd he based o the

~needs of the neople. The modificatica shoculd invclve

minimizizg ccsts, decreasing lieat losses #2d improvisng
nrerformance. '

Froduction of severzl dryers should tlies be czrried out b

fer experimentztios a2t village level with various types '
cf crcps using Doth scler energy and scwdust.

The crop dryer should then be nodified, bzsed oa the

results ol the villzge level tests, so tiimt full scale

zpgslication ceaiz be possible.

i cost benefit =rnz2lysis siiculd be carriec out cduring ti:c

village level tcsts in order to zssess tiie cconomic via-

bility of the cron cryer. *
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APPFMNDIY A

L_..AILS OF CALORIFIC VALUE EYPERI: FNTS
AMD DATA RFEDIICTION

Results for th. calorific values of sawdust heve heen
rresented in Chapter /. The experirmental arnaratus use” bhas
also been fescrilked in that charter and it was mentioned that
tte procefure adonted was a standard one similar to ttan des-
crited in 1€ . A measured cuantity of water was put in the
calorimeter so that the bomlk was comrletely covered. The elec-
trical connections were macde, the Feckmann thermometer put in
the calorimeter to measure tte water termperature and stirrin~
of water was started. The temperature of tre vater vas read
at one minute intervals for atout F minvtes. Thtis reriod was
tre 'preliminary" period. At the end of this time, whichk
marke® the start of the "chief periocd, ttre svitch was closed
and thre platinum vire burnt to icnite the sawdust in the
crucible. The temmerature of the wvater rose raridly and tte
therrometer read at 1 minute intervals till t%e marirum tenrer-
ature vas reaclted which marked the end of tle "chlhief nrerio”",
and the beginninc of the "after perio@". nNeadincs were ten
made for at least & minutes in the after rerio?. 2 samrle of
the readinags made curina the experiments is shown in Takle M.1.

In calculafinq tte calorific value from tte measurements
made, it should he noted tlat tlere are various sources of
errors wticlh could make the calorific value oltained substanti.
ally Cifferent from the actual value. Tlere are errors Ave to
the enerqy dissipated Ly the stirrer causinc slichtly hicher
temperatures to he measured. The platinum wire also dissipate?
Leat to the surroundincs durinc its iqgnition. Tre oxveen in
the bomb received heat from the combustion of the fuel which
would reduce the temne-ature rise of the water. Acids which
are formed, e.q. by the comhination of the oxycen witlt any
suiptur present in thLe fuel to form sulnhuric acic, and with
nitrogen to form nitric acid, -roduce hLeat whkich stould ‘e
accounted for. Threse errors mentioned a'ove are however, when
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Table A.1 Sample of expmerimental data ’
oltained for calorific value tests ~
Yame of Tree- Facara macrophylla (Sowuvli)
roisture Content: 12.24 Percent
Mass of Eomb- 3.115 Yo '
l'ass of tater: 2.% kg
1"ass of Fuel: 0.0 x 1072 ka
Time (minutes) _Terperature (°C)
C fe:5
1 7.:.6
z 2,06
> Ze3C ‘
. . ’
i Le3Z2 )
5=t f.n2
6 5.Ck
7 Sk
o Z.56 !
p 5.62 \
il 5.6k
s 5.6 .
<o 5.65
s 565 )
: 5465
) 3.64
26 5.6k
Y 5.625
“w 2.6
.Y 5¢6..6
~C 5.6 iy
edaecé, tur.. out to Le quite 87711 ccripzred tc the errors crusec
3y cooling of the celcrimeter by the ~tmospere. It wes tierr-
fore zssumed tiint tie moi: correction «hich hed to e n=2cde to
ti:e results wrs thzt fcr coolin~g,.
T:e cooliiiz correctio~ was czlculated using the kep.,zult )
Ffzundler formule »s recommended by D.S. iC:6: Fart b: 166, . ’




The correction is given by

corr t"

Y
) v - ! )r;'*‘: 1 R R
DT = av' + ey LZ (t) + 5 (¢t + t ) - st! (.2

or

av' + kS
corr

where . = number of minutes within chief period

v' = rate of fzll of temperature/mninute within the
prelininzry period.
v' is -ez:ztive if the tenperzture rises in this
pericd.

v" = rcte of f211 of tempersture/minute iu the after

period.
t' aid t" = sverzge temrerature during the prelimir~ry

#nd after periods respectively.

p.3 {t) = sum of temperature readings duriug the chief
period.
é (to + t_) = nezn of the firing temperature to ~ad tie
-4

maximum temperature t .

ia

vl - ! A
) - ———— 3 ~ ) N >~ s - -
X = oo ccolizg constau:t of the czloriueter.

Using the dzts iu: table +.1 the followi .; values -rere

L&)

czlculated

tc = Zele v' = - C U2k t' = L2.25C
:*V' = - Cc(lb"* T’:‘ (t + t_ ) = :.9&) %—‘(t) = :’I on-";'
“% (o3 i 1

" - e "o ! -
2t = 13.7h S = 6.5.5 k = “-I:,,_".—-_Tt-'_z("('" ~
v = (loc(ljj t" = 3.64
Thea L T = = C.0lh + C.eCE3h4 = = C.L0LL6'C

corr
The measured temrpersture rise Toons = b ~ tc = 1.35°C

therefore the 2cturl temperzture rise is give:: Ly
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~ _ o~ - - Y - . = 1.—2 © .
‘actual - ‘nezs T Tcorr T teeo L.LoLh 3=skeC *
The calorific value was theun evaluated by writing the -

energy bazlance for the system.

m . CV = c o7 + @ c ar R CRPaa
fuel Tocmb Poteel actusal T P.ster actuc’
or v °c
_ i A
m,. . CV =jm _  -—Steel . c AT S
fuel ! "bowmb ¢ water P ectuzl
(. D wrter
“wreter
Hoting that c_ = C.L6CG, ¢ = b,2t6b wI/g - i
“steel Pouater
e:.Q M oen - 3¢5 kg
the calorific vslue is Zive.: Dy - v
¥
T_—. +uzl . !
CV = 11.60zk -E2E2 5 n
fuel
For this exrmple
A.’ZC‘ e T - -
CV = 21.9C2h x 2:9% L 5583 wisnn

+.11 other calorific vclues were evalu2tel ir. tliis ns-ner fro-

oy

toe dz=tez cbteied i: the experine-ts.







