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Section I:

INTRODUCTION

a

A. Background

Grain- drymg in the. Phlhppmes has

B Dally Capacxty
The flat bed dryer is most practical

traditionally followed the simple prac- "> when constructed to hold 40 to 60 ca-

tice of spreading newly harvested pro-
duce on mats or concreted are‘&%where
the syn can draw out excess moisture.

,For decades, producers and- traders
"have relied on this method and year
after year they have accepted the loss-
es that are inevitable. When the pro-

duce is spread out in this manner “it 18 ym batcfh
5 susceptible to losses caused hy sudden

rains, wind squalls, birds and rodents, |
infestation, and thry handling spillage.

On the national average, 15 to 20 per~. )
cent of all grain preduced is lost or -

destroyed -before it is placed on-the
family table. In certain regions, the

harvest season cofhcides with the

months of nearly continuous rainfall.
In these areas losses incurred can be
phenomenal—40, percent or ' more.

- Such heavy losses certainly cannot be
sustamed by countries where popula-
<tion growth is greater than the growth
of available staple commodities. Of

course, the lack of drying facilitiés is -

not the only cause of these losses:
every stage of harvest and post harves't
1€ total

vans of grain'rice per batch; however,
a smaller or somewhat greater holding
capability
When designed to allow for continuous
‘operation, the dryek can easily s
plete t drymg cyfles, or\batch
one-

vanables ﬁrst the MC {moisture con-
tent) of t ’"ﬁe produce, and second, thg
relatwe humidity of the ambient air.

: nh these two variables in mind, the
ing time will usually be six to eight

hours. Thus, in a 50 cavan batch drier,
two batches (100 cavans). can be com-
pletely dried in 12 to 16 hours. Since
daily maintenance on the various com-

E“} onents’is required, it is'not practical

to’ operate a full 24 hours. Therefore,
two batches- is usuélly the maximum
amount that can be dried in ope day.

‘e
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loss; drying however is usuallsg/the'z '\ 2T

prime cause. - | -

3

uld’ conceivably be used..

iy %;\ mg t1 ‘_(
wﬂ/}é pend anl"i/ on ‘two

; ‘ducmg area- Wthh has, on an annual

C Annual Capacnty ‘
The annual capacnty of the drier. will

. of course dEpend%n the numbgr *of
~days per year the drier is utlhzed ThIS

capacity should be estlmated sO that *
expenses incurred on; an. annlal ba51s
can bé computed into; a cost per cavan,,

A common example chn be 1llus-
tr as follows. . - =

The dtier.j Bl 1ocated sin a rice prp—-

basis, two harvest seasons. The ].ength
of €ach’ season is approx1mately 30

days, or 60 days per year. AsshmmgL

that the dgjer is used af.the’ ccapacity-of |
100 cavans per day for the entire 60
days .of harvest the ahnual capac1ty
would be 6,000 cavans -l




‘Section II

COMPONENTS—
" ALTERNATIVES
AND - o
ADVANTAGES o

k év'ﬂ s

‘ A The Rlce Hull Furnace c
s The rice hull furnace Lllustrated here
. wahadapted for use in drying grams

“sing

restaurants. Al§o, several ideas for
* designing_this furnace were derived
.from the work done at Int&rnational
“ Rice Research Institute (IRRI), Los
Banos and from a large scale furnace
used to produce steam for a steam
turbine electric plant-focated in Tacu-
nong, Cotabato. The tise of the fushace
is the instrumental factor in keeping
the drying cost low enough so that the
produceé can be ﬁrot‘tably dried. ‘By
refemng: *to thes cost- analysis, the
- reader can easily discern fhat nearly 50
" percent of the drying cost can be saved
,when a rice hull furnace is used in plice
of the more conventional kerosene
burner. Some other advantages of the
rice hull furnace are:
¢ Rice hulls are a nuisance to mill-
ers; most will be pleased to have them
taken away. The hulls are lightweéight,
easy to handle available year-around
and in most locations. *The hulls flow
freely in a gravity-fed system; this,
prov1des for an easy.ands fow cost

%

. The‘2 operatlon is a safe 4nd effi-
-cient methdd of burning organic fue] ’
- & When operating, the furnace’ usu-
~ally requires attentiop for only three to
‘four minutes out of fifteen. This allows
~the” operator®o assist with bagging
.. grain, etc.
. Construetmg the furnace .is
reasonable in both time and capital’
" Furthermore, the life of the furnace
~ should be several decades because it is
- made primarily of a'cement and lime
“concrete which is re51hent to heat and

~_aging. Lo
: &

fromqm&szagnas@ practice of burn-
e -hulls ip=a Similar type-of
* furnace used® for food preparation ‘in ,

mel‘hod of fuehng the furnace,

‘B ‘The Petroleum Burner’

The kerosene or oil burner is by far
the most common unit used for drymg
grain, but with the .ever- mcreasmg

- prtee—e#these»&wo products-the useuof
“the burner ha$ become economnically

undesirable. The owners of these units
are realizing that nearly one half, of
~their oberating eXpense cap be directly .»
2.5 liters’per hour of

burner does offer several advantages:

® The unit is Commerc:1ally avail-
‘able in Manila and other cities.

e The convenience of using petro-
leum fuel and lack of fuel ash. _

e Considerably easier to c%rbl
temperature. By, setting the flow Yate
of the fuel, the operator will usualty
~*have a continuous heat within the de-
sired range. i
» & The unit is portable.

V‘C . Blower/Engine Assembly&d
A variety of locally orcommercially

made blowers may be used. The func="

‘tion Of the hlower is to draw the heated
air from the gumace or burner and

force it into the'plenim chamber of the-
drying bed. The blower must be capa--

ble of providing a constant pressure in
the plenum equal to a reading of one
inch displacement in a ' manometer
connected directly to the’ plenum The
reading of once inch dlsplacement is .
valid for palay but not necessarily with
other grams as the smoothness of the
seed coat and the physical size and
shape of the grain will affect this read:-
ing. The most common blower is the
vane-axial type. Its advantages are:

® Low cost and ease of fabrication.

e. Matetials are fairly ¢ominon and

can'bé:Jocated in most, provinces:

® Provides a strong negative ‘pres- .

sure to.draw the air fromsthe furnace.
‘Also, it provides a high volume of air
(30 t0\d0 cubic meters per mlnute per
cubic meter
pressure. :

Another type ‘of blower is thé cen-

tnfugal type. The. centrﬁugalblowemsm P
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‘,gram) at ‘a steady :

‘kmore costly to fabncate and 1t does

have the aplhty to hold a hlgh pres
in the plepum. However, the un1t (
have certain advantages:
- . The unit operates witH little n

‘and vibration. Wheh pqwered b:
electric motor the whole drymgﬁ

tion is surprisingly-quiet. aN
® Requires a lower starting ‘tor:
therefore a lorger life for drive t

%u ed by’ he bumer However, the” Khn be expécted.

‘e Slide adJusters can be ftte1
bath ends of the blower to prowd&
quick adjustment of the air inlets. '
has merit because it allows

: operamsr to control the amount of

bient air supplementing the heate
from the furnace.

To power the .blower a -choic
available. between either a gaso
diesel or an electric motor. Some o
factors to copsider, when decidin;
the- type~ of power to,use are:
availability of replacement parts,:
current in the local area, possibl
ternative uses for the power pﬁant,
local preferences. Diesels jare r
expensive but-more economical t¢
erate. If a pasoline engine is use
should be a heavy duty model cap

"of running for extended,period

time. The blower will require a s
eight horsepower engine. The ele
~motors should ‘be from three to
horsepower and, if‘possible

should be run, from™ a three- P
power supply. » s
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Sectlon I ' %a

RECOMMEN DED

DRYING
TEMPERATURE °C

Section IV: : -

ANALYSIS .-~ .

A. Construction Costs

- A detailed . Jtem by item report;

should be completed ta deterrnme the '

_exact cost ~gf constructing the dner.

Some of the materials will be bought in
~Mamla but the majority can be bought |
Iocally (See attached [isting.y An es-

., timate of the purchasing components,
. mat‘énals, andj construction cests’can

reasofiably be placed at not more than

" B- lﬁ)peratmg Costs for Rice Hull
Furnace '

- Becatise of the snmphcny of the de-
sign, the unit requires little mechanical
€W moving parts that
requ1re maintenance. Therefore the
operatmg costs are not too dependent

-on the rising price of fuel and oil. The -

key factor in keeping the cost low is

. that the thermal energy, normally pro-
- duced by burning kerosene or oil, is
‘produced’ inthis drier by burning rice

’ hrﬂls—abundant and free unlike the -

TYPF;,OF PRODUCE  MC ORUSE  TEMPERATURE'C'

. Seed corn over ?5% 35t038 - -
Seed corn . under 25% 4310 48 .
FFeed corn "over 25% o - 50 to.66, .. L
‘Feed corn ‘ under 25% 62 to 70 - T
' " Soy beans | seed’ 40t043 . -
L. . Soy heans . -Gommereigll . 71 to 75 e =
o ’\ \'Palay,1 | ‘milling’ " 143 42 to 44 '
S 3,Palaym seed :;0 \ R = 35 to 37 o )
~. "“ﬁ,""(jjoprra ’ ’comfmermol " r765 to'75 L '
_Fish g gommercml not available

,;ﬂ = /}\? [s I ) o .

] ) ¢

NOTE: Togenemmheat in the various remperaxure ranges, Ihe Surnace will consume ncé’hullx a(
the following rates: one third sack per hour ar35° 1048°, one sack per hour at49° to 60°, one andone
fourthsagﬁer hour at61° to 75“ -

. v

e

§

[N

p@troleum products it, teplaces. The B-2. Operatmg Costs for Kerosene,
drier does require one small gasoline Burher: v
“or diesel engine in the6t08hp range to When using the burner, all of the

power the blower component. The fac- ~inputs (1 thru 4) will ‘remain un-
,fors or inpyts to consider when deter- &mngefl_Tﬁe key dlfference is that the -
.mining the operatmg cost are: cost of fﬁe ‘kerosene is an, “additional

Ay D s mpug and must be ¢ mputed into the'
(1) Fuel—one liter per hour - cost per cavan! ,

{2) Oil and mamtena’nce——lO% of .- |
« - fuelcost = . «(1)P°12 00. : -

(3) Operator—qne peso per hour P 20 : e
(4) Deprecnatlon of engme—lS% 3) P 8’00 o R : :
. per’ year . : ’1 (4) P 2.25 ‘ - R .;{- A»
“Basedona maximiim operating time (5) P18.00 (kerosene) =
per batck of 8 ‘hours, the mputs/SO ) oo
cavin batch will eqqal = (6) P 4_1 45 TotaI“ ‘ostfnper Hatch ;
| . Q7) P83, Total cost uavé’n‘ =
(1) P12.00 - ¢ o
P 120 .. L L, :
(3) E &O(f'a‘hf ) ] i ‘ - P .
@ P2:25 (Basedonanannual L R
==—7=—capatity 0f 6,000.) N Lo v
“5)'P 23.45 Total cost per -50 cavan T T :
: batch |, . - e . T o
(6) P .47 Total cost per cavan. - Lo ) R S
M . ¢ N L

R . J -
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D; Drying Bed (see note)
“The drying bed is a box-like struc-
ture which contains the. produce to be
dried.on a perforated floor’ located
horizontally at about mid- height in the
structure..The perforated floor sepa-
rates the upper section, the container,
from the lower section, the ple.nuin
chamber. The pr.rforatlons allow. the
heated, pressurized air in the plenum
to rise wpward thru the produce in the
container wheret the actual 'drymg -
takes place S . .,
. There are commermal drymg beds
avallable “but ‘the price. is often pro-
hibitive: The most economica} drying -
bed can be constructed out ofrhollow
blocks: tvo-rows- of six-ineh for the
plenum and two rows of four-inch for,
the contamer (Ttps will allowfor a two
inch ledge on which the .perforated
floor can rest.) If the drier is to be
portable, build it ‘with four separate
sides which can be bolted together at
the corners to form a box These sides
can be made from plywood and fwo-
by-two ‘lumber or some similar ma-
tenal To facilitate ‘unloading, ‘the
egj:er could be built inclining to
ne:end.

5

\ . N

NOTE: As stared in Secrion I-B, the drving bed may be con;trucred to allow
for continuous operation. This caih be accomplished by dividing the bed
into two sections and, with the addition of a gate in the duct between the

blower and the bed, the air can be directed to one or both of the two¥ -

sections. During operation, one section can be emptied and reloaded
. without interrupting the drying precess in the gther section. (See
. illusl(r_'gtion .}
g

) N . e
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ENGINE
A

CONT’ROL
GATB

BED -

: || No.1 PRYwGe 5
: (2.5 CAVANS )’ .

2

.

R 1l -~ INsioE DIMéNSION
. || ~sFrxsFT

'NO. 2 DRYING BED

(25 CAVANS)

INSIDE DIMENS IOP~V
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' Adrying facility bu&lt specifically for. -
copra. The bed is inclined from the
mezzanine floor to an area at grbund '
--levelwhere the dried copra is,,lzdggedf i
The bed is made from one-by-two slats -
‘and is inclined to make emptying
easier. The mezzanine floor is used for '
loading the drier from a ‘convenient , ‘

- position and allows the workers to do ' |
" so'without walking on the dried copra. . ...
The plenum chamber is madg, from - s
hollow blocks. The drier has gy,
by-three bed supports which span the
two walls and the sides are mafiefrori‘z
plywood and two-by-two lumber.
. ) 3 7
Fome, - v .
: : ’ a . Q “ ’ s




" A simple slide device can be used to
. control the flow-rate ffom the tapered

® . ®

" The furnace, at right, is connected
to the centrifugal blower by a duct
. The control switch {n the upper’
Ief?z‘-hdnd corner should be located
.néar the control for the rice hulls.

L




The removable plug is used for
cleaning the ash trap.
r . -

Angend view of the fire box section of
the furnace. During operation an’ !
_ir‘oh grille holds the burning hulls .
inside the fire box and allows incoming
airto pass through the hulls to provide *

Sfor efficient burning. The white hulls

are completely spent of all thermal
enefgy while the darker hulls are not
totally burned.

EY 1
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The’t:%ntriﬁagal blower is posit‘ioned
betweenthe furnace and the drier. The
bed is'not completed: lacking are
the divider and the control gate
necessary for continuous operation.
Also, the-duct from the blower to the
drier is not sealed. The duE“thbe(ween
the furnace and the blower is a good
V -example of metal ducts.

An end“view of the same bldwer.
Notice the lever control for the slide
adjustment. Theg slide on this end
controls flge ambient air flgw, the other
end controls the heated abr.

4




I
ection V

TEMIZED
IATERIALS

o MATERIALS NEEDED FOR 50 CAVAN DRYING BED T
Quality; ~ Size . Type - Price | Locatlon | 4]
4 A Trx2x 100 ~Lumbér ' | - .
. 18 2 x 27 x 107 Lumbe.r7 » |
PR S AP RP ) Lunitbér S | e £
120 four inch .. Hollow Blocks - .85  Manila price ' ~
. 85 six incl . " Hollow Blocks , - . .95 Ma;}gla‘ price -
‘ 5 Bags Cement - : 14.2,0/' _ Mar}ila ‘price
8 "X 8 gauge 24 . Expanded steel Sheets 44.60 General Hardware :
12 V4 x 27 CBolts o Cubdo, Manila s
“ B 20° to 80° (appro)'(i\hiate) >Cen'tigréde-"' \I o
. _,.:" ' T %’ ) ; Tﬁehnd@eter ; B
s < 5. :
. ] <. . g e
| MATERIALS NEEDED FOR RICE HULL FURNACE +
33/8° x4 ;( 8 (6r) 11;’? . Tempered Lawanit Plywood K '
) 60 feet 2° X 2°  Lumber R
- : 60 feet 1'"x 2" . I?umbef@ e . :
L 19" x ‘13"’: ’:; ;ﬁ?‘gnd (II‘OI] gnlle) |
. 2 Bags Cement S ' .
. . RS 2 Bags " leem B
. | 1 Kllo 3 mch o 45, ﬁNéuls $l »
: "1 Kl]O 2 mch | Nalls R '
. N Kllo'i mc\h,w S l. ' @ .  .‘ ¢
equal to 700 inches Fire Bricks. . =~ v %
. - ‘of surface area - ‘ ‘ K
4-5/16x3 " bolts g

’
.
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