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1. Institute Code No, Tech,I(813)

2. I C. A, R. Code No. P2-87/1~ICI-N10/2223

3. Name and Address of Research InstitutefGeptre: Central Plantation Crops Research

Instltute, Kasaragod = 671 124,

4. Project Title: Design and Development of Cardamom dryer suitable
' for small and medium holders, .

5. Name and Designation of Project Leader:
5JD BOSCO

Scientist (ASPE)

6. Nameis) and Designation(s) of Project Associates including Project Leader and work to be done:

SI. Time

No. Name and Designation spent Work done

1 SJD Bosco 9 months A low cost portable
Scientist (ASPE) green cardamom has

been developed

7. Location of Research Project_with complete address (Division/Section/Sub-Centre)

Technology Division
CPCRI
Kasaragod = 671 124




8. Date of start
March 1937

9, Date of termination

[

March, 1990 ;| -

10, {(a) Objectives (Not more than 150 words)
N v
For improving th; performaﬁce of the existing
CPCRI Cardamom dryer, this project was proposed with the
following objectives: . = t
(i) To improve the performance of the dryer by
changing some design aspects.,
(ii) To find out the defined simple operating
| procedure of the dryer.' m

(b} Practical Utility including background information (Not more than 150 words)

The capacity of the traditionscuring house is usually
very high. Thus the operating cost like costﬂfuel, is more. This
will be further increased during lean season of harvest due to
under ugilization of the curing house, ' To overcome these
disadvantages, a smaller capacity low cost portsble dryer has been
developed, This may be more useful for small and medium holder
during through out the season and for large holders during the
lean season of the hafvest., The traditional method of drying
of cardamom by small hodders is sun drying in which the green
colour fadded dried cardamom wili be cbtained. By using this
dryer good green colour cardamom can be obtained which will
increas® the income of the farmer.
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(i) For 1987:

1. Improving the low cost cardamom dryer developed by
CPCRI with suitable modificatiocn,

2. Field evaluation of the dryer

(ii) For 1988

1. Fabrication of the dryer as per the modified design

2. Testing and evaluation of the dryer

(iii)For 1989
1. Determination of the capacity of the exhaust
fan to exhaust the moist air from the drying

chamber,

2. Testing of the dryer by usigyg firewood as fuel.
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The low cost CPCRI Cardamom dryer had been evaluated to know
the performance of the dryer. It was noted that the colour of
the dryed cardamom was fadded, This is due to the following

reasons.

(i) due to the accummnﬁétion of the moist air in the drying
chamber

(ii) cmxsxxmmxwExxie Condergation of the water inside the drying
chamber

(iii)Non-uniform hot air distribution in the drying chamber

By considering these points, the dryer design has bheen
modified. To avoid the accumulation of the moist air in the
drying chamber, and for the free flow of the moist air out, the
shape of the top over of the chamber is put as pyramid in shape
instead of flat top surface. To avoid the condensation, the sice
surfaces of the drying dhamber was insulated with the coir pith.
For more uniform hot air distribution in the drying chamber, a
distribution duct was provided in all the four sides and at the
centre of the drying chamber, The cap_city of the dryer is
also increased to 50 kg from 25 kg for effective utilization of
the het energy.

12,1, Description of the dryer:

The dryer consists of plenum chamber with heating unit,
drying chamber and top cover. These three parts are separate
pieces which has to keep one over another, Locally available
materials has been used to fabricate the dryer. The specificatiomn
of the dryer is given in the Table 1. The details of the dryer is

given in the Figure I,
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Tahle I, ‘Specification of the dryer:

Names I-!tx low cost portable green cardamém-drYer

D4

' Typé: Ba£ch tfpe_with tré§$
_Heating;mbde{\-Indireét heating'with firwood as fuel
Dimensions s Lengths"lgs‘m
| '-lWic';lth :l_l.dm.'
Height s 2.4 m
Capé&ity:.-2.5 kg 6f’frésh cardamoﬁ/tray"
.'No._-of'tlra.ya 20 . - | o ‘
I;Iaterials useds. MS _.angié, MST flat, Msﬁneet.:" |
| ] 2 | Agbeétos-sheét.'plywood‘etc;
Spécificati§n of.théexhauétfaﬁs P

Type: Ccentrifugal blower

o R -
Blower capacity : 3.8 m /Min,

Horse "power_ s 1/8 H.P -

s_peeé o 't ©940 rpm

E phaée : '+ Single’ E
. - -



\ . The plenum chamber with heatlnq unit 1s the
bottom most part of the dryer vhich is f;xed with
four leg sSupports.’ It has a trapizoidal in all four
_ s¥ides, on either side of the plennum chamber, 150 mm
wide opening is provided at the bottom along the .
_length of-.the dryer for air flow into the chamber, Thar'
" heating unit is fixed inside the plenum chamber. It |
‘consists of a cylinderical burneuing dhamber and two,
flue pipes. The. fuel will be burnt inside the burmew-
ing chamber and the flue ‘or smoke will be flow
throggh the flue pipes by which burning chamber and
flue pipes will get heated up. The drylng chamber is
of ‘rectangular shape and the sides of Whldieare
'insulated with coir vath. For more uniform hot air
distribution, hot air distribution dhtts made of
,perforated G.I. Wx sheet has been provided in all
sides and at the centre of the dryer._ provision has
. been given to keep ten trays on both the positlon of
‘the dryer. The trays are made up of wire mesh framed _L
by modern repairs, The shape of the top cover of the
drying chamber is py'ramid made of wxWmEkmX esleshs
‘cement .sheet fixed on the iron frame. A hole im
prov1deé at the top to exhaust the humid hot air.-
@rovision is made to fix a exhaust fan with 1/8 hp
' single phase electric motovon khis hole in such a
manner’ that it can be removed ‘away from the hole
whepever, Tﬁere,lslfzpower ‘supply.

12,2 Testingﬁthe dryers

K3

The cardamom capsule used for_ tastlng the
dryer were obtalned from Mercara.‘rThe dryer was
' tested without exhaust fawg operation by usxng
cocoriut husk as fuel. The fresh Cardamom was washed -
well with water and after draining the water, 2 5 kg-
‘of fresh cardamom wWas loaded in each tray° To heat-
the dryer,, the fueli?B was  started 15 mlnutes before
the Cardamom loadlnge ‘ : C . N



.

12,2,1; Temperature distribution in the drying
' chamber . - : J )

The temperature distribution insisfle the drying
"ahd plenum chamber was noted at one hour interval..
The mean value of the reading is given as below:

.



Position L R Ly Ry Lz RIP B FL = FR

Temperatdre - o IR
in °C 47.9 46.9 43,6 .44,8 44.3 42,6 64,7 72.6 -80.3.

B

—— - ——

Note: Ll, LS’ 1lo are the. readlng at just above the tray No, 1,5,
10 in left s;de and, 81m11arly R indicates rlght 31de chamber.

. B, FL & FR are the readlngs just above the drum, left flué
- pipe and rlght flue pipe respectlvelyol'

12,2.2, Drying Rate-'
For the determinatlon of the rate of drying Wlth resPect ;
to drying time. cardamom capsules were taken at 3 hours . _
. interval and then moisture content of the samples were found
' ®ut by oven method. The mean moxsture content of the sample .
with respect to time. is as given below. Y,

"

&

- - -—— - —

Time inhows .0 3 6 9. 12 15 18

.Moisture'content

% (wbe) . 8li24 78,81 74.32 70,77 64,94 61,75 52,98
- 21 - 2 27 30 33
© 40,25 32,17 21,56 12.62 7,89

— iy

12.2.3. Fuel feeding rates. . _ P

| : . From the ealier trlals. it ‘was notlced that the
colour of the capsules changed or dlscoloured when the drylng air
temperature gt just below the drylng chamber exeeeds 55°C. It was,
therefore, dec¢ided to malntaln the termnerature at about 50°C.
For this, the following way the fuel was fed into the burnlng
chamber. Here, the coconut husk was only used as. fuel.



Drying hours - Fuel'feeding rate number of Net task ‘ 

,hgsks fQ;Yevery‘}O m;nutes: chsumptiQn

o- 6 . - 2 - 3 ° 30 - 3
6 -1 2 e 2 48 - §60
18 - 24 - | 1 -2 . 18 - - 24
24 - 36 S R 24 - 36

i

'.all capsules were dried uniformly,

- _ - . Total: 120 - 156

.

- : Therefore the total fuel conbumptlon was 120 to.

| 156 numker of husks (30 to 40 kg)o Since the temperature'

Gistribution in the drying chambel is almost uniform, it
1is not necessary to interchange the trays. But capsulus
should be mixed well in all trays for every 6 hours once°
It was also noticed that in the first six hours of drying,
the xkXisex side doors of the dryer should not be opened.
At the end of .the ‘sixth’ hour, it wan be Opened for -
m1x1nc-the capsulesn The colour of the capsules obtalned
from thls=dryer was with- fedded green . colour. Only one
‘woman 'labourer is fufficient to operate thlS dryer., Slnc§
the capsules were sPread in thn layer and dried at low
Atempcrature air, at the end of the drying perlod, almost .

v
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, From the above trials itwas noticed that the colour
.of the cardamom was little faded which is because of_the
‘ aCcumuleti%? of thé,Z moist air ineide and Bbove the
"drying chamber., Therefare, it was decided to.test the’
dryer with the exhaust fan. And also the availability of
~ the coconut husk in cardamom growing areas“%ery less.'r
- Therefore it was decided to test with the‘flreweod as fuel.

' : , o . R
: A exhaust fan with l/BTHP,‘single phase'motorg‘
was fixed_at'theﬁexhaust pipe in such a way that it
can be move away from the exhaust pipe whenever it is
not being used. This can be achie#eddby rotating a hand

lever.

Then'the dryer was tested with and without
- exhaust fan-operating by using firewood as fuel,
“Trials were condiicted by loading 2.5 kg of cardamom
- in each tray. The temperature at Just above the burnlng
chamber cylinder. flue pipes, bottom, middle and top
trays on both sides and at humid air ekhaust hole. the
relative humidity of the amblent air and exhaust. air and
the exhaust alr floa rate were noted at one hour
interval. The cardamom samples were taken from the
bottom mlddle and top trays on both sides at 4 ﬁours

" interval to determlne the rate of drying. The quantity

. - of fuel and interval’ of feeding were also noted, T-he

fuel feeding was done to maintain the temperature of
,dryiag:; dring atr 45-55°C below the bottom tray. The

fuel tray with fuel waskept at one thrd- dlstance from the
open end of the burnlnd‘chamber. The iresh cardamém
capsules was spread on all trays in this 1ayers ané then the
trays were arranged in the drylng chamber .. " The door of

the drying chamber was closed tlghtly. Dryine was carrled
out continuously. The door of the drying chambevwas opened
once in foﬁr hours of drying fdér taking samples. The '.
capsules in the tray was mixed well and the trays.

were 1ntenchanoed in such a way that the top tray should
‘come to the bottom of other portlonJ of the drying chamber .
The drying was continued tlll the mofsture content of h
capsules reached 8 to 10 per cent (w b.) moisture content

E

level,



| 12.3, Results ahd_ﬁiscussion:
‘  The drYer performance data aré given in the
TabléﬂII. About 2.5 kg of fresh cardamom can be spread on )
each tray. Thus, about 50 kg of fresh cardamom could be
dried from 80 per cent (w.b) to\8-10 per cent (w.b) m01sture'
content._ The total drylng hours is 30-32 hours using 25 kg
of firewod as fuel and 34-36 hours’ using 21 kg of flreweod
as ‘fuel with and w1thout exhaust fan reSpectlvely.f It was
observed that good colour cardamom were obtained when the
dryer was operated with exhaust fan. '

-

12,3,1, Heat distribution:

. To know the heat distribution in the drylng L
chamber the thermometer readlngs were taken at just above
the bottom, maddle and. top trays on both the s;de of the
drying chamber

-

Position B Fl FR Ll 'ns R RL RS [Rlo

— = e e -

Temp~ Without '57. ,60- 60, 1 63 0 40.6 45 1 50.8 41. 9 435 8 50.6
erature fan _ _ . ‘
°C With Lo _ U ,

- fan 50.6 56.2 60.0 43,3 45,2 47.7 40,9 44.7 45.4 .

. Note: B, FL & FR are the readings jus above the burning chamber
drums, left side flue pope . and right side flue pipe ..

respectively. L-left side,. erléht side, the suffix

LY

number indicates the tray~nu@ber from the top.

— . -
-
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-It is observed that the temperature distribution is more
when the exhaust fan is used. Because of this the drying of
the cardamom is almost uniform. In other case where the exhaust
fan is not used, for gettlng uniform drying, the tray posltlon
is cnanved for once 1n every 8 hours of drylng.

1ati ity of + :

The selative hunidity of the exhmust humid air coming
out from the drying chamber was calculated by using its wet
bulb and dry bulb temperature. The mean value obtajned is

given in the table.

Moisture Drying Vblume of
Time RH in content rate the ailr
Hours % - (W.B.) kg/hr when fan is
, . ' not used
m?/min.
W.F Wor Wi - WOF WE WOF
O 2& gﬁ 8202’4 79001 - A - 1-12
2 75 &a 79 - - - - 0,840
4 85 72 T7.61 76,95 24585 1,117 , 0.640
6 83 80 == - - - 0 0.69
8 80 80 70,97 . Ti.24 2,268 2,268 - 0.760
1Q 55 - - - - - 0.810
12 51 70 54,82  59.04 2.734 2.721 0.84
14 53 60 - - - Co- 0,88
16 50 50 41,04 46,62 1.149 1 h9 C.88
18 55 45 = - - ‘
20 60 50 28,90 34.57 0.643 O 905 0.9
22 61 55 - - - 0.98 "
24 50 53 15,31 25.61 0,371 O. h85 1,04
26 43 48 1.05
28 48 L7 13.81 19,43 0,176 O.ZZ1 1.08
30 40 4 11.38 - Q.142° - 1.1
32 38 45 8,94 14,60 0.134 0.111 1.2 —
5“ 40 R ’ ' . 1011
36 40 10,80 0,105 1.12

. o i R pee M P e N KL LT T E e e b b B b s el B Y et WY e e T LR T N il

W.Fe with fan WOF w1thouL fan Table 1. Drylng parameters’

~, ’



. . In both the cases, RH of theyeXhaust‘air'is
‘rised tormaximum immediately after the drying is started and
then it is decreased ) Then agalnst there is a llttle increase
durlng 20-24 hours of drying. ‘

12.,3},3° Moisture removal rates

t v

 The moisture content of the cardamom wés deter-

.

mlned in 4 hours internel and the same is given in. the Table 1.

The m01sture content is expressed in per cent wet hasis._ The
ideal storable moitture’ content of the cardamom is 10-11 per
 cent (w.b), Thus, the drylng time is 30=32 hours while the
exhaust fan is'used and 34=36 hours withzut fan. The colour.
of. the ‘cirdamom is also good in the case of former . and there
was litle fade 1n the latter case.

12.3.4 Drylng-rate--

-

_ The guaktity. of m01sture removed per unkt time
is Calcﬁlated and given in the table 1. In both the cases,
the‘drying rate i maxXimum during 8-12 hours of drying. when
the drying was done with the fan, the drying rate increase upto-
4th hour and then it is decreased in 4-6th hours and again
" it 1ncreased to peak. . . '

112;3,5. Quantlty of moist air exhausted- ‘ S
By using anemometer, the blowing air veloclty

. was measured, The mean air velocity is 6.339 ;n/sec,. The
air vent size is lOC x 10Q mm, Thus, the rate of removal of
m01st air is. 3 8 m /mln. When the ‘exhaust fan is “not used,
the rate of removal of moisture is varying which is given in
the.table 4., When there was no load in the dryer and the
drying chamber air temperature is about50°C the volume of
air movement at vent is 1. 12m3/’m-1n°

it



12,3.6 ~ Frequency of fuel feeding:

, The frequency of fuel feeding was observed
:to be dlfferent for’ both the cases._ When the exhaust fan
'is used, the rate of fuel feeding is as follows, For the
first 13 hours, 500 gm of firewood is used for every
30 minutes, In the remaining hours, it,is 500gm for every
.40 minutes, When the fan is not used, the fuel feeding .
 rate;is.unifomm through out the“périod at theé rate oijOCgm
for évery 30 minutes,. Thus by féédfng'the fuel as mentioned,
the temperature of drying chamber can able to. malntaln at
40-50°C ' -

12,3.7 Dryer Performance:

. The overall performance of the dryer for both
" the case is given in the table 2 ' o

Method - Capaéity Drying Drying QutyQ'Cosf:onuality
' . ) air - . time - of. drying of pro- .
h temp, hour fire- Rs/kg duce
' ~ wood o
- kg"r' IR
Forced 50 kg © ©40-50  30-32 25 1.24 - Good
air , ' LA ‘ T ,
(with fan) o . |
Natural 50 kg  40-50 34-36 21 1,12 . Little.
connect- . ' . . . fade
ion (with - e : : :
out fan) _ ' N

12,5, Conclusion:' A low cost portable green cardamom dryer
has been developed to dry 50 kg of fresh cardamom. A provision

'1 has ben prov1ded to fix a exhaust fan to exhapst the moist

‘hot air from the drying chamber. The fan can blow.3,2 mz/mlno _
of” air, The.dryer was tested with and without exhaust fan by '
using firewood ae fuel, It_is‘a baﬁcﬁ type dryer with 2C

~ _trays of Capacity 2.5 kg of fresh cardamom in each tray;. It

v .



can’ dry the cardamom with exhaust fan in 30-32 hours by using/ -
25 kg of fieewood as fuel, 1In other case it is 34-=36 hours
and 21 kg of firewood. In both ‘the Case the drylng is

continucus.

The dryer is mainly consists of MS angle
framework with asbestos sheets. The drying chamber is

“ly

1nsulated by packing coir dust in between the zsbhestos
'=and plywood sheets, ' Provision is also made for uniform . .
heat distribution 1h the drying chaMber. By controlled
fuel . feeding the air temperature WaS maintained at about,
45-50°C in t#e drying chamber. - The cost of the dryer
is Rs, 5500/~ and that. of the blower “is Rs, 1500/--° The
dryer can’ be easily transPorted from onre place to another
as it can be e9311y separated into three parts, It <can
be fabricated locally with moderate Workshop facility..
The overall dlmen51on of the dryer ‘is length 1:5m; width
1.0 m; Height = 2.4 m, ‘ ' ’ '



Sosh snalysist

The cost snalysis of the dryer is done for assessing the
. eschemis viability. The smalysis is dome for both conditions

with the follpwing asswaptiont
Cost of the dryer
idite tine of the dryer
Fusber of batahes in & year
Capaeity (fresh cardemen)
Puel consmption (Plrewod)
- Klsetricity sonmmption
Fined cost per batald -
(1) Depresiation

(1) Intereat @ 15% of the average
cost :

Total fined cost

mmu:tpcrhaw
(1) ledowr charge

(11) Cost of repeir ant maintenance

@ &% of initial cost
(354) Cost of fusl @ &.0.50/%g
(1v) Cost of elegirieity
Totel ruaning cost
Total operating sost!
Total oost of Arying per ki of
fresh cardamom |

Total esst of drying per kg of
N

dried scardmsmom

5500

10 yeoars
80

30 kg
& kg

825

756

il

15.81

25,00

3.67
10,50

I ——
39.47

54,58
1.10

5.50

Btk £

7000
10 yoars
70

50 kg

- 21 kg

3 wmita

9,00

- 18.63

25,00

&.87
12.50
3.00
X
63.80

t.28

e

- 6.38



13. Approximate expenditure incurred in the Project: (Give reasons for variation, if any, from original estimated cost)

Rs .5000/-

£4. Publications and material (one copy each to be supplied with this proforina)

a) Rescarch papers to be written
b) Popular articles to be written
<} Reports -

d) Seminars and workshops (Relevant to the Project) in which the Scieniists have participated :

Annual Workshop of AICRF on H & PHT during 1987
and 1990.

c L

e} Material developed (such as new varieties of creps or brecds of farm animals, implements, products, etc.)

A -low cost poreable green cardamom -dryeg has

been developed,

Cyptet
1

13,  Details (Nos. ¢tc.) of Ficld/Laboratery Note books and nal material andd their location

Observation taken during trials in Technology Division




16. Comments/suggestions of Project Leader regarding possible future line of work that may be taken up arising
of this project:

= NIL=

17, Signatures with name of Project Leader and Associates*
K:-'_“_) N B{/\,\’\ D\/\/\ i%\‘/‘-\./’\ﬂ
S. John Don Bosow
(5JD BOSCO)}
i8,

Signature (with comments, if any) of Head of Division/Section/Station:

This dryer will be ef much use to smallholders as it
can be fabricated locally, cost of the dryer much less, and
capacity of the dryer 50 kg. The fuel used is the agricultural

waste, fire wood etc, which is available in plenty in cardamom
growing areas. : Shri Bosco has done a good job.

(K .MADHAVAN )
HEAD, TECHNOLOGY DIVISION

19. Signature (with comments, if any) of Director:

SV

MK NAIR )}
Director
Centra! Plantatian Gaps Desacrlh fastitute
KASARLGDD - 670 124




