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Abstract - Chemical ingredients in rosella petals are very beneficial for health. Rosella petals needed to be drained for storage and
packing purpose. The traditional drying takes 5 days and less healthy. Solar dryer technology can speed up the drying process and
protect materials from dust contamination. Solar dryer with double glass covered collector has been designed and made for drying of
agricultural products such as rosella flowers. Rosella petals as much as 2300 grams with initial moisture content of 90.84 % be dried
with this dryer until the moisture content of 7.67 % takes only 2 days, although the weather was less sunny. The temperature in the
drying chamber was not more than 50° C, so it was good for drying groceries, not damaging chemical ingredients. The relative
humidity in the space dryeris was about 40 % and it was still relative low. Drying rate and drying performance was expressed by the
efficiency and Specific Moisture Evaporation Rate ( SMER ) were influenced by water content of the dried material and weather. Daily
efficiency at the first and the second day: 14.931 % and 5.78%, while the daily SMER on the first and the second day: 0.222 and
0.0256 (kg / kWh)..
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[. INTRODUCTION hygroscopic, then for the purposes of processimysiorage

Red rosella Hibiscussabdariffa ) is a plant of the tropics they should be drained
and subtropics bleak regions of India to Malaysiad a  Traditional drying with exposure to direct sunliglegn
Indonesia. Rosella petals dark red are thick ainy jthey are cause loosing/reducing antioxidant capacity, ands ilso
part of a plant that can be processed into foocdymts. relatively take long time (Daniel, et al., 2012)adgd on
Rosella flower petals contains of gossypetin, aryhain, and information one of the manufacturer the Rosellaigetre in
glucidehibiscin, which are useful as an antioxid@specially Prambanan Yogyakarta, to get dried Rosella petats w
anthocyanins), prevent cancer, control blood presswage traditional drying takes 5 days. The drying procesder the
the blood circulation, prevent atherosclerosis ansun is also not hygienic because it is placed énajen place
anticarcinogenic  (Arroyo et al, 2011).According Wwhich causes cosmic dust contaminated the pethishvmay
Sudarmayanti and Yunus, (2011), every 100 g stlta contains viruses or bacteria. Beside of those, thegt be
petals contains 44 calories, 86.2 %0 1.6 g protein, 0.1 g taken and stored as soon as the weather changrisés the
fat, 11.1 g carbohydrates, 2.5 g fiber, 1.0 g 460 mg Ca, drying takes very slowly. If the drying not perfeittcan lead
60 mg P, 3.8 mg Fe, 285 mg of beta carotene eauit/).04 to mushrooming product then rot. Daniel et alQ1@ )
mg thiamine, 0.6 mg riboflavin, 0.5 mg niacin, ahdl mg investigated the drying of rosella flower petalghahot air
ascorbic acid, 7.6 % moisture, 24.0 % protein, ZhJat, flowing was about 40°C - 80°C, the air velocityrfrd.75 to
15.3 % fiber, 23.8 % N - free extract, 7.0 % asBB, @ Ca, 2.25 m/s. Required a heater and air booster, seeitled cost
0.6 % P, and 0.4 % S. Because the rosella pewlisiay and for electrical energy.
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The drying process of a material is a dehydratimtess of
any material that occurs because the complex psoufekeat
and mass transfer.
parameters such as temperature, humidity andoair ds well
as the material properties of the dried materiahsas surface
characteristics, chemical composition, physicaldtrre, size
and shape of the product. The principle of solayedr
technology is to use sunlight to heat the matemal also heat
the air as a medium dryer. The solar dryer if desig
properly will have some advantages that provideastef
drying rate, reduce drying area needed, protectatenmals
from dust, insects, birds and animals.
Classification of solar dryers can be divided bg Holar ray
contact materials dried and also based media floyerd.
(Sharma, etal., 2009; Jairaj, et al., 2009; Laljtd¥lal., 2011).
The type solar dryer by sunlight exposure to thedpct is
dried, there are three types:
a) Direct Type is: the dried product is directlypesed to
sunlight, so that the product is as absorbing Hieah
direct sunlight. Hair type straight there are som
disadvantages such as slow drying due to sunlight
converted to heat by a waterwheel dried produdmes
product changes color or taste for products in atire
contact with the sun.
Indirect Type is: Dried product is not exposeddirect
sunlight where the product is exposed to warmheit has
been heated by using a collector of solar raysheat
exchanger. This existing type of the dryer, gemgtave
use separate collector, thus requiring large aned
usually used force convection with the help of @@r or
fan.
¢) Joint Type : Hair merge two principles mentiorazbve,
where the product is exposed to direct sunlight el
media fed simultaneously heated air dryer on thiector
simultaneously.

b)

Type Solar Dryer by media flow dryer (air) hitseftiproduct
stream there are two groups:

1. Natural circulation is air flow naturally basedn

temperature differences and the differences in toas
content in the air conditioning. This dryer low ogting

costs, because it does not require the help obaedsl or

fan that driven by electrical energy. This dryermsre

attractive for use in the developing areas that rawe
electricity network.

Forced circulation is an airflow hits the drigabduct with
the help of resources like push blower or fan sathed to
force dryer air flow.

Collector solar dryer with doubles glass lid, irdihg indirect
type solar dryer. Collector converts solar enengtp iheat
energy. The heat is used to heat the drying aith \Watural
air circulation inside the drying chamber, it does require
electrical energy for air flow as well as for heati Drying of
rosella flower petals using a solar dryer with deublass
covered collector will improve the quality of dretals and
accelerates drying time. In the evening, when tlyerdis not
sun-drenched anymore and the rosella petals ammeuathry
drying, they are left in the drying chamber to dgain on the
next day, until they are perfect dry.

This process depends on exter

a

Il. MATERIAL AND METHOD

%‘)jl.ll\/laterials

Rosella flower were obtained from farmers in Prandn
village. Rosella flowers were wash with water anigdl The
flower petals were cleaned, then they were weighagkt the
total weight of rosella petals and some of themewgaced
separately. After that, both of them were placethandrying
chamber. Beta carotene, anthocyanins, and carbategdr
proximat in rosella petals were analyzed.

2). Instrument

Solar dryer with double glass covered collector hasn
designed and fabricated with dimensions: length t&Q
width 80 cm, height 75 cm rear, front height 65 evhere the
rack from the bottom 20 cm. Rear door 25 cm widelByem
distance from the bottom . The dryer consists ofChllector
solar rays, which consist of black corrugated pl@itack
body) to convert light into heat solar energy. hder to heat
insulation is given the transparent double covdasg). 2)
rying chamber, 3) dryer rack, 4) rear door 5)vaints. The
ryer was classified as indirect type and natunautation,

vith a shape like a dryer cabinet

W

Figure 1 : Sketch of Solar dryer with double glesser
collector

Data collection was carried out with the equipment:
Pyranometer to measure the intensity of solar tiatia
thermometer, hygrometer, digital scales and intedaas well
as data to the data longer acquisition. The datakisn from
sunlight intensity or solar radiation (G, W/m2),iglet of the
sample at any time (Wt), top cover temperature ,(Tpg
black body temperature (TBB), the temperature efdtying
chamber (Tr), relative humidity (RH), the data waken
every 5 minute intervals during the drying proceSiter the
drying process is completed/terminated then thengright of
the sample in the analysis of the sample, usingtlen at a
temperature of 80° C, to obtain a constant weigfk)(

The moisture content at any time during the dryimgcess
(Mt) can be calculated on the wet basis or dryishache
moisture content on wet basis by comparing the edf the
water with a wet weight.

_ MMy
==

M, 1)

151

© IJSE - ISSN: 2086-502315t October, 2014, All rights reserved



Internat. J. Sci. Eng., Vol. 7(2)2014:150-154, October 2014, Tjukup Marnoto et al.

To achieve the moisture content below 10 % in theelta
The moisture ontent on dry basis compared withdhe flower petals which were dried by using solar dipsk 2

weight days. Solar radiation data (G), Relative Humiditgide the
drying chamber (RH), temperature drying room (TRda
M, = M —My (2) Weight of materials at any time during the dryinggess is

Mic . _ . resented in Figure 3 and Figure 4.
Assuming that the moisture content in the dryingkreosella P g ¢
2500 - - 90

was uniform at all times, it can be calculated ight of any o
time (Wt) during drying, by multiplying the ratios/tweight of 2000 4 ——G Wt R =T B0
(Wb) and heavy samples (Ws0) initially, and sampéght T g
at anytime (Wst). L 1500 I ig 3
£ |2
= CA
W, = ﬂ-‘/Vst 3) $ '\ S
Wso E‘ \ E
o 500 Q20 a
According to Singh and Kumar (2012), dryer perfante g
can be demonstrated by the efficiency of solar mdryare *ona L
expressed as the ratio of the amount of moistur th ' ' Time; 27/08/13 ' '
evaporates and intensity of solar radiation onciéector at
any given time. Figure 3: The intensity of the solar radiation, enetls
Weight, Temperature and Relative Humidity dryinguctber,
_ Wio-Wok at any drying time.
= St (@)
Performance of solar dryer can also be experesg&peécific e TG WL e =T 23
Moisture Evaporation Rate (SMER) (Chua, Chou, Ho, & 12001 0 £
Hawlader, 2002). This is defined as the ratio ofoam of T 1000 60 g
water that evaporates and energy for drying g“' 800 S50 2
& 600 40 i
SMER = Amount of water that (.evaporates (&) é 200 30 §
Energy for drying kWh [} - g
200 S0 E
0 T T T T 0
_ (Wyo—Wp) [ kg 5:24 748 10:12 12:36 15:00 17:24
SMER = m (m) 5) Time, 28/09/13
Figure 4: The intensity of the solar radiation, enitls
1. RESULTAND DISCUSSION Weight, Temperature and Relative Humidity dryinguctber,
Drying process of rosella flower petals monitored b at any drying time.

weighing the sample in the drying chamber, meagutire )

intensity of the solar rays (G), black plate terapare, The weather on Friday and Saturday 27 — 28 Septefie
ambient temperature and relative humidity dryerergvs Were not bright shown in Figure 3 and 4. The sodaiiation
minutes. The weather when drying process was nightpr Was not constant during the drying process. Onalyrid7
which shown intensity of the solar rays were alwelyanging September 2013, the collector plate temperatusehes
uncertain, so for clarify the data has integratedtd time 101°C at 11:32 a.m. and the highest temperatureryhg
every 30 minutes’ as shown in Figure 2. Which shtves chamber was 48.1°C at 11:42 a.m., while the Rdaativ
intensity of the solar rays every 5 minute andrtsilts of the humidity reaches below 60 % at 07:52 am and it inoet

integration of 30 minutes. decrease adn it was constant betwen 30-40 %. Shavew
relative humidity drying process goes relativelycily after

1600 - around 08.00 a.m. In the afternoon, drying prodssstill

1400 - —Gt going on that shown with the weight loss of rosdltaver

1200 4 —m—Gint petals, because the relative humidity in the drysthgmber

was below 50% although the drying chamber tempegatu
approaching the ambient temperature that i$C320n
Saturday 28 September 2013, the collector platpeemture
up to 97C at 12:10pm. and the highest temperature of the
drying chamber is reached 4929 at 12:05pm. With the
temperature around %D, drying process is very good for
agriculture product because the chemicals mater@itained
such as vitamins and anthocyanins will not dam&ggative
humidity reached below 60 % at 7:25 pm and at midda
decreased to 20 %, this is because the materiariesd
enough, that water entrained dry slightly, so thatew
evaporation rate is slow but quickly drop in retlathumidity
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Figure 2: The intensity of solar radiation on 092023
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and the afternoon at around 4:00 pm humidity i®Wwel0 %.
Relative humidity within the drying chamber was |atwvas
possible that additional capacity dried materiathia drying

chamber, because the diffusivity of water in certaaterials.
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Figure 5: Decrease the humidity of materials amdoneal of
water from the material, during the drying process.

Figure 5 shows that the moisture content of thecdmaterial
is initially wet basis and 90.84 % on the first ddydrying the
moisture content reached 76.67 %, while on the rebatay

much lower than the first day, although the sotdlector was
not much different override is 21.12 kJ on thetfitay and
18.80 kJ at the second day, it was because the watéent
of the material as much on the first day, it carsaiel that the
dryer performance was affected by the moistureestrdf the
dried material or influenced by the amount of watext can
be evaporated. Referring efficiency or SMER wal ktw
and the effect of the amount of water to be evapdran the
performance of the dryer, it was still possiblecreased, or
need to vary the amount of load dryers. Daily éficy on
the first day and the second is 14.931 % and 5.748Btle
daily SMER on the first day and the second wer@2®.2nd
0.0256 ( kg / kwh)

V. CONLUSIONS

The weather on Friday and Saturday (27-28 September
2013) was cloudy. The time needed for drying Rasp#tals
until 7,63% water content was 2 days, it was muahefr than
using open drying system. Drying rate became faattar
08.00 A.M with relative humidity under 60%. And dhe
night the water release process still on going |uatr
humidity was about 80%. On Septembel" 2¥here water

reached 7.63 %. In the evening the moisture contea® degree inside the material was above 76,67% wighest
decrease to 70.42 % or moisture evaporation as nasch drying chamber temperature 4%1on 11.42 am, and on

190.85 grams. That happened because the relativédity
still low in the afternoon and there was still sohat in the
drying chamber (the heat storage in the drying dieam
board ), so that the release of moisture run unélrelative
humidity 80 % was almost the same as the surrogndin
The release of moisture from the material on the flay up
dried to 1397.365 grams and on the second day #1068
grams, while in the night it was 190.85 grams. Tae of
moisture decreased was inversely proportional ¢oréte of
moisture release from the material, from the coispar of
the data with the first to two day shows that thkease of
moisture was also influenced by the moisture candérthe
material. On the second day after the moistureecdrielow
14% relative humidity conditions and
temperature also the moisture content increaseghtilj it
was because the material at high humidity was stife to
re-absorption of moisture.
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Figure 6: Efficiency and SMER hourly.

Performance of dryer can be detected with therriigiency
and Specific Moisture Evaporation Rate (SMER) idighcy
and SMER every hour during the drying process @asden
in Figure 6, the performance of the dryer on theoed day is

the material

September 28 material’s water degree has lowered with
highest drying chamber temperature was 49@n 12.05 am.
That temperature range was good for agriculturatipet and

it was r 0 damaged chemical substance on the produc
Drying ¢ ormance was affected by moisture amooht
dried material or by moisture amount that can kdrdtyd and
external factor such as weather. On this reseafticjency
on first and second day were 14,391% and 5,78%evdlly
SMER on the first and second day were 0,222 ani@5,0
(kg/kWh). Drying capacity was still possible to ige or in
the next research capacity of the dryer can becamable.
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