=
IMPACT: International Journal of Research in — o e
Engineering & Technology (IMPACT: IJRET) M Hﬂ]ﬂ] ) _,r.% L
ISSN (E): 2321-8843; ISSN (P): 2347-4599 AP SEASE A A
Vol. 4, Issue 5, May 2016, 59-72 ' s " r :
© Impact Journals ‘

EXPERIMENTAL STUDY OF DRYING OF A MEDICINAL PLANT
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ABSTRACT

Solar Panels Application For Low thermal dryingthe level of exchange with the air in the use ohaiyic
thermal vein panel Pour them improve heat trangfefin Improve the relationship between the temp@me and the
thermal efficiency of a solar panel system andlajing to reduce drying time ginger.drying of tHamt by the medecinal
Solar panel variable baffle the result and rethim quality of the fiber after drying It can be usedfight infections,
fatigue, muscle aches and especially digestive lenab (vomiting, diarrhea...). Ginger also has aglsiac properties,

antioxidant and antibacterial.

KEYWORDS: Solar Energy, Simulation, An Air Heating Plane $dtanel, Temperature and Thermal The Solar Panel,
Drying, Ginger

INTRODUCTION

The study of the performance of solar panels véggabaffles allows the thermal losses between liserder and
the limited environment. Recent studies have placsgecial emphasis on the flow of refrigerant ageans of optimizing

performance.

Methods have been proposed to deal with this abgcZugary and Vulliere [1] sought to limit theskes near
the fore part of the solar panel; two other redeans [2, 3] centred their work more on the absoribae research [2-8]
showed that placing baffles in the dynamic airameof the solar sensor variable baffles allowsuleht air flow created
which in turn stimulates the exchange of heat cotiwe between air and absorberl'étude the perfocmanlar panels
floating baffle allows the thermal losses betweke #bsorber. the results are improved due to tbaecten of the
hydraulic diameter (Dh) relative to the performanfesolar panels without baffles. In the air floagsage, the Reynolds
number is calculated on the basis of the maximulwcity (Vm) which corresponds to the minimum aiwvl duct section

(Smin) and resolved by suivavnte equation:

Re= VinDn _ Qu-Dn with Dy, =2d
\Y} V-Smin d+/

By d<</ = d+/=¢ so Dy =2d
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S 2Q
Posingb'=1-™" weare Re=—Y—
d? v/ (1-b" W

Dy the hydraulic diameter of the duct

b: the blockage coefficient in the air vein

The coefficient of heat exchange by thermal coneacfHCCF) is a function of the Reynolds numberisian
increasing function Re, h does not increase. Whémcteases', both Re, HCCF, increase. The minimiunficav duct
section (Smin) is dependent of the shape of thitelsatheir dimensions and their arrangement wédpect to each other.

The following three position fasteners solar cdbbedas baffles variables were studied:

The flow becomes turbulent and girls strecturedevotakes place very close to the absorber to whichs
oriented and heat transfer is improved. the heasfer capacity from the surface of the absorbaeases, and improving
the efficiency of the solar panel has variable Ieaffforms already studied [2], the results shoted with low air flow,
efficiency increases, while air with high flow raea given value, efficiency tends to decreaseeMthe air flow is very
strong, vortex bursting are much more obvious tleainsulation material. This positioning of thefles results in a less

efficient performance. Indeed, at the ends of thdds, the air temperature is lower than it ihmabosrber.

» To improve the performance of this second positemme of the intermediate baffles can be fixed ten t
insulating material which will carry the airflow the absorber [2]. In this case, the losses irsthar panel

will be higher and will increase its thermal inarti

The shape of the baffles affect the flow of airidgrits trajectory. The absorber is well irrigateeldlucing inertia
areas, creating turbulence and lengthen the patheo&ir in the solar panel variable chicane. Aefidrand systematic

study of several different methods of arrangemétheair flow paths in solar panels

The first part of this study deals with a companisd the results, first using solar panels withbatfles (SC) and
with varable baffles. Of these, two types have bsdeacted, namely dual longitudinally curved Deli@form (DCL1) and
shaped Ogival Curved longitudinally (OCL1) varabigffles. The second part concerns the results riddaiising first
solar panels without baffles and with DCL1 bafffes GINGER drying. In addition, to conduct experim that highlight
the effects of baffles even further, Ginger (mathitithe plant) were dried using a solar panel plediwith Transversal-
longitudinal (TL) of the same type those alreadyd&d [4]. A comparison of the results shows that $olar panel with

variable baffle is much more efficient.
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EXPERIMENTAL DEVICE

solar SRR :l‘_gupbo?:d
simulator sl il I ok i of drying
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Figure 1. Experimental Device

The solar panel has variable baffle with an aieatn consists of (Figure. 2) a transparent, withpassage,
polycarbonate cover 1 cm thiek.transmission coefficients (tc) and emissivity &@lse t are respectively 90% for
wavelengths varabke absorbers composed of a aluminum foil having ektiéss of 0.4 mm Thermal conductivity (aA)
and absorption (Ka) coefficients are respectivél¥9and 205W / M.K. The distance (d) on each sidthefabsorber is
0.025M. a 5cm material that can withstand tempeeatof 90 ° C. The coefficient of thermal conductivity (Kis) is equal
to 0.04 W/ M.K.

The solar panel has a variable baffle withe arastreonsists of (Figure. 2)
* Atransparent, with air passage, polycarbonatercbeent= thick The transmission coefficients) @nd emissivity

» (Iseau). are respectively and 90% for wavelengt$able absorbeur composed of a aluminium foil hgwvéa
thicknesso of 04mm. Thermal conductivity (Aa) arfis@ption (K) coefficients are respectively 95% and
205W/m.K. The distance (d) on each side of the ddesds 0.025m

« A 5 cm material which can resist temperatures highan 90°C. Its coefficient of thermal conductviKs) is
equal to 0.04 W/m.K.

cover

Absorber plate
Air in (T,) =—> hardboard > Air out (Toc)

Figure 2: Solar Air Flat Plate Collector without Obstacles
Too, the shape of the inlet (details A) and ouiliettails B) of air of the solar panel have to beefidly arranged
so as to avoid heating any dead zones. The bafledixed on a hardboard sheet just above the fyoiyse plate. The

experiments took place at Valenciennes in North-Eeance, the co-ordinates of which are : latituge= 50.3°; altitude :
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Z = 60 m; longitude : L = 3.5°, and on a day inyJwhich was considered typical of mean solar titn& {Figure. 3) and
which corresponds with the average for the yea@819999 and 2000 [9].
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Figure 3. Variation of the ambient temperature and the insolation during the characteristic day of July, at Valenciennes —&— global
hourly insolation (Igs); A~ ambient temperature (T,)

RESULTS AND ANALYSIS

Improvements to the Ratio between Temperature and fermal Efficiency
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Figure 4 : Evolution of Thermal Efficiency (Where Igs = 1063.5W/m?) and Charge Losses in Relation to Aklow as

Concerns WB Solar Panels and those Provided with Bérent Types of Baffles (.E. DCL1, OCL1 and Then TL), as

at the Valenciennes Site

However, the blocking effect of TL baffles enablesvery turbulent flow to be created and, consedyent

provides a very good level of thermal intercharigées worth noting that the resultant charge losm&svery high because

the air flow through the duct is very weak companétth that attained with other types of bafflesthermal efficiency of

50% obtained with a specific flow of 23m3/h.m? @sponds to a temperatureyg) of 104°C,i.e. an improvement in

temperature (J of 75°C at the solar panel inlet. These resuksdecidedly better than those obtained when usiagl

or OCL1 type baffles. The lengthening of the disecovered by the air in the solar panel duct tesalan even better

interchange of heat between the coolant air andliserber.

Improving Drying Time

Dating from the early research work of Lewis in 1927] and Sherwood in 1929 [18], techniques ofrtyyhave
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been the subject of many scientific publicationd aontinues to be a priority field of research,exsgplly in respect of
countries where traditional methods remain in usk are essential for want of better. As it is rgadvailable at little or
no running costs compared with other sources ofggneuch as electric resistors [19], solar enegybviously an
alternative. At Valenciennes, simulated solar epengs used to carry out experiments applied tondrypre-dried

GINGER,; the simulator was conceived to provide dtiowks of a typical July day.

For solar energy to be harnessed effectively, icedifficulties have first to be overcome and todwhieved with
the help of technically viable and economically fitadole systems. The choice of the type of dryecasditioned by
whether or not the product in question can withdtemiar radiation; it also has to be made betwéttdor indirect dryers
and depends, too, on the commercial value of tbhdymt. Since the performances of absorbers areehtpan the thermal
conversion capacity of the product, the use ofraliréct dryer is the more effective. The systemeurstudy is therefore

an indirect solar dryer functioning by thermal fedcconvection.

The quantities of heat (Precovered by the coolant fluid, as far as theodi®r is concerned, depends on the
efficiency of the solar panel used. Given that ¢hgsantities are proportional to the variationseimperature between the
inlet and the outlet of the solar panel, the raspiesented above show that a solar panel providtedbaffles functions

more efficiently and so baffles are essentialrfgt because they reduce drying times.

In our experimental work, the objective is to caomt drying by a simulation of solar energy. However a
given air flow, we wanted to study the variationsertain parameters of the drying process adfareiit times during the
typical day under consideration. In view of the siderable expenditure that could be involved irirsgtup a real-life
operation, the use of thermal forced convectionld/@eem to be less suitable in applying the findingour small-scale
experiment to a large-scale situation. Nevertheiesguld be profitable to take advantage of naftaonvection in a solar
chimney. Its application is, of course, all the mealid in geographical zones deprived of electnzaver. The choice
depends on several factors, including the quamtitthe product to be treated The choice betweecetbrand natural
convection depends on several factors, in partiariahe quantity of the product to be treatedthencapillary structure of
that product and its nutritional value while notgleeting the financial budget available. Drying ¢ins indeed of
paramount importance. As regards large-scale {imdlls concerns, an external source of energy iguneed. Where
electrical power is available, even if weak buaataffordable rate, it is logical to make use dbiactuate the ventilators,
blowers or other devices necessary to increaseetiidency of the system. Where a system functianith natural
convection in a solar chimney, the driving forcegoévity is created by differences in the densityaim between the
exterior {ambient conditions} and the interior dietchimney. The height of the chimney, which infices the efficiency
of extracting air, is a factor that has therefaréé¢ adequately investigated. Pasumarthi and gRéjihave shown that for
a given height and an increasing solar flux, tmeperature at one and the same given point in theray also increases.
Heat interchange improves but the total chargeckosd the system, which are proportional to thelhteof the chimney

and to the differences in air density, increasesictarably.

Prior to setting out the findings of our experingra brief description of the type of TL baffleedds called for.
The height of the large (transversal) baffle is 2B and that of the small (longitudinal) one is 1 ¢Figure. 5).
The surface Ais1.28 m2.
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Figure 5: Solar Panel Equipped with TL Type Baffles
[Kge/KgMS: kilograms of water per kilograms of dlienass of the product]

To study the influence of the flow of drying air drying time, it was considered of value to use fleas, one of
31.3m3/h.m2, the other of 70m3/h.m2. This adjustnmade with the help of a ventilator (solar siaor). The air flow is
measured using a “Jules et Richard” anemometer avitld cm diameter propeller. With a flow of 31.3m32, drying
times at the first (bottom) tray (Figure. 1) talgeta 8 hours as regards the solar panel fitted M1 baffles, 6 hours 35
minutes for that with TL baffles while the longéishe taken was with the WB solar panel. There hesefore reductions
of drying time of 49% and 59% in comparison witle %/B solar panel. The final content of water cdbecin the WB
solar panel is only attained after 14 hours 10 teiswf drying time (Figure. 6). The air coming frohe level of the first
tray is still heavy with moisture and, consequeriity this same air flow, drying time at the lewdlthe fourth (top) tray
takes longer for all three types of solar panetduBy increasing the flow to 70m3/h.m?, dryingédsrdecrease in each of
the three solar panels. As drying is brought altguforce of speed of the flow, this faster flowuks in a more rapid

evacuation of the moist air.

By increasing the flow from 31.3m%h.m2 to 70m3/h.rand as regards the solar panel with DCL1 bafties
drying time at the first tray is reduced by one hae. a relative reduction of 15 % whereas a relativRiction of 13.8%
is attained using a solar panel with TL baffleseTdrying times at the level of the fourth tray agspectively 10 hours
(DCL1 baffles) and 8 hours (TL baffles). Comparthgse results with the performance of the solaepaithout baffles,

and with a flow of 70m3/h.m2, the reductions inidgytimes at the first tray are respectively 27% 88.5%.

Xps (Kgwater/KgDS)

WB

M =1034 ¢ ey S
Mps=1288¢ PCL1 —— DCL1-TL
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Drying time, hours
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0XpsS17  oXpsDI3  BXesTL47 oXuDI7  a XugTLI3  x XiTL17

Figure 6: Evolution of the Water Content (X%s) in Relation to Drying Time Measured at the Firstand Fourth Trays
with Flows of 31.3m3/h.m2 and 70m3/h.m2 using WB, ©L1 and TL Type Solar Panels, Data Recorded on a ycal
July Day at the Valenciennes Site

A graph (Figure. 7) plots the evolution of the lafamass AM) at each hour, for each of the two flows and for

each of the types of solar panel used. Figure.o8vstthe evolution in temperature of the produgt)(ih relation to the

| Index Copernicus Value: 3.0 - Articles can be senb editor@impactjournals.us |




| Experimental Study of Drying of a Medicinal Plant (Antioxidant Ginger) by Solar Panels has Variable Cicane 65 |

passage of time during the drying process. It ibdmoted that for every type of solar panel usiegdng takes place at
temperatures that vary in accordance with the swtar flux particular to the day on which the exp®mnt is conducted. In

every case, a constant phase of drying cannotftdrerexist (Figure. 9).

M= 1034g ; e=5mm
M,r=1288g ; ¢ = 6 mm

| L i I il |
T T y T T T 1

0 1 2 3 4 5 6 I 8 g 10 11 12
Drvins time. houys
L‘ AMD43 & AMS43 ° AMSI3 = AMS47 = AMD47 o AMSI7 © AMDI3 o AM!}IT‘

Figure 7: Evolution of the Loss of MassAM) of Plums in Relation to Drying Time Measured atthe First and
Fourth Trays with Flows of 31.3m3h.m2 and 70m?3/h.fhusing DCL1 and TL Type Solar Panels, Data Recordkon a
Typical July Day at the Valenciennes Site
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Figure 8: Evolution of the Temperature of GINGER in Relation to Drying Time Measured at the First andFourth
Trays with Flows of 31.3m3h.m2 and 70m3/h.m2 using/B, DCL1 and TL Type Solar Panels
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Figure 9: Evolution of the Drying Speed (ng) in Relation to Water Content to the Point When tle Product is
Completely Dried with Flows of 31.3m3/h.m2 and 70n.m2 using WB and DCL1 Type Solar Panels

Analysis of the findings relative to the WB solang! (without baffles), reveals that functioningtwa low air
flow is considerably more efficient because of thduction in drying time. The mechanical power eoned (R, by the
ventilator is proportional to charge losses andht air flow in the dynamic air vein of the pan€his same power is

expressed by:

Pme = AP.Q, =C.Q/3 )
where( is the factor of friction, characteristic of aitil rough places (baffles)

As the relationship between the two flows is 2.@2#, power is therefore increased by a factor o24,1a fact
which further highlights preference for using a léow. In spite of the recommendations made by soesearch workers
not to exceed a drying air temperature of 55°Chdigtemperatures were used in our experiments Henveat
temperatures above 70°C, reddening spassigns of burning) appeared on the products. Indéedquality, subjected to
conditioning by the thermal process. Consequemntlycreate ideal drying conditions at temperatumesel than those

recommended for the product in question, some pieges.

Install A Thermometer at the entrance to the "dyyéabinet" and use a higher air Debi if necessamngduce the
temperature while keeping in mind that if the irase in airflow become imperative install a tempeetregulator

adjusted to provide a constant drying air tempeeadd 55°C.

The quantities of heat available for use and rewdi at the solar panel outlet are much higher wisémg solar
panels equipped with TL baffles than those with RQiaffles. Variations in those quantities,JQ@n global quantities of
drying heat (@ and their differencesAQ = Q, — Q) are shown in Figure. 10 (for WB solar panels withbaffles) and
Figure. 11 (solar panels equipped with DCL1 baffiemble). Worthy of note is the fact that the ditaes of heat
available for use are increased by a factor of @pprately 1.65 as regards the performance of thes@&r panel. The
differences in quantitiesAQ) are of some consequence because they are,tjrsfaplus to normal requirements for the

drying process and can therefore be stored and meaitable for use, for example, during the nightoa days when
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sunlight is mediocre [22, 23, 24, 25]. This excof heating needs can be kept in underground ductstaus ready for us

when needed.

5 Q (M)
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Figure 10: Variations in Quantities of Heat (Q) in Relation to Drying Time with Flows of 31.3m?3/h.m2 anc
70m3/h.m2 using arWB Type Solar Panel (without baffles)
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Figure 11: Variations in Quantities of Heat (Q) in Relation toDrying Time with Flows of 313m3/h.m?2 and
70m3/h.mz2 using a Solar anel Equipped with DCL1 Baffles

CONCLUSIONS

The results of our experiments with different typdssolar panels has variable cane, the establishment of
baffles in the air stream is a very important factibat serves the development of vortex burstingntprove the
performance of a solar panel. Several Factors takenaccount to understand the shapes and dimensibthe bdles,
the number of lines and their layout. The studywstt that a solar panel equipped with baffles ndy ergnificantly
improves the relationship between temperature laedrtal efficiency, but also reduces the drying tohenedicinal plant:
(ginger) Also noteworthy is the fact that cr-cut (and) and (El) longitudinal spaces greatly dbates to the quality ¢
results. In addition, an increase of the angle gddyvides even better results. However, certairsttaints imposed by t
nature of tle finished product, such as quality, flavor, colord nutritional value, should be taken into accoiar
determining what constitutes the ideal temperatliygng plant air.drying by solar panel medecinatiatle baffle the

result and retain the qualitf the fiber after drying.It can be used to figlgamst infections, fatigue, muscle aches
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digestive problems especially (vomiting, diarrhg@aGinger also has aphrodisiac properties, ardant and antibacterial.
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Nomenclature

Ac: surface activates plane solar collecto[Jm

b: width of the baffles at the base

b': coefficient of blocking

C,: heat capacity of the air [ J/Kg.K ]

d: outdistance between the absorber and the covbe énsulator
E¢ : longitudinal space between lines of baffles

Et: space transverse between two baffles of the da@

h: initial height of the baffles

h;: swing-over bed of the baffles compared to thelater
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heet: coefficient of convectif heat exchange entersainand the absorber [ W/K?h
lgs total time solar flow of simulation [ W/rh
Ka Kis: thermal conductivity of the absorber and the liagr [ W/m.K ]
L: longitude of the place [ degrees ]
Z: altitude of place [ km ]
0: width of the vein [ m ]
me: speed of drying [ Kg/s ]
Nci, Ni: @ number of baffles per line and a number ofdine
Pmc: consumed mechanical power of the ventilatr][
Po, P(2): pressure atm on the sea level (10.13PH)%&nd with altitude Z of place [ Pa ]
Qua: volume throughput of the air in the sensor’ [
Qv: volume throughput of the air per unit of area’lhmt |
Qu: quantity of useful heat on the outlet side ofsserj MJ |
Qs quantity of heat of drying of product [ MJ ]
r: ray of bending of the baffles
Re: Reynolds number
Swmini: Minimal bypass section of the air in the vein?]Jm
Tsv, Ta temperature at the exit of the ventilator andah@ient air [ °C ]
Te, Tsc temperature of the air at the entry and the bsitie of the sensor [ °C ]
Tp:: temperature on the level of the surface of tleapet [ °C ]
Vn: maximum speed of the air flow in the vein [ m/s ]
Xps water content at base dries of the product [ KIS |
Xobs Xips : Water content initial and final at base drig&gfKgMS |
Greek Letters
a: Angle of inclination of the sensor compared togheund [ degrees ]
B: Angle of apex (or at the top) of the baffles [ duzg |
€.: Coefficient of emissivity of the cover

¢ : Latitude of the place [ degrees ]
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v: Viscosity kinematic of the qim’/s]

Po, P: Masse voluminal of the air on the sea level aritLdk Z of the place [ Kg/f

n, N:: Output of the plane solar collector and thermdtifficy of the system of drying [ % ]
Tc : Coefficient of transmission of cover

¢: Factor of friction characterizing artificial rougbsses (obstacles)

Ai: Angle of bending of the baffles [ degrees ]

AM: Loss of mass of the product [ % ]

AP: Pressure losses in the vein of sensor [ Pa ]

AQ :quantity heat excédentaire[MJ ]

Notations

DCL1 : Forme of the baffles in the mobile vein @f aDelta and Curved Longitudinally with the floattacking
by point

OCL1 : Forme baffles in the mobile vein of air: i@ Curved Longitudinally with the flow attackirgy point
WB, TL : Without Baffles and Transversal-Longitudirbaffles

ns : Rendement of sensor WB

nD : Rendement of the sensor provided with baffles DCL1

nTL : Rendement of the sensor provided with baffles TL

XpsTL13 : Tenor out of water at dry base in the case withstiresor provided with baffles TL, on the level loé t
1st tray, using the flow of 31.3%h.n?

AMD13: Perte of mass of the product in the case of theseasrovided with baffles DCL1, on the level of the&t
tray, using the flow of 31.3 #h.n?

T,S17: Temperature of the product in the case of sensor @Bhe level of the 1st tray, using the flow & 7
3
m/h.n?.

m.D47: Speed of drying in the case of the sensor prowvdéd baffles DCL1, on the level of the 4th traying
the flow of 70 n¥/h.n?

Q,S3: Quantity of useful heat, in the case of sensor \Aéig the flow of 31.3 fth.n?

QsD7: Quantity of heat of drying, in the case of the senwovided with baffles DCL1, using the flow of 70
m/h.n?.
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