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Abstract. A good alternative of food conservation is dehtidra Microorganism being responsible for deteritoa
processes in food need for developing a minimumadér for developing. Therefore there number walrgstricted.
Aside the positive effect of a longer expiratiangj this process still stands to maintain the cbemastics of the
natural product and reduces the weight of the reltyproduct and consequently the transportation saitcrease.
However, the high price in investing in a food d#ayor is still an obstacle in Brazil.

That's why it was tried to construct a food dehyairdor a cheaper price. The design principle wagransform an
industrial oven in a dehydrator. Based on these three simple modifications were necessary: (@ation of a
controlled flow of heated air inside the chambé), donstruction of an appropriate path for hot &rflow through the
load and dehydration (c) stabilization of the hehtadiation.

This work includes improvements and adjustmentsherabove mentioned food dehydrator. The mainlpnolio
correct was to get control the temperature. The pesduct (banana) should be heated up in a tentpesainterval
between 60 and 70 °C, however it was achievingegaéwound 180°C. Thus, the problem with the hégiperature is
due the air flow tangent to the testing productasbelow of the recommended levels (between 1 @md %), then it
will change the fan system of the chamber, thrdbgtinstallation of an axial fan in order to increathe flow velocity
inside the chamber and therefore, keeping the teatyre in the recommended range.
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1. INTRODUCTION

One of the major challenges of the globalized wasltb keep the food production in growth, becatigeworld's
population continues to grow, exceeding 6 billion1999. Experts estimate that by 2020 the supplipod has a
growth rate lower than global population growtherafhe landscape in Brazil has a great potentiah fthe point of
agriculture- The country could develop to the latgeod producer in the world. It has over 150 iwrllhectares of
areas being suitable for agriculture and produeechion tons of fruits in 2003. (MELONI, 2003a).

Banana is the second most produced fruit in Brapiproximately 7 million tons in 2008. It is a fagiening fruit
and their post-harvest loss ranges from 22 to 40faduction (ROSSANA, 2010). One solution of miimg this
loss is drying this fruits, from the surpluses,r@asing product value, prolonging #gpiration timeand selling the
product outside the harvest season (Queiroz aret PE994).

But this process is not much explored in Brazilldde (2003b) outlines some important factors te timarket, the
natural fruits are available all time long, it roming usual the consumption of dehydrated fruitsotAer factor is the
low production, focused on artisanal scale. Analfin there is not the standardization of thesedpots, not much
marketing, since they do not have reference consamand the high prices of fruit dryers turn th#ial cost so high
for opening a business. Some examples of Dehydratare are showed in the Tab. 1.

Table 1. Typical prices on fruit dehydrators onAiian market (MELONI, 2003c)

Model Capacity Tray Price
[kg of bananas]
PD-150 150 Aluminum US$ 3.130.00
PD-150 150 Stainless steel | US$ 3.880.00
PD-25 30 Aluminum US$ 1.290.00

2. FOOD DRYERS

The development of equipments for food drying stiduhve the target to reach a product with a higlellef
quality at low costs. This work adopts a dryer imesfion is a kind cabin with attached trays andas following
features:
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» Dehydrate a batch at a time;
» Easy construction;
* Relatively low construction cost;
A schematic of the dryer of the type cabin withaelted trays is shown in the Fig. 1:

[Tray ]

| S
Air out L — |
=
Qo wmp -
= [;]-H B8
T 3 - -

Fan Heaters

ttttt

Figure 1. Scheme of dryer type cabin with attadnags

The basic principle of fruit dehydrators using aembiair is to heat up the air and force it to flover the food via a
ventilation system. The high temperature air catlsedall of the relative humidity (considering thbsolute humidity
constant) and therefore its ability to absorb hutyithcreases. The transference of kinetic enemythe flow
contributes to increasing the coefficient of heahsfer, facilitating the exchange of heat air $gort to the food and
removal the humidity out. Parameters such as ldéabd per square foot of tray area of the tralys, distance between
the trays, the type of fan (axial or centrifugahde adopted by the recommendations of the literat

2.2. Raisin banana

The banana is obtained from dried or artificialidgyof ripe banana. Many varieties are used asitagn‘nanicao”
or “prata”, because when processed correctly ptestage of maturation, are more aromatic and hagleeh sugar
content (MELONI, 2003d).

According to de Limeet al. (2000), the product obtained by drying is dark petband firm, can be stored for
several years without food conserve products, Isecafithe high sugar content of around 50%). Howeabe use of
appropriate techniques during drying may make ttoelyct more acceptable marketing aspect, i.e.,camfsistency,
pleasant taste and aroma. According to Villar (B99he drying of ripe banana occurs by varyingtémeperature in an
interval between 50 to 80 ° C; air speed betwe2rid2.2 m/s.

In order to avoid the problem of browning of drieghana, Yoneya (2010a) reported the techniqueppirdj the
cleaned and peeled bananas in a solution of 1 ditewater and 1 kg of sugar per 6 hours beforendryDue to
aggregation of sugar this is dehydration. Immersioananas and sugar aggregates loose water orurfeces
preventing contact with oxygen and restrict thecpss of browning. Subsequently, the fruits heapeth@ dryer for 2
hours at 60 ° C and in the following 22 hours af T

The flowchart in Fig. 2 represents each stage @fgusing to obtain the raisin fruit:
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Figure 2. Processing of banana (Folegatti and Mats2004)

First it is need to wash the banana, next thid, ipaad select the ripe and good fruits. Then gioaidant treatment
is conducted (the treatment indicated by Yoneyd @B}, mentioned before) and subsequently the tgeatia dryer to
realize the dehydration. The next step is to sebradition how to conserve it, wrapping and storéoithe future
consumes.

2.3. Humidity

Humidity in wet weight U,,) given by Eq. 1 is the ratio of the humidity makk, J and the total mass of the solid,
like this the "dry mass" plus the humidity ma&kg,(+ M)
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Thus, the humidity is a ratio of masses and caexpressed, for example, in g water per g of saldgs of
humidity-free basis if the total mass is dry or Wwasis).

2.4. Drying Curve

The results of a study of the rates of water losmfa food during dehydration are given with drymgves. The
rate of water loss is not constant throughout ttoegss. In order to set the temperature condit@minsangent velocity
and other conditions to the food, the rate of wadenoval decreases during the drying. Accordinlyleoni (2003e),
this phenomenon occurs because of the principlé=af transfer and mass. The water evaporateck dtethinning is
near the surface, however, over time, begins tp@ede the water trapped in the center. Thus,dteeaf water loss is
decreased mainly by two related factors: the digroiayer begins to act as an insulating barriairesy the diffusion of
water out of the center and distance to go befugenater surface increases the closer the hunaigcate the center.
Cano-Chaucat al. (2004a) show the variation in the dimensionlegsildity content (U / Uo) in bananas as a function
of drying time for air temperatures of 50, 60 afd® T (Fig.3).
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Figure 3. Experimental drying curves (CANO-CHAU@Aal.,, 2004b)

In Fig. 3, it is shown that the rate of water |dssreased every time after of the drying process$sst How amount
of humidity is removed in the less time (keeping thisin banana quality), better will be the dryprgcess.

3. CASE STUDY
3.1. Parameters, variables and hypotheses of thegpect

In order to obtain the parameters to recalculatevdidues of the drying chamber, was adopted arthd/alues
recommended by the authors Villar (1999b), Bittemt¢@2001) and Cano-Chaueaal (2004c):

*  Humidity content in wet-end of the banana goes Q§b;2
* Internal chamber temperature around 70 ° C (+9): 5
» Tangent velocity to the top banana at 1.5 m/ s;

» Trays with banana 10kg per square meter;

* Drying time 12 hours

Following values were used as well:
e Humidity in wet weight equal to 74%
e Trayarea: 0,52mx0,71 m

Following assumptions were taken:
* Inthe calculation of flow, the air velocity hasndliar speed in the section perpendicular to thigosir
* Relative humidity around 70%;
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3.2. Flow as variable adjustment of the project

In the flow calculations, the tangential velocity the bananas was below of the recommended ramigayas the
reason by the high temperature into the chambew. flmv causes the reduction of the heat transferdram the and
on the other hand, high flow keeps the temperatga ambient air temperature. The new speed addpteithe

calculations is equal to 1.5m/s.

0,71m 0,52m

Air i g
- P A /

c Air L |

Figure 4. Simplified scheme of the chamber withgkemetrical

Figure 4 shows a simple scheme of the dryer chamaltesre the left schematic shows the directiodairand the
right shows the perpendicular section area.
The cross-sectional aress{ion to the arrows is given by the product of half tfieéghth by widthl, as in Eq. (2).

0,32

Agection = (5) + 1 = (22) + 0,52 = 0,0832m? )

Flow equationQ is given in Eqg. (3): The are&aand the velocity/ are supposed to be constant in each point of the
sectionA:

Q=[V.dA=V.A=15.0,0832 =0,1248 m3/s 3
Converting the flow in cubic meters per hour (usodustrial unit in the sale of fans)

_01248m3 3600s ~500m3
=0 s X" h "~ n

The use tube-axial fan has a flow speed of 1200an#¢hthus its speed higher than the needed one.
4. CONSTRUCTION

Increasing the flow: In this case would have to auian with higher flow, so, to not use a fan ag, ki was
decreases the flow area by placing a plate (sephahylivides the combustion chamber in two pdfig.5).

0,52m
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Figure 5. Plate inserted into the chamber to rethie@rea perpendicular to flow

About the fan system: In the old fan system, thevais exhausted from the chamber through ductgasdtdecided
to remove the duct pipe thin (one inch or 25,4imgter), since the new flow projected pipelines ldatause a great
loss of pressure. Under the new system the aitiexhausted most of the camera, but inflated byzzle that directs
air into the chamber (Fig. 6)
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Figure 6. Ventilation of output to input and pregtéon of a nozzle

The nozzle showed in the Fig. 7 was constructeddiryg galvanized sheets. It has the function talguine air
insufflated from the Tube-axial fan to into the otizer.

Figure 7. Construction of the nozzle

About the burner: Due to the new design, the busteys on of the rectangular area at the bottotheothamber,
where it will opening insufflated air, result inetflame out of the combustion, so this was turrggecheely in relation to
the former position (Fig. 8).

(@) 200¢ o " (b) 2011
Figure 8. Change in direction of the burners dueetw air intake

About the fan system: After conducting some testguences, both propeller and tube-axial fan hasddd the
flow expected. The tube-axial fan was chosen becéugenerates less noise than the propeller. Ei§utlustrate the
old system (a), the propeller fan (b), with WEG anpspeed 1490 rpm and 5 blades and, still, the &xal fan (c)
purchased for this project, from the manufactunemT 30cm, multi-voltage and flow rate of 1200m3Ttis fan can
operate at environment the temperature until t& @or long periods, therefore, was placed atehieance, it breathes
cold air.
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(b) fan proer - the
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(a) (2006) (c) tube axial fan

Figure 9. Ventilation Systems — Fans
5. PROCESSING

In order to perform experiments a mass of 4.6 kdlags of “nanica” bananas was used. (Fig. 10).
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( n ana peeled

(a) Banana washed
Figure 10. Washing and peeling bananas
Thereafter, the bananas were submerged in a solofib kg sugar per one liter water as recommeifgedoneya

(2010c). After leaving the bananas in these coorthtifor 6 hours they were taken directly to the @amdryer. In Fig.
11, the solution used is shown for an antioxidegdtment (a) and the bananas submerge in thaioso(b).

(b) Bananas submerges on the solution

(a) Antioxidant solution
Figure 11. Solution Treating water / sugar
In the dryer, the bananas were put on two trayarder to monitor their temperature. distributiordamprove the

flow in each region of each tray. In the (a) andfiictures from the Fig. 12, it can be seen th&itigion of bananas
on the trays. In the picture (c) the color chanigghe bananas due to the drying process is shown.

(b) Distribution 7€) Result.

(a) Distribution

Figure 12. Distribution of bananas within the chamb
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6. RESULTS AND DISCUSSION
6.1. Pre-test (Experiment without bananas)

In order to check the temperature inside the charbkéore entering the fruit, was made a measureroént
temperature on the septum (see the septum in FiberBperature values were collected at 4 pointthefseptum,
according with illustrate showed in the Fig. 13.isThalues plotted of graphs was performed Arithmeiverage
between these four points, called "average temyreratThe temperature at each point (P1-P4) usiadube-axial fan
is shown in Fig. 14.

P2 Septum P4

Outlet air
P1 / P3
/_\f\/_,_\_/’_\/ﬂ\—

Figure 13. Temperature measurement at 4 points

Temperature on the septum
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Figure 14. Temperature on the septum during th@iBtes

Figure 14 shows that there is a gradient of temperan the chamber having a warmer side (whidodated the
side of the P3 and P4 points) and cooler side. gtadient of temperature is caused due the high fllmwn on the
burners avoiding the flame to distribute over &le tholes of the burner, causing the non-uniformptnature
distribution in the chamber.

Another this test was turn off the tube-axial fdtera30 minutes. It was noted that the average &zaipre was
between 60 and 70 ° C until the first 30 minutexched a value greater than 140 ° C over the nertidGtes (fan off).
This analysis is illustrated in Fig. 15.
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Figure 15. Variation of temperature after turnitigtioe fan

Using TAMAGAWA (2006a) data from the fan systemwris compared the behavior of temperature in tgeld
with the follow three situations: No fan, Tube-dxaa and propeller fan on.

Comparing behavior of temperature

250,00
3
3 200,00 _
5 — Tube-axial fan on {(Current)
®
EJ_ 150,00 — Propeller fan on (Current)
S
2 100,00 - Turned fan off (Current)
o) —
g 50,00 - — Cooler fan on (2006)
g
< 000

5 15 25 35 45 55 65 75
Time (min)

Figure 16. Comparison of behavior temperature éumitation systems current with the old

Comparing the graphs from the old fan system aedythph “Turned fan off (Current)” it can be seleatthey are
similar. This behavior can be explained by a loowflin the old system due to a cooler fan and pipés’'t get exhaust
the heat out of the chamber.

Thus, during the pre-test, it was noted that theardter was ready for drying because the temperastabilized
close 70°C
The temperature profile of the pre-test revealpdoblem with the burners. Due to high flow pradtidce this work,

combustion occurs only in the burners to a ceréxitent, as illustrated in Fig. 17, causing the terafure gradient
(shown in the Fig.14) in one side of the chamber.
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Figure 17. Irregular gas combustion in burners

Basis on Fig. 17, it can be seen that combustiaticfgs (a black material) only accumulated on side of the
chamber proving the irregular gas combustion iméxs.

6.2. Experiment (With bananas)

From the conclusions of the pre-test, it was exqubthe gradient of temperature between the siddseothamber
and consequently the irregular dryer process. Ttierethe temperature measurements were conduotiedtong the
temperature in three bananas, one located in tis¢ Imeated, and the other in the middle and tharaste less heated
region;

Temperature on the bananas
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Figure 18. Temperature on the bananas

Figure 18 shows the temperature on the bananaaisededuring the 11 hours, regardless of the sitleeodhamber,
this behavior was expected because the outer ldryed of the banana acts as an insulating bargainat the removed
water from the center to out and water locatechanrhiddle needs to flow until the surface take ntome to do this.
How the water activity reduces, the heat that wdddused to evaporate the water is converted imibesnergy
increasing the temperature of the bananas.

The velocities in the outlet were measured usingpaitor and they are shown in Fig. 19. The veloritthe center
of outlet air is higher than the sides, result expe because due the friction force appear onacbrdf the air
movement against the walls chamber. Also, the wétscare higher than design value (V = 1,5m/syahbee the outlet
air area is smaller than section area (see Fig. 13)
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Figure 19. Air velocity at the outlet air chamber

Bananas were weighed during intervals around one drad the results were plotted in Figure 20.

RELATIVE HUMIDITY per TIME

=
[N}

= Upper tray

(=Y

Lower tray

o
00

Exponential (lower tray)

Relative humidity u/uo
o
[«)]

0,4
02 U/Uo = 0,9564 . e0.05%
0 !
O MmN & N O O O O 0o o
SCHANmMTOoN®© o S d
L |

Time (Hours)

Figure 20. Variation of relative humidity of thertzana in function of the time

Comparing this Figure with the Figure 3 (CANO-CHUAGEt al, 2004d), it can be saw that the drying process thi
work over of the expected, achieving retire moreniality to the same time. In order to compare the figures, the
point equal the 10 hours in Figure 20 has relatwmidity about 0,55 while the Figure 3 has relativenidity about
0,7. Then, this drying process gets to remove hityrmaore quickly.

6.3. Goal of a dryer at low cost

Since the beginning this project, the goal wasuitding a dryer at low cost of production. Table@tains the
costs of the modifications in the dryer. In thisrlvavas spent US$ 250,00 while the cheapest drgen ffable 1 costs
almost US$ 1300,00. Then, the goal was achieveduse this work turns possible to start a new legsigonstructing
a dryer at low cost.
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Table 2. Estimated cost to construct the dehyditttow cost.

TAMAGAWA (2006b) COSTS (AZ%?O)COSTS OF THIS WOR | cogts
DlscarQed industrial oven, with w-preservec US$ 25.00 | Sheet (nozzle) US$ 15.00
insulation, structure and gas system.

Steel sheet_s, pipes, connections, met US$ 20.00 | Tube-axial Fan US$ 60,00
frames from junkyard.

Rent of 4 hours of machine US$ 90.00 | Other: US$20,0C
Five trays of thermiresistant plastic scre US$ 20.0

TOTAL COSTS US$ 155.0 TOTAL COSTS US$ 95,00
GENERAL TOTAL COSTS (Tamagawa costs + Costs of this work | US$ 255,0(

7. CONCLUSIONS

In this study, it was possible to obtain dried benan spite of some problems arising during thedprocess. The
objectives were achieved, because the temperatasestabilized, the value of airflow stayed in teeommended
levels on the bananas and therefore it was go#isinrbanana. However, the nozzle constructed iteghe airflow in
the chamber had not a good aerodynamic shape &ngeaportion of the flow was lost. Another probleras detected
in the oven burner, the high flow blown on the lmmhas avoided the flame distribute over all tleof the burner,
causing the non-uniform temperature distributiothim chamber.

8. REFERENCES

BITTENCOURT, J., Assessment of a banana dryer ketuin with. Dissertation (Master's degree) — CarapiState
University, Agricola Engineer College, Campinasafy, 2001

CANO-CHAUCA, M., RAMOS A. M., STRINGHETA, P. C., MRQUES, J. A., SILVA, P. I, Dryer Curve and
assessment of activity water of the raisin banBr@EPPA, Curitiba, v. 22, n. 1, p. 121-132, jam/j2004.

FOLEGATTI-MATSUURA, M. I. S.; MATSUURA, Fernando Gar Akira Urbano. Process (banana). In: Ana Lucia
Borges; Luciano da Silva Souza. (Org.). Cultivatdanana tree. 1 ed. Cruz das Almas — Bahia, Bramibrapa
Manioc and Fruit culture, 2004, v. 1, p. 232-244.

LABAKI, J., TAMAGAWA, A. H., A low cost technique dr manufacturing food dehydrators, UNICAMP, State
University of Campinas. Campinas-SP, UNESP, SadoPatate University “Julio de Mesquita Filho", Bikz
COBEM, 20089.

LIMA, A. G. B., NEBRA, S. A, QUEIROZ, M. R., Scieffit and Technologic aspects of banana, Technical
communication, Brazilian magazine of agro induspiaducts , Campina Grande, v.2, n.1, p.87-100020

MELONI, P. L. S., drying of fruits and vegetablesyPr food consulting, 102 International week oftfiaulture, Flower
culture and agro-industry, September, 01 until 0832 Center of Convention, Fortaleza, Ceara, Br&RUTAL,
2003.

QUEIROZ, M. R. de & PEREZ S. A. N. de., Theory-exmental study about the drying kinetic of Banariaactor’s
degree Thesis, Campinas, SP. 1994.

ROSSANA, C. B. G., Study of process variables i Banana candy of elaborate cut with variety rasisto
“sigatoka-black”, Parana Federal University, CURBA| 2010.

TAMAGAWA, A. H., Improvements and adaptations irirait dehydrator, Ilha Solteira Engineer CollegéoSaulo
State University “Julio de Mesquita Filho” , UNESE06. (Graduation Work)

VAN WYLEN, G.J.; SONNTAG, R.E.; BORGNAKKE, C.. Fuadthentals of classical thermodynamics. Sdo Paulo: Ed
Edgard Bliicher, 1995. 594 p.

VILLAR, G. C. Performance study of a consecutivgetrwith trays to dry banana: Assessment of openadable
influences. Campina Grande: UFPB/DEQ, 1999. 1(Mpster’s degree dissertation).

YONEYA, F., Embrapa get to preventing browning leé traisin bananas, “Emerging bananas in sugar amel \wmix
preventing browning, it may to rise the selling cpri Available at:
http://www.estadao.com.br/noticias/suplementos, epdiconsegue-clarear-banana-passa,518748,0.htm. essAcc
November 05, 2010.

9. RESPONSIBILITY NOTICE

The authors are the only responsible for the mtimiaterial included in this paper.



