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Abstract:

At INMA Bucharest the prototype of an automate installation for fruits dehydration has been
realized with a drying capacity (fresh plums) of 1.700 kg/24h, aiming to obtain work parameters
with superior quality and with a high thermodynamic efficaciousness. The researches took place
at RSFG Valcea, Cazanesti — Ramnicu Valcea, when the optimum working technology, the
required functioning parameters for realization of an software in accordance with the specific
properties of fruits which are going to be dried and the soft have been finalized. The results of the
experimentation had confirmed the validity of the elaborated technology and reaching the
stipulated performances, so: - reduction of fuel consumption by using a heat exchanger with high
performances; - automate of installation by introduction of an programmable device which collect
and process the data, display the parameters and commands the whole drying process; - use of
some high quality thermo insulate materials, light, which reduces the mass of the installation,
making possible for the installation to be moved in different working locations.
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1. Introduction

Today, at national level, important quantities of fruits are lost due to depreciation because of the
lack of drying installations. By realizing the installation of fruit dehydration it is aimed to cover this market
segment with native machinery, with same performance like those from outside, but with lower costs.

Conservation of fruits by dehydration assumes special technologies for each fruit categories, so a
wide domain of thermo regimes with maintaining or variation of the temperature, in concordance with a
optimum cyclorama before established. Optimization of the drying regime it is realized by putting in
concordance the temperature of the drying agent (warm air) with its debit and velocity, implicit with the
maintain time of the fruits in the dryer. To improve the thermodynamic efficiency of the drying installation
the debit of warm air must be established in such a manner that when the air touch the fruit epidermis it
has to meet humidity on it. These parameters must establish a balance between the speed of water
evaporation from the core of fruits to epidermis and the speed of water evaporation, achieving the best
saturation of the drying agent, when it can be reached the optimum point of the drying regime. Dissipation
of water to exterior of the fruit it is realized in the limit of the temperature parameters which do not cause
the epidermis of fruits to break, causing the leak of rich in vitamins and nourishing substances juice.

To fulfil this conditions automates an installation has been conceived and realized with a
programmable software. The software displays the technological parameters and commands the working
regime of the torch.

Aiming to reduce the energetic consumption the research directions were:

- designing and realization of an warm air generator, having involved two heat exchangers,
one of radiation playing the role of heating chamber and one of convection, obtaining so a
high efficiency;

- use of light thermo insulating materials for the drying chamber, with a low as possible | heat
transmission coefficient;

- partial recirculation of the used air;

- using of a high performance torch (in two points);

- torch command it is realized by an automate software, which processes the data given by the
sensors of the drying installation.

According to the technological scheme represented in figure 1, the fruits dehydration installation is
made from: Drying chamber (position 1) — it is composed of a frame made from welded profiles of
rectangular pipes on which are set up thermo insulated panels and the entrance and exit doors. The
drying chamber it is equipped with an adjusting device of the recirculation air (position 6), a vertical warm
air distributer (position 5), a stove-pipe with flap (position 9) — for elimination of the humid air, an adjusting
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device for fresh air (position 7) and a metallic roll way set up inside the chamber, as well as at the outside
of chamber at the entrance and exit from the dryer.

Bogies (position 2), are made from a frame of profiles put up on fix and mobile wheels, with the
moving possibility on the roll way as well as on the concrete platforms. On the frame of the bogies beech
wooden rectangular frames are placed with the bottom made from stainless steel wire.

Warm air generator (position 3), it is composed of two heat exchangers placed in series, one of
radiation playing the role of heating chamber and one of convection.

The convection exchanger it is made from two chambers linked between by a pipes system,
through which the burned gases circulate for continuing the heat exchanging. The air is guided on the
exterior surface of the torch and on the U elements in backwash with the flame from inside, with a speed
of 7 m/s and after that with the help of some deflectors it is guided through the pipes system to the drying
chamber. To increase the thermodynamic efficiency of the warm air generator welded U elements have
been put upon both exchangers, and in the pipes system from the convective exchanger tin spirals were
introduced.

The exterior of the warm air generator it is made from thermo insulated panels.

Ventilator (position 4), it is an axial type.

Smoke stove-pipe (position 8), it is made from modular sections, insulated with mineral.

Automation and electrical installation (position 12), it is composed of a command box, equipped
with digital display and keyboard with helps at programming the installation, and it can display the working
parameters, the command buttons and selection of the drying working regime. On display, during
functioning are displayed the temperature and the humidity of the drying agent at the entrance and exit
from the chamber, the program mated parameters (times of the temperature levels, temperature on each
level, proportionality, integration and differentiation constants of the working cycle). 25 different programs
can be introduced in the memory. The information’s are transmitted by the temperature and humidity
sensors, position 10 and 11.

Functioning of the fruits dehydration installation

Dehydration is only a step ion the technological process of fruits conservation. Regarding the plums
the technological process includes the next phases: washing, sorting, calibration, blanching, placing on
frames and supplementary sorting, dehydration, cooling, unloading the grills and pre-sorting, calibration,
blanching-sterilization-washing, sorting (final calibration), packaging, depositing and dispatch.

To realize the dehydration phase the plums are placed on the frames which are mounted on the
four bogies, after which are introduced in the dryer chamber, the access doors are closed and the warm
air generator is started. The butterfly flack, position 9 from the technological scheme it is completely open
for about 6-10 hours from the beginning of the process, to evacuate the saturated air released in the
inside of the drying chamber. After this time period the flack will be closed to approximately 50%. By the
time the drying process closes to an end for the first bogie introduced, on the exterior rail another one
with fresh it is prepared. The drying of those four bogies it is not equal in time, first bogie from the exit
beneficiates of hot air at high temperature and low humidity. As long as the air passes through the grills of
the bogies it charges with humidity and its temperature decreases, and this is the reason why periodically
one bogie with dried plums is took out and another with fresh plums is put in.

Drying process is continuing, maintaining the temperature of the warm air at the entrance in the
tunnel between 72 — 74°C. Drying time of a bogie with frames with plums, vary by sort of plums, size and
sugar content, and it can take up to 22 — 30 hours.

Technical and functional characteristics

- drying capacity (fresh plums) for 24 ore 1.700 kg
- number of bogies 4 pcs
- number of frames per bogie 22 pcs
- frame dimensions 1,20x 0,91 m
- drying surface 96 m?
- plums drying ratio (3,5-4):1
- warm air generator(maximum caloric capacity): 100 kKW
- medium fuel consumption (methane gas) 10 m¥h
- ventilator type EF713/H4A: 20.000 m%h
“Lamborghini torch type EM 16/2 E: 55 - 153 kW
- total installed power 5 kw
-size LxIxH: 16.220x3.840x8.200 mm
- net weight 3847 kg

2. Materials and methods

For experimental research to be carried out, in laboratory and on the field, a testing method has
been conceived, taking in consideration the standards for this domain, the special testing procedures and
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the work instructions and the quality security procedures for testing the machinery and installation
designed for agriculture and food industry elaborated by INMA Bucharest.

Devices used at testing. For the experimental testing and collecting of data next devices were used:
digital thermometer type OMEGA 871 A- made in USA; hydrometer model DH 50; testovent 4000 — made
in Germany, for air temperature and velocity; thermometer with Hg -250°C. To test the installation, some
plums cultivars like ‘Tuleu gras’, ‘Andreea’, ‘D’Agen’ and ‘Stanley’, were used. For the ‘Tuleu gras’ cv., the
4 bogies were loaded with 1718 kg of plums, with a medium of 20,5 kg of fresh plums on each grill of 1
square meter.

The technological parameters that were input into the programmable automate were:

P; = 360 minute - level time 1

P, =990 minute - level time 2

P; = 0 minute - level time 3

T,=47°C - level temperature 1

T,=72°C - level temperature 2

Ko =30 - proportionality constant

Ki=40 - integration constant

Kp=0 - differential constant

DC = 30 sec. - working cycle time of the programmable automate

Result during the drying program

Values of the technological parameters, represented in figure 2:

Tim —Warm air temperature at the entrance in the tunnel

T.m —temperature of the used air at the exit from the tunnel

U; - humidity of warm air at the entrance in the tunnel

U, — humidity of warm air at the entrance in the tunnel

T —temperature of fresh air mixed with used air at the entrance in the heat exchanger

T, — environment temperature

T. — temperature of burned gases in the stove-pipe

When the installation is started, the two levels of temperature have been chosen to avoid the break
of fruits epidermis, respectively the leak of juice from fruits.

3. Results and discussions

We can observe from graphic (figure 10) that the T, temperature (warm air at the entrance) it is

maintained between the program levels, by permanent adjustment of the two flames of the Lamborghini
torch, commanded by the two elector-distributors, through the programmable automate.
T.m temperature (of used air at the exit) it is kept between the inferior limits against T,, but at the end of
the drying process it gets closer to this, with a difference of 3°-5°C, knowing so that the drying is
finalized. T temperature (of mixed fresh and used air) it depends on the environment temperature T, and
on the way that the flaks from the stove-pipe and recirculation are opened.

T. temperature (of burned gases at stove-pipe) it's in sequence with the temperature level of warm
air T4, with little variations when the second step of the torch starts for a variable time between 5, 30 sec
varying with the temperature from the dryer, transmitted by the temperature sensor to the programmable
automate.

Figure 11 represents the diagram h-x (enthalpy- humidity content) for convective drying with partial
recirculation of the used air, in accordance with the experimental data obtained at the level of 72°C of the
drying agent which enter in the dryer.

The advantage of the drying with partial recirculation of used air, result from the diagram, because
without recirculation the fresh air must be heated to 92°C instead of 72°C.

During the testing the functional and programming parameters were established for the drying
process, for soft validation.

Due to the application program implemented, the micro-system had worked as a PID. By choosing
the optimum values of the regulator coefficients (K,, K, Kp), it had been obtain a temperature variation of
no more than 1°C against the prescribed value.

For increasing the safety of the drying installation during operation, a supplementary condition for
stop of the torch had been introduced, and this is that if the measured temperature it is bigger with 5°C
than the prescribed temperature the torch stops. Also, there is a wind flack which stops the installation in
case of air ventilator stops.

4. Conclusions
The results obtained during testing shows the fruits dehydrating prototype suits from the
destination, purpose and functioning mode point of view, of the adjustment possibilities and harming. This

result justifies the assimilation and series fabrication.
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The testing results had shown that:

1. chosen materials for the drying chamber and the whole route of the drying agent allow a very
good thermo insulation and in the same time the weight of the installation is very little and so the
installation can be easily moved,;

2. the heat exchanger — torch set, commanded by the programmable automate, allows the
obtaining of reduced fuel consumption, between 7500, 8500 kJ/kg extracted water, through constant
maintaining of temperature by the computer;

3. at the improvement of the thermodynamic parameters of the installation contribute the fact that a
convective drying principle was chosen, with partial recirculation of used air;

4. it had been seen that a wind sensor is necessary to stop the torch when the ventilator doesn’t
work;

5. the measurement and command system from inside of the drying chamber it is steady and it
doesn’'t depends on to the environment temperature.
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Fig. 1 Technological scheme of the installation
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Fig. 2 Side view of the installation
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Fig. 3 Front view —drying room with the stove-pipe for Fig. 4 Bogie on railways in the
burned gases evacuation and the heat exchanger with drying room
the Lamborghini torch

135



Scientific Papers of the R.I.F.G. Pitesti, Vol. XXV, 2009

Fig. 5 Axial ventilator Fig. 6 Automation and electrical
board

Fig. 7 Testovent 4000, digital thermometer and hydrometer
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Fig. 9 Dehydrated plums
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Figure 10 — Humidity and temperature diagram
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Figure 11 — Representation in h-x diagram of the convective drying method with partial
recirculation of used air: 0 — fresh air; 1- fresh air —recirculation used air; 2 — heated mixed
air; 3 —used air; 2'- the point to which the heating of fresh air must be heated in absence of

partial recirculation of used air.
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