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Abstract. The present work shows the development, construction and tests of a fruit dryer operating with slightly warmed up air at
low humidity levels. The main purpose of it is to obtain a better quality product than that obtained by means of the traditional
dehydration methods that make use of higher temperatures. We have decided on a heat pump that makes the external air be
dehumidified after being insufflated by the evaporator in order to be heated up immediately afterwards when passing through the
compressor from where it dry and hot flows out at favorable thermodynamic conditions to carry out the drying process. A hermetic
compressor of 1C.V. was used to make the present prototype, which has been equipped with both temperature and pressure
transducers at various points of the higher and lower pressure layers so as to mairtenthermodynamic characteristics of a
thermo machine. To secure the thermodynamic quafityhe process, air thermometers, hygrometersaauetnometers are used.
These are placed at the front and rear sectiohstbfthe condenser and evaporator. The evapostoointed on a tray in order to
collect the condensed water that spills out frodnaan into a test tube. It was possible to adjustheat pump so that the processing
air could be ejected out of it at a temperaturé@IC and a relative humidity of 15%. The COP systeconrsidering the energy
consumed during the air dehumidification — was Waked as being of the order of 2.6, confirmingeagain the viability of the

pump.
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1. INTRODUCTION

Drying food is the oldest method of food presewativhich it was known (Cohen and Yang, 1995). laiprocess
which can use a combination of convection and tamfisor conduction to conduct the heat to the pobdvhich was
being dried. That is a complex process and it me®lthe removal of water from a product by evaponsand at same
time heat and mass are transferred. It is necessanpply heat to evaporate the water from thelgpcband a means of
transportation to remove the water vapor which feased in the surface of the product to be driebdictv is usually
the air (Travaglini et al., 1993). Currently, equignt has been studied to provide heat efficiemtlth to reuse of heat
that could be rejected to the environment. The ppeatp is an example of it, because it is a thermathine that
operates according to a thermodynamic cycle whexeriks receiving work and transferring heat frtira cold source
(the reservoir of low temperature) for the hot seuthigh-temperature reservoir). The applicatiothig energy from
the source of warm is what makes the differencevéen the heat pumps and the refrigerate equipmérdre the
energy is wasted or released to the external emviemt. Although heat pumps are extensively useishdaostry for
many years, drying of food researches are relgtivatent. According to Chua et al. (2002), thosat lppimp dryers
offer several advantages over the conventional e as greater efficiency, control of accurdiaracterization of
the drying air, quality of product, better perfomoa and reduced operational cost. Also Pereird €2@04) justified
the addition of a system of heat pump that cannpare energy than it consumes as also higher ergffigiency and
the conservation of organoleptic properties and dpgportunity of to operate independently from eommental
conditions without environment aggressions withegais the atmosphere. Adapa et al. (2002) have beglied the
performance of a cabinet dryer with recirculatidrio to dry alfalfa sprouts. This study evaluates potential of a heat
pump designed and built to investigate the air attaristics in the dehumidifying process. This hmanp provides a
dehumidified and heated air which dries the food.
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2. EXPERIMENTAL APPARATUS AND PROCEDURES

2.1. Experimental apparatus

Equipment which was designed, constructed and insth@ tests consists of two parts: the first anthée heat pump for
steam compression which works like a domesticgefetor. The second part is the drying chamber eviier product
dehydration process occurs. The system can wotk twid configurations: a closed loop with the ancalating many
times and as an opened cycle where the air istoaite environment. This last on is the configunatused to
characterize the heat pump under study and whishasvn in the Figure 2. On it we can verify thetafiation of two
PVC (Polyvinyl chloride) pipes in the entrance and in the exit of airh&f €quipment for a laminate flow to come into
contact with the speed and temperature sensorseverednstalled in it.

DRYING CHAMBER

Figure 1. Drying System Figure 2. Heat pump researched

The heat pump, shown in Figure 3 consists basicdlgn evaporator (1), an expansion valve (2), rapressor (3), a
condenser (4) and a fan (5) that makes the ciiounlaif the air. The condenser and evaporator aaé dwchangers. The
power used in the compressor was 900W and forahaveis 80W. Tests were performed into two of trelable fan
speeds: 5.7 and 6.1 m/ s. With the air circulatmthe system in velocity of 5.7 m/s, the interpedssure in condenser
and evaporator were respectively, 380 Psi (2721KF29 and 68 Psi (570.162 kP). At the speed oh@islthey were
respectively 375 Psi (2686.859 kPa) and 70 Psi.@&83kPa). The refrigerant fluid used in heat pumas the R-22.

JRRE P T r.-il%’l

Figure 3. Heat pump from side view: (1) Evaporaf2) Expansion Valve,
(3) Compressor, (4) Condenser e (5) Fan

2.2. Stages of Drying

The heating and dehumidifying which pass the aimedrom the following stages: dehumidifying, hegtiand
pumping. Dehumidifying occurs when the humid awnfr the environment is extracted by the fan systeassing
through the evaporator which is at a temperatutevbéhe temperature of dew when it condenses thanstof water
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steam in the air. This condensed water is colleictedtray which has a drain and flows into a gegdd container. This
dehumidifying process promotes the reduction ofahsolute humidity from the air and increasesétative humidity
and a decreasing in the temperature. In the hettmagir from the first stage, passes throw a hgatiwas caused by
energy in the form of heat which was rejected leyabmpressor body and thereupon by the condeniserfuhction of
this stage is to cause the increase of air temyeraln the pumping stage the fan are extractieghiat air from the
heating process and releasing it to the environniEm air released in the process of pumping isuahédiified and
heated at the appropriate temperature for dryingd.fo
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Figure 4: Heating Process: (A) Dehumidifying; (Bg@ading; (C) Pumping
2.3. Instrumentation System

Temperature sensors of the type PTQQ@ere used to measure the temperatures of dry antbwib. They are located
at the entrance and exit of equipment and betwkerevaporator and condenser. Data were collectied) asdata
logger. Two anemometers are used to measure the air spekethey are located at the entrance of the easgroand
the condenser exit. Measurements were manuallyneutaT he rotation of the fan from the heat pum wat changed
during the test. The effective power of the comgoeswas making by measurements of its voltage amdeiat
functioning. The vapor of condensed water quaniitythe evaporator was measured using a beaker.lPeta
instrumentation are in Table 1.

Table 1: Instrumentation used during the tests

Instrument Manufacturer Scale Uncertainty
Anemometer Digital Instruments 0.8 a 12m/s + %2 m/s)
Beaker Laborglas Brasil OallL *NA

Data logger Spider 8 (600 Hz) *NA *NA

* Not Applied

2.4. Procedures

Equipment set up in open loop and without the chanditached was connected includes the entire amsaof

instrumentation. The following variables were retzt: the temperature of dry bulb and wet bulb wheses been
described above, the pressure at the entrancexéraf €he compressor, the speed, the temperatfutteecsurface of the
tubing on the refrigeration cycle, the power of the and compressor and the volume of condensesr wiedmperature
of dry bulb and wet bulb were measured by tempegatansors whose were shown in the figure below. dthers air
properties were obtained.

3. RESULTS AND CONSIDERATIONS

Results obtained in this work were focused on #dopmance of heat pump (Figure 3), which will Ibedged linking
to the chamber for drying of food which was showrigure 1. The experiments were performed by tigokatory of
Solar Energy from Federal University of Paraibast§ewere performed in different situations with iation of
temperature and absolute air humidity. The infleembich the environment exerts on the heat pumgbban verified,
although the air used in this research is not bpiagessed in a closed loop. Among all the teste welected the best
ones to represent the processes which are in thendiin the refrigerant fluid, performed at twaeegds (5.7 and 6.1
m/s), which are available on the equipment. Conmgatiie two speeds, it appears that with the deerimaspeed, the
flow of dry air and condensed water flow reduceke &ir in the processes 1 to 4 was considerechastare of dry air
and water steam. The temperature of condensed wagetaken as 284.65 K in of 5.7 m/s 285.65 Kilecity of 6.1
m/s, being the average temperature and dew poithteofins the evaporator. The experimental dataeonng values
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and air temperatures of R-22, and the absoluteralative humidity of the drying air are arrangedtables 2 and 3,
respectively at speeds of 5.7 and 6.1 m/s.

Table 2: Experimentalata of the heat pump at the speed 5.7 m/s

Mass flow
r‘hdryajr (kg/s) mHZOcond(kgls)
0.04731 0.0003023
Air temperature Air temperature of the surface of heat exchangers
To 302.37 K Ta 374.70 K
T, 302.37 K Ts 328.25 K
T, 291.69 K T 279.55 K
T3 303.52 K 13 288.95 K
T, 326.37 K
Absolute humidity of air (w) Relative humidity of air (@)

Wy 0.1748 kgHO/kgdryair %)) 68.25 %
Wy 0.1220 kgHO/kgdryair @, 13.48 %

Table 3: Experimental data of the heat pump aspesd 6.1 m/s

Mass flow
r‘hdryajr (kg/s) mHZOcond(kgls)
0.05079 0.0002682 kg/s
Air temperature Air temperature of the surface of heat exchangers
To 301.65K Ta 375.35K
T, 301.65 K Ts 327.65K
T, 289.84 K T 278.55 K
T3 302.16 K B 286.25 K
T, 327.87 K
Absolute humidity of air (w) Relative humidity of air (&)
Wy 0.1774 kgHO/kgdryair %)) 7217 %
Wy 0.1135 kgHO/kgdryair @, 11.68%

Figures 6 and 7 show the evolution of the tempesasensors of the type EN X@0We find there clearly the
evolution of the temperature of Section 4, the outpf the capacitor until it be in steady stateve3al tests were
performed and, on average, the cycle enters inlgtgtate around two hours for the two speeds.
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Figure 5: Evolution of the temperature of procdssigthe speed 5.7 m/s
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Figure 6: Evolution of the temperature of procdassisthe speed 6.1 m/s

4. CONCLUSIONS

This present work consists of experimental reseanthtesting of a prototype of a heat pump thas asea source of
heat extraction from the air. It purposes to deldifipiand to heat the air for using in drying of ébprocess. However,
the experiments which are made just involved tleegssing of air and they were not including therdyf food. This
study presents the compressor to the internal cdmpat, taking the heat that would be lost if thias the
environment. The use of heat pump dehumidifying aedting the ambient air was shown to be feasibléhat they
produce air with a low absolute humidity and a temapure around 50°C which allows the drying of ®@doviding a
better conservation of its organoleptic properitiesomparison with other conventional drying equgmn
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UNITS AND NOMENCLATURES

CD
EV
m

w
TBS
TBU

Greek letters
%)
Subscripties
0

H20cond
Dry air

AWONFOO®T>

Condenser
Evaporator

Mass flow kg / s]

Absolute humidity [kg H20O / kg arseco]
Dry Bulb Temperature

Wet Bulb Temperature

Relative humidity [%]

Reference Temperature
Condensed Water
Dry air

Point A

Point B

Point C

Point D

Point 1

Point 2

Point 3

Point 4
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