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ABSTRACT

The purposes of this research were to design, construct, evaluate performance and conduct
cost analysis of a heat pump fruit dryer. The dryer consisted of a cabinet dryer and heat pump.,
Product capacity of the cabinet dryer was 100 kg to 132 kg with 12 trays and the heat pump
capacity was 3.5 kW refrigeration. In this work, papaya glace’ was dried in close loop air with
drying temperature of 50 °C, air flow rate of 0.45 kgls and bypass air of 63%. Drying operation
was divided into two steps. In the first step, papaya glace’ with dimension of 635 x 15 x 2.5 cm?’
and initial moisture content of 74% dry-basis was dried, In the second step, papaya glace’ dried
in the first step was cut into 0.98 x 0.98 x 0.98 cn?’ and dried to a moisture content of 23% dry
basis. The results were as follows: drying rate 0.686 kg waterlh, moisture extraction rate from
evaporaior 0.78 kg walerih and drying time of the two steps approximately 80 h (40 h in each
step). Energy consumption was 993 MJIkWh or SMER (specific moisture extraction rate)
0.363 kg water evaporation/kWh at specific air flow rate of 21.42 kg dry airlh-kg dry papaya
glace’. The coefficient of performance for the heat pump (COP") varied between 3.71 to 3.85.
For the quality of papaya glace’ after drying in terms of color, it was found that the color of
papaya glace’ was light reddish-orange (code 34-C from RH.S. color chart). Cost evaluation
found that cost of papaya glace’ drying was 12.8 Bahilkg water evaporation of which 53 was
energy cost, 1.4 was maintenance cost and 6.1 was fixed cost (US$ 1 = 40 Balu).

1. INTRODUCTION

Dried fruit is a modified agricultural product which is in high demand in both domestic and
intemational markets, The drying process is an important step of the production process as it has
high operaling costs. Cabinet dryers are suitable for drying fruit. Drying temperatures typically
used in dryers are approximately 60°C to 70°C. If the drying temperature is higher, the product
will be dark colored and its surface is withered and wrinkled. If the drying temperature is lower,
the product quality will be acceptable but it requires long drying time. Small dryers use electricity,
LPG or solar energy for healing air. Solar energy has limitations in terms of inconsistent energy
availability. This research proposes a choice of using heat from heat pump for drying fruit. Fruit
drying using heat pump could reduce energy cost with fairly low air temperature and relative
humidity. This can be achieved by condensing moisture from the drying air and followed by
reheating, Product quality in terms of color and smell could be improved.
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The purposes of this research are lo design, consiruct, evaluale performanca and
conduct cost analysis of heat pump fruit dryer. The dryer consists of cabinel dryer and heat
pump. Product capacity of the cabinel is 100-132 kg with 12 trays and the capacily
of the heat pumpis 1 lon refrigeration. [n this experiment, papaya glace’already s dried in
close-loop air with drying lemperalure 50°C, air flow rate 0.45 kg/s and by pass air
63 %. Drying operalion is divided into 2 sleps. In lhe first step, papaya glace’with
dimension 6.35 x 15 x 2.5 cm’ and intial moisture content 74 % db. Is dried. In the
second step, papdya glacé already dried in the first step is cut inlo 0.98 x 0.98 X
0.98 cm® and dried to final moisture content 23 % db. The resulls are as follows: drying
rate 0.686 kg water/h, moisture exiraction rate from evaporator 0.78 kg watar/h, drying
lime of two sleps is approximately 80 h ( 40 h in each step). Energy consumption is 9.93
MJ/kW-h or SMER (Specilic moisiure exiraction rate) Is 0.363 kg waler evap./kW-h at
specilic alr flow rate 21.42 kg dry air/h-kg dry papaya glace’. The coefficient of
performance of heat pump (CGPM) varies between 3.71-3.85. For the quality of papaya
glacé after drylng in terms of color, it is found that colar of papaya place’ is light
orange-red (code 34-C from R.H.S colour chart). _

For cost evalualion from this experiment, it is found that the cost of papaya glace’
drying is 12.8 bathskg waler evap. of which 5.3 is energy cost, 1.4 is maintsnance cost
and 6.1 is fixed cosl.
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ABSTRACT

The purposes of this research are to design, construct, evaluate performance and
conduct cost analysis of heat pump fruit dryer. The dryer consists of cabinet dryer and
heat pump. Product capacity of the cabinet dryer is 100-132 kg with 12 trays and
capacity of heat pump is | ton refrigeration. In this experiment, papaya glace’ is dried
in close loop air with drying temperature of 50°C, air flow rate of 0.45 kg/s and by
pass air of 63 %. Drying operation is divided into two steps. The results are as
follows: drying rate 0.686 kg water evaporation/h, moisture extraction rate from
evaporator 0.78 kg water evaporation/h and drying time of the two steps
approximately 80. Energy consumption is 9.93 MJ/&kW-h or SMER 0.363 kg water
evaporationkW-h al specific air flow rate of 21.42 kg dry air/h-kg dry papaya glace’.
The coefficient of performance for heat pump varies between 3.71-3.85. For the
quality of papaya glace’ after drying in terms of color, it is found that color of papaya
glace’ is light reddish-orange. For cost evaluation from this experiment, it is found that
cost of papaya glace’ drying is 12.8 ballvkg water evaporation of which 5.3 is energy
cost, 1.4 is maintenance cost and 6.1 is fixed cost (US$ 1 = 34 baht).

INTRODUCTION

Dried fruit is a type of agricultural modified product which is in high requirement in both domestic
and international markets. Drying process is an important step of production process which uses high cost
for operating. This research proposes a choice of using heat from heat pump for drying fruit. Fruit drying
using heat pump could reduce energy cost with fairly low air temperature and relative humidity. Product
quality in terms of color and smell is limited changed and is accepted by consumer.
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ABSTRACT

" A mathematical model of a heat pump dryer was developed to study the
performance of an open loop, a closed loop and a partially closed loop heat pump
-dryers. The criteria for evaluating the performance were specific moisture extraction
rate and drying rate. The effects on the perforrnance of ambient conditions, the
fraction of evaporator bypass air, specific air flow rate, and drying air temperature
were described, 1t was found that ambient conditions and the fraction of evaporator
bypass air slightly affected the performance of the open loop and the partially closed
loop heat pump dryers. Specific air flow rate and drying air temperature affected
significantly the performance of all heat pump dryers. The results from the simulation
of papaya glace’ drying using closed loop heat pump dryer were close to the
experimental resuits. From this simulating data, the best conditions were specific air
flow rate of 4.3 kg-dry air/h- kg dry papaya and the fraction of evaporator bypass air
of 75%. The specific moisture extraction rate was 0.42 kg-water/kW-h,

1. INTRODUCTION

Drying of fruits has been found in various applications. Basically, conventional
hot air dryers are used for drying. The main problem is that the conventional hot air
dryer results in low product quality due to high drying air temperature. Drying using a
heat pump dryer can use lower drying air temperature since moist air leaving the
drying chamber can be dehumidified and recirculated.

Chou et al. (1994) developed a mathematical model of a heat-pump-assisted dryer
to study the performance of a heat-pump-assisted dryer assuming the coefficient of
performance of 8, the effectiveness of outdoor air preheat of 0.7, generator heat losses
of 60 %, and transmission losses of 20 %. Jolly et al. (1990} reported a meticulous
mathematical model of a heat-pump-assisted continucus dryer. This model was used
by Jia et al. (1990) to investigate the performance of a heat-pump-assisted continucus
dryer. The criteria were specific moisture extraction rate, coefficient of performance,
and product throughput. Parameters which affected the performance were the fraction
of evaporator bypass air, the heat transfer area of evaporator and condenser,
compressor speed, total air mass flow rate and vented air mass flow rate. Clements et
al. (1993) used the model developed by Jolly et al. (1990) to predict the performance
of a heat-pump-assisted continuous dryer. The results showed that specific moisture
extraction rate increased when air relative humidity was increased. Moreover, the
optimum total air mass flow rate of 0.63 kg/s and the optimum fraction of evaporator
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Drying of Vegetables and Fruits by Heat Pumps
Siva Achariyaviriya and  Somchart Soponronnarit

Abstract

The objectives of this study are to investigate some vegelables and fruits which have
drying polential and to determine theoretically some design parameters for dryer using heat pump systems
operating on R-22, R-123, R-124, R-134a, and R-152a. The essential design parameters are the compression
ratio {CR} , the condensing temperature (T.)) , the gross temperature lift {T. . T.) , and the theoretical Rankine
coeflicient of performance {COP). The relalionship' between compression ralio , the theoretical Rankine
coefficient of performance , and the gross temperature lift for this group of working tuids for condensing

temperature 70 DC and 85 °C waere determined
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Development of a Mathematical Model for Heat Pump Fruit Drying
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Waraporn Rattanongpisat Somchart Soponronnarit and Thanit Swasdisevi

ABSTRACT

A mathematical modei for papaya gtncc’ drying using heat pump has been developed. It
comprises of drying ralc equation, mass anl energy balance equations, thermo-physical property of papaya
glncc’ cquations and heat exchanger equations. Successive swbstitution method was used for finding the
solution. It was found that (be model was fairly accurate for predicting final mofsture content, air temperature
at various parts in the system amnd temperature of refiigerant especially at low moisture level of papaya glace’,

The mathematical model was then uscd to find out stralegy for drying papaya glacc' with a
specific air flow rate of 29.8 kg/h-kg dry papaya glace’. Simulated resulis showed that drying time and
energy cousumption decreased when the drying air temperatore increased.  In addilion, (he appropriate
by-pass air ratio was in the range of 86-90 %a.

Keywords : diying, mathematical model, {ruit, heat puinp
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Heat Pump Fruit Drying
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ABSTRACT

A mathematical model for papaya glace’ drying using heat pump has been
developed. It comprises of drying rate equation, mass and energy balance equations,
thermo-physical property of papaya glace’ equations and heat exchanger equations.
Successive substitution method was used for finding the solution. It was found that the
model was fairly accurate for predicting final moisture content, air temperature at
various parts in the system and temperature of refrigerant especially at low moisture
level of papaya glace

The mathematical model was then used to find out strategy for drying papaya
glace’ with a specific air flow rate of 29.8 kg/h-kg dry papaya glace’ Simulated results
showed that drying time and energy consumption decreased when the drying air

temperature increased. In addition, the appropriate by-pass air ratio was in the range
of 86-90 %.

1. INTRODUCTION

Britnell et al.[1] studied drying of ginger and potato by using heat pump. They
found that quality of agricultural product, dried by heat pump, in terms of smell, taste
and color was better than those dried by rotary drying. Clement et al. [2] studied
continuous drying of rubber using heat pump. They found that COP increased with air
relative humidity and suitable by pass air ratio was 60-70 %. Meyer and
Greyvenstein[3] studied economic grain drying using heat pump. They found that heat
pump drying which operated along with other purpose such as heating water was more
economical than drying using electric hot wire and diese! fuel. Soponronnarit et al. [4]
studied suitable strategy for papaya glace’ drying in thermal tunnel and developed a
mathematical model. Main assumption of the model was heat equilibrium between
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ABSTRACT

The objectives of this research were to design, construct and test a heat pump dryer
for paddy seed working with a mixed flow (LLSU type) dryer. In this study, paddy seed was
dried in an open air-loop from initial moisture content of 13.50 - 22.15 %w.b. to final
moisture content about 12 %w.b., inlet drying air temperature was 43 "C, specific air flow
rate was 9 m*min-m’ paddy and evaporator bypass air ratio was 0 %, 30 % and 50 % . The

effects of evaporator bypass air ratio on specific energy consumption, COP,, SMER, and

hp>
MER wérc investigated. Experimental results showed that COP,, and SMER increased to
maximum at evaporator bypass air ratio of 0 % and decreased with increasing bypass air
ratio. Quality of paddy seed was very good with mean germination of sun drying and heat
pump drying of 98 % and 97 % and mean vigour of sun drying and heat pump drying of
96 % and 95 % respectively. From cost evaluation of paddy seed drying with an initial
moisture content of 22.15 %w.b. and final moisture content of 12.45 %w.b., it was found
that total cost of seed drying was 2.81 baht/kg water evap, (US$ 1 = 40 baht) of which 0.63

was energy cost, 0.41 was maintenance cost and 1.77 was fixed cost.

Keywords: Grain drying / Seed / Heat pump

INTRODUCTION

Seed production should be managed to maintain good quality of original seed that

is good in germination and vigour [1]. Drying process is one of seed producing processes





