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The construction and performance of a natural convection solar fruit dryer is described. The 342-m? plastic collector
directed hot air into a drying shed where 500 kg of fruit were dehydrated in 2—5 days. Peak air temperature was 63°C
with an airflow rate of 79 m’/min. Higher air velocities and shorter collectors increased collector efficiency. The
presence of a 65-tonne rock bed under the collector gave some heat storage but was detrimental to the collector efficiency
and to the overall drying performance of the system. It is projected that a steeper south-facing collector slope would
greatly improve the dryer performance (present slope is 7.5°).

INTRODUCTION

Dehydration is one of the oldest and
simplest techniques of preserving food.
Once a product is dried and sealed it can
be stored indefinitely at no energy cost
and is easy to transport. Drying permits
the use of weather damaged crops, e.g.,
rain-split cherries, that would otherwise
be culled or not even harvested. What is
required is a simple and economical dehy-
dration system that can be constructed by
farmers or processors. This paper details
the performance of such a system utilizing
solar-driven natural convection up a 7.5°
south-facing slope located at 49.5° N lati-
tude. The objectives were to determine
the operating characteristics of this dryer
and to evaluate the effects of uninsulated
rock storage and of collector slope. Prod-
ucts dried were cherries, apricots, onions,
pears and apples.

MATERIALS AND METHODS

The two main components of the dryer
were the solar collector to heat the air and
the drying shed to direct the air through
the product to be dried.

The collector depicted in Figs. 1 and 2
consisted of a blackened rock bed for heat
storage and a plastic cover positioned
0.55 m above the rocks on a wooden
2 X 4 frame. The bed was filled with
65 tonnes of granite with a mean density
of 2.59 g/cm’, heat capacity of 0.242
cal/g °C and a size of 8—15 cm. It was
spray-coated with a diluted asphalt water-
proofing emulsion to give a dark ab-
sorbing surface. The bed was on sandy
soil and measured 7.6 m wide by 45 m
long on a 7.5° south-facing slope with an
area of 342 m’. Its depth was 25 cm in the
top 15-m section, tapering down to 8 cm
at the bottom edge where the air was ad-
mitted. The cover material was Vansco
W-552 Clear plastic which was con-
structed of high-density 0.5-cm poly-
ethylene tapes in an orthogonal weave

pattern. It was coated on each side with a
25-pm low-density coating to give high
UV resistance and this brought its thick-
ness up to 152 pm (6 mils). It was se-
lected over other plastics on the basis of
its clarity (90% transmission over the vis-
ible spectrum), strength (average of 16 kg
tensile force to break a 2.5-cm-wide
strip), high resistance to UV degradation,
and cost ($.70 U.S./m?). The transmit-
tance of the cover was measured for vari-
ous angles of incident radiation. It was
taken as the relative intensities, as mea-
sured by a Li-cor 200-SB pyranometer, of
sunlight coming through a 70-cm-square
of cover material as compared to unim-
peded sunlight.

The cover was stretched over the sup-
port frame, its sides extending to the
ground where the edges were buried. Two

doors across the width of the entrance
controlled the air entering the collector.
The width narrowed down to 4.9 m at the
top end where the heated air entered the
drying shed.

The plywood drying shed depicted in
Figs. 1, 2 and 3 was topped by a 0.3-m
wide X 1.3-m high chimney that spanned
the 4.9-m length of the shed to enhance
airflow via a stack effect as suggested
by Ibraham and Hansen (1984) and by
Bansal et al. (1984). Air velocities were
measured halfway up the stack above the
center of each tray column with a Thermo-
netics HWA-101 hotwire anemometer.
500 kg of fruit were spread on 32 drying
trays that were arranged in four vertical
columns with a separation of 12.5 cm
between trays (Fig. 3). Each tray con-
sisted of a 1.07 X 1.07-m wood frame

Figure 1. North-facing view of collector air entrance.
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Figure 3. Open-door view of one tray column illustrating trays and spacing. Product is dried
apricots.
TABLE 1. SUMMARY OF FRUIT DRYING RUNS
Relative Initial Final
Weather humidity fruit fruit Drying
Start conditions of initial moisture moisture time
Fruit date during run ambient air %  content %  content % (days)
Cherries 24 July 75% sunny 40 81 18 2.3
Cherries 3 Aug.  60% cloudy, damp 81 81 21 5.9
Apricots 13 Aug.  80% sunny 45 85 13 255
Apricots 24 Aug.  70% cloudy, damp 68 85 17 6
Onions
(one
tray) 21 Aug. 100% sunny 38 89 29 0.1
Pears 14 Sept.  60% cloudy, damp 68 84 25 10
(quartered)
5.5
(sliced)
Apples 21 Sept.  60% cloudy, damp 70 85 10 5
Apples
(from
storage) 4 July 60% sunny 37 81 9 1.7
138

covered with nylon fly screen [.5-mm
mesh, and reinforced with wire across the
center in both directions. Fruit was spread
one layer thick so that each was touching
its neighbor. A typical wet weight was
15 kg per tray (cherries).

The total 1984 cost of the dryer, shed
and trays was about $4000 (Canadian) in-
cluding material and labor. The projected
cost for a simpler but more efficient future
design is about $2000. The other major
cost would be for a fruit pitting machine
unless one could have the product run
through a local processing plant. Fruit
suitable for drying must be free of rot but
may have surface cuts or blemishes and
can be of any size.

Fruit was prepared for drying by
various techniques. Cherries were pitted,
apricots were halved and pitted, onions
were chopped, pears were sliced longitu-
dinally into quarters or into l-cm slabs,
and apples were sliced into 1-cm slabs.
Skins were not removed. In some cases
the wet fruit was treated to prevent spoil-
age by burning 600 g of sulphur under-
neath the trays and closing off the chim-
ney for 45 min before starting the run.

Temperature measurements were made
with copper-constantan thermocouples
connected to either a Rubicon poten-
tiometer or to a Westronics “E” series
24-channel recorder. For rock bed tem-
peratures they were inserted into the cen-
ter of rocks via pre-drilled holes packed
with sand and sealed with silicone. At
37 m from the collector entrance the tem-
perature at depths of 0, 15 and 30 cm was
measured in the rock bed.

It was desired to compare the daily heat
inputs that the collector would receive at
various collector angles and at various
times of year. Hourly values of radiant
energy impinging on a horizontal pyra-
nometer sensor were recorded from 0600 h
to 1800 h on an ideal clear sunny day.
Using the hourly value and the directional
vector towards the sun at the mid-point of
each hour, a vector was obtained for the
hourly solar energy per square metre of
area normal to the average sun direction
during each hour. The dot product of this
vector was taken with the normal vector to
the collector surface to give the compo-
nent of radiation normal to the collector
during each hour. The collector normal
vector had a direction given by the south-
ern tilt angle (7.5°C south of vertical for
the existing collector) and a magnitude
equal to the collector area (342 m?).

RESULTS

Fruit Drying Results
The results summarized in Table I
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