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Abstract

The performance of the drying chamber of a solar assisted drying system was analyzed. The solar assisted
drying system consists of drying chamber, V-groove collector of 13.8 md area, the auxiliary heater and two
variable speed centrifugal fans. K-type thermocouples were used for temperature measurement, while solar
radiation was measured by Eppley Pyranometer. Drying temperature is considered the most important factor in
the drying operation. The accuracy of the temperature measurement is important in this analysis. The procedure
for calculating the heat losses from drying chamber may be quite complex and often difficult to accurately
determine the numerous variables. In this work standard equations under steady state condition were used to
calculate the drying chamber efficiency and the heat losses from the chamber room.
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1. Objective

The main purpose of this paper is to report an
analytical study of the energy performance of the
drying chamber. Although a numerical analysis
can be take into account more details related to
the energy balance. The analytical study will
gives a better feeling of the influence of the oper-
ational and design parameters, such as ambient
temperature, drying chamber temperature, ambi-
ent humidity, solar radiation and airflow.

*Corresponding author.

2. Introduction

Solar energy can be used as an important and
environmental compatible source of renewable
energy. The use of solar energy for drying effec-
tively reduces the problems arising from gener-
ating energy by convention method. This is
because the use of the conventional energy
source for drying purposes is costly and hazard-
ous to environment. The maximum temperature
of 60°C was recorded during an operation with-
out heater system at min daily solar radiation of
700-800 Wm™ and at 617 m* min™' of air flow
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rate. With the electric heater off the dryer gener-
ates 4.0-6.5 KW of heat depending on airflow
rate and solar radiation intensity. For constant
temperature drying, both the solar collector and
electric heater were simultaneously used. Dry-
ing chamber is rated in terms of thermal effi-
ciency as a function of specific insulation and
mass flow of the heat transfer.

In this project temperature measurements
were taken by means of thermocouples fixed at
different points in the drying chamber. The
average temperature outside the drying chamber
ranged from 28-34°C while the drying chamber
temperature maintained at 55°C in our experi-
ments using the auxiliary heater. The radiation
measurement arranged between 400-800 W/m?.

3. System description

The design and fabrication of the solar dryer
has been reported elsewhere (Ruslan et al.
2001). The components of the drying system
consist of solar collector, blower, drying cham-
ber and electrical heater. An array of V-groove
back-pass solar collector with a total area of
13.8 m? was used to supply the heat. The blower
with variable speed was used to circulate the air
at the range of 6-17 m> min"' to the drying
chambe. The drying chamber measuring 1.0 m x
2.5 m x 2.90 m encloses adjustable shelves to
support wire-mesh trays where the product to be
dried were placed. A 10 KW electric heater was
installed at the inlet of the drying chamber in
order to maintain constant and higher tempera-
ture in the chamber. The dryer can operate with
or without the heater system. The configuration
of the system is shown in Fig. 1.

Drying chamber is shown in Fig. 2. The
volume of drying chamber was 7.25 m’.

The wall of the drying chamber was build
with a double wall with the thickness of 10 cm
each and used Aluminum sheet as the cover for
internal surface of walls for purpose to reduce
the heat loss. In the middle of the two walls have
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Fig. 1. The design of colar assisted drying system.

a 2.5 cm space, which filled up by the foamed
polystyrene. The hollow iron rectangular door
of the chamber room is designed with two open
types each with dimension 1.5 m X 1.5 m. The
hollow space at the door is covered with fiber-
glass acts as insulation.

The air enters the drying chamber at the bot-
tom through two tubes PVC with diameter 15.2
cm each and then passed through the auxiliary
electric heater. An exhaust vents 20 cm X 50 cm
each have also been provided for the saturated
air exit to environment.

3.1. Model for the drying chamber analytical
thermal

The performance of solar drying system
depends on many parameters of which the most
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Fig. 2. Construction design of drying chamber.
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important are local climatic conditions, solar
radiation, building type and size. Thermophysi-
cal properties of materials used, hot air require-
ment capacity of auxiliary heating system, etc.
(H.P. Garg and J. Prakash).

Heat loss from the drying chamber takes
place by conduction, convection and radiation.
The heat loss is directly proportional to the
temperature difference between the indoor and
outside ambient temperature. Analytical expres-
sions used for the computation of various heat
losses are given below.

The overall heat transfer coefficient U is the
reciprocal of the total resistance offered by a
wall or roof structure.

U=1/RT (D

Since the wall does not consist of single
material but of a layers of different materials
with different thickness. The total thermal resis-
tance RT is given as:

RT =1/x0+1/x1+ Rl+R2+R3+ R4 +--- (2)

where x0 and x1 are the thermal conductance
for outside and inside surfaces to air, and R1,
R2, R3 are the thermal resistance of various
layers. For single layer the resistance R1 is
given as:

R1=d1/kl 3)

where d1 is the thickness of single layer and k1
is the thermal conductivity of the material in the
layer, Table 1 shows k for various materials.

Since the chamber room temperature is
higher than ambient temperature a flow of heat
from the hot side to the cold side through the
wall and roof will occur.

The flow of heat is defined as:

q=kd AT, —T)) = kdld AT 4)

where
q is the rate of heat flow in Watt
d is the thickness of the material in m.

Table 1

Components  Thickness Conductivity Resistance

(m) (W/m°C) (m?*°C/W)

Aluminum 0.7 mm 205 0.0034
Plaster 0.025 1.40 0.017
Brick 0.1 1.4 0.07
Polystyrene ~ 0.025 0.83 0.08
Concrete 0.1 0.8 0.12

Iron 0.045 29.3 0.0015
Total Resistance 0.280

A is the area of the wall surface in m* AT is
the temperature difference, causing heat flow, °C

Fig. 3 shows the structure of the drying
chamber walls, it illustrates a several materials
or non-homogeneous material.

The flow of heat for this case is defined as:

q=UA (T, - T, )= UAAT W/m®+C (5)

where U is referred to as the conductance or
coefficient of transmission of the material W/
m*-C.

The flow of heat for the composite material
can also be specified in terms of the conductiv-
ity of the material and the conductance of the
outside surface.
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Fig. 3. Temperature distribution for the composite wall.



154 S.A. Eltief et al. / Desalination 209 (2007) 151-155

_ A(Ty - T5)
YUy +d, /K +dy /Ky +dy/ Ky +dy/Kyg+1/Us

q (6)
The conductance of a homogeneous material
is expressed of:

U=kld

where R = 1/U = d/k.
Air change ventilation heat loss

Pa VCp AT

where pa = density of air (kg/m?).

V = volumetric exchange rate (m*/hr).

Cp = specific heat of air (kJ/kg °C).

Table 1 shows the thermal conductivities,
resistances and thicknesses of the material,
which used for the construction of the drying
chamber.

4. Results and discussion

So far attention has been given to the calcula-
tion of the overall thermal transmittance or
U-value of drying chamber components. The
calculation of overall heat transfer coefficients
are illustrated in Table 2.

A separate calculation is made for each dif-
ferent surface in drying chamber. The outside
surface film coefficient used for calculations is
considered to be 0.03 m®. C/W. While the inside
surface film coefficient was 0.08 m* C/W. For

Table 2
Area U-value AT (°C) QW)
(m) (W/m*C)
Walls 18  3.57 23 1477.9
Roof 2.5 429 23 249.6
Floor 2.5 83 23 477.2
Door 2.25 666 23 34,500
Vents 02 23 3.65
Total 682 36,705
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Fig. 4. Comparison of drying chamber air temperature
variation in an 25 cm two layers brick wall with ambi-
ent temperature.

the exhaust-saturated air from the vents, the
velocity of exit air is 1.4 m/s. The total area of
the walls of the chamber room is 18 m? Summa-
tion is conveniently made by chamber room and
for the complete structure. The overall heat
transfer coefficient U is 682 W/m*-C. Curve 1
shows the variation of three parameters, which
the air temperature of the drying chamber, the
inner surface of the wall and the ambient tem-
perature with the time. The result shows that the
temperature of the wall surface is less than the
drying chamber temperature has been expected
early.

5. Conclusion

The study was conducted to evaluate the per-
formance of the drying chamber of the forced
convective solar assisted drying system. The
consideration should be given to the materials
that used for the structure of the drying cham-
ber. The efficiency of the system is increased if
the drying chamber is well constructed and pro-
vided with good insulation. In this paper the
equations for determining the changes of tem-
perature in drying chamber are based on heat
transfer analysis. These expressions are founded
on the method of the thermal effectiveness and
the number of transfer units. These are general
equations for the drying chamber of the solar
drying system.
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