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An uneven-span modified greenhouse dryer was constructed and tested in no-load conditions under natural convection mode
under the weather conditions of Marrakech, Morocco, for two distinct days. Moreover, a CFD evaluation of the uneven-span
greenhouse dryer was performed as tool to visualize the air temperature distribution inside the dryer. For validating the CFD
model, the temperature variations along the hours of the day were compared to the experimental results. A good agreement is
obtained between the computed and measured inside air temperature with a difference not exceeding 8.46°C, with a correlation
coefficient (r) and root mean square percentage deviations (e) 0.94 and 8.17, respectively. Furthermore, the maximum inside air
temperature was measured to be 56°C and 52°C while the minimum inside relative humidity was measured to be 17% and 12%,
for day-1 and day-2, respectively. The benefice of using asphalt as a floor covering material was revealed as an efficient way to
heat the inside air at low solar radiations. The performances of the dryer were evaluated by the percentage of net heat gain
variation as a way to validate the effectiveness of the dryer. This latter is found to be equal to 46% and 48% for the two days,
respectively.

1. Introduction

Solar energy has received significant attention as an efficient,
promising, durable, cost-effective, and environmentally
friendly source of energy. The potential of solar energy is well
established in a variety of fields, such as material treatment to
produce manufactured goods, desalination, biomass conver-
sion, refrigeration, food processing, space heating, domestic
water heating, and biomass valorization using thermochem-
ical methods and in the agricultural and drying fields [1].
The world’s drying and agriculture industry consumed 198
million tons of oil equivalents in 2016, including 92.42% pro-
duced from fossil fuels [2]. Therefore, solar energy is a prom-
ising and environmentally friendly alternative to fossil fuels
in the agricultural and drying fields in order to mitigate

global warming associated with the extensive use of fossil
fuels in these fields.

Different types of solar dryers have been designed and
studied in order to increase the solar dryer efficiency and
consequently reduce the drying costs. Solar drying can be cat-
egorized into direct and indirect processes, which in their
turn can use either forced or natural circulation. Moreover,
mixed and hybrid solar drying combine direct and the indi-
rect processes. An additional heat source for air preheating
or heating is used in the latter process [1, 3]. Fudholi et al.
[4] used a hybrid solar drying system for the investigation
of the thin-layer drying kinetics of salted silver jewfish. The
hybrid system is composed besides the air solar collector of
a diesel burner as a heat back up in order to provide contin-
uous heat as required by the drying chamber. Chouicha et al.
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[5] studied the drying of sliced potatoes using a modified
solar dryer with electrical resistance powered by a number
of photovoltaic panels. The drying time was thus reduced
by one hour and a half. Lopez-Vidana et al. [6] evaluated
the thermal and drying efficiency of three configurations of
a hybrid solar-gas dryer. The dryer is composed of a solar col-
lector and an auxiliary LPG (liquid propane gas) combustion
heater.

On the other hand, greenhouse drying is one of the most
effective drying methods as it can combine all the abovemen-
tioned techniques (direct, indirect, hybrid, and mixed). The
greenhouse structure offers protection and uniform drying
rate and yields a very high quality product [1, 7, 8]. Several
greenhouse shapes have been studied [2, 7–9], namely,
even-span, uneven-span, elliptical, and vinery. Chen et al.
[2] evaluated the global solar radiation captured at different
latitudes by six greenhouse shapes. They found that the saw-
tooth shape and the east-west orientation captured the high-
est amount of global solar radiation in winter at all latitudes.
Çakır and Şahin [7] made a comparative study to determine
the best greenhouse shape, orientation, type, length-to-width
ratio, and position for Bayburt-Turkey. They concluded that
the greenhouse roof shape is one of the main effective factors
on solar energy gaining rates. Furthermore, the air and tem-
perature distribution within the greenhouse dryer affects its
performances. Indeed, as inadequate distributions of both
air and temperature cause nonuniform drying, which yields
to a low-quality product. Sánchez et al. [10] experimentally
studied the effect of rotating trays on the drying performance
of tomato slices. It was found that the use of tray rotation
reduced significantly the temperature variation between the
trays from 2 to 0.2°C, thereby enhancing the overall drying
efficiency and the product quality.

The implementation of computational fluid dynamics
CFD in the greenhouse drying field has received significant
attention. Indeed, CFD is an efficient tool for system evalua-
tion as it offers the ability to perform a range of parametric
studies for system optimization. Moreover, the effect of dif-
ferent parameters on the drying process can be easily per-
formed by means of CFD tools. In addition, the evaluation
of air, temperature, and moisture distribution inside the
greenhouse dryer under different climatic conditions (irradi-
ance, ambient temperature, humidity, and wind speed) will
help in improving the design of the greenhouse shape and
the air treatment and conditioning systems. Noh et al. [11]
used ANSYS Fluent to simulate and analyze the effect of
product arrangements on the temperature and airflow distri-
bution inside the drying chamber of a newly developed solar
dryer. They found that the zigzag pallet arrangement pro-
duced higher and more uniform air flow compared to the
straight pallet arrangement inside the drying chamber. Babu
et al. [12] evaluated theoretically the air flow distribution in
different drying chamber configurations in the tray dryer
using CFD tools. Their work was based on looking for the
best tray configuration which ensures the minimum pressure
drop, the maximummass transfer rate, and the most uniform
air temperature and airflow distribution. Khanlari et al. [13]
evaluated the thermal performance of a greenhouse dryer
assisted by a tube-type solar air heater numerically by the

mean of the ANSYS Fluent software. Their empirical and
numerical simulation results are found to be in good agree-
ment. Demissie et al. [14] employed CFD for the prediction
of the air flow and temperature distribution inside an indirect
food dryer. They found that the maximum average tempera-
ture difference between the CFD simulation and measure-
ment was 4.3°C. Jia et al. [15] modeled the heat transfer of
greenhouse underfloor heating system by the mean of the
Fluent software. The effect of several important factors (pipe
diameter, pipe spacing, laying depth, and supplied water
temperature and flow rate) on the temperature distributions
within the greenhouse system was evaluated. Vivekanandan
et al. [9] made an experimental and CFD investigation of
six shapes of solar greenhouse dryers under no-load condi-
tions. They found that the experimental values are in good
agreement with CFD values with and error of 15%. Tarigan
[3] simulated a back-up heater (biomass burner) in a solar
agricultural dryer with back-up biomass burner and thermal
storage by means of CFD simulation. The temperature and
air flow distribution patterns were visualized. The results
showed an average drying air temperature in the drying
chamber of 56°C, which is suitable for agriculture product
drying.

To our knowledge, no author had evaluated the perfor-
mances of a modified uneven-span greenhouse dryer in no-
load conditions under natural convection mode taking both
paths of CFD simulation and experimental evaluation.
Vivekanandan et al. [9] only evaluated the air temperature
distribution inside six different types of greenhouse dryers
by the mean of ANSYS Fluent, whereas Chauhan and Kumar
[8] conducted only an experimental study of the perfor-
mances of a greenhouse dryer in no-load conditions under
natural convection, and Prakash and Kumar [16] studied
only the effects of heat loss and the instantaneous thermal
loss efficiency factor on the performances of a modified
greenhouse dryer.

In the present work and as a novelty, two different ways
to evaluate the performances of a greenhouse dryer were con-
sidered, namely, an experimental and a CFD study. The com-
putational fluid dynamic package (ANSYS Fluent software)
was used to evaluate the performance of an uneven-span
greenhouse dryer at no-load conditions under the meteoro-
logical conditions of Marrakech-Morocco. This greenhouse
dryer is intended to be used for drying agricultural products
with high moisture content. The key features of the green-
house dryer system in this study are the roof inclination angle
12° and the floor covering material in order to capture the
maximum of solar radiation and enhance its reradiated frac-
tion, by consequence increasing the air temperature within
the greenhouse dryer.

2. Materials and Methodology

2.1. Description of the Solar Greenhouse Dryer. The green-
house dryer was constructed at the Faculty of Sciences
Semlalia, Marrakech (31.6295°N, 7.9811°W, 466m), in the
framework of the BIORESOL project. It consists of an
uneven-span structure made of stainless iron frame mounted
on a concrete floor and glazed with polycarbonate sheets of
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6mm thickness. The length, width, and height of the green-
house dryer were, respectively, 6m by 4m by 3.5m. The
dryer is equipped with 3 fans fixed at the outlets to reject
the moisture air to the surrounding environment. The green-
house dryer has a roof inclination angle of 12° and positioned
in an east-west orientation in order to maximize available
solar energy throughout the year as shown in Figure 1(a).
Moreover, the dryer floor was covered with asphalt layer of
thickness (4mm) to enhance the reradiated energy and con-
sequently increase the air temperature within the greenhouse
dryer (Figure 1(b)).

2.2. Instrumentation. The solar radiation was measured on
the horizontal plane using a CM5 pyranometer (KIPP &
ZONEN, Holland). The ambient and indoor temperatures
and relative humidity were measured using a well-
calibrated digital thermohygrometer (BK Precision Model
720 Humidity/Temp Meter). The measurement of the air
velocity was made by HoldPeak HP-866B Digital Anemom-
eter with a wind speed range from 0.03 to 30m/s.

2.3. CFD Simulation. In the present study, the ANSYS soft-
ware was used as a CFD tool in order to evaluate the temper-
ature distribution inside the uneven-span greenhouse dryer

and trying to reveal the importance of the floor covering
material in enhancing the performances of the dryer. The
numerical simulation results were compared with experi-
mental ones in the objective of developing a CFD model
translating the behavior of the dryer at no-load conditions
and under natural convection, hence relying on this model
as way to facilitate the improvement of the thermal perfor-
mances of the modified greenhouse dryer.

2.3.1. Uneven-Span Greenhouse Structure Modeling. In order
to generate the uneven-span greenhouse dryer, the ANSYS
Workbench Design Modeler was used. The built geometry
was drawn according to the dimensional characteristics of
the experimental greenhouse dryer. The 3D geometric model
is presented in Figure 2. The use of a 3D model enhances the
accuracy of the results and allows an efficient evaluation of
the drying system. The mesh step was made by the ANSYS
Fluent Mesh program. The tetrahedron structure meshing
mode was adopted. The numbers of cells and elements con-
sidered were 381,440 and 1,577,727, respectively, in order
to achieve favorable CPU computation time, with more accu-
rate and reliable results. The maximum and minimum
orthogonal quality and skewness associated values were
0.16982-0.99798 and 0.00020978-0.83018, respectively.

(a) (b)

Figure 1: Photograph of modified greenhouse dryer structure (a) without and (b) with polycarbonate sheet.
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Figure 2: 3D geometric model of the uneven-span greenhouse dryer.
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2.3.2. Governing Equations. The CFD simulation was evalu-
ated taking in consideration natural convection inside the
uneven-span greenhouse dryer. In this case, the Boussinesq
model was adopted where the air density ρ is given by the
following equation [17]:

ρ = ρref 1 − β T − T refð Þ½ �, ð1Þ

where β is the thermal expansion coefficient (K−1), T is the
temperature, and Tref is the operating temperature [17].

The radiative transfer equation was modeled by the dis-
crete ordinate (DO) radiation model. It has the advantage
to solve radiative transfer equation for a finite number of dis-
crete solid angles, each associated with a fixed vector direc-
tion, at semitransparent walls (e.g., glass, polycarbonate,
and polyethylene). In the DO model, the radiative transfer
equation in the direction s! is given by the following [17]:

∇: I r!, s!
� �

s!
� �

+ α + σsð ÞI r!, s!
� �

= an2
σT4

π
+ σs

4π

ð4π
0
I r!, s′

!� �
∅ s

!
: s′
!� �

dΩ′,
ð2Þ

where I is the intensity, r
!
is the position vector, s′

!
is the scat-

tering direction vector, σ is the Stefan-Boltzmann constant, α
is the absorption coefficient of air, σs is the scattering coeffi-
cient, n is the refractive index of air, ∅ is the phase function,
and Ω′ is the solid angle (radian).

The basic governing equations of fluid flow and heat trans-
fer are the Navier-Stokes equations, which are derived from
the basic mass conservation and continuity equations applied
to fluid properties. These equations are as follows [17]:

(i) Continuity equation

∂ρ
∂t

+∇ ρv!
� �

= 0: ð3Þ

(ii) Momentum equation

∂
∂t

ρv!
� �

+∇: ρv!v!
� �

= −∇:p+∇:τ!+ ρg! + F:
! ð4Þ

(iii) Energy conservation equation

∂
∂t

ρEð Þ+∇: v! ρE + pð Þ
� �

= ∇ λ∇Tð Þ + Sh: ð5Þ

2.3.3. Heat Transfer Coefficients. The convective heat transfer
coefficient (h) used to evaluate the thermal behavior between
the greenhouse cover and the ambient air is given by the
following [18]:

h = 2:8 + 3Vw, ð6Þ

where Vw is the wind velocity.
In addition, the following expression for the sky temper-

ature (Tsky) was used to evaluate the radiative transfer
between the sky and the greenhouse dryer cover:

Tsky = 0:0552Tambiant
1:5, ð7Þ

where Tambiant is the air ambient absolute temperature.

2.3.4. Model Validation. To compare the experimental results
with the simulated ones, the root mean square percentage
deviation (e) and the correlation coefficient (r) were calcu-
lated, by using the following equations [19, 20]:

e =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∑ Xi − Yi/Xi½ � ∗ 100ð Þ2

N

r
,

r = N∑XiYi−∑Xi∗∑Yiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
N∑X2

i − ∑Xið Þ2
q ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

N∑Y2
i − ∑Yið Þ2

q ,
ð8Þ

where N , Xi, and Yi (i = 1 to N) stand for the number of
values, the calculated values (obtained by the ANSYS Fluent
simulation), and the experimental values, respectively.

A positive value of r indicates a positive linear relation-
ship, while a negative one indicates a negative linear relation-
ship. On the other hand, r = 0 implies the absence of a linear
relationship between the two variables.

2.3.5. Evaluation of the Experimental Uncertainty. The exper-
imental investigation involved the measurement of quantities
like the air temperature, humidity, and velocity besides the
solar irradiance. The general expression for the overall uncer-
tainty estimation for a parameter R due to the combined
effect of different measured variables is given as follows [21]:

δR =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
〠
N

i=1
δR/δxið Þ δxið Þ2:

vuut ð9Þ

The maximum relative uncertainties associated to the
various instruments according their specifications are given
in Table 1.

Using these values and equation (9), the uncertainties
associated with the heat transfer coefficient (h), the sky tem-
perature, the percentage of net heat gain with respect to

Table 1: Maximum uncertainty associated to instruments.

Parameter Accuracy

Air temperature ±0.7°C
Air humidity ±2.5%
Air velocity ±5%
Solar irradiance ±1%
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ambient temperature (Qg), and instantaneous thermal loss
efficiency factor (ηi) are, respectively ±0.34W/m2/K,
±0.31K, ±1.51, and ±0.07.

3. Results and Discussions

3.1. Experimental Results. In this study, the experimental
measurements were conducted in an uneven-span green-
house dryer under no-load conditions at different days from
October to December 2020 at the Faculty of Sciences Semlalia
(Marrakech-Morocco). The considered period was chosen in
order to evaluate the solar dryer performances under these
conditions. Two typical days of this period were used for
this study, which are 28/10/2020 (day-1) and 24/11/2020
(day-2). The solar irradiance of the first day has an inter-
mittent character (Figure 3(a)), while the second day has a
clear sky (Figure 3(b)). The highest irradiance was found
to be equal to 661W/m2 and 647W/m2 for day-1 and
day-2, respectively.

3.1.1. Ambient Parameters. The air temperature, relative
humidity, and wind velocity were recorded every hour during
each day from 10h : 00 to 17h : 00. Figure 4(a) presents the
hourly variation of the ambient temperatures associated to
day-1 and day-2. The average ambient temperature on the
first and second day was 25°C and 24°C, respectively.
Figure 4(b) shows the evolution of the ambient relative
humidity for the two days. The average values are, respec-
tively, 32% and 42% for day-1 and day-2. Figure 4(c) shows
that the wind velocity varied from 0.10 to 1.35m/s and from
0.4 to 1.8m/s for day-1 and day-2, respectively.

3.1.2. Evolution of the Air Temperature and Humidity within
the Uneven-Span Greenhouse. Figure 5 presents the variation
of the most important parameters in the drying process,

namely, the inside temperature and relative humidity. These
two parameters depend strongly on the climatic conditions of
the site and on the greenhouse shape and construction mate-
rials [22]. The inside temperature should be always high
ranging between 40°C and 80°C, and the inside relative
humidity should always be low, in order to get an efficient
drying process [2, 8, 9, 19]. The air temperature within the
uneven-span greenhouse dryer follows the global solar radia-
tion variation (Figure 5(a)). It varied from 36 to 50°C and
from 30 to 56°C for day-1 and day-2, respectively. For both
days, the maximum value of inside air temperature was
recorded at 14h : 00. Moreover, the average air temperature
within the greenhouse dryer was 45.70% and 48.71% higher
than the ambient temperature for day-1 and day-2, respec-
tively. The solar radiation intensity and wind velocity varia-
tion along the day are the factors behind the evolution of
the inside temperature. The wind velocity is directly related
to the convective heat transfer between the greenhouse dryer
cover and the air ambient temperature, as illustrated in
equation (6).

Figure 5(b) illustrates the variation of the inside air rela-
tive humidity as a function of time. Relative humidity
decreases over time during the first half of the day while the
opposite was true during the other half of the day. The reduc-
tion in the relative humidity compared to the ambient rela-
tive humidity was by 51.83% and 49.31% for day-1 and
day-2, respectively. Furthermore, as the air temperature
increases, the air relative humidity within the uneven-span
greenhouse decreases.

3.2. CFD Results. The main objective of the simulation study
was to develop a CFD model of the studied greenhouse dryer
to validate it with the experimental data. The simulations will
enable to visualize and evaluate the air temperature distribu-
tion within the greenhouse dryer. The temperature contours
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Figure 3: Variation of solar insolation with time of (a) day-1 and (b) day-2.
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9 10 11 12 13 14 15 16 17 18

20

21

22

23

24

25

26

27

28
Te

m
pe

ra
tu

re
 (°

C)

Time (h)

(a)

9 10 11 12 13 14 15 16 17 18

25

30

35

40

45

50

55

Re
la

tiv
e h

um
id

ity
 (%

)

Time (h)

(b)

9 10 11 12 13 14 15 16 17 18
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0

W
in

d 
ve

lo
ci

ty
 (m

/s
)

Time (h)

Day-1
Day-2

(c)
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are presented graphically according to the horizontal and
vertical planes as shown in Figure 6. Both planes are located
in the middle of the uneven-span greenhouse dryer. More-
over, the temperature variation along lines 1 to 3 is evaluated
in this section. Those lines are parallel to z-axis (east-west
axis).

Figures 7(a)–7(d) show the air temperature distribution
inside the greenhouse dryer in the horizontal and vertical
planes for day-1 (Figures 7(a) and 7(b)) and day-2
(Figures 7(c) and 7(d)) at 13 h : 00, respectively. The solar
radiation level (385W/m2) of day-1 at 13 h : 00 was low com-
pared to that of day-2. It can be observed in Figure 7(a) that
the air temperature was high in the middle of the greenhouse
dryer. Moreover, the areas near the floor had the highest
temperature, while areas near the north wall are character-
ized by a low temperature (Figure 7(b)). This observation
emphasizes the influence of the asphalt layer on the air tem-
perature at low solar intensity. Similar results related to the
influence of ground temperature on the air temperature
within the greenhouse dryer were reported by Chauhan
and Kumar [8]. In day-2, the solar radiation at 13h : 00
was the highest with a value of 647W/m2. The temperature
distribution near the south wall and the ground was almost
uniform compared to areas near the east and west walls
(Figures 7(c) and 7(d)). This variation in temperature distri-
bution and uniformity is due to solar radiation intensity and
sun position in the sky.

Figures 8(a) and 8(b) represent the air temperature vari-
ation inside the uneven-span greenhouse dryer at different
locations along the z-axis over the horizontal plane. For both
days, the temperature along all the lines increases until reach-
ing the middle of the line and then it decreases. The maxi-
mum temperature of day-1 was 48°C located in the middle
of lines 2 and 3 while the lowest value was 39°C associated
to places near the east and west walls of the greenhouse dryer

over line 1. In the case of day-2, the temperature values over
line 3 are higher compared to lines 1 and 2. The highest tem-
perature was recorded in the middle of line 3 with a value of
58°C, while the lowest value is located in the extremities of all
the lines with a value of 47°C.

In order to evaluate the simulated performance of the
uneven-span greenhouse dryer, the simulated inside air tem-
peratures during day-1 and day-2 were compared with the
experimental data. Moreover, the root mean square percent-
age deviation (e) and the correlation coefficient (r) were eval-
uated as a tool for this comparison. Figures 9(a) and 9(b)
show the comparisons between the calculated and measured
air temperatures inside the greenhouse dryer for day-1 and
day-2, respectively. It is observed that the used CFD model
underestimates the temperature at the first hours of the day
for both days. However, calculated air temperatures are in
reasonable agreement with the measured values. This result
is validated by the values of e and r which were found to be
equal to 6.37 and 0.97 and 8.17 and 0.94 for day-1 and day-
2, respectively. The highest temperature difference between
the experimental and simulated data is found to be equal to
8.46°C at 10 h : 00 for day-1 and 8.23°C at 11h : 00 for day-
2, while the lowest difference is found at 13 h : 00 and
15 h : 00 with a value of 0.80°C and 1.03°C for day-1 and
day-2, respectively. The difference between the experimental
and CFD results at the beginning of the day can be attributed
to the cumulated energy by the air within the greenhouse and
the variation of the surrounding environmental parameters
between the sunrise and the hour of measurements. In the
second half of the day, the agreement between the two results
is better. The small differences in this case can be due to the
evolution of the environment parameters between each two
successive hours, which were not taken into consideration
in the CFD study. Furthermore, Vivekanandan et al. [9]
and Khanlari et al. [13] found that the maximum average
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Figure 6: Selected planes (vertical and horizontal) and lines for temperature visualization.
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Figure 7: Continued.
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temperature difference between the CFD simulation and
measurement was 10°C and 3°C, respectively. In the first
study, the air temperature within the greenhouse was mea-
sured at one point in a small greenhouse, which is not the
case in our study, where as a result of the large system size,
the average temperature of 8 points is used. In the second
study, on the other hand, the system was evaluated under
forced convection, and the experimental and CFD tempera-
ture was measured at the outlet of the dryer. Consequently,
these differences are within the acceptable limits in our case
as stated by [14].

3.3. Performance Evaluation. The uneven-span greenhouse
dryer performances under no-load conditions are evaluated
in this section. Two main indictors are usually used:

(i) The Percentage of Net Heat Gain with Respect to
Ambient Temperature (Qg). It is a widely used perfor-
mance indicator for greenhouse systems. This param-
eter is defined as the ratio of the difference in
temperatures of the air within the greenhouse (Tag)
and that of ambient (Tambiant) and the temperature
of greenhouse air as follows [23]:
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Figure 7: Temperature distribution inside the greenhouse dryer according to the horizontal and vertical planes for (a, b) day-1 and (c, d) day-
2 at 13 h : 00.
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Figure 8: Temperature variation inside the greenhouse dryer according to lines 1 to 3 for (a) day-1 and (b) day-2.
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Qg = 100
Tag − Tambiant
� �

Tag
: ð10Þ

(ii) The instantaneous thermal loss efficiency factor ηi,
developed by Sutar and Tiwari [24], is defined as
the ratio of the overall all heat loss of the greenhouse
dryer and the solar energy received by the green-
house floor. It is calculated as follows [16]:

ηi =
U∑Ai Tag − Tambiant

� �
I Agd

: ð11Þ

Figure 10 shows the variation of percentage of net heat
gain inside the greenhouse dryer. Heat transferred to air
within the greenhouse dryer plays an important role in
increasing its temperature. Moreover, temperature is the
most important factor which affects the dryer performance
[19]. At an elevated inside air temperature, the drying rate
will increase and the moisture removal will be more effi-
cient [23]. In day-1, the percentage of net heat gain
increases from 10h : 00 to 12h : 00 and then it starts
decreasing, while in day-2, it increases from 10h : 00 to
11 h : 00 and it stays steady until 15 h : 00 then decreases.
The highest value of the percentage of net heat gain at
day-1 and day-2 was 52%, while the lowest value was 40%
and 39%, respectively. In day-2, uniform and smooth curve
shows the steady heat generation due to solar radiation
intensity at the experiment site. Moreover, the average net
heat gain during day-1 and day-2 was 46% and 48%,
respectively. The small difference of average value of net
heat gain is 2%, which shows the usefulness of covering
the floor with asphalt.

The instantaneous thermal loss efficiency factor refers
to moisture removal rate inside the greenhouse dryer
[16]. A higher rate of moisture removal leads to an
increase in the drying rate of the products, which by con-
sequence increases the dryer efficiency. Figures 11(a) and
11(b) show the characteristic curve for the uneven-span
greenhouse dryer under no-load conditions for day-1 and
day-2, respectively. The instantaneous thermal loss effi-
ciency factor for the modified greenhouse dryer is similar
to the results found by Prakash and Kumar [23] for a
modified greenhouse dyer with different floor conditions,
namely, barren floor, floor covered with black PVC sheet,
and black painted floor. The average value of the instanta-
neous thermal loss efficiency factor is 0.52 and 0.44, and it
ranges between 0.35-0.85 and 0.34-0.52, for day-1 and
day-2, respectively.
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Figure 9: Comparison between the experimental and the simulation results of (a) day-1 and (b) day-2.
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4. Conclusion

In this study, a modified uneven-span greenhouse dryer was
studied numerically and experimentally. The comparison
between the experimental and the simulation results was car-
ried out for two distinct days of different weather conditions
(solar radiation, ambient temperature and relative humidity,
and wind speed). From the results, the following conclusions
can be made:

(i) The inside air temperature and relative humidity are
strongly related to the solar radiation and meteoro-
logical conditions of the site

(ii) The inside air temperature can reach more than
56°C, and the relative humidity can go lower than
12%

(iii) A good agreement is obtained between the com-
puted and measured inside air temperature with a
difference not exceeding 8.46°C

(iv) The simulation results revealed the potential of
asphalt as a covering material for the greenhouse
floor in heating the inside air at low solar radiation
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