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SIMULATION OF AIR CHARACTERISTICS FOR PV 

HYBRID DRYING SYSTEM AND DRYING KINETICS  

OF STRAWBERRY FRUITS 

B. M. A. Amer* 

ABSTRACT 

 Strawberry is an important fruit and could be dried to use throughout the 

year. A Photovoltaic (PV) hybrid solar dryer with water storage heat unit 

was conducted to can operate the drying for strawberry fruits continually 

at day and night using the stored heat. It is used to avoid the problems of 

sun drying as dust, pests, poor quality for dried products and long time for 

process. A COMSOL Multiphysics computer program was used the 

dimensions of the solar collector and the drying chamber, the measured 

inlet and outlet of the air characteristics to simulate the distribution of the 

air temperature, air velocity and pressure inside the solar collector and 

the drying chamber. It found that the air characteristics inside both of 

these parts were almost equivalent and it was in small scale difference. 

However, a theoretical approach based on mass transfer kinetics is used 

to model the change in moisture content of the food product. Moisture 

content of strawberry fruits was fitted to various thin-layer models. Based 

on the values of these statistical parameters obtained, the two-term model 

represented drying characteristics better than other models. The moisture 

diffusivity during solar drying process for strawberry fruits was ranged 

from 7.2×10-9 to 9.5×10-9 m2/s. This paper presents an analytical 

approach for the solar drying of strawberry and the results are important 

for future validation studies using other products.  

Keywords: COMSOL simulation, Solar drying, storage, PV, Strawberry. 

INTRODUCTION 

trawberry (Fragaria x ananassa) is a sweet fruit which used often 

as a fresh in the Arab countries and in Saudi Arabia, however it 

could use as dried products or rehydrated to use in/as sweets or 

cakes throughout the year. The world production of strawberries in 2017 

was 9.22 million tons, (FAOSTAT, 2018). 
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Drying of agricultural products in Saudi Arabia is normally carried out 

by artificial methods with high costs or by traditional sun drying method 

with not high quality for products and long time for the drying process.  

Preservation of agricultural products by drying prevents the growth of 

pests and insects to reduce quality of these products. The main cause of 

pest and insect attack is high moisture content in agricultural products in 

air. Otherwise, vegetables and fruits are deteriorated rapidly and loses its 

viability. As a result, a significant loss of the harvested seeds in both 

quality and quantity occurs. Sometimes, continuous rain occurs for some 

days, spoils whole quantity of seeds due to lack of drying facilities.  

There is a problem for using solar drying in large scale that could not 

operate at night and instability of solar radiation which is affecting on the 

quality of dried products. Storing energy one of the best solutions for this 

problem, (Arinze et al. 1999 and Shalaby, and Bek 2014). In addition, it 

will reduce the cost of fabrication and production. 

Besides some researchers were found that both heat storage and 

supplementary heat resource are important to complete the solar drying 

requirements of air temperature, (Vlachos et al. 2002 and Amer et al. 

2010), was performed a new design of hybrid solar dryer for banana. This 

dryer can be stored the solar energy in the water and use it beside the 

electricity to raise the drying air temperature at night. Few researches were 

done for solar drying of strawberry as El-Beltagy et al. (2005). 

Therefore, a movable solar dryer has been developed at Agricultural 

Systems Engineering at College of Agricultural & Food Sciences, King 

Faisal University. This dryer is found suitable for drying of fruits and 

vegetables. A storage water reservoir could be connected to this dryer to 

operate the drying process at night as well as the day. To avoid usage of 

electricity supply and saving its cost, a photovoltaic module and storage 

batteries will be incorporated to operate electric dc blower and electric dc 

water pump. However, the dryer may be operated during sunny days 

independent of supply and in adverse weather (rainy, cloudy and foggy) 

using the storage energy. The dryer will then be demonstrated and 

disseminated among the growers and traders. 

Thus, the farmers as well as the producers can produce quality dried 

vegetables and fruits to attain food security. 
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Therefore, the objectives of present study are: 

1. to investigate the distribution of the air temperature, air velocity and 

pressure inside the solar collector and the drying chamber using A 

COMSOL Multiphysics computer program. 

2. to develop moisture transfer models for thin-layer drying of strawberry 

fruits on scale solar drying system. Strawberry is a good consistency that 

facilitates easy application and investigation of drying characteristics in 

single layer to evaluate the suitability of some thin layer drying models. 

MATERIALS AND METHODS 

1. PV hybrid solar drying system: 

This solar dryer consists of movable solar collector with heat exchanger, 

connected to heat storage unit, movable drying chamber, and PV module 

could be showed in Fig. 1., and the dimensions of the parts for PV hybrid 

Solar dying system, Table 1.  The system made from readily available local 

materials as showed.  

 
Fig. 1. The PV solar drying system. 

All the solar drying setup and the experiments was done at College of 

Agricultural & Food Sciences, King Faisal University (KFU), Al Hufuf, 

Al-Hasa, Saudi Arabia (25 18 N Latitude, 49 29 E Longitude), in March 

2018. The drying experiments were driven at day-time from 8 a.m to 6 p.m 

(around 10 hours), and continues at night time till the sun-shine at next 

day.  
Table 1. the dimensions of the parts for PV hybrid Solar dying system 

Item  Dimensions Remarks 

Solar collector 180 x 120 x 20cm height angle 30C slope (south direction) 

Heat Storage tank 120cm ht. x 90cm diameter (120 litters) 

Drying chamber 150 x 100 x 180cm height 5 mm fiber-glass insulation 

PV module 148 x68 x 35cm thickness (150watts) 
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2. The air characteristics: 

2.1. Air temperature:  

AT4508 Multi-channel temperature meter (Data logger + 32 K-type 

Thermocouples) is used for measuring the air temperature at 32 points. 

2.2. Air velocity: 

Anemometer (accuracy 0. 1 m per second) is used for measuring air 

velocity. 

2.3. Solar Radiation: 

Pyranometer (Hukseflux-Thermal sensors type LP02) is used for 

measuring hemispherical solar radiation in Wm2.  

3. Strawberry characteristics: 

3.1. Preparation of strawberry: 

Driscoll’s strawberry variety imported from USA were purchased from 

local supermarket for drying studies. This was done to reduce possible 

quality degradation of the strawberry before the start of experiments. 

strawberry was used as a model food in these studies because of its good 

film-forming ability. The strawberry fruits were spent at room temperature 

for 6 to 8 h before using in the experiments. 

3.2. The moisture content for fresh and dried product: 

The initial moisture content of fresh and dried material was determined by 

Moisture analyzer. 

The moisture content (dry basis) was calculated according to the equation: 












=

dW

d W- wW
    dM                          (1) 

Where 

Md    moisture content of material at time ti,, (dry basis), % 

Ww   mass of wet material, (g)  Wd   mass of dry matter, (g) 

For the determination of the moisture content, wet basis, of the material at 

any time “ti” during drying process, the following equation could be used: 

Md𝑖 =
𝑊𝑖-W𝑑

𝑊𝑑
× 100         (%)          (2) 

Mdi moisture content, dry basis of the material at any time. 

Wd mass of the dried sample, (kg) 

Wi  mass of the material at time ti,, (kg). 

The determination of the material mass was done by weighing the drying 

tray with its load of material at any time during the drying process. 

https://www.driscolls.com/about/joy-makers/the-life-of-a-berry
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3.3. Color measurement for strawberry fruits: 

Minolta colorimeter (CR400 model) was used to estimate the color 

parameters. Values of chroma are 3 resolutions for fruit along 

perpendicular axes, L*, a*, and b* which could record, (Yam and 

Papadakis, 2004). 

4. Heat and mass balance for solar drying system: 

COMSOL Multiphysics 5.2 is a computer program was used to simulate the 

distribution of the air temperature and air velocity inside the solar collector and 

the drying chamber during the solar drying of strawberry.  

The mass and energy equations in the steady state, were used for energy 

analysis of product drying process in hourly basis in order to optimize the 

drying conditions (Hepbasli, 2008): 

The mass balance equation between inlet (min) and outlet (mout) is: 

 ∑𝑚𝑖𝑛 = ∑𝑚𝑜𝑢𝑡                                                                      (3) 

The net energy balance equation between inlet (Qin) and outlet (Qout) is: 

∑𝑄𝑖𝑛 = ∑𝑄𝑜𝑢𝑡                                      (4) 

4.1. Mass of water to be removed from total mass of the fresh product: 

The exchange of moisture between the product and the air inside the dryer 

satisfies a mass balance relationship where moisture lost by the product is 

picked up by air. 

The total mass of water to be removed from the total mass of the fresh fruit 

(Sodha et al., 1987), is: 












=

f

fi
pw M -  100

M - M
  m   m                          (5) 

Where 

mw    removed mass of water from the total mass of fresh strawberry, (kgw) 

mp     mass of fresh strawberry at the beginning of drying process, (kgp) 

Mi   moisture content, wet basis, of fresh product. 

Mf   final moisture content, wet basis, of product. 

4.2. The rate of heat transfer from the surface of product to the air: 

It could be determined from the following equation is given as Q :  

  

( )TAUQ =               (6) 

where 

U  heat transfer coefficient from air to the surface of wet material, 

(W/m2K); 
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ΔT  temperature difference between air and the product surface, (K); 

A     area through which the transfer is taking place, (m2). 

5. Determination of the effective moisture diffusivity for strawberry:  

From Fick’s second law of diffusion (Eq.7) was used to fit the experimental 

data for the determination of moisture diffusivity: 

  MD
t

M
eff

2 
 

=


             (7) 

The solution of the previous diffusion equation for sphere/round geometry 

was solved by assuming uniform initial moisture distribution, negligible 

external resistance, constant diffusivity, and negligible shrinkage (Crank, 

1975) was used by El-Beltagy et al. (2005) and (Lee and Hsieh, 2008): 

  𝑀𝑅 =
6

𝜋2
∑

1

𝑛2  exp∞
𝑛=1 (

−𝑛2 𝜋2 𝑡 𝐷𝑒𝑓𝑓 

𝐿2 )         (8) 

where MR is a dimensionless moisture ratio, Deff effective moisture 

diffusivity of product (m2.s-1), t time (s), and L half-thickness of sample 

(m). This model assumes zero volume change, negligible external mass 

transfer resistance and an isothermal process.  

The diffusion equation developed for particles with sphere/round geometry 

is applicable assuming that the diffusivity is constant and is in the form of 

the following equation: 

𝑀𝑅 =
𝑀−𝑀𝑒

𝑀𝑜−𝑀𝑒
=

6

𝜋2

[
 
 
 
 𝑒𝑥𝑝 (

−𝜋2 𝑡 𝐷𝑒𝑓𝑓 

𝐿2 ) +
1

4
𝑒𝑥𝑝 (

−4 𝜋2 𝑡 𝐷𝑒𝑓𝑓 

𝐿2 )

+
1

9
𝑒𝑥𝑝 (

−9 𝜋2 𝑡 𝐷𝑒𝑓𝑓 

𝐿2 ) +
1

25
𝑒𝑥𝑝 (

−25 𝜋2 𝑡 𝐷𝑒𝑓𝑓 

𝐿2 )+. . 

]
 
 
 
 

  (9) 

For long drying times where the Fick’s number is greater than 0.1 and MR 

< 0.6, a limiting form of equation (7), expressed in a logarithmic form, is 

obtained (Rahman et al., 1998; Rahman and Lamb, 1991; Madamba, 

2003). After linearizing, a simplified form is obtained: 

  ln 𝑀𝑅 = ln (
6

𝜋2) − (
 𝜋2 𝐷𝑒𝑓𝑓 𝑡

𝐿2 )       (10) 

For nonlinear experimental drying curves, the effective moisture 

diffusivity at various moisture ratios is determined using the ratio of slopes 

method. The effective diffusivities at different moisture ratios and drying 

time were calculated based on the ratio of the experimental drying curves 

to the slope of the theoretical curves at the same moisture contents. 
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=              (11) 

where (dMR/dt)exp represents the slope of experimental drying curves and 

(dMR/dF)th is the slopes of theoretical curves calculated by differentiating 

Eq. (9) with respect to F (Fourier number, F=Deff t/L
2), and taking the first 

term of series solution.  

  (
𝑑 𝑀𝑅

𝑑𝐹
)
𝑡ℎ

= −6 𝑒𝑥𝑝 (−
 𝜋2 𝐷𝑒𝑓𝑓 𝑡

𝐿2 )       (12) 

The effective moisture diffusivity, Deff, in equations (11) and (12), was 

calculated simultaneously using Microsoft Excel spreadsheet program.  

The average effective moisture diffusivity for each drying condition was 

calculated from a summation of effective diffusivity at different moisture 

ratio and dividing by the total number of data points (n). 

  
( )

n

MRD
D

n

eff

aveeff


= 1

,

 
         (13) 

6. Data analysis and model development  

Thin-layer models have been applied to describe drying process of various 

products and drying methods. Several thin layer drying models are 

available in the literature for explaining drying characteristics of fruits and 

vegetables. Among these are the ones used by Afzal and Abe (2000) for 

potato slices; Karathanos and Belessiotis (1999) for fig and Togrul and 

Pehlivan (2003) for apricot.  

The drying data, reported as moisture ratio MR versus drying time, were 

fitted to 10 thin layer drying models. These 10 commonly used thin layer 

equations were used to fit the experimental data by the direct least square 

method using SPSS 24 software. 

No relevant literature was available in which drying strawberry is 

described in a manner similar to solar drying process. Therefore, all the 

models in Table 2 were evaluated. There is, in fact, no universal model that 

can fit all the data. The suitability of the model is strongly dependent on 

the characteristics of product and drying technique. 

The statistical analysis items which coefficient of determination (R2), 

reduced chi-square or reduced mean square of the deviation (2), root mean 

square error (RMSE) and modeling efficiency (EF). These items were used 

to evaluate the suitability of different models to fit experimental data: 
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where R;exp;i and MR;pre;i are experimental and predicted dimensionless 

moisture ratios, respectively; N is number of observations; and z is number 

of constants. The best model describing the drying characteristics of 

samples was chosen as the one with the highest coefficient of 

determination, the least reduced chi-square, root mean square error, and 

mean relative percentage error. 

Table 2. Mathematical models given by various authors for the drying curve 

Model Name  Model References 

Lewis MR = exp(-kt) Sarsavadia et al. (1999) 

Page MR = exp(-ktn) Chhninman (1984). 

Modified Page MR = exp(-(kt)n) White et al. (1981). 

Henderson and 

Pabis 

MR = a exp(-kt) Chhninman (1984) & Rahman 

et al. (1998) 

Logarithmic MR = a exp(-kt) + c Vengaiah and Pandey (2007) 

Two-term MR = a exp(-k1 t)+b exp(- k2 t) Henderson (1974) & Rahman 

et al. (1998) 

Two-term 

exponential 

MR = a exp(-kt)+(1-a) exp(-kat) Sharaf-Eldeen et al. (1980) 

Midilli et al. MR = a exp(-ktn) + bt Midilli et al. (2002) 

Diffusion 

approximation 

MR = a exp(-kt) +(1-a) exp(-kbt) Kassem (1998). 

Verma et al. MR = a exp(-kt) + (1 - a) exp(-gt) Verma et al. (1985) 

RESULTS AND DISCUSSION 

1. The air characteristics on solar Drying of strawberry fruits: 

The summary for temperature values which were measured during solar 

drying for strawberry fruits in this study could be obtained in Table 3. 

These measured data were used to simulate the distribution of air 

characteristics in the solar collector and drying chamber. 
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Table 3: Summary for mean of the measured air characteristics inside during solar 

collector and drying chamber for Strawberry  

Item Value 

Solar radiation over the surface of solar collector 1790-1850 W/m2 

Temperature of water after heating in water tank 56-61°C 

Temperature of absorber 93-94°C 

Temperature of glass for solar collector 61-62°C 

Temperature of ambient air 23-25°C 

Temperature of air at the exit from dryer 43-46°C 

Air velocity at the inlet and outlet of solar collector 0.02 m/s 

Air velocity inside the pipe and at the inlet of chamber 0.5 m/s 

Air velocity at the inside drying chamber 3 m/s  

2. Simulation for the Distribution of drying air characteristics inside 

the solar collector and drying chamber: 

The following figures showed that the simulated distribution of the air 

temperature, air velocity and pressure inside the solar collector and the 

drying chamber using the COMSOL Multiphysics 5.2 computer program 

by the measured data of the air characteristics, as should in Table 2. The 

results showed that the air characteristics were stable and equal in each of 

both parts and the difference was in small scale, (Figures 2 to 7). 

Fig. 2 showed that the mean air tempaerature inside the solar collector 

ranged from 298K at the inlet point to 337K at the outlet point acoording 

to the mean of solar radiation located over the glass cover of solar collector. 

Fig. 3 showed that the mean air tempaerature inside the solar collector 

ranged from nearly zero beside the walls and the sides of it ranged to 

0.02m/s at the rest of it. Fig.4 showed that the mean air presure inside the 

solar collector ranged from 4x10-4 Pa at the inlet point to 1x10-4 Pa at the 

rest and the outlet point. Fig. 5 showed that the mean air tempaerature 

inside the drying chamber ranged from 326 at the inlet point at the bottom 

to 312K at the outlet point at the upper side acoording to unform distrbution 

of air inside the drying chamber. 

Fig.6 showed that the mean air velosity inside the drying chamber ranged 

from 0.2 m/s at the inlet point at the bottom to 2.5 m/s at the outlet point at 

the upper side acoording to uniform distrbution of air inside the drying 

chamber. 
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Fig. 2. Air temperature (K) distribution inside the solar collector 

 

Fig. 3. Air velocity (m/s) distribution inside the solar collector 

 

Fig. 4. Air pressure (Pa) distribution inside the solar collector 
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Fig. 5. Air temperature (K) distribution inside the drying chamber 

 

Fig. 6. Air velocity (m/s) distribution inside the drying chamber 

 

Fig. 7. Air pressure (Pa) distribution inside the drying chamber 
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Fig. 7 showed that the mean air pressure inside the drying chamber ranged 

from 1.5x10-4 Pa at the corners of the bottom of it at the inlet point to 

0.25x10-4 to 0.6x10-4 Pa at the rest and the upper side of it. 

3. Moisture content of strawberry during solar drying: 

Figure 8 shows the strawberry (whole and half fruits) during the solar 

drying process inside the drying chamber. 

 
Half strawberry fruits  

 
Full strawberry fruits  

Fig. 8. Half and whole strawberry fruits inside the drying chamber 

Figure 9 shows that there is a slight difference in moisture content of 

strawberry between whole and half fruits at the same measured point 

during solar drying process using this solar dryer and the sun drying. The 

mean of fresh fruits moisture content was 85.4% (w.b.) and the mean of 

final dried strawberry was around 5.2% (w.b.). This implies that the 

moisture content for strawberry during solar drying for half fruits (16 

hours) remained higher than moisture content whole fruits (26 hours) most 

likely because of the product temperature during the process. The similar 

trend was found at the sun drying, however it dried in longer time for half 

fruits (23 hours) and whole fruits (40 hours), respectively (Fig. 9).   

4. Moisture diffusivity of strawberry during solar drying: 

There is a difference between the values of Deff obtained for strawberry 

based on the new model for solar drying and the Fick’s second law of 

diffusion. This difference is possibly because Fick’s second law of 

diffusion is for long drying times. Therefore, it could consider the new 
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model to determine Deff for solar dying is more accurate from Fick’s second 

law of diffusion. 

 

Fig. 9 - Moisture content versus drying time for half and whole strawberry fruits by 

solar dryer and sun drying 

By using Fick’s law (equation (7)), but with simplified equation (10) for 

different portions of the plastic conveyor within the heating zone, it was 

possible to develop the relationship between moisture diffusivity for 

strawberry versus drying time for whole and half fruits. 

The values of Deff ranged from 7.2×10-9 to 9.5×10-9 m2/s, respectively. 

These values were within the general range 10-6 –10-13 m2/s for drying of 

several of food materials while the majority (92%) falls within 10-12 and 

10-8 m2/s, (Zogzas et al. 1996). However, these results were agreed also 

with (Doymaz. 2008) who found the diffusion coefficient for drying 

kinetics of strawberry in a laboratory dryer varied from 4.95×10−10 m2/s to 

1.42×10−9 m2/s. In addition, the values of Deff for strawberry leather ranged 

from 2.40×10-9 to 12.10×10-9 m2/s depending on drying conditions, (Lee 

and Hsieh, 2008). 

5. Modeling drying process and selection of best fitting model: 

The coefficients of the selected 10 drying models for whole and half fruits 

of strawberry used in the solar drying system are presented in Table 4.  

The results show that the Logarithmic model had the highest values of R2 

and the lowest values of 2, RMSE and EF.   
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Table 4. Statistical analysis for the models for drying strawberry 

Mode name Model constants R2 2 RMSE EF 

Newton k = 0.027 0.9994 9.51E-05 0.00912 0.9996 

Henderson a = 0.997, k = 0.027 0.9994 1.11E-04 0.00912 0.9996 

Page k = 0.041, n =0.902 0.9995 8.99E-05 0.00821 0.9997 

Modified Page k = 0.028, n =0.902 0.9995 8.99E-05 0.00821 0.9997 

Logarithmic a = 0.981, k =0.028, 

c = 0.015 

0.9997 7.45E-05 0.00683 0.9998 

*Two-term a = 0.943, k1=0.031,  0.9998 7.37E-05 0.00609 0.9998 

b = 0.058, k2=0.007 

Two-term 

exponential 

a = 0.517, k = 0.041 0.9996 7.56E-05 0.00753 0.9997 

Midilli et al. a = 1, b=0.00003 0.9996 1.09E-04 0.00739 0.9997 

n = 0.948, k =0.035 

Diffusion 

approximation 

a = 0.942, b = 0.241, 

k = 0.032 

0.9997 7.48E-05 0.00684 0.9998 

Verma et al. a = 0.942, k = 0.030, 

g = 0.008 

0.9997 7.48E-05 0.00684 0.99978 

* This model gives the closest result to the experimental results 

Table 2 showed that generally R2 varied between 0.9994 and 0.9998, 2 

varied between 2.6×10-4 and 7.39×10-5, RMSE varied between 0.00608 

and 0.01245, and EF values varied between 0.9995 and 0.9998, 

respectively. The highest R2 and EF values were obtained by using the two 

term model, the approximation of the diffusion model and the Verma et al. 

model. Those three models may be selected to represent the thin layer 

drying behavior of strawberry. However, the results have shown that the 

2 and RMSE values of the two-term model was slightly lower than the 

values obtained by approximation of the diffusion model and the Verma et 

al. model. Therefore, the two-term model was selected to represent the thin 

layer drying behavior of strawberry according to the highest values of R2 

(0.9998) and EF (0.9998), and lowest values of 2 (7.37×10-5) and RMSE 

(0.00609), respectively. This result was agreed with the result for foamed 

strawberry pulp (Lee & Hsieh, 2008). The two-term model (Eq. (18)) is 

the appropriate model to describe thin layer drying curves of strawberry.  

  ( ) ( )tkbtkaMR   exp   exp  21 −+−=        (18) 

The performance of the two-term model of strawberry fruits for the solar 

dryer are illustrated in Fig. 10. The predicted data generally banded around 
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the straight line which showed the suitability of two-term model for 

describing drying behavior of strawberry.  

 

Fig. 10 - Experimental moisture ratio versus predicted moisture ratio by two term 

model for for strawberry fruits by solar dryer. 

6. Evaluation of color parameters for strawberry: 

The individual color parameters of fresh strawberry fruits were taken as a 

reference in order to evaluate the extent of color change. These values and 

the statistical results of the color measurements of strawberry dried for 

whole and half fruits in table 5. 

Table 5. color parameters of fresh and dried strawberry (whole and half fruits) 

Color parameters Fresh plants Whole fruits half fruits 

L* 30.76 20.38 20.10 

a* 22.23 18.17 18.74 

b* 12.72 9.85 9.83 

The results showed non-significant effect on the color parameters of the 

fruits as expressed by L*, a* and b* values of dried strawberry for whole 

and half fruits. 

CONCLUSION 

COMSOL Multiphysics computer program was used the dimensions of the 

solar collector and the drying chamber, the measured inlet and outlet of the 

air characteristics to simulate the distribution of the air temperature, air 

velocity and pressure inside the solar collector and the drying chamber. It 

found that the air characteristics inside both of these parts were almost 

equivalent and it was in small scale difference. 



 PROCESS ENGINEERING  

Misr J. Ag. Eng., April 2019                                                                                          - 530 - 

This soar drying system could provide further improvement for the 

performance of the pervious same type of solar dryers. It has the following 

advantages such as: movable to can be directed according to sun’s angle, 

besides it could connect to photovoltaic modules and batteries to can store 

energy and operate dc fan and dc water pump in the drying system. It is 

found suitable for drying agricultural products as strawberry.  

The drying of strawberry in a solar dryer was investigated and the 

experimental data modeled by fitting 10 thin layer equations by direct least 

squares procedure. The drying characteristics of strawberry for solar 

drying conditions were studied and model parameters were compared 

using 4 statistical parameters. A two-term model was found to be the best 

model for describing the drying kinetics of the strawberry in a solar drying 

system. The moisture diffusivity for strawberry fruits was ranged from 

7.2×10-9 to 9.5×10-9 m2/s. 

RECOMMANDITIONS 

This solar drying system can be used to determine the moisture diffusivity 

of other vegetables or fruits. Reducing the drying time of strawberry could 

be obtained by the current solar drying system compared to sun drying. 
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 الملخص العربى

وحركية  مزود بخلية شمسيةال لنظام التجفيف الهجينمحاكاة لخصائص الهواء 

 الفراولة ثمارتجفيف 

 *د. باهر محمود أحمد عامر

تعتبر الفراولة من أهم المنتجات الزراعية التي يمكن تجفيفها لتكون موجودة طوال العام ، ولكنها 

كما لا يوجد العديد  –تجفف فقط على نطاق المجففات الصناعية ذات التكلفة المرتفعة في التصنيع 

ية لتقليل ولة واستخدامها على نطاق المجففات الشمسامن الأبحاث لتطوير طرق تجفيف ثمار الفر

 تكلفتها ولاستخدامها على نطاق المزارعين الصغار لزيادة دخلهم

مجفف شمممممسممممي هجين مزود بخلية شمممممسممممية ووةدة تخزين للحرارة اجرى هذا البحث على وقد 

 وأنصافها الكاملة بالماء وذلك لتجفيف ثمار الفراولة 

 :والهدف من إجراء هذا البحث هو  

تجفيف المنتج ت الزراعية  فيالمجفف الشممممممفممممم    ف     عمل هذا إمكانيةالتحقق من مدي  .1

وذلك عن طريق افمممممممتنت ج مد  تج نس  -نفس الوقت  في تج نس   ير  ين الثم ر المجففة 

ويتش ذلك  عمل مح      -الهوا  داخل الأجزا  الرئيفممممية من هذا النا ش الشمممممفمممم  ل تجفيف 

لحفمممم ز توزيج درجة حرار  الهوا  وفممممرعتد ولممممجطد داخل المجمج الشمممممفمممم  و ر ة 

مع وم ت الهوا  داش أ ع د هذه الأجزا  من المجفف الشمف  وأيل    فتخالتجفيف   فتخداش 

 (COMSOLالمق فة عند المدخل والمخرج ل ل وحد  والت  تش إدخ له  ل رن مج ال م يوتر )

، وأيل  لتحديد أنفز مع دلة ري لية  الفراولةأف وز تح ي ى يع ر عن الانتق ل ال ت ى  إيج د .2

يف ل ط قة تع ر عن التجف والت  مرجعية المفمتخدمةمن النم ذج الري لمية ال  ذجنمعشمر من 

 .توا ق مج هذا النوع من المجفف ت يم ن أن تو الفراولة ثم ر من (Thin-layer) الأةادية

 -والمعار بكلية العلوم الزراعية والأغذية  – جامعة القاهرة -كلية الزراعة  - المساعد الهندسة الزراعية استاذ*

 جامعة الملك فيصل بالسعودية
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 و قد بينت الدراسة ما يلي:

( أنه وفقا للقياسمممات المدخلة له عن مدخل ومخرل كل COMSOLأوضمممر برنامل المحاكاة   .1

هناك في هذا النظام الشممممسمممي لتجفيف الفراولة ، وجد ووفقا لأبعاد هذه الأجزاء أيضممما وةدة 

كبير في توزيع درجة ةرارة الهواء وسممممممرعته وضممممممغطه داخل المجمع  وتسمممممماوى تجانس

ولذا فإنه يمكن استنتال مدى قدرة وكفاءة هذا النظام الشمسي على  –الشمسي وغرفة التجفيف 

جانس كبير جات الزراعية بت يد من المنت عد ية تجفيف ال كان مار  في درجة التجفيف إم بين الث

 في نفس الوقت ففوضوعة في المجالم

" هو أنسب علاقة رياضية تعبر عن التجفيف للطبقة   two-termالنموذل الرياضى باسم "  .2

 الشمسي الحاليباستخدام المجفف  الفراولة ثمار من (Thin-layer)الأةادية 

-10  × 7.2هو  ها في هذا النظام الشمسيعند تجفيف الفراولةلرطوبة  الانتشاريةكان متوسط  .3

 ث/2م 9-10 × 9.5–ث /2م 9

 لا يوجد فروق معنوية في اللون بين الثمار المجففة للفراولة سواء كاملة أو أنصاف. .4

 التوصيات

 .لرطوبة منتجات أخرى الانتشاريةتقدير المجفف الحالي في يمكن استخدام  .1

ستخدام  .2 الخضر من  منتجات أخرى لتجفيفوذلك  المجفف الحالي على نطاق تجارييمكن ا

 كما يمكن تقليل وقت التجفيف بهذا المجفف الشمسي مقارنة بالتجفيف الطبيعي. .الفاكهةو


