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ABSTRACT 

 

 In this research work an attempt has been made to analyse the thermal 
performance of solar tunnel greenhouse which can be utilised as a solar drier for 
seedless grapes. Three identical solar tunnel greenhouse driers (STGD) were used 
under the climatic conditions of El-Mansoura city, Egypt (latitude and longitude angles 
of 31.05ºN and 31.37 ºE, respectively), during August 2009. The thermal performance 
analysis of the solar driers (active or dynamic drier) based on the energy balance 
equations was evaluated. The three active solar driers were operated under three 
different mass flow rates of 0.122, 0.183, and 0.259 kg/s. The obtained results 
revealed that, the daily average solar energy available outside the solar driers was 
16.727 kWh of which 12.572 kWh was available inside the drier with an average 
effective transmittance of 75.16%. The daily average solar energy available inside the 
three solar tunnel greenhouse driers during the experimental period was 12.572 kWh 
of which 6.993, 7.699, and 6.687 kWh, respectively, converted into useful heat gain. 
These solar energy available inside the three solar driers resulting in increase the 
inside air temperatures above the outside (31.6°C) by 21.9, 12.5, and 9.4°C, and 
reduce the air relative humidity under the outside (40.6%) by 9.0%, 3.1%, and 5.1%, 
respectively. The daily average overall thermal efficiencies of the three solar tunnel 
greenhouse driers during the experimental period were 55.62%, 61.24%, and 53.19%, 
consequently, 44.38%, 38.76%, and 46.81% of the solar energy available inside the 
solar driers was lost, respectively. The predicted heat energy for the three solar driers 
was validated well with that measured during the experimental period by 0.995, 0.991, 
and 0.998, respectively, which gave an excellent agreement.   
Keywords: solar tunnel greenhouse drier; thermal performance analysis. 
 

INTRODUCTION 
 

 Drying process is one of the most common applications of solar 
energy in the sunny countries. Egypt as a developing country and its 
geographical location has a great amount of natural energy such as solar 
energy and heated air by solar energy can be utilized for either heating or 
drying different agricultural products (Abdellatif and Helmy, 1993). Therefore 
using solar can considerably reduce energy costs. The efficiency of a solar 
dryer depends on its type and model as well as on the rate of heat loss during 
operating (Timoumi et al., 2004).  

One of the great important potential applications of solar energy is 
the solar drying of agricultural products (grapes, apricots, bananas, tomatoes, 
and green beans). Radiant energy from the sun can be used in two ways: 
either heating up ambient air in a solar air heater and drying the agricultural 
products with heated air or heating up the products directly through 
absorption of solar radiation by the wet product. The second method is more 
economic and easier, since no heat transfer losses occur. But, while drying 
the vegetables containing higher amount of vitamin A and other several 
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medicinal and herbal products these must not be exposed to direct solar 
radiation (Joshi et al., 2004). Furthermore, any direct exposure to the sun 
during high temperature day might cause hardening, where a hard shell 
develops on the outside of the agricultural products, trapping moisture inside. 
Therefore, the employment of solar drier taps on the freely available solar 
energy while ensuring good product quality via judicious control of the 
radiative heat (Sharma et al., 2009). 

 Solar driers can generally be classified into two broad categories 
depending upon the mode of heating or the mode of their operation; active 
and passive solar driers. Passive driers or static driers use only the natural 
movement of heated air without mechanical agitation of drying air or product. 
They can be constructed easily with inexpensive, locally available materials 
such as wood is readily available (El-Sebaii et al., 2002). Passive drying is a 
well-known food preservation technique that reduces the moisture contents of 
agricultural products, and prevents deterioration within a period of time 
regarded as the safe storage period. Considerable losses occur during this 
drying process because of influences such as birds, insects, rodents, rain, 
and microorganisms. The quality of dried product can be seriously degraded 
so it sometimes becomes inedible. To overcome these problems, an active 
solar drier or dynamic drier is commonly used. Active solar dryers are 
designed incorporating external means, such as fans or pumps, for moving 
the solar energy in the form of heated air from the collector area to the drying 
beds. An advanced and alternative method to the traditional techniques is 
greenhouse drying in which the product is placed in trays receiving solar 
radiation through the plastic cover, while moisture is removed by natural 
convection or forced air flow (Condori and Luis, 1998 ; Kumar and Tiwari, 
2007). This double function, greenhouse and drier, improves the rate of the 
initial investment (Condori et al., 2001), thus maintaining the good quality, 
increasing the storage capacity and reducing the wastage of the crop 
simultaneously (Tiwari, 2003). The thermal efficiency of solar drying systems 
can be evaluated either based on the thermal performance or drying rates of 
the agricultural products.  

The main goal of this research work was to utilize the solar tunnel 
greenhouse as a solar air heater for drying seedless grapes during August of 
2009. The objectives of this study are to analysis the thermal performance of 
solar tunnel greenhouse including, air temperature rise, overall thermal 
efficiency, and energy balance on the solar tunnel.  
 

MATERIALS AND METHODS 
 

1.   Experimental set-up and procedure 
Three identical solar tunnel greenhouse driers were constructed and 

installed on the roof of the Agricultural Engineering Department at El-
Mansoura University. The latitude angle and longitude angle, and altitude of 
the Department above the sea level, respectively, are 31.045 ºN and 31.37 
ºE, and 19.05 m. They were orientated in East-West direction, where the 
southern longitudinal direction faced into the sun’s rays as shown in Fig. (1). 
The geometric characteristics of each solar tunnel greenhouse drier are as 
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follows: eaves height 0.605 m, width 1.06 m, length 2.05 m, length of arc 1.55 
m, net drying surface area 2.0  m

2
, and internal volume 0.710 m

3
 as shown in 

Fig. (2). The experimental set-up apparatus is constructed to study the 
thermal performance of the solar tunnel. Each solar tunnel was covered with 
single layer of polyethylene sheet 200µ thick. Each tunnel is equipped with a 
blower driven by a 0.5 hp electric motor at 3000 rpm, and 220 V. It was 
controlled by vertical gate to provide three different air mass flow rates of 
0.0277, 0.04306, and 0.07692 kg/s in order to assess the required level of air 
for drying process. Drying air was cycled through the tunnel which 
continuously had a hot air heated by solar energy. Therefore, the drying air 
was continuously introduced from the top and leaves through the bottom as 
revealed in Fig. (2). 

 

 
Fig. (1): Solar tunnel greenhouses (Quonset type) used as an active 

solar dryers during the experimental period. 
 

 
 

Fig. (2): Schematic diagram of the active and passive solar dryers. 
 

2.Instruments and data acquisition  
The meteorological data included solar radiation flux incident on a 

horizontal surface (pyranometer), dry-bulb air temperature (shelter and 
vented thermistor), wind speed and its direction (cup anemometer and wind 
van), and air relative (hygrometer) were obtained from the meteorological 
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station (WatchDog, model 550, USA) which installed 3.0 m above the solar 
dryers. To measure the solar radiation flux incident on a horizontal surface 
inside the solar drier, another pyranometer was situated inside the first tunnel 
and connected with the meteorological station. The data were displayed on 
the video screen and updated by a scan of all the sensors every one minute. 
The mean of 15 scans was recorded on a hard-disk every 15 minutes using a 
data logging program (space ware 6.02). A 12 channels data-logger (Digi-
Sense Scanning Thermometer Type, USA) was also used for measuring and 
storing air temperatures at different locations using Thermocouples (K-type 
with an accuracy of ± 0.2ºC). The vertical air temperature distribution was 
determined at the centre of each solar tunnel drier at heights of 12.5, 25, and 
50 cm above the bottom of air chamber. In addition, the temperature of just 
leaving the drier (exhaust air) was also measured. The time interval for data 
recording was 15 minutes with data acquisition every one minute for 
integrated measurements.  
3.Mathematical modeling 

The three solar tunnel greenhouse driers were operated under quasi 
steady-state conditions as an air heating solar collectors. In these 
circumstances, the thermal performance of a solar tunnel greenhouse drier is 
described by an energy balance that indicates the distribution of incident 
solar energy into useful energy gain (Qu), and thermal losses (Qloss), (Duffie 
and Beckman, 1991 ; Bargach, et al., 2000 ; Shanmugam and Natarajan,  
2006 ; Hossain and Bala, 2007). The heat energy balance can be computed 
as follows:- 

Q   =   Qu   +   Qloss , Watt                                 (1) 
The solar energy available inside the solar tunnel greenhouse (Q) 

could be calculated in terms of solar radiation penetrated the tunnel cover 
and the net surface area of the drier as: 

Q    =   R   Ad, Watt           (2) 
Where, R, is the solar radiation flux incident on a horizontal surface inside the 
tunnel greenhouse drier (W m

 – 2
), and, Ad, is the net surface area of the 

drying box (m
2
). The useful heat gain by a dryer can be expressed as:  

Qu    =   ma  CP (Tao   -   Tam) , Watt          (3) 
Where, ma, and, CP, respectively, are the air flow rate (kg s

 – 1
), and the 

specific heat of air (J kg
 – 1 

ºC
 – 1

), Tam, is the inlet air temperatures (ºC), and 
Tao, is the outlet air temperature (exhaust air) of the solar drier (ºC). A 
measure of thermal performance of the greenhouse type  solar dryer is the 
overall thermal efficiency (ηo), defined as the ratio of useful heat gain over 
any time period to the incident solar radiation over the same period. 

ηo    =   

d

u

AR

Q
  x  100 ,  %                    (4) 

The total heat losses from the inside solar drier into the outside by 
conduction and convection, air exchange, and thermal radiation can be 
computed from the following formula:- 
 Qloss =   qc  +  qe  +  qr ,  Watt         (5) 

The heat losses from the greenhouse by conduction and convection 
can be determined by limiting the heat transfer to conduction and convection, 
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if the overall heat transfer coefficient (Uo) in Wm
 – 2 º

C 
- 1

 total surface area of 
the solar tunnel cover (Ac) in m

2
, and the air temperature difference between 

inside (Tav) and outside ambient air (Tam) in 
º
C are known or measured. The 

procedure does not require the separation of the conduction and convection 
components. It can be calculated from the following equation:  

   amavcoc TTAUq   ,   Watt          (6) 

The heat energy loss by forced air exchange (qe) could be calculated 
by determining the rate of extracting fan discharge (V) in m

3
 s

 - 1
, density of air 

(ρ) in kg m 
- 3

, specific heat of air at constant pressure (CP) in J kg 
– 1 º

C 
- 1

, 
and temperature difference between the inside air (Tav) and the air just 
leaving the solar tunnel (Tao) in 

º
C, as follows:  

   aoavpe TTCVq   ,  Watt          (7)  

The heat energy loss by thermal radiation (qr) can be computed by the 
mean emittance factor of the inside substances (ε), average transmissivity 
coefficient at long wave radiation (  ), Stefen-Boltzmann constant ( ) in W 

m 
- 2 

k 
- 4

, and absolute temperature difference between the inside air and the 
sky (Tsky) in 

º
K, as: 

   4

sky

4

avfr TTAq   ,  Watt          (8) 

    5.1

amsky T0552.0T   ,   ºK          (9) 

 
The normalized temperature rise (DT) of the solar tunnel drier is the 

difference between the average air inside and outlet air temperatures divided 
by solar radiation flux incident. It can be computed by the following relation:-  

 DT   =   
R

)TT( aoav 
  ,   m

2
 °C W

 – 1 
    (10) 

A computer model has been developed and used for computing the 
thermal performance of the solar tunnel greenhouse drier using the previous 
equations. The model was implemented as a stand-alone program running on 
IBM compatible microcomputer. The developed mathematical model has 
been solved with the help of computer program based on MATLAB. The 
program requires two input files: one contains the simulation parameters and 
the other contains the input data. Table (1) lists all inputs data required to run 
the program together with the parameter values used for the simulation runs. 
The program outputs data are also listed in Table (1). Simplified flowchart of 
the developed program is shown in Fig. (3). 

Data were measured and stored in microcomputer files and statistically 
analysed using Excel program. Once a computer model is tested and found 
to be accurate, it can be used to predict the results which could otherwise be 
obtained with extensive and costly experimentation. Significance level of 0.05 
was conventionally taken as the minimum level of significance. Though where 
higher levels of significance were found these values were included in the 

text (P   0.01 and P   0.001). For the rest of this manuscript the three 
solar tunnel greenhouse driers are referred to as STGD1, STGD2, and 
STGD3, respectively. 
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Table (1): Parameters and variables required as input and variables 
output by MATLAB program. 

Configuration of file inputs: Value 

Floor surface area  of solar drier (Ad), m
2
  2.00 

Overall heat transfer coefficient (Uo), W m
 – 2 

°C
 – 1   

7.20 

Specific heat of operating fluid, (CP), J kg°C
 – 1  

  1006.6 

Cover surface area of solar drier (Ac), m
2
 3.100 

Transmissivity coefficient at long wave radiation (  ), decimal  0.43 

Mean emittance factor of the tunnel cover (ε), decimal 0.77 

Stefen-Boltzmann constant ( ), W m 
- 2 

k 
– 4

 5.67 x 10
 – 8 

Data file inputs:  

Solar radiation flux incident inside the solar drier (R), W m
 – 2  

 

Inlet air temperature into the solar drier (Tam), °C
     

   

Outlet air temperature from the solar drier (Tao), °C   

Average air temperature inside the solar tunnel (Tav), °C   

Mass flow rate of air (ma), kg s
 – 1  

 

Data outputs:  

Solar energy available inside (Q), Watt  

Useful heat gain, (Qu), Watt  

Heat energy losses by conduction and convection (qc), Watt  

Heat energy losses due to air exchange (qe), Watt  

Sky temperature (Tsky), °K  

Heat energy losses by thermal radiation (qr), Watt  

Total heat losses from the solar drier (Qloss), Watt  

Overall thermal efficiency, (ηo), %  

Normalized temperature rise (DT), m
2
 °C W

 – 1
  

 
Fig. (3): Simplified flowchart for MATLAB program. 

Start  

 

 

 

Read 
Ad  ,Ac ,Cp ,Uo ,ma , R, ε,  , 

σ,  Tam ,Tao, and Tav 

Compute 
Q, Qu, qc, qe, , Tsky, qr, 

Qloss, ηo and DT,  

 

Output 
Q, Qu, Qloss, DT, and ηo  

Stop 
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RESULTS AND DISCUSSION 
 

1.Solar Radiation Inside and Outside 
 During the experimental work, the solar tunnel greenhouse driers 
were operated satisfactorily for five days (29/7/2009 to 2/8/2009) without any 
malfunction. Because the three solar driers used the same orientation and 
polyethylene cover under the same climatic conditions, there was no 
difference in the solar energy available inside the driers.  The thermal 
efficiency of solar drying systems can be evaluated either based   on the 
thermal performance analysis or drying rates of the products. The thermal 
performance analysis of the solar tunnel greenhouse driers depends upon the 
geometric characteristics of the drier, mass flow rate of operating fluid, and 
the climatic conditions surrounding the drier. The climatic conditions were 
associated with the intensity of solar radiation, ambient air temperature, and 
wind speed. During the experimental period, there were 65 hours of bright 
sunshine of which 45 hours were used in the thermal performance analysis. 
The hourly average solar energy flux incident outside and inside the solar 
tunnel greenhouse drier during the experimental period is plotted in Fig. (4). It 
evidently showed that, the actual solar radiation ranged from near zero to 
about 1000 W m

 – 2
 within the day length of 13 hrs.  The lowest values during 

the experimental period were in the range of 15-100 W m
 – 2

, which occurred 
just after sunrise and prior to sunset. They varied from hour to another and 
during the experimental period due to the sky cover (clouds) solar altitude 
angle, and solar incident angle as shown in the sixth day in Fig. (4). 
Therefore, the experiments during drying process were run only through nine 
hours (from 8 am to 4 pm, solar time). The actual solar radiation recorded 
inside the solar drier was lower than that outside because of, the reflectance, 
absorptance, and transmittance of the drier covering material. The hourly 
average solar radiation recorded outside and inside the solar drier, 
respectively,   was  643.4  and  483.6   
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Fig. (4): Hourly average solar radiation flux incident outside and inside 

the solar tunnel greenhouse drier during the experimental 
period 
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Wm
 – 2 

with plastic cover effective transmittance of 75.16%. To determine the 
solar radiation penetrating the solar tunnel drier cover (Ri) as a function of the 
actual solar radiation flux incident outside (Ro), all the data recorded during 
the experimental period were plotted in Fig. (5). Regression analysis revealed 
a highly significant linear relationship (r = 0.9968 ; P ≤ 0.001) between these 
parameters. The regression equation for the best fit was:- 
 Ri (STGD) =       0.7516 (Ro)                                          (11) 
 

R
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Fig. (5): Hourly average solar radiation flux incident inside the solar 

drier versus solar radiation outside. 
 
2.Solar Energy Available Inside the Solar Drier   

The daily average solar energy available inside the solar tunnel 
greenhouse drier during the experimental period was 12.572 kWh. There 
were obvious differences in solar energy available for the days recorded due 
to effect of the climatic conditions during the experimental period. Since, the 
solar energy available inside the solar drier is the main source of energy used 
in the drying process of agricultural products; it had the main effect on 
increasing the temperatures of drying air which may be considered as a very 
important parameter affecting the drying process. The hourly average air 
temperatures inside the three solar driers (STGD 1, 2, and 3) were 53.5, 
44.1, and 41.0°C, respectively, while the outside air temperature was 31.6°C. 
Accordingly, the complied data showed that, the solar tunnel greenhouses 
drier increased the air temperatures by 21.9, 12.5, and 9.4°C, and reduce the 
air relative humidity under the outside (40.6%) by 9.0%, 5.1%, and 3.1%, 
respectively. These differences in air temperatures can be attributed to the 
variations in mass flow rates of air during the experimental period. It can be 
observed a sinusoidal variation of the air temperature with solar time.   The 
air temperature in the solar driers varied from 29.5 to 65.0°C. The diurnal 
variation amplitude under solar tunnel greenhouse driers was more 
significant. The maximum air temperatures during the experimental period for 
the three solar driers reached 65.0, 51.5, and 46.8°C, respectively which 
occurred at and around noon. At nighttime the air temperatures inside the 
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solar driers were almost fit with the outside air temperature. While, during the 
daylight the air temperatures were usually greater than that outside the driers.  
 
3.Useful Heat Gain  
 The daily average useful heat gain for the three solar tunnel 
greenhouse driers during the experimental period was 6.993, 7.699, and 
6.687 kWh, respectively. These differences in useful heat gain can be 
attributed to the variations in mass flow rates of air during the experimental 
period which effect on the exchange rate of air. The useful heat acquire 
varied from hour to another and during each day of the experimental period 
due to the variations in solar energy available, ambient air temperature 
surrounding the solar driers, and wind speed. As the ambient air temperature 
is increased, the difference in temperature between the hot air inside and the 
air passing through the solar drier is reduced and useful heat gain is thus 
reduced. Useful heat gain during the experimental period (QC) was plotted 
against the solar energy available (Q) for the three solar driers (Fig. 6). 
Regression analysis revealed a highly significant linear relationship (r = 
0.9493 ; P ≤ 0.001) between these parameters. The regression equations for 
the best fit were:- 

QC (STGD 1) =   0.5562 (Q)       (12) 
QC (STGD 2) =   0.6124 (Q)       (13) 
QC (STGD 3) =   0.5319 (Q)       (14) 

 
The regression analysis also showed that, the slopes of the 

regression equations   are equaled to the daily average overall thermal 
efficiency of the solar tunnel   greenhouse   driers  during the experimental 
period. The useful heat gain was also affected by the mass flow rate of air, 
thus some scatter in the data occurred particularly in the STGD 1 due to it 
used the lowest mass flow rate. 

The daily average total heat losses from the three solar tunnel 
greenhouse driers during the experimental period were 5.579, 4.873, and 
5.885 kWh, respectively. Consequently, the STGD 3 lost heat energy greater 
than the STGD 1 and STGD 2 by 5.48% and 20.77%, respectively. The daily 
average heat losses by conduction and convection for the three solar driers 
were 2.945, 1.397, and 1.119 kWh, respectively. While, the heat energy lost 
due to air exchange by extracting fan were 1.428, 2.631, and 3.958 kWh, 
respectively. The daily average heat losses by thermal radiation during the 
experimental period were 1.206, 0.845, and 0.808 kWh, respectively. They 
varied from hour to hour and day to another due to the ambient air 
temperature, wind speed, and temperature difference between inside and 
outside the solar driers. As the air temperature inside the solar drier is 
increased above the ambient air temperature, the air temperature difference 
between inside and outside is increased and heat losses are thus increased 
and vice versa. 
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Fig. (6): Useful heat gain versus solar energy available for the three 

solar tunnel greenhouse driers during the experimental 
period. 
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4.verall Thermal Efficiency 
The overall thermal efficiency is the ratio of useful heat gain to the solar 

energy available. The daily average overall thermal efficiencies of the three 
solar tunnel greenhouse driers during the experimental period were 55.62%, 
61.24%, and 53.19%, consequently, 44.38%, 38.76%, and 46.81% of the 
solar energy available inside the solar driers was lost, respectively. The 
overall thermal efficiency (ηo) for three solar tunnel greenhouse driers was 
plotted against the normalized temperature rise (DT) as shown in Fig. (7). 
Regression analysis revealed a highly significant linear relationship (r = - 
0.993 ; P ≤0.001) between these parameters. The regression equations for 
the best fit were: 

 
ηo (STGD 1) =  0.7351  -  6.7751 (DT)        (15) 
ηo (STGD 2) =  0.7333  -  6.5439 (DT)        (16) 
ηo (STGD 3) =  0.7865  -  7.3717 (DT)        (17)  
 

The regression analysis also showed that, the overall thermal efficiency 
of solar tunnel greenhouse drier can be expressed as: 
 

 ηo    =   
Q

Qu
   =   FR (ηop)  -  FR UO  

R

)TT( aoav 
      (18) 

 ηo =  FR (ηop)  -  FR UO  (DT)        (19) 
 ηo =   a   -   FR UO  (DT)         (20) 
 

Regression equation is definitely the numerical expression of equation 
(19). The y-intercept (a) is equaled to the product of heat removal factor (FR) 
and optical efficiency (ηop). The slope is equaled to the product of heat 
removal factor and overall heat transfer coefficient (UO). The plot of overall 
thermal efficiency versus normalized temperature rise was a straight line with 
y-intercept FR (ηop) and slope (-FR UO).   It   is   clear   that  UO is a function of 
temperatures difference between inside air and outside, mass flow rate of air, 
and wind speed. Also heat removal factor is a weak function of overall heat 
transfer coefficient. And, some variations of the relative proportions of beam 
and diffuse components of solar radiation occurred. Therefore, some scatter 
in the data particularly in STGD 3 was expected because of temperature 
dependence and mass flow rate effects as shown in Fig. (7). The previous 
obtained data are in agreement with the data published by Duffie and 
Beckman (1991) and ASHREA (2005). 
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Fig. (7): Overall thermal efficiency versus normalized temperature rise 

for the three solar tunnel greenhouse driers. 
 
5.Heat Energy Balance on the Solar Driers 

The mathematical model of heat energy balance on the solar tunnel 
greenhouse driers which was used to predict the solar energy available inside 
the solar drier in terms of the summation of useful heat gain and total heat 
losses. There are many factors affecting heat energy balance on solar drier 
during daylight. These factors and their effects on heat energy balance were; 
solar radiation available inside that converted into useful heat gain, forced 
convection heat transfer coefficient, variation in the air temperatures in the 
solar driers, and ambient air temperature surrounding the solar drier. 
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Therefore, it is imperative to determine the solar energy available to check 
whether there are differences between the actual heat energy gained and 
lost, and the heat energy required to increase the drying air temperature 
inside the solar tunnel greenhouse drier. The predicted heat energy gained 
and lost was plotted as a function of the measured heat energy acquired and 
lost for the three solar tunnel greenhouse driers as shown in Fig. (8). The 
predicted heat energy for the three solar driers was validated well with that 
measured during the experimental period by 0.995, 0.991, and 0.998, 
respectively, which gave an excellent agreement.  
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Fig. (8): Predicted heat energy gained and lost versus that measured for 

the three solar tunnel greenhouse driers. 
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CONCLUSION 
 

 The primary objective of this solar tunnel greenhouse drier is to 
increase the solar radiation converted into useful heat gain and investigate 
effective uses of that heat gain in increase the drying air temperature. For the 
duration of this research work the solar energy available was considered as 
the most important parameter affecting thermal performance of the solar 
tunnel greenhouse drier. The useful heat gain, and normalized air 
temperature rise were found to be affected mainly by the solar energy 
available and the mass flow rate of the drying air. The daily average solar 
energy available inside the three solar tunnel greenhouse driers during the 
experimental period was 9.721 kWh of which 5.485, 6.003, and 5.294 kWh, 
respectively, converted into useful heat gain. The daily average overall 
thermal efficiencies of the three solar tunnel greenhouse driers during the 
experimental period were 55.62%, 61.24%, and 53.19%, consequently, 
44.38%, 38.76%, and 46.81% of the solar energy available inside the solar 
driers was lost, respectively. The predicted heat energy for the three solar 
driers was validated well with that measured during the experimental period 
by 0.995, 0.991, and 0.998, respectively, which gave an excellent agreement.   
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 :إستغالل البيوت المحمية كمجفف شمسى لتجفيف العنب البناتـى
 : تحليل اإلداء الحرارى للمجفف الشمسى1

 غادة على مسعد و يوسف محمدصالح مصطفى عبد اللطيف ، أحمـد ثروت 
 جامعة المنصورة –كلية الزراعة  –قسم الهندسة الزراعية 

 
يتناول هذا الخزء من البحث إخراء تخارب بغرر  تحييرل ااءاء الحررارب لبيرم محمر  كير   ر ل 
نفر  يترتمءك  مخفرم  متر  لمحااريل الفا مرا وإم انيررا اترتغ لم  مخفرم  متر  لي.نرب البنرات   ترك اتررتمءاك 

نء زاويا مر  كرر  ب.اء تحم الظروم الخويا لمءينا المناورة كث ثا مخففام أنفا  مت ابما ف  ال  ل واا
  9115 رقاً وذلك ف   مر أغت س كاك ° 50.53 ماالً وزاويا م   ول ° 50.13

كتمء تقييك ااءاء الحرارب ليمخففام ال متيا )المخفم الن ر  أو الرءينامي  ع كير  م.راءالم إترزان إ
هر   لمرواء التخفيرم ال اقا كي  المخفم  تك ت غيل المخففام الث ثا تحم ث ثرا م.رءالم ترريان وزنر  ممتيفرا

 خررك.ث  أظمرررم النترراتح المتحاررل كييمررا أن المتوترر  اليرروم  لي اقررا ال مترريا  1.935و  1.045، 1.099
 مخفرمالالمتوتر  اليروم  لي اقرا ال متريا ءامرل   ييووام تاكا بينمرا 02.393المتاحا مارج المخففام  انم 

المتوتر  اليروم  لي اقرا ال متريا المتاحرا   %33.02 ييووام تاكا بم.امرل نفاذيرا مقرءار  09.339ال مت  
 3.255، 2.555 ييووام تراكا والتر  منمرا  09.339ءامل مخففام اانفا  الث ثا أثناء فترة التخربرا  انرم 

كي  الترتيب تحولم إل   اقا متتفاءة  أءم ال اقا ال متيا المترتفاءة إلر  رفرر ءرخرا حررارة المرواء 2.243و
بينمررا إنمف ررم الر وبررا النترربيا لمررواء  ,°ك 5.9و 09.3، 90.5ع بمقررءار °ك 50.2الررءامي  كررن المررارخ  )

وم  لي فرراءة كيرر  الترتيررب ل ررل مخفررم   رران المتوترر  اليرر %5.0%، 3.0%، 5.1إلرر   %ع91.2) التخفيررم
% وبالترررال  فررر ن 35.05% و20.99% ،33.29الحراريرررا ال ييرررا ليمخففرررام الث ثرررا أثنررراء فتررررة التخربرررا 

% من ال اقا ال متيا المتاحا ءامل المخففام ترك فقرءها كرل الترتيرب  إترزان 92.40% و%54.32 ،99.54
ريرا المتوق.را ليمخففرام الث ثرا  انرم ال اقا الحراريا كي  المخففام ال متيا الث ثرا أو رحم أن ال اقرا الحرا

كير   1.554و 1.550، 1.553متوافقا خيءاً مر تيك الت  تك قياتما م ل فترة التخربا بم.رءل ت راب  مقرءار  
  الترتيب
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