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ABSTRACT 

 A glass ball solar cooker (GBSC) with and without reflector 
dish was employed to utilize the energy in cooking process. Some 
variables were investigated to evaluate the GBSC performance, (solar 
intensity, ambient air temperature, wind speed and relative humidity). 
The performance was characterized by water temperature within the 
cooker vessel, with and without reflector dish. Thermal analysis was 
applied in GBSC with reflector dish to study the solar radiation 
behavior within GBSC. A statistical model, based on step-wise 
regression analysis revealed significant relationships between these 
variables at the level of 0.001 significance, except relative humidity 
was not significant. Results showed that, water (1 kg) in vessel cooker 
needs 90 minute to boil at 100 

o
C, while 0.5 kg of rice needs 165 

minute to cook, with the reflector dish. The maximum efficiency of 
GBSC was about 23.6%. 

Key Words: Solar cooker – reflector dish – intensity – concentrating cooker.  
 
ITERODUCTION 
 The serious problems associated with fuel-burnings cooker, the 
shortage of wood supplies, and the high cost of fuel have raised the need for 
alternative sources of energy saving and safe cookers.  Solar cookers offer a 
simple, safe, and pollution free alternative. A number of designs using 
different concepts have been presented for indoor and outdoor usages. The 
most widely know type of solar cookers is the portable box-type oven, with 
solar radiation entering the oven directly through the transparent top cover, 
and also by reflection from plain mirrors. 
 Many researchers have been interested with the solar cookers 
(Mullick et al. 1987; Osman 1980; Funk and Larson 1998 and Biermann 
et al. 1999). Das et al. (1994a) used the solar box-cookers to cook rice, 
vegetables, meat, bake-cakes, and prepare a variety of other items. The 
cooking time ranged from 1 to 2.5 hr, or the cooker may fail to cook 
depending on the intensity of solar radiation and the number of vessels in the 
cooker. Grupp et al. (1991) presented a novel design of the box-cooker in 
which the cooking vessel was set into the glazing. This arrangement affords a 
good thermal contact between the vessel and the absorber plate, easier access 
to the vessel, and less frequent maintenance of the cooker. Ibrahim and 
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Khalifa (1988) reported that, the smaller cookers perform are better than the 
large size cookers due to the increasing of the thermal mass of the large ones.  

A number of computer models have been developed to predict the 
thermal performance of different types of solar cookers.  Grupp et al. (1991) 
presented a finite-element model for the cooker, and highlighted the 
importance of the thermal contact between the vessel and the absorber plate. 
Das et al. (1994a) and Das et al. (1994b) simulated the thermal performance 
of a solar box with horizontal glazing, reflecting mirror, and aluminum 
absorber plate and containing one, two or four vessels. Three dimensional, 
unsteady-state heat condition equations with time dependent radiation, 
convection, and conduction boundary conditions were used. Two other solar 
box-cooker performance models were presented by Khalifa et al. (1986).  
Habeebullah et al. (1995) studied the prediction of cooking temperatures and 
heat-up rates for concentrating solar cookers with different wind speeds and 
cooking strategies. Applications of this model like wise seems limited to very 
similar concentrating cookers.  

 This paper presents a simple glass ball solar cooker with reflector 
dish. The main objectives of the present study are; 

1- To study the effects of the metrological conditions on the cooker 
thermal performance.   

2- To study the thermal behavior with the glass ball cooker with the 
reflector dish.            

 
MATERIALS AND METHODS 
 The experimental work was started at March and carried out through 
April, May, June, July and August 2006. Four days of experimental records 
were taken from every month as the best meteorological conditions.  
Description of the glass solar cooker (GBSC): 
 Fig. (1) shows a sketch of a glass ball solar cooker (GBSC). The 
GBSC consists of an empty glass ball of 35 cm diameter and 3 mm glass 
thickness. The glass ball has an upper orifice of 15 cm diameter, which was 
provided with glass cover. A black aluminum cylindrical vessel (12 cm in 
diameter, 20 cm in high and 0.5 mm thickness) was placed inside the glass 
ball. The vessel was provided with a tight-foil aluminum cover. The GBSC 
was placed on a reflector dish of 80 cm diameter and 15 cm depth. A 
cylindrical wood of 15 cm diameter and 10 cm high was placed under the 
glass ball. Collected data (ambient air temperature (Ta), gap (distance 
between the vessel and the glass) temperature  (Tgap), vessel temperature (Tv) 
and food temperature inside the vessel (Tf) were recorded hourly using data 
logger (VE310), which had an accuracy of 0.1.   
 
Thermal behavior within the glass ball with the reflector dish: 
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 As shown in Fig. (1), solar radiation reaches to the glass ball directly 
and by reflection from the reflector dish. The glass absorbs part of the solar 
radiation falling on its surface (gRAbref), and transmits part inside the glass 
ball (gRAbref), which is used in heating the vessel and its contents 
(sgRAvref). The rest is lost in the form of radiation (qr) and convection (qc) 
to the surroundings. The using energy in heating vessel contents is equaled 
(qf). There is a lost energy from the vessel to the glass ball (qv).   
Where: 
R is the solar radiation intensity in W/m

2
, 

Ab is the projected area of the glass ball in m
2
, 

Av the vessel area, which receives the radiation (Av = (π/4) D2  
+ π DL) in m

2
 

D  is the vessel diameter and L is the vessel height in m, 
g is the glass absorbativity, (0.1) 
v is the black painted aluminum absorbativity, (0.85)   
g  is the glass transmisivity, (0.88) 
ref reflector efficiency, [ref = {1 + (CR – 1)ref}/CR]  
CR is the concentration ratio = 3.5, ref is the reflectivity = 0.78, (Ibrahim &  
    Khalifa,1988). 
qr is the lost energy by radiation to the surrounding in W, 
qc is the lost energy by convection to the surrounding in W, 
qv is the lost energy from the vessel to the glass ball in W,  
    [qv = hv-gap Av (Tv-Tg)], 
hv-gap is the convection heat transfer coefficient between the vessel and the 
     glass ball gap in W/m

2 o
C. 

qf  is the instantaneous heat stored in the fluid in W. 
From the previous assumptions the instantaneous cooker efficiency is 

defined as                    = qf /(R Ab ref) 
  This efficiency is a function of time since both qf and R are time-
dependent variables. So, final form of the cooker efficiency is 

 = (mc)f (Tfmax-Tfi)/(R Ab ref t) 
 
where, m is the mass of vessel component in kg, c is the specific heat of the 
component material within the cooker vessel in J/kg 

o
C, Tfmax is the 

maximum temperature of the vessel component in 
o
C, Tfi is the initial 

temperature of the vessel component in 
o
C, t is the required time to reach 

Tfmax in minutes. 
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Fig.(1): Schematic diagram of the glass ball solar cooker with solar radiation behavior 

 
RESULTS AND DISCUSSION 
Effect of solar intensity (R): 
 Fig. (2) shows the effect of solar intensity on water temperature, with 
and without reflector dish. The water temperature increased as the solar 
intensity increased. Generally, it was clear that, the increasing of the solar 
intensity from 475 to 675 W/m

2
 with 42.1%, increasing the water temperature 

from 50 to 67
o
C with 34% for cooking without reflector dish, and from 63 to 

86
o
C with 36.5% for cooking with reflector dish.  Also, the reflector dish 

caused increasing the water temperature from the ambient temperature of 
22

o
C (which, equal the initial water temperature) to 86

o
C with 291% in 84 

minutes.  
It also, indicated that, as ambient air temperature increased, the water 

temperature is increased.   
Microsoft Excel 2000 was used to examine the relationship between 

the water temperature and the intensity of solar radiation with and without 
reflector. The obtained equations for the best fit were: 

Twi = 0.0943 R + 21.60                                           R
2
 = 0.97 

Two = 0.0654 R + 21.60                                           R
2
 = 0.94 

Where: 
Twi is the water temperature with the reflector dish in 

o
C, 

Two is the water temperature without the reflector dish in 
o
C,   

R is the solar radiation intensity in W/m
2
. 

 
Effect of wind speed (W): 
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 Effect of wind speed on water temperature with and without reflector 
dish is represented in Fig. (3). The water temperature appears to decrease as 
the wind speed is increased. Whereas, the decreasing of wind speed from 
20.5 to 8.5 km/hr (58.5%), caused in increasing the water temperature from 
53 to 64

o
C (20.8%) for cooking without reflector dish, and from 69 to 82

o
C 

(18.8%) for cooking with reflector dish.  
 Data was fitted using Microsoft Excel and the following equations 
were resulted: 
 Twi = 169.25 W 

- 0.3164
                                         R

2
 = 0.86  

 Two = 127.21 W 
- 0.3023

                                        R
2
 = 0.81 

Where: W is the wind speed in km/hr. 
 

Fig.( 2 ): Effect of Solar intensity on water temperature within 

the vessel, with & without the reflector dish.
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Fig.( 3 ): Effect of wind speed on water tempreature within  the 

cooking vessel, with & without the reflector dish.
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Effect of air relative humidity (Rh): 
 Effect of air relative humidity was pronounced on the water 
temperature in the cooking vessel as shown in Fig. (4). Littleness of 
increasing the water temperature was observed by decreasing air relative 
humidity with and without reflector dish. Whereas, the change of air relative 
humidity from 84% to 72% (14.3%), caused in increasing water temperature 
from 56 to 68

o
C (3.6%) for cooking without reflector dish, and from 74 to 

75
o
C (1.4%) for cooking with reflector dish.  

Fig.( 4 ):Effect of relative humidity on water temperature within 

the cooking vessel, with & without the reflector dish.
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Statistical analysis: 
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 Effect of individual variables {solar intensity (R), ambient 
temperature (Ta), wind speed (W), and air relative humidity (Rh)} were 
statistically analyzed. A simple statistical program was developed, utilizing 
the SAS statistical package. The forward step-wise regression analyses were 
applied to arrive at a reasonably good best set of independent variables. The 
multiple regression equations were: 
 Twi = 2.41 + 0.0915 R + 0.541 Ta - 0.1937 W              
 Two = 4.24 + 0.0719 R + 0.381 Ta - 0.2003 W   
 The model shown that, the relationships between these parameters 
were highly significant (R

2
=0.98 and P >0.001).  

The coefficient of determination R
2
 for the final model was 0.9 

 To evaluate the GBSC, a linear regression model was developed to 
observe and predict water temperatures, with and without reflector dish.  The 
graphical comparison of the observed versus predicted water temperature is 
presented in Figs. (5) and (6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The glass ball solar cooker (GBSC) efficiency: 
 As resulted from the previous thermal analysis, Fig. (7) shows the 
effect of solar time on vessel, fluid and gap temperature and GBSC efficiency 
during the experimental duration (as the best fit from the Microsoft Excel 
2000 software). It’s clear that, both of vessel and fluid increase with solar 
time increases. Similarly increasing of gap temperature with solar time. 
Water boiled after about 90 minute, while, the vessel temperature was over 
100

o
C, and gap temperature was about 66

o
C, whereas, the initial water 

temperature was 22.3, solar intensity was 467.4 W/m
2
, ambient air 

temperature was 24.2
o
C and wind speed was 11.3 km/hr.   
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On the other hand, the cooker efficiency decreased as solar time is 
increased. After ten minutes from the beginning of the experiment the 
efficiency reached to 23.6% and water temperature reached to 50

o
C from 

initial water temperature of 22.3 (124.2% in water temperature increasing). 
While, increasing water temperature from 50 

o
C to 100 

o
C (100% in water 

temperature increasing) needed 80 minutes (800% in solar time increasing), 
which, caused in deceasing of the cooker efficiency to become 13.7%. 

 

Fig. (7): Effect of solar time on vessel, fluid within vessel and the gap 

temperatures.

Tgap



Tw
Tv

0
10
20
30
40
50
60
70
80
90

100
110

0 10 20 30 40 50 60 70 80 90 100

Solar time, hr.

T
e
m

p
e
ra

tu
re

s
, o

C .

 
Cooking experiments 
 The GBSC was tested for cooking actual food.  In cooking with solar 
cooker, the weight of the food and its water content need to be considered.  
The cooking times on GBSC are given in Table (1). 
Table (1). Cooking experiments for rice and eggs 
 

 
Food 

 
Time of cooking 

(minutes) 

Solar 
intensity 
(W/m

2
) 

Ambient 
temp. 
(

o
C) 

Wind 
speed 

(Km/hr) 
Water (1 kg) 
Rice    (0.5 kg) 
Eggs (without water) 
Eggs (with water) 

Boiling at 90 
165 
175 
195 

467.4 
516.5 
524.6 
534.1 

24.2 
30.4 
30.8 
32.6 

11.3 
9.2 
10.8 
9.3 

 
CONCLUSION 
 A glass ball solar cooker is examined for cooking with and without 
reflector dish. The results showed that, the GBSC with reflector dish cooked 
rice and eggs within 2 to 3 hrs. On the other hand the GBSC without reflector 
dish failed to cook depending on the intensity of solar radiation reflected 
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from the dish. The cooker efficiency is a function of time since both qf and R 
are time-dependent variables. So, the final form of the cooker efficiency is  
= (mc)f (Tfmax-Tfi)/(R Ab ref t). Results of the cooker efficiency are 
wakened, so further studies are needed to increase the GBSC efficiency. 
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 الأداء الحراري لطباخ شمسي كروي
 رجب إسماعيل أحمد مراد

 جامعة الفيوم –كلية الزراعة  –م الاراضى والمياه قس
 

ست    اتتم  خ تتا  53 أستخدم  موتت لط اخ تمس  وستتً و تت   وت   تتار ة م ٌتا  ما تتا  خا تتم 
 م ـس ،  ضع  مادلام إممء اسخ امً و  الأاو مٌ   ااوخلً و  اادماط  مال   الأس 53عل ٌا  خا م 

ست   عوهته  02س .  ضعت اا ار ااة م ٌتا  تمادط خ تع وعتممً  ختار  12س   ااخفمعه  51 خار 
ااد ت   هختا  س  وغخى  خ ها  ضٌا اٌع س الأ عا اا وسٌا   ضع أستفط اا تار أستخ اما وت  53
 س . 52س   ااخفمع  53
ادخ تتا أماء  تتلا ااموتت لط وتت  دتتأط مااستتا ختتة ٌا  تتط وتت    تتمر الأ تتعا اا وستتٌا ، ما تتا  

 تااار اااتت اء اا تت ع، ستتاعا اااٌتم   أدٌتتاا اااخ  تتا اامستت ٌا الات اء اا تت ع  علتتى ما تتا  تتااار 
 ٌةخً: ااوممر ااو ض عا مادط إممء ااخ مس اا وسً.  اهم أظاات اامخمئج وم
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 ةٌممر  تمر الأ تعا اا وستٌا ختةمام ما تا  تااار ااوتممر ااو ضت عا مادتط إمتمء ااخت ا ،   مستخدما   -5
 ,Rا  ـا اا وسٌتـال ص ط علتى أ ضتط وعمماتا خ  تع خصتلا ااعأ تا  تٌ   تمر الأ عت Excel امموج 

W/m
   خ  اا ص ط على ااوعمملات الآخٌا: Tw   ما ا  ااار ااومء مادط الإممء 2

Twi = 0.0943 R + 21.60                                R
2
 = 0.97 

Two = 0.0654 R + 21.60                               R
2
 = 0.94 

 ما ا  ااار ااومء الخ ا عمم اسخعومط عم س  وسً Twi ٌث 
     Two  .ًما ا  ااار ااومء م   اسخدما  ااعم س اا وس 

   ااوعمماتا ااخماٌتا خ ضت  W  دط إممء ااخ ا  ةٌممر ساعا ااات اء اا ت عخهط ما ا  ااار ااومء ما -1
 ااعأ ا  ٌ  ساعا اا اء اا  ع  ما ا  ااار ااومء مادط الإممء:

Twi = 169.25 W 
– 0.3164

                                R
2
 = 0.86 

Two = 127.21 W 
– 0.3023

                                R
2
 = 0.81 

ا  ٌ    ممك خة ٌاا   ي الاخ  ا اامس ٌا الا اء اا  ع على ما ا  ااار ااومء  على أماء ااخ مس  -5
 اا وسً.

م ٌهتا  لاتك  تى   ت م ااعتم س  02  ت   دتأط  5م   اامو لط  ى اا صت ط اما تا  لٌتم  ااوتمء   -4
 4 عتتمم  م ٌهتتا  اا تتٌ  563  تت   دتتأط ةوتت   تتمار  2.3اا وستتً   تتلاك م تت   تتى خاتتً الأاة  

م ٌهتا وتع   ت م ااوتمء،  ٌموتم   تط ااخ تمس  تى أماء  503م ٌها  م   ومء  دتأط  573 ٌضا  دأط 
 مفس ااوام   ى  ٌم  ااعم س اا وسً.  

ختت  مااستتا ااستتل ك اا تتاااي ال تتعمع اا وستتً مادتتط ااموتت لط  تتى   تت م ااعتتم س اا وستتً  

    وم ٌلً:اخ مس اا وسً  خ صلت مخمئج ااخ لٌط اااٌمضً إاى وعمماا  سم   فمءر ا

 = (mc)f  (Tfmax-Tfi) / (R Ab ref t) 
اا تااار اام عٌتا الوتممر مادتط الإمتمء  تما  ط/   .   c ة  ااوممر مادط الإممء  ما ٌل  اا ،  m ٌث 

o ، Tfi  ما تتا اا تتااار الأ خمائٌتتا الوتتممرo  ،  Tfmax ما تتا اا تتااار ااهصتت ع الوتتممرo   ،R   تتمر 

 فتتمءر ااعتتم س  ref،  1ااوستتم ا ااستتخ ٌا ا متتمء م   ااهمعتتمر    Ab، 1وستتً  تتما ات/ اا تتعمع اا 

  .Tfmaxااةو  ااأة  ال ص ط إاى ما ا اا ااار ااهص ع الوممر  tاا وسً %، 
 أمخج وعتمملات الام تماا ااخماٌتا لات وعموتط  SAS لط اامو لط إ صمئٌم  مسخدما   امموج 

1خهمٌا
R  2.00 مار. 

Twi = 2.41 + 0.0915 R + 0.541 Ta - 0.1937 W 

Two = 4.24 + 0.0719 R + 0.381 Ta - 0.2003 W 

  .    oما ا  ااار ااا اء اا  ع  Ta ٌث 


