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In the proposed research, an effort has been made to develop a thermal model for a semi-transparent PVT solar dryer 

integrated with a kitchen chimney for faster drying of agricultural produce to enhance their shelf life. The thermal model is 

based on energy balance equations derived based on the design of the dryer and different climatic parameters for April 

month in New Delhi. It has been observed that there is an increase of 8oC in the drying chamber for the initial kitchen 

chimney outlet temperature of 72oC with a packing factor of 0.83 for the semi-transparent solar cells, which has also been 

validated by the ANN model. An exhaust fan placed between the PVT air collector and drying chamber is operated using 
electrical energy generated from the PVT air collector, making the entire set up self-sustainable. 

Keywords: Photovoltaic-thermal, ANN Technique, Energy, Exergy 

1 Introduction 

Drying is an important method for the preservation 

of fruits and vegetables which helps in increase their 

shelf life as well as transportation. The drying 

process, when used properly, maintains the nutrient 

quality of food, requires minimal effort and reduces 

post-harvest loss significantly. Collector efficiency of 

an indirect solar dryer having a North-South reflector 

with natural convection drying process is enhanced 

without load by 18.5% from 40.0% to 58.5% even in 

January, the corresponding heat transfer values are 

36.5% to 50.3% respectively
1
. Solar dryer with forced 

convection in which drying chamber is connected 

with double pass V-corrugated solar heater is 

developed. The drying process is performed with 

Thymus and mint which are at a temperature of 29°C 

initially. It has been observed that for drying of 

Thymus with the moisture content of 95% initially, it 

took 34 hours to reach a final moisture content of 

11±0.5% and in the case of mint with the moisture 

content of 85% initially, it took 5 hours to reacha final 

moisture content of 11 ± 0.5% in 39
o
C to 54

o
C

2
. 

Indirect solar drying method for banana drying with 

an efficiency of 22% consists of solar flat plate air 

collector with V-corrugated absorber and insulated 

drying chamber developed
3
. A new concept of an 

indirect solar dryer in which solar air collector is 

consists of two fixed corrugated aluminum forming a 

parallel cylinder which allows the air to circulate 

along with the collector. It has been found that the 

average thermal efficiency of this drying chamber is 

11.11%
4
. In a new method, to design an indirect solar 

dryer in forced convection mode Phase Change 

Material (PCM) is also used. It maintains the drying 

chamber temperature to 4 to 16°C higher than the 

ambient temperature
5
. A system design analysis for 

solar drying of Stevia leaves, a system design analysis 

is done using direct and indirect solar drying 

technology based on Weibull model showed that 

indirect solar drying is having the better superior 

condition, drying times, operating conditions control. 

Also, it has greater protection against the effects of 

temperature
6
. A hybrid PVT greenhouse dryer 

designed with a DC fan for forced convection The 

results showed the prediction for moisture 

evaporation with natural convection is better than 

with forced convection
7
. To predict the performance 

of a PVT greenhouse collector, a thermal model for 

energy and exergy is developed and analyzed to 

predict its performance. From experimental results, it 

is observed that solar cell temperature is 3
o
C to 4

o
C 

more than the temperature of tedlar back surface and 

15
o
C to 16

o
C more than the green-house room air 

—————— 
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temperature. It is also found that exergy efficiency  

for PVT integrated greenhouse is 4%
8
. A simple 

mathematical model is developed for PVT and earth 

air heat exchanger (EAHE) which is integrated with 

the greenhouse to study its effectiveness for a year.  

It is found from the results that in the winter season 

the temperature is increased by 7
o
C to 8

o
C inside the 

greenhouse where at night the PVT is coupled with 

EAHE, considered to be suitable for plant growth 

during winter period
9
. The performance of a space 

heater which consists of a hybrid PVT double pass 

facade has been studied. It is found from the results 

that for space heating in a building, the double pass 

air facade is most useful on a typical winter day as it 

increases the room air temperature by 5
o
C to 6

o
C

10
. 

Exergo-economic analysis for a hybrid PVT air 

collector concluded that it can be used to save energy 

and has more potential as compared to PV module 

thus it is relatively very useful for space heating in 

cold areas and to dry medicinal plants
11

. The overall 

exergy efficiency of a glazed hybrid single channel 

photovoltaic thermal module is optimized using 

Genetic Algorithm (GA) and Genetic Algorithm - 

Fuzzy System (GA-FS) and it is found that the overall 

exergy efficiency obtained from the system optimized 

with GA–FS is 1.27% higher than the efficiency 

obtained from the system optimized with GA and 

5.4% higher than the efficiency obtained from the un-

optimized system.
12,13

 Single channel photovoltaic 

thermal module is again optimized for overall exergy 

gain and overall thermal gain with an Evolutionary 

Algorithm (EA). It has been observed that annual 

overall exergy gain and annual overall thermal gain 

has been increased by 69.52% and 88.05% 

respectively than the un-optimized system.
14

Energy 

and exergy analysis of a hybrid greenhouse dryer of 

different photovoltaic modules at different weather 

conditions has been studied. From the results, it was 

found that the C-Si type PV module is most efficient 

because of the module productivity and expected 

life
15

. An experiment on solar hybrid dryer for 

pineapple drying observed that drying time is very 

much less and food quality is found to be better in the 

case of hybrid dryer
16

. Performance analysis of 

photovoltaic thermal mixed-mode greenhouse dryer is 

carried outby considering different parameters. It is 

concluded that the quality of the product is increased 

and de-colouration is also minimized
17

. Performance 

analysis of a solar-heat recovery assisted infrared 

dryer has been studied for drying of melon and it is 

found that the efficiency of the dryer can be enhanced by 

using a heat exchanger which converts waste energy 

from the dryer chimney to heat the inlet air by using heat 

recovery
18

. A solar dryer in which waste heat energy 

from a split AC external unit is used to enhance the 

drying rate increased efficiency by about 13%
19

. 

In this paper, a semi-transparent PVT solar dryer 

which is integrated with the kitchen chimney has been 

analyzed and simulated for four different kitchen 

chimney exhaust air temperatures. Energy and Exergy 

analysis of the proposed model has been done & the 

same is validated with the ANN model. 
 

2 Materials and Methods 
Anindirect type solar dryer has been designed 

which consists of asemi-transparent PVT air collector 

unit and a chamber for drying purpose. The collector 

unit consists of flat blackened absorber plate in which 

a rectangular shaped duct is attached. The collector 

unit is integrated with the outlet of the kitchen 

chimney which consists of a semi-transparent PV 

module and a flat plate collector. The air entering into 

the collector unit is preheated by solar radiation 

received at non-packing factor area below the semi-

transparent PV module by the absorber. Hot air from 

the kitchen chimney forces itself towards the drying 

chamber unit via the semi-transparent PVT air 

collector and gets further heated by the heat trapped 

by the absorber unit. This hot air absorbs moisture 

from the food which is kept on wire mesh trays for 

drying while flowing in an upward direction in the 

drying chamber. At top of the drying chamber in the 

east and west walls two exhausts are provided. Duct 

dimensions are 2.2m x 0.65m x 0.05m and 50W semi-

transparent PV module is attached on it. PVT 

collector unit is kept at an angle of 30
o
 with the 

horizontal to receive maximum amount of solar 

radiation. The schematic diagram of the hybrid dryer 

integrated with the Kitchen Chimney is presented in 

Fig. 1. Intensity of solar radiation and ambient 

temperature values concerning time have been taken 

for the analysis under no-load conditions. Analysis of 

dryer is carried out for four different chimney outlet 

temperatures i.e. Tch1 is 37
o
C, Tch2 is 47

o
C, Tch3 is 57

o
C 

and Tch4 is 72
o
C (whose values are assumed to be 

greater than the ambient temperature). Using thermal 

modeling equations, the following parameters have 

been calculated hourly: 

a) Outlet temperature  

b) Solar cell temperature 
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c) Thermal energy 

d) Electrical energy 

e) Exergy 

f) Thermal efficiency 

g) Electrical efficiency 
 

2.2 THERMAL modelling of indirect type PVT dryer 

Energy balance equations are written for the 

thermal modelling of the proposed semi-transparent 

type indirect PVT dryer by considering the following 

assumptions: 

i Quasi-steady state condition has been 

considered for the proposed system. 

ii Absorptivity is neglected for enclosed air 

between glasses of semi-transparent PV 

module. 

iii The transmissivity is considered as 100% for 

Ethyl Vinyl Acetate. 

iv The temperature variation is neglected along 

with the thickness and width. 

v Resistance losses of solar cell have been 

neglected.  

Using 1
st
 law of thermodynamics, energy balance 

equations for the proposed dryer have been written as: 
 

2.2.1 For semitransparent PV module 

The energy balance equation for semitransparent 

PV module solar cells can be written as
20

, 
 

𝛼𝑐𝜏𝑔𝛽𝑐𝐼 𝑡 𝑏𝑑𝑥 =  𝑈𝑡𝑐 ,𝑎 𝑇𝑐 − 𝑇𝑎 + 𝑈𝑡𝑐 ,𝑓 𝑇𝑐 −

𝑇𝑓𝑏𝑑𝑥+𝜏𝑔𝜂𝑐𝛼𝑐𝛽𝑐𝐼𝑡𝑏𝑑𝑥   … (1) 
 

where, 𝛼𝑐  is the absorptivity of solar cell,  

𝜏𝑔  is the transmissivity of glass, 

𝐼 𝑡  is the incident solar intensity in W/m
2
, 

𝑈𝑡𝑐 ,𝑎  is the overall heat transfer coefficient from solar 

cell to ambient in W/m
2
 ºC, 

𝑇𝑐  is the solar cell Temperature in ºC 

Ta is the ambient temperature in 
o
C, 

Tf is the flowing air temperature in 
o
C, 

b is the width in m, and, 

ηc is the efficiency of solar cell 

Solving for solar cell temperature, one gets 
 

𝑇𝑐 =
𝜏𝑔𝛼𝑐𝛽𝑐 1−𝜂𝑐 𝐼 𝑡 +𝑈𝑡𝑐 ,𝑎𝑇𝑎 +𝑈𝑡𝑐 ,𝑓𝑇𝑓

𝑈𝑡𝑐 ,𝑎 +𝑈𝑡𝑐 ,𝑓
   … (2) 

 

2.2.2 For blackened absorber plate 

The energy balance equation for absorber plate is 

given by, 
 

 𝛼𝑝 1 − 𝛽𝑐 𝜏𝑔
2𝐼 𝑡  𝑏𝑑𝑥 = [𝑕𝑝 ,𝑓 𝑇𝑝 − 𝑇𝑓 +

𝑈𝑏𝑝 ,𝑎 𝑇𝑝 − 𝑇𝑎 𝑏𝑑𝑥   … (3) 
 

where, αp is the transmissivity of absorber plate, 

Tp is the absorber plate temperature in 
o
C, 

hp,f is the heat transfer coefficient between absorber 

plate and flowing air in W/m
2o

C, and,  

Ubp,a is the overall back loss coefficient from flowing 

air to ambient in W/m
2 o

C 

After solving for absorber plate temperature, one 

has the expression for (Tp), 
 

𝑇𝑝 =
𝛼𝑝  1−𝛽𝑐 𝜏𝑔

2 𝐼 𝑡 +𝑕𝑝 ,𝑓𝑇𝑓+𝑈𝑏𝑝 ,𝑎𝑇𝑎

𝑈𝑏𝑝 ,𝑎 +𝑕𝑝 ,𝑓
   … (4) 

 

2.2.3 For the air flowing through the duct 

The energy balance equation for the air which is 

flowing through the absorber plate is, 
 

𝑚 𝑎𝐶𝑎

𝑑𝑇𝑓

𝑑𝑥
𝑑𝑥 =  𝑕𝑝 ,𝑓 𝑇𝑝 − 𝑇𝑓 + 𝑈𝑇𝑐 ,𝑓 𝑇𝑐 − 𝑇𝑓  𝑏𝑑𝑥  

 … (5) 

where, ṁa is the rate of flow of air in kg/s, 

Utc,f is the overall heat transfer coefficient from solar 

cell to flowing air in W/m
2 o

C, and, 

Ca is the specific heat in J/kg
o
C 

 

For the boundary condition, x=0, Tf=Tch and at 

x=L, Tf=Tfo, Eq(5) can give the following expression 

𝑇𝑓𝑜 =  
 𝛼𝜏  𝑚 ,𝑒𝑓𝑓 𝐼 𝑡 

𝑈𝐿 ,𝑚
+ 𝑇𝑎   1 − exp  −

𝑏𝑈𝐿 ,𝑚 𝐿

𝑚 𝑎𝐶𝑎
  +

𝑇𝑐𝑕  exp −
𝑏𝑈𝐿 ,𝑚 𝐿

𝑚 𝑎𝐶𝑎
    … (6) 

 

where, (ατ)m,eff is the product of effective absorptivity 

and transmissivity of PV module 

Tfo is the outgoing flowing air temperature in 
o
C, 

Tch is the kitchen chimney outlet temperature in 
o
C, 

L is the length in m, and, 

UL,m is the overall heat transfer coefficient in W/m
2o

C 
 

At the end of the semi-transparent PVT collector, 

the rate of thermal energy available can be evaluated 

as, 

 
 

Fig. 1 — Schematic diagram of indirect semi-transparent PVT 

solar dryer integrated with kitchen chimney. 
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𝑄 𝑢 ,𝑚 = 𝑚 𝑎𝐶𝑎 𝑇𝑓𝑜 − 𝑇𝑐𝑕    … (7) 
 

Using Eq(6) andEq(7), we get 
 

𝑄 𝑢 ,𝑚 = 𝐴𝑚𝐹𝑅𝑚   𝛼𝜏 𝑚 ,𝑒𝑓𝑓 𝐼 𝑡 − 𝑈𝐿,𝑚  𝑇𝑐𝑕 − 𝑇𝑎    

  … (8) 

where, Am is the Area of module in m
2
, and, 

FRm is the heat removal factor 
 

2.2.4 Instantaneous thermal efficiency 

An instantaneous thermal efficiency for semi-

transparent PVT collector can be evaluated by, 
 

𝜂𝑖 =
𝑄 𝑢

𝑁𝐶𝑙 ×𝐴𝐶×𝐼(𝑡)
   … (9) 

where, Ncl is the number of clear hours in a day 
 

2.2.4 Electrical efficiency 

After knowing Tc from Eq. (2), using Eq. (4) & Eq. 

(6), Electrical efficiency can be obtained as 
 

𝜂𝑒𝑙 = 𝜂𝑂 1 − 0.0045 𝑇𝐶 − 25     … (10) 

where, ηo is the efficiency at standard condition at I(t) 

= 1000W/m
2
 and Ta = 25

o
C 

 

2.2.5 Electrical energy 

The hourly electrical energy produced by the solar 

panel can be obtained by 

𝐸𝑒𝑙 =  
𝜂𝑒𝑙 ×𝐼(𝑡)×𝐴𝑚 ×𝑁𝑐𝑙

1000
   … (11) 

 

2.2.6 Energy gain 

Energy analysis can be made and the overall 

thermal gain is evaluated as 
 

 𝑄 𝑢 ,𝑜𝑣𝑒𝑟𝑎𝑙𝑙 =   𝑄 𝑢 ,𝑡𝑕 +
 𝑄 𝑢 ,𝑒𝑙

ç−𝑝𝑜𝑤𝑒𝑟
   … (12) 

 

The electrical energy is divided by electric power 

generation efficiency (ç) to convert it from a high-

grade form of energy to a low-grade form of energy 

as equivalent to the thermal energy
21

. 
 

2.2.7 Exergy gain 

Exergy analysis can be made by using second law 

of thermodynamics and total exergy-in, exergy-out, 

and exergy destructed from the system can be 

evaluated as
22

 

 𝐸𝑥 𝑖𝑛 −  𝐸𝑥 𝑜𝑢𝑡 =  𝐸𝑥 𝑑𝑒𝑠𝑡    … (13) 

 

Or 

 𝐸𝑥 𝑖𝑛 −  (𝐸𝑥 𝑡𝑕 + 𝐸𝑥 𝑒𝑙 ) =  𝐸𝑥 𝑑𝑒𝑠𝑡    … (14) 

where, 𝐸𝑥 𝑡𝑕  is the thermal exergy in KWh, and,  

 𝐸𝑥 𝑒𝑙  is the electrical exergy in KWh 
 

where, 

𝐸𝑥 𝑖𝑛

= 𝐴𝑐 × 𝑁𝑐𝑙 × 𝐼 𝑡 ×  1 −
4

3
×  

𝑇𝑎

𝑇𝑠
 +

1

3
×  

𝑇𝑎

𝑇𝑠
 

4

   

  … (15) 

 

𝐸𝑥 𝑡𝑕

= 𝑚 𝑎𝑐𝑎   𝑇𝑓𝑜 − 𝑇𝑐𝑕 −  𝑇𝑎 + 273 𝑙𝑛
𝑇𝑓𝑜 + 273

𝑇𝑐𝑕 + 273
   

  … (16) 

 

𝐸𝑥 𝑒𝑙 = 𝜂𝑒𝑙 × 𝐴𝑚 × 𝐼 𝑡   … (17) 
 

𝐸𝑥 𝑜𝑢𝑡 =  𝐸𝑥 𝑡𝑕 + 𝐸𝑥 𝑒𝑙   … (18) 
 
2.2.8 Software description 

MATLAB R2018a has been used for the 

calculation of solar cell temperature, absorber 

temperature, and outletduct air temperature. 

Artificial Neural Network (ANN) technique is used 

to validate the results of energy and exergy 

analysis. Artificial Neural Network Toolbox of 

MATLAB R2018a from the two-layer feed-forward 

network with 10 neurons in the hidden layer and 

Levenberg-Marquardt algorithm with hyperbolic 

tangent sigmoid transfer function. In this paper, 

data is used to trained, validated and tested to 

develop an ANN structure which is shown in  

Fig. 2.Variation of values of solar intensity, 

ambient temperature and kitchen chimney outlet 

temperature with time has been used as input 

parameters for New Delhi climatic conditions in 

April 2018. The temperature of the solar cell, 

absorber plate & outlet air, thermal energy, thermal 

efficiency, electrical energy, electrical efficiency 

and exergy has been considered as the output 

parameters. 

 
 

Fig. 2 — Selected ANN structure for the proposed setup. 
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3 Results and Discussion 

Equations (2, 4, and 6) have been computed using 

MATLAB software for a proposed design parameters 

which is given in Table 1 and the value of solar 

intensity and ambient temperature variation on an 

hourly basis are shown in Fig. 3. The predicted results 

of outlet air, solar cell and absorber plate temperature 

of the proposed indirect dryer for different  

kitchen chimney exhaust temperature (37
o
C, 47

o
C, 

57
o
C and 72

o
C) have been shown in Figs (4-6) 

respectively. From the figures, it has been analysed 

that outlet air temperature (Tfo) increases with an 

increment of outlet temperature (Th) of kitchen 

chimney, as expected. Also, it has been found that, the 

highest temperature of the solar cell is greater than the 

absorber plate temperature and absorber plate 

temperature is greater than the outlet air temperature 

as expected. Similarly, Eqs. (8 and 9) have been 

computed and thermal energy and instantaneous 

thermal   efficiency   are  evaluated   for  April  2018.  

The results for different kitchen chimney exhaust 

temperature (37
o
C, 47

o
C, 57

o
C and 72

o
C) have been 

shown in Figs (7 and 8). From the figures, it has been 

analysed that thermal energy and thermal efficiency 

increase to their highest value and start decreasing 

thereafter, as expected. Similarly, Eqs (10 and 11) 

have been computed for evaluating the electrical 

Table 1 — Design Parameter values forthe proposed semi-

transparent PVT Dryer 

Design Parameters  Values 

Ac 1.07m2 

Am 0.357m2 

Ca 1005J/kgK 

FRm 1.0 

hp,f 14.82W/m2K 

ṁ 0.078kg/s 

Ubp,a 0.68 W/m2K 

ULm 3.58 W/m2K 

Utc,a 9.5 W/m2K 

Utc,f 5.7 W/m2K 

αc 0.9 

βc 0.83 

ηo 0.12 

αp 0.8 

τg 0.95 
 

 
 

Fig. 3 — Solar intensity and ambient temperature variation on an 

hourly basis. 
 

 
 

Fig. 4 — Variation of outlet air temperature by varying the 

kitchen chimney outlet temperature on an hourly basis. 

 
 

Fig. 5 — Variation of solar cell temperature by varying the 

kitchen chimney outlet temperature on an hourly basis. 

 

 
 

Fig. 6 — Variation of absorber plate temperature by varying 

kitchen chimney outlet temperature on an hourly basis. 
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energy and electrical efficiency during April 2018. 

The results for different kitchen chimney  

exhaust temperature (37
o
C, 47

o
C, 57

o
C and 72

o
C) 

have been shown in Figs (9 and 10). Electrical 

energy increases to its highest value and then starts 

decreasing with time. Fig. 10 shows that the 

electrical efficiency decreases with the increment of 

the cell temperature, and vice versa
23

.An hourly 

gain in the thermal energy, exergy thermal, exergy 

electrical, exergy destruction have been evaluated 

by using Eq. (12), and Eqs (14-17). The results 

obtained through calculation have been shown in 

Table 2 and the same have been validated using 

MATLAB by ANN model. Fig. 11 shows the 

calculated and predicted value obtained by ANN for 

outlet air temperature with a correlation coefficient 

of 0.98. Similarly, all other parameters are 

validated by the ANN method and it has been 

observed that there is a close agreement between 

the predicted values and the calculated values. 

 

 
 

Fig. 7 — Variation of thermal energy with the variation  

in the kitchen chimney outlet temperature on an hourly  

basis. 

 

 
 

 

Fig. 8 — Variation of thermal efficiency with the variation  

in the kitchen chimney outlet temperature on an hourly  

basis. 
 

 
 

Fig. 9 — Variation of electrical energy on an hourly  

basis. 

 

 
 

Fig. 10 — Variation of cell temperature and electrical efficiency 

on an hourly basis with the variation in the kitchen chimney outlet 

temperature. 

 

 
 

Fig. 11 — Comparison between calculated values and ANN 

predicted values for outlet air temperature. 
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4 Conclusion 

The following conclusions have been drawn: 

From the results, 

(i) It has been concluded that there is an increase of 

8
o
C in drying chamber unit for initial kitchen 

chimney outlet temperature of 72
o
C with packing 

factor of semitransparent module 0.83. 

(ii) All the results has also been validated by using 

ANN technique on MATLAB. 

(iii) An exhaust fan placed between the PVT air 

collector and the drying chamber which is 

operated using electrical energy generated from 

the PVT air collector. 

(iv) As a results the entire set up is self-sustainable. 
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Table 2 — Analysis of Energy and Exergy 

Time Energy 

gain1 
(kWh) 

Energy 

gain2 
(kWh) 

Energy 

gain3 
(kWh) 

Energy 

gain4 
(kWh) 

Exergy in 

(kWh) 

Exergy 

out1 
(kWh) 

Exergy 

out2 
(kWh) 

Exergy 

out3 
(kWh) 

Exergy 

out4 
(kWh) 

Exergy 

destructed1 
(kWh) 

Exergy 

destructed2 
(kWh) 

Exergy 

destructed3 
(kWh) 

Exergy 

destructed
4 (kWh) 

9:00 2322.22 2207.51 2092.80 1920.74 3625.18 30.33 36.70 41.17 44.70 3594.85 3588.48 3584.01 3580.48 

9:30 2669.35 2550.87 2432.39 2254.67 4182.38 34.55 42.31 48.11 53.47 4147.83 4140.07 4134.28 4128.92 

10:00 2841.03 2720.67 2600.30 2419.75 4460.65 36.31 44.82 51.32 57.65 4424.34 4415.83 4409.34 4403.00 

10:30 3133.64 3009.97 2886.30 2700.79 4948.54 40.29 49.95 57.52 65.35 4908.24 4898.59 4891.02 4883.19 

11:00 3585.08 3456.22 3327.36 3134.07 5713.80 45.04 56.68 66.12 76.54 5668.75 5657.11 5647.68 5637.25 

11:30 3666.27 3536.47 3406.66 3211.96 5852.43 45.37 57.43 67.26 78.24 5807.07 5795.00 5785.17 5774.19 

12:00 3667.39 3537.59 3407.78 3213.08 5851.70 44.59 56.76 66.68 77.79 5807.11 5794.95 5785.02 5773.92 

12:30 3609.62 3480.53 3351.43 3157.79 5745.93 42.43 54.53 64.39 75.41 5703.49 5691.40 5681.54 5670.52 

13:00 3512.27 3384.35 3256.44 3064.56 5570.29 39.52 51.42 61.09 71.86 5530.77 5518.87 5509.19 5498.43 

13:30 3187.84 3063.70 2939.56 2753.34 5013.26 35.61 46.19 54.63 63.67 4977.64 4967.07 4958.63 4949.59 

14:00 2726.29 2607.34 2488.39 2309.96 4248.40 31.34 39.91 46.46 52.87 4217.06 4208.49 4201.94 4195.52 

14:30 2340.54 2225.84 2111.13 1939.07 3621.76 26.91 33.95 39.06 43.48 3594.86 3587.82 3582.70 3578.28 

15:00 1898.01 1788.02 1678.03 1513.05 2925.85 22.30 27.54 30.95 33.01 2903.55 2898.32 2894.90 2892.84 

15:30 1448.47 1343.20 1237.93 1080.02 2229.22 16.93 20.50 22.35 22.22 2212.29 2208.72 2206.87 2207.00 

16:00 1077.47 975.97 874.47 722.22 1672.12 12.80 14.94 15.45 13.47 1659.32 1657.18 1656.67 1658.65 

 


