The study involves the development of Phase Change Materials (PCM) based mobile cool chamber for vending and transportation of fruit and vegetables. Results of the various experiments/trials conducted during study are presented and discussed in this section,
I. Development of PCM based on-farm storage chamber (prototype-I): preliminary trial
1) Design and fabrication
Prior to develop a PCM based mobile cool chamber, a PCM based on-farm storage chamber (Fig.1) of size 0.46 m × 0.46 m × 0.46 m was fabricated, its cooling performance was evaluated and thermal analysis was carried out under idealized steady state conditions using ANSYS software. This chamber had four layered composite walls. Outer layer of the wall was made of FRP plastic (3 mm thick), followed by EPF insulation (25-30 mm thick), PCM layer (25-28 mm thick) and inner layer of GI sheet (1 mm) thick.
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Fig. 1 Prototype of PCM based cool chamber
One dimensional heat transfer calculations using thermal resistance network was carried out. Thermal resistance network and cross-section of a wall of chamber is shown in Fig.2 and Fig.3.
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Fig.2 Thermal resistance network
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Fig.3 Cross section of PCM wall
Heat transfer rates and PCM requirements were determined for the chamber under the steady-state idealized conditions. Assumptions for heat transfer calculations were as follows.
Box volume – 0.097 m3 (0.46 m × 0.46 m × 0.46 m),outside temperature – 40°C; inside temperature – 20°C; PCM temperature – 20°C; Heat of fusion of PCM – 200 kJ/kg; thermal conductivity of insulation – 0.02 W/m-°C. Under these conditions, PCM requirement was determined as 2.25 kg.
2) Performance evaluation of prototype-I
PCM used in study was OM 18 (freezing temperature: 18°C). The experiment conducted using various materials depict the practical applicability in on-farm storage. The experiment conducted in the prototype was categorized into three major sections – without PCM, with PCM, and storage of certain perishables with PCM. The summary of the results is furnished below (Fig.4).

Time elapsed in 30 min interval
without PCM 					with PCM
Average Ti = 42°C				Average Ti = 40°C			
Average T0= 35°C				Average T0= 27°C 
Fig.4 Effect of PCM on inside chamber temperature 
Comparative evaluation of the samples stored 
Some samples of vegetables were kept inside the PCM based chamber whereas some were kept outside. It was found that there were significant changes between the two samples. The samples kept outside had undergone a drastic reduction in the weight due to the physiological loss in weight (% PLW), while that within the chamber had negligible losses. It might also be pointed out that the humidity readings within the container (82% RH) and the outside environment (34% RH) also showed significant variation – the humidity being higher in container. The PLW (%) in the samples after three days (8 h a day, total 24 h) of storage is given in following table.
	Sample
	Cauliflower
	Coriander
	Tomato

	Inside
	0.44
	10.00
	1.33

	Outside
	14.08
	50.00
	9.33



	Samples
	Within
	Outside

	Cauliflower
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	Coriander
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	Tomato
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The preliminary study illustrated the benefit of employing cool chamber assisted with PCM to prolong the storage life of perishables. The study envisaged on the usage of a suitable PCM to be used as heat sink in cool chamber insulated with Polystyrene for storage. The usage of PCM was found to incorporate a temperature befitting for the storage of perishable crops. For maintaining the temperature through effective heat transfer, PCM in combination with a saturated salt solution could prove viable.
3) Thermal analysis of chamber using ANSYS software:
Thermal analysis of cool chamber was carried out using ANSYS software.
Assumptions:
· Inside temperature: 22°C;
· Outside temperature: 40°C;
· PCM melting temperature: 20°C.
· Structural materials: FRP plastic sheet (outside layer), EPF insulation, PCM (melting temperature 20°C), GI sheet (inside layer).
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Results (Fig.5) indicated that when outside temperature was 40°C, inside temperature was found to be 21.97°C using PCM. Thus, it can be stated that PCM are useful in maintaining the lower inside temperature as compared to outside temperatures.
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Model geometry 				Result of thermal analysis

Fig.5 Thermal analysis of PCM based cool chamber
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II. Development of PCM based fruits and vegetable vending cycle rickshaw (prototype-II)
1) Design and fabrication
A PCM based fruits and vegetable vending cycle rickshaw of one quintal capacity (Fig.6) was developed and its performance was evaluated. Structural materials of this chamber included plastic loft tank (outer layer), EPF insulation (30 mm), HDPE panels containing PCM, inside chamber made of GI sheet, cycle rickshaw, MS iron square pipes for frame, plywood platform etc. Length, width and height of the cool chamber were 1.46 m, 0.93 m and 0.39 m respectively. Heat gain from the bottom of the chamber was considered negligible. EPF insulation layer (20 mm) and plyboard (20 mm) was provided from the bottom of the chamber. Amount of PCM required to maintain desired inside temperature for 12 h was determined under different conditions. PCM requirement was found as 150.56 kg when transparent acrylic sheet cover was provided from the top of the chamber and no roof was provided. On the other hand, PCM requirement was 33.29 kg when composite cover of plyboard and acrylic sheet was provided from the top of the chamber and insulated roof was provided over the chamber. Thus, insulated roof and composite top cover significantly reduced the PCM requirement of the cool chamber.
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Fig.6 PCM based mobile cool chamber
2) Determination of PCM requirement (theoretical):
Assumptions made during theoretical determination of PCM requirement are given below.
	Assumptions (operating conditions)

	Chamber capacity
	100 kg

	Season
	May - July

	Storage temperature
	20°C

	Storage duration
	12 h (8 am to 8 pm)

	Average maximum temperature
	40°C

	Materials used
	Thermal conductivity
	Thickness (t)

	Plastic tank (p)
	0.25 W/m°C
	3 mm

	Insulation (ins)
	0.047 W/m°C
	25 mm

	GI sheet (gi)
	50 W/m°C
	0.476 mm

	PCM (OM 18)
	0.1785 W/m°C
	28 mm

	Fruit vegetable properties

	Average heat of respiration
	1224 kCal/ton/24 h

	Specific heat
	0.524 kCal/kg°C



Heat gain from the bottom of the chamber was considered as negligible. EPF insulation layer (20 mm) and ply board (20 mm) was provided at the bottom. Calculations for determining the amount of PCM required in cooling the 100 kg vegetables for 12 h are given below.
Detailed specifications of the developed cool chamber are given below.
Thickness of plastic box (x1) = 3 mm
Thickness of the EPF thermocoal (x 2 ) = 25 mm
Thickness of phase change material (PCM) (x3 ) = 28 mm
Thickness of GI sheet (x4 ) =0.476 mm
Thermal conductivity of the plastic box (k1 ) = 0.25 W/mk
Thermal conductivity of the EPF thermocoal (k2 ) = 0.047 W/mk
Thermal conductivity of the PCM (k3 ) = 0.1785 W/mk
Thermal conductivity of the GI sheet (k4 ) = 0.476 W/mk
Outside temperature = 40°C
Inside temperature = 20º C
Total surface area of box (A) = (2×l×w) +(2×l×h) +(2×w×h)
l = length of the box (1.46 m)
w = width of the box (0.93 m)
h = height of the box (0.396m)
Total surface area
A = (2×1.46×0.96) + (2×1.46×0.396) + (2×0.93×0.396) = 4.60 m2
Box area (A) = 2lh+2wh = (2×1.46×0.37) + (2×0.93×0.37) =1.76 m2
Heat transfer coefficient of air = 0.5 – 1000 W/m2

Overall heat transfer coefficient (U) = 

                                        = 


                                           =W/m2    ( )
Heat transfer from walls of the chamber (Q1) = UA∆T
                                                                      = 0.212×1.76× (40-20) = 7.488 W
Heat transfer from top of the chamber (Q2) = UA∆T
Thickness of thermocoal (x5) = 30 mm
Thickness of acryl sheet (x6) = 6 mm
Thermal conductivity of thermocoal (k5)= 0.047
Thermal conductivity of acryl sheet (k6) = 0.02 


Q2= 4.9×(1.46×0.93)×(35-20)= 99.79W
Heat of respiration from vegetable (Q3) = 10-20 mg CO2/ Kg-hr
                                           = 20×61.2 =1224 kcal/1000kg/24h

                                           = 
Total heat transfer (Q) = Q1+Q2+Q3
                                            = 7.488+99.79+59.27 =166.54 W
As we know that
         Q = m λ                                                λ = latent heat of fusion of PCM (212 kJ/kg)
For 12 h loading period, amount of PCM required (m) will be


Therefore, it is stated that 33.39 say 34 kg of PCM is required for maintaining the inside temperature at 20°C when outside temperature is about 40°C. Loading period is 12 h.
PCM requirement was calculated with two different conditions.
Condition 1: transparent acrylic sheet cover from thse top and no roof.
Amount of PCM required= 150.56 kg
Condition 2: composite cover of ply board and acrylic sheet from the top and insulated roof
Amount of PCM required= 33.29 kg
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3) Performance evaluation of prototype-II
25 kg of radish and 18 kg of palak were kept in the cool chamber and performance of the chamber in maintaining the freshness of these commodities was evaluated.
Total number of PCM panels = 25
Total weight of PCM = 1.4×25 = 35 kg
Storage period: 4 days (vegetables were kept in chamber from 10 am to 4.30 pm. During remaining period they were kept in cold store at 10°C).
Results obtained are given below.
Variation in outside temperature, wall temperature and inside temperature
Condition I: No PCM and no loading (Fig.7a)
Condition II: With PCM and no loading (Fig.7b)
Condition III: With PCM and load of 43 kg (Fig.7c)

Fig.7a Variation in outside, wall and inside temperatures (without PCM)


Fig.7b Variation in outside, wall and inside temperatures (with PCM but no load)

Fig.7c Variation in outside, wall and inside temperatures (with PCM under load of 43 kg vegetables)
Results indicated that under condition I, average outside temperature was 41°C whereas average wall and inside temperatures were 47 and 50°C respectively. Results of condition II indicate that average outside temperature was 39°C whereas average wall and inside temperatures were 24 and 23°C respectively. Similarly, results of condition III indicate that average outside temperature was 35°C whereas average wall and inside temperatures were 26 and 24°C respectively. Overall, it can be stated that under full load condition, PCM was able to maintain the inside temperature near about 20°C although outside temperature varied from 31-40°C.
Physiological Loss in Weight (PLW) of radish and Palak
Average PLW in radish: Kept outside: 9.98%
    Kept inside structure: 1.98%

Fig.8a Variation in PLW of radish kept in cool chamber

Average PLW in palak: Kept outside: 11.19%
   Kept inside chamber: 1.37%

Fig.8b Variation in PLW of palak kept in cool chamber
4) Development of in-place charging unit for PCM panels
In-place cooling system was fabricated using mechanical compression system. Refrigeration system was placed below the vending rickshaw. Specifications of the compressor and condenser used in the system are given below.
1. Compressor
	Model
	TH811NF – 010 – A6

	Voltage
	230 V

	Frequency
	50 Hz

	Refrigerant
	R – 134a


Compressor is able to cool 50 liters of water from 25-30°C to 5°C within 4-5 h.
2. Condenser
	Model No
	STANDARD SIZE
	COPPER PIPE SIZE

	ETIP
	9' X 9' X 2 ROW
	3/8'


3. Evaporator
Three strands of evaporator coil were provided between inner and outer GI boxes. 
4. Throttling device: it is developed using capillary of copper.
Charging of PCM panels using In-Place cooling system
· Cooling coil was dipped in to water (about 15 lit) and  PCM panels were inserted
· Only bottom of the panels was dipped in the water.
· Time required for complete freezing of PCM panels: 10 h (approx.)
· Cooling coil was dipped in to water (about 15 lit) and  PCM panels were inserted
· Vertical water tubes (made of plastic tubes) were placed in between two panels. Thus panels were cooled from three sides.
· Time required for complete freezing of PCM panels: 5-6 h
Performance evaluation:  (i) Without PCM and no load
	Time
	Ambient temp (°C)
	PCM layer temp (°C)
	Chamber temp (°C)
	Ambient RH (%)
	Inside RH (%)

	7.30
	23
	31
	31
	76
	55

	8.00
	28
	35
	38
	47
	61

	8.30
	30
	37
	45
	44
	42

	9.00
	31
	43
	43
	40
	42

	9.30
	33
	49
	44
	38
	42

	10.00
	34
	48
	45
	30
	35

	10.30
	38
	50
	45
	23
	42

	11.00
	38
	57
	45
	23
	39

	11.30
	38
	49
	45
	23
	36

	12.00
	40
	49
	45
	22
	39

	12.30
	41
	46
	45
	23
	39

	13.00
	39
	45
	45
	24
	36

	13.30
	40
	45
	49
	26
	31

	14.00
	40
	45
	54
	19
	29

	14.30
	40
	48
	52
	19
	27

	15.00
	40
	52
	53
	19
	21

	15.30
	39
	47
	59
	21
	22

	16.00
	39
	47
	61
	21
	14

	Average
	36
	46
	47
	30
	36



(ii) With PCM (35 kg) and no load
(In-place charging unit was run for 5-6 h to freeze the PCM)
	Time
	Ambient temperature (°C)
	PCM layer temperature (°C)
	Chamber temperature (°C)
	Ambient RH (%)
	Inside RH (%)
	% Melting of PCM

	8.00
	30
	2
	14
	53
	90
	0

	9.00
	34
	5
	25
	43
	63
	-

	10.00
	37
	9
	24
	34
	89
	-

	11.00
	40
	10
	25
	29
	91
	-

	12.00
	39
	11
	25
	29
	91
	25

	13.00
	34
	11
	21
	42
	90
	-

	14.00
	37
	15
	24
	25
	91
	-

	15.00
	37
	19
	22
	37
	91
	-

	16.00
	38
	19
	29
	26
	85
	50

	17.00
	39
	20
	30
	22
	85
	60

	18.00
	37
	20
	30
	31
	77
	75

	19.00
	34
	21
	29
	39
	84
	85

	20.00
	30
	21
	25
	53
	91
	100

	Average
	36
	14
	25
	36
	86
	



(iii) With PCM (35 kg) and full load
(In-place charging system was run for 5 h to freeze the PCM)
	Time
	Ambient temp
	PCM layer temp
	Chamber temp
	Ambient RH
	Inside RH
	% Melting

	10.00
	23
	5
	20
	91
	84
	0

	11.00
	25
	5
	18
	92
	84
	-

	12.00
	22
	5
	18
	84
	91
	-

	13.00
	31
	6
	18
	71
	91
	-

	14.00
	31
	12
	20
	51
	91
	25

	15.00
	30
	15
	21
	73
	92
	-

	16.00
	31
	18
	22
	50
	92
	-

	17.00
	30
	19
	24
	51
	92
	-

	18.00
	29
	20
	24
	50
	92
	50

	19.00
	28
	21
	25
	55
	92
	-

	20.00
	25
	22
	23
	64
	92
	-

	21.00
	28
	22
	24
	59
	72
	75

	Average
	28
	14
	21
	66
	89
	



5) Application of solar energy to operate in-place cooling system
Solar system included three components namely PV modules, inverter cum controller and storage batteries.
Total load of the in-place cooling system was determined as,
· Starting load: 800 W
· Running load: 450 to 500 W
· Hence PV panels of about 800 W (maximum output) capacity were selected in the study
PV modules used in the study:
· 3 PV panels were used. 
· Per panel output is 265 W, 24 V and about 8 ampere. 
· Panels were connected in series to obtain 72 V output with constant current of 8 amperes.
Storage batteries used in the study:
· 6 batteries of 12 V and 7.2 ampere current were used.
· Batteries were connected in series to obtain total output of 72 volt.
· Initial jerk load of about 10 to 12 ampere (800 W) was provided by batteries
· Under poor/no solar radiations, batteries were able to run the system for 30-35 minutes
Inverter
· Rating of the inverter: 1.5 kW, 72 V
· A controller was provided in the inverter. Controller auto-cut the power supply to the batteries when batteries were fully charged. It prevented damage to the batteries.
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Fig.9 Performance of PV-based solar assisted charging unit
6) Performance evaluation of solar operated PCM based fruits and vegetable vending cycle rickshaw
Efficacy of solar operated PCM based cart in maintaining the desired temperature was evaluated over a period of 9 days. Results of one day trial are shown in following table.
	Time
	Ambient temperature (°C)
	Chamber temperature (°C)
	PCM wall temperature (°C)
	Chamber RH (%)

	10.17
	36
	36
	28
	78

	10.45
	36
	31
	20
	63

	11.15
	36
	28
	0.5
	67

	11.45
	36
	26
	0.0
	65.5

	12.45
	36
	25
	0.5
	69.5

	1.00
	36
	24
	0.5
	64.5

	2.00
	37
	23
	0.5
	61

	2.30
	37
	23
	0.5
	61

	3.00
	37
	23
	0.5
	61

	3.30
	37
	22
	0.5
	61

	4.30
	37
	22
	0.5
	61

	5.00
	37
	22
	0.5
	61

	Average
	37
	25
	5
	65


From above results, it was concluded that solar operated PCM based mobile cool chamber was able to attain inside temperature of about 22°C during sunshine period (daytime). The system could work for 10 AM to 6 PM when there were sufficient solar radiations. Results also indicated that in the absence of solar radiations, set of batteries provided in the system could maintain desired temperature (about 22°C) for half an hour.
· Fruits and vegetables were stored inside kart and under open conditions
· Stored commodities: apple, palak, bottlegourd, brinjal, aonla, tomato and sweet potato
· Storage period: 6 days (palak spoiled after 4 and 5 days under open and chamber conditions, respectively)
	Storage Days
	Daily average temperature (°C)
	Daily average RH (%)

	
	Open condition
	Inside chamber
	Open condition
	Inside chamber

	1
	25
	25
	52
	89

	2
	23
	19
	47
	86

	3
	33
	21
	43
	87

	4
	34
	21
	51
	83

	5
	33
	18
	48
	87

	6
	32
	19
	52
	81

	Average
	30
	21
	49
	86



7) Findings:
1. Frozen PCM was able to maintain chamber temperature between 20-25°C throughout the day although ambient temperature varied from 22-40°C.
2. Solar operated PCM based fruits and vegetable vending cycle rickshaw having in-place charging unit was able to maintain inside temperature of about 18-25°C during daytime. The system was able to work between 10 AM to 6 PM depending on solar radiations.
3. In absence of sufficient solar radiations, storage batteries were able to maintain desired temperature for 30-35 min.
4. Fruits and vegetables kept in rickshaw chamber for 6 days were fresher (lower PLW) than that kept outside the chamber.
III. Development of Solar operated PCM based fruits and vegetable vending push cart (prototype III)
Solar operated PCM based push cart having four wheels was developed and evaluated. Capacity of the cool chamber was 2 quintal. 
1) Key features of the developed push cart:
· Provided with in-place charging unit for freezing of Phase Change Material
· Comprised of compressor, condenser and cooling coil
· Provided with PV based solar system to run the in-place charging unit
· Chamber capacity: 02 quintal of produce (additional storage space at bottom)
· Material and fabrication cost: Rs. 1 Lakh (approx.)  (Varies depending on cost of PCM)
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Fig. 10 Solar operated PCM based fruits and vegetable vending push cart
2) Performance of solar operated PCM based push kart
Performance was evaluated over a period of 9 days. Results of one day trial are shown in following table.
	Time
	Ambient temperature (°C)
	Chamber temperature (°C)
	Cooling coil temperature (°C)
	Chamber RH (%)

	10.17 am
	36
	36
	28
	78

	10.45 am
	36
	31
	20
	63

	11.15 am
	36
	28
	0.5
	67

	11.45 am
	36
	26
	0.0
	65.5

	12.45 pm
	36
	25
	0.5
	69.5

	1.00 pm
	36
	24
	0.5
	64.5

	2.00 pm
	37
	23
	0.5
	61

	2.30 pm
	37
	23
	0.5
	61

	3.00 pm
	37
	23
	0.5
	61

	3.30 pm
	37
	22
	0.5
	61

	4.30 pm
	37
	22
	0.5
	61

	5.00 pm
	37
	22
	0.5
	61

	Average
	37
	25
	5
	65



3) Findings
1. Solar PV cells were able to run the compressor of in-place cooling system when kept under direct sun.
2. During hot days (May-June), when push cart was kept under the sun, outside temperature was about 45°C and inside temperature was about 40°C. High inside temperature was due to hot wind flowing over the transparent doors of push cart and heating the cool chamber. Hence, cool chamber was sealed and curtains were fitted to prevent the heating of cool chamber by hot wind and direct solar radiations.
3. Results revealed that solar operated in-place charging unit and PCM panels together were able to maintain the inside temperature 25-30°C when ambient temperature was as high as 40°C.

IV. Development of Modified solar operated PCM based push cart (prototype IV)
1) Development of the modified push cart
Details of the developed push cart are given below.
· Capacity of the cart: 02 quintals of produce
· Cart consisted of two chambers: one was cool chamber (chamber-I) for perishables like fruits and vegetables and another chamber (chamber-II) was for semi-perishable commodities like onions, garlic, etc.
· Construction materials of the cart: milky white polypropylene sheets for outer walls, FRP sheets, stainless steel (sheets, angle, flats), EPF thermocol, solar PV panels, batteries etc.
· Cart was provided with sliding/collapsible solar panels
· It was provided with an arrangement/driving handle for changing the direction of the cart
· Major dimensions of the push cart are depicted in line diagram given below. All the dimensions are in centimetres (cm).
 (
All dimensions in ‘cm’
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Fig.11 Line diagram depicting the dimensions of modified solar operated PCM based push cart
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Fig.12 Modified solar operated PCM based push cart
2) Performance evaluation of the modified push cart
a. Performance evaluation under no-load condition
	Efficacy of modified solar operated PCM based push cart in maintaining the desired temperature was evaluated under no-load conditions over a period of 8 days. Results of one day trial are shown in following table. Daily average temperatures over a period of 8 days were determined as: ambient air temperature 34°C, outside wall temperature 34°C, temperature at the centre of the cool chamber 24°C and temperature of the inner wall of cool chamber 26°C.
	Time
	Ambient air temperature
	Outside wall temperature
	Temperature at centre of  Cool Chamber 
	Temperature of inner wall of cool chamber 

	10:45 am
	31
	30
	27
	28

	11:15 am
	33
	36
	25
	26

	11:45 am
	34
	36
	24
	26

	12:15 pm
	35
	37
	24
	25

	12:45 pm
	36
	37
	25
	26

	1:15 pm
	36
	37
	24
	25

	2:00 pm
	36
	35
	24
	24

	3:00 pm
	37
	38
	22
	24

	4:00 pm
	36
	38
	22
	24

	5:00 pm
	36
	37
	22
	24

	Average
	35
	36
	24
	25



b. Performance evaluation under load condition
1) Vegetables kept in the cart:
Tomato, cucumber, bottle gourd (spherical), ridge gourd, bottle gourd, tar, palak, okra, bitter gourd
2) Average temperatures recorded over a period of 3 days
· Ambient air temperature 45.55°C
· Outside wall temperature 45.77°C 
· Temperature at the centre of the cool chamber of the cart 32.91°C
· Temperature of the inner wall of cool chamber of the cart 28.81°C.
3) Average Relative humidity recorded over a period of 3 days
· Relative humidity outside the cart (ambient) = 31.63%
· Relative humidity inside the cart = 62.03%.
4) Temperature and relative humidity inside cool chamber of the cart using thermal camera
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5) Temperature and relative humidity of outside (ambient) environment using thermal camera
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6) Temperature and humidity immediately after taking outside using thermal camera
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7) Temperatures of fruits kept inside and outside using thermal camera
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8) Comparison of physiological loss in weight (% PLW)
	 Vegetables 
	% PLW after 3 days

	
	Outside
	Inside cart

	Tomato 
	19.40
	3.62

	Cucumber 
	33.33
	14.52

	Bottle gourd (spherical) 
	12.66
	6.61

	Ridge gourd 
	35.45
	17.94

	Bottle gourd 
	12.08
	5.51

	Tar 
	40.41
	17.23

	Palak 
	69.69
	21.36

	Okra 
	44.72
	19.76

	Bitter gourd 
	32.50
	16.10
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V. Cost of the different prototypes developed in study
1) Cost of the PCM based mobile cart (vending cycle rickshaw): Material and fabrication cost was determined as Rs. 0.55 Lakh (approx.) (varies depending on cost of PCM
· Per day reduction in weight loss due to this cart was about 3 to 10% which corresponds to 3 to 10 kg of vegetables per day. If the average price of vegetables is assumed as Rs. 20, then direct savings on the vegetables would be Rs. 60 – 200.
2) Cost of the solar operated PCM based push cart (02 quintal capacity): Material and fabrication cost was determined as Rs. 1.0 Lakh (approx.) 
3) Cost of the Modified solar operated PCM based push cart (02 quintal capacity): Material and fabrication cost was determined as Rs. 1.5 Lakh (approx.)
· Per day reduction in weight loss due to this cart was about 3 to 14% which corresponds to 6 to 28 kg of vegetables per day. If the average price of vegetables is assumed as Rs. 20, then direct savings on the vegetables would be Rs. 120 – 560 per day. Beside this, cart prevents the freshness which provides the more prices to the kept vegetables.
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Model (A4)

Geometry

TABLE 2
Model (A4) > Geometry
Object Name Geometry
State Fully Defined
Definition
Source |F:\Kale sir project\geometry_files\dp0\SYS\DM\SYS.agdb
Type DesignModeler
Length Unit Meters
Element Control Program Controlled
Display Style Body Color
Bounding Box
Length X 0.26343 m
Length Y. 0.22174 m
Length Z 0.251m
Properties
Volume 4.8155e-003 m*
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Results

Minimum| 21.971°C |2.7531e-005 W/m? -22989 W/m?
Maximum| 58.135°C 38657 W/m? 28335 W/im?
Minimum Occurs On bottom Gl box
Maximum Occurs On bottom Gl box
Minimum Value Over Time
Minimum| 21.971°C |2.7531e-005 W/m? -22989 W/m?
Maximum| 21.971°C |2.7531e-005 W/m? -22989 W/m?
Maximum Value Over Time
Minimum| 58.135 °C 38657 W/m? 28335 W/im?
Maximum| 58.135°C 38657 W/m? 28335 W/m?
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Spherical bottle gourd
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Outside | M1 38.2 38.10 Outside M1 39.7 38.67 Outside M1 36.7 36.87
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