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A cold storage is a place where the various items such as vegetables, fruits, medicines and
meat, etc., are stored, so as to protect them from getting spoiled and to prolong their preservation
period. This task is accomplished by their storing the products at their preservation temperature
and humidity, etc., preservation temperature for fruits can be defined as the temperature at
which its respiration rate is Cold storage will not be harm materials as long as the cooling and
warming is done in a controlled manner, with the moisture content of the components held
stable. Moisture content is an intrinsic property that is influenced by the humidity in the surrounding
air, and secondarily, by temperature. In a sealed container moisture content will not change.
Effective and economic design of cold storage is an important requisite in business as ineffective
design may lead to financial loss and in certain case may lead to unsafe operation of the system.
A part from the loss of capital due to degradation of quality of the products, there is also a loss of
power and in the country like ours, it becomes of greater importance to save as much of power
as possible. In this project, emphasis has been given on cold storages preserving fruits and
vegetables.
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INTRODUCTION conditions other than temperature might be

Cold Storage require. Protective storage, as of foods or furs, in
Cold storage or refrigerated warehouses are  arefrigerated place.
facilities where perishable foodstuffs are handled

+ The storage of things in an artificially cooled
and stores under controlled temperatures with

place for preservation.
the aim of maintaining quality. Preservation of
* Informal a state of temporary suspension to

put an idea into cold storage.

food can occur under frozen or chilled
temperatures. For some products other
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Table 1: Temperature, Storage Period, Relative Humidity Etc.
Fresh Potato Temperature Storage Period Relative Humidity
Early Crop 4-10°C 0 — 3 months 95%
Seed Potato 3°C 5 — 10 months 90 — 95%
Table Potato 4°C 5 — 10 months 90 — 95%
For French Fries 7.2-10°C 1 — 10 months 90 — 95%
For Chipping 7.2-10°C 1 — 8 months 90 — 95%

» The storage of food, furs, etc., in an artificially
cooled place.

PERFORMANCE OF COLD
STORAGE

Department of Agriculture & Cooperation, Ministry
of Agriculture, Government of India, vide its
communication No. 22011/5/2007-M-Il dated 16
June 2009 constituted a Technical Standards
Committee.

The TSC has classified cold storages for fruits
and vegetables in following three main categories
as listed below:

(i) Cold storages for storage of fresh horticulture
products which do not require pre-cooling.

(i) Multi-commodity Cold storages for short term
and long-term storage of fresh horticulture.

products, which require pre-cooling and varying
storage requirements.

(iii) Control Atmosphere (CA) Storages.

LITERATURE REVIEW

M K Chourasia and T K Goswami (2007), comes
out to be the model predicted values of air velocity,
product temperature and moisture loss from the
potato in the stack were found to be in good
agreement with experimental values. There is no
doubt that the temperature of the product is one

of the most significant factors that govern the
extent of storage losses and hence, the economic
viability of the storage system.Moisture loss is
an equally important parameter as product
temperature, as the former affects the quality and
quantity of the saleable product. It was found that
in some of the stacks where the air distribution
was comparatively poor, the relative humidity at
steady state condition dropped by about 7%
compared with the surrounding air.

Y H Yau (2010), Analyses for heat recovery
ventilation systems and concluded the heat wheel
system was the best system as it has the highest
total energy saving, shortest payback period and
providing the most stable indoor air conditions.

M K Chourasia and T K Goswami (2007),
studied CFD simulation of effects of operating
parameters and product on heat transfer and
moisture loss in the stack of bagged potatoes
and concluded that, increasing the porosity of the
bulk medium reduced the product temperature
and moisture loss during the cooling. At a
particular instant of time, the average temperature
of the product and the total moisture loss showed
anincreasing trend with the rate of heat generation
during the transient cooling. Steady state
temperature of the product and the rate of
moisture loss also increased while cool-down time
and RH in the medium was found to decrease
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with the increased rate of heat generation. The
moisture loss and RH in the bulk medium
increased with the increase in skin mass transfer
coefficient. Moreover it is also presented in the
paper that the average temperature of the product
dropped at a very fast rate during the initial cooling
period of two days due to the high temperature
gradient available between the product mass and
the storage air. As expected, the higher the storage
air temperature, the higher was the average
product temperature and moisture loss during the
transient cooling. There was a linear relationship
between steady state average product
temperature and storage air temperature. Cool-
down time increased with storage air temperature
up to 3 °C and then its dependency reduced
afterwards.

Ephraim M Sparrow, Jimmy C K Tong et al.
(2007) presented the special features of a test
facility capable of providing highly accurate data
for air to air heat/moisture exchangers. Aside from
the features that have already been described,

there are others that are worthy of note. One is
the low cost of the facility, both with regard to
materials of construction and to the time required
for fabrication. Low cost and simple fabrication
are hallmarks of flexibility. This flexibility enables
easy accommodation of the test facility to a wide
variety of heat/moisture exchanger types and
sizes.

METHODOLOGY

Type Layout

Four Chamber Potato Based Cold Store
(With staircase inside chambers, common entry
and exit at ground floor for all floors of a chamber,
no provision for elevators and fire escape route)

ANTE-Room

This should preferably be designed to
accommodate staircase, electrical hoist cage
and have wider doors. Provision for fire escape
stair and exits to be made as per local norms.
The inter floors in ante room to have doors to
each cold room on each floor.
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Calculation of a Cold Storage Based on
the Guidelines and Data Accessed from

National Horticulture Board

ENERGY RECOVERY WHEEL

The Energy Recovery Cassette consists of a

frame, wheel,wheel drive system and energy

DBT

DURING LOADING

NAME OF THE COLD STORAGE:

45°C

WBT

XYZ PVT. LTD.

30°C

Cooling load calculation

Dimensions,meters/chamber Temperatures,degC
Length(m) | Width(m) Height(m) Outside Ante-room Room
21 16 13.70 45° 15-20° 15°
No. of chambers 4 Incoming product 200-25°
temperature
Load chamber |
Transmission load
v’ Total Total load
Description | Area,m® | TD,degC | factor No. | Hoursof | Kcal/24 load capacity(Kw)
kcal/m?- | of operation | hrs kcal/18
hr unit hrs
Walls 1013.8 | 32 27 1 24 210221.5 | 11678.9 | 13.57
Roof 336 35 .24 1 24 67737.6 | 3763.2 |4.37
Floor 336 27 .29 1 24 63141.12 | 3507.84 | 4.07
Total 22.01
An average solar gain effect of 2 °C for walls and 5 °C for exposed roof has been considered and
added to the normal TD. The floor TD is reduced by 3 °C.

Product load

Weight Kcal/kg | TD,°C Kcal/24 | Kcal/20 | KW

kg/24 hrs hr hr
product 50000 0.82 10 410000 20500 23.84
respiration | 1250000 0.3 375000 18750 21.80
Total 45.64
Lighting load

Nos. Wattage | Factor Hours Kcal/24 | Kcal/20 | KW

hr hr

Lights 2 1083.24 | 0.86 8.00 14905.4 | 745.27 0.866
Total 0.866

This article can be downloaded from http://www.ijerst.com/currentissue.php

319



Int. J. Engg. Res. & Sci. & Tech. 2014 Samrat Bhawsar et al., 2014

occupancy load(workmen)

Nos. kl/hour Hours KJ/day KJ/20 hr | KW
Workmen | 2 1000 8.00 16000 800 0.222
Total 0.222
Ventilation
load/ventilation

CM/day Density H1,ki/kg | H2,kl/kg | KI/24 hr | kJ/20 hr | KW
Fresh air 27620 1.10 95.1 39.26 1696530 | 84826.5 | 23.56
Total 23.56
Equipment load

Hp Ki/hp Ki/24 hr | KJ/20 hr | KW
Fan motor | 3 3112 224064 11203.2 | 3.112
Total 3.112
Total (kw) 95.433
With factor of safety 10% 9.5433
Capacity in kw/chamber 104.97
NAME OF THE COLD STORAGE: XYZ Pvt. Ltd.

DURING PULLDOWN

DBT 45°C WBT 30°C
Cooling load calculation |
Dimensions,meters/chamber Temperatures,degC
Length(m) Width(m) Height(m) Outside Room
21 16 13.70 45° 59
No. of chambers 4 Incoming product 15°-20°
temperature

Load chamber |

Transmission load
v’ Total Total load
Description Area,m? TD,degC | factor No. Hours of Kcal/24 load capacity(Kw)
kcal/m?- | of operation | hrs kcal/18
hr unit hrs
Walls 1013.8 32 .27 1 24 210221.5 | 11678.9 | 13.57
Roof 336 35 .24 1 24 67737.6 3763.2 4.37
Floor 336 27 .29 1 24 63141.12 | 3507.84 | 4.07
Total 22.01

An average solar gain effect of 2 °C for walls and 5 °C for exposed roof has been considered and
added to the normal TD. The floor TD is reduced by 3 °C.
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Product load
Weight Kcal/kg | TD,°C Kcal/24 | Kcal/18 KW
kg/24 hrs hr hr
product 1250000 0.82 0.5 512500 | 28472.22 | 33.10
respiration | 1250000 0.3 375000 | 20833.33 | 24.22
Total 57.32
| Lighting load
Nos. Wattage | Factor Hours Kcal/24 | Kcal/18
hr hr
Lights - - - - - - -
Total -

occupancy load(workmen)

Nos. kl/hour Hours KJ/day KI/18 hr | KW
Workmen |1 1000 8.00 8000 444 .44 0.124
Total 0.124
Ventilation
load/ventilation

CM/day Density H1,Kl/kg | H2,kl/kg | KI/24 hr | KI/18 hr | KW
Fresh air 27620 1.10 39.26 18.0 645921. | 35884.5 | 9.96

32 1

Total 9.96
Equipment load

Hp KJ/hp KI/24 hr | KJ/18 hr | KW
Fan motor | 3 3112 224064 | 12448 3.457
Total 3.457
Total (kw) 92.871
With factor of safety 10% 9.287
Capacity in kw/chamber 102.15

This article can be downloaded from http://www.ijerst.com/currentissue.php

321



Int. J. Engg. Res. & Sci. & Tech. 2014

Samrat Bhawsar et al., 2014

NAME OF THE COLD STORAGE: XYZ Pvt. Ltd.
DURING HOLDING/LEAN
DBT  45°C WBT 30°C
Cooling load calculation |
Dimensions,meters/chamber Temperatures,degC
Length(m) | Width(m) Height(m) Outside Room
21 16 13.7 45° 50
No. of chambers 4 Incoming product 25°
temperature
Load chamber
Transmission load
| | U’ | | | Total | Total load
Description | Area,m® | TD,degC | factor No. | Hoursof | Kcal/24 | load capacity(Kw)
kcal/m? | of | operation | hrs kcal/18
hr unit hrs
Walls 1013.8 | 32 27 1 24 210221.5 | 11678.9 | 13.57
Roof 336 35 24 1 24 677376 | 3763.2 |4.37
Floor 336 27 .29 1 24 63141.12 | 3507.84 | 4.07
Total 22.01

An average solar gain effect of 2 °C for walls and 5 °C for exposed roof has been considered and
added to the normal TD. The floor TD is reduced by 3 °C.

Product load

Weight Kcal/kg | TD, °C Kcal/24 KJ/18 hr Kw

kg/24 hrs hr
product 0 - -
respiration | 1250000 0.3 375000 20833.33 | 24.22
Total 24,22
Lighting load

Nos. Wattage | Factor Hours Kcal/24 | Kcal/18

hr hr

Lights - - - - - - -
Total -
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occupancy load(workmen)

Nos. ki/hour Hours KJ/day KJ/18 hr
Workmen | - - - - - -
Total -
Ventilation
load/ventilation

CM/day Density H1,kl/kg | H2,kl/kg | KI/24 hr | KI/18 hr | KW
Fresh air 18413 1.10 39.26 18 430606. | 23922.5 | 6.645

42 7

Total 6.645
Equipment load

Hp KI/hp Kif24 hr | KI/18 hr | KW
Fan motor | 3 3112 224064 | 12448 3.457
Total 3.457
Total (kw) 56.332
With factor of safety 10% 5.633
Capacity in kw/chamber 61.96

transfer segments. Segments are removable for
cleaning or replacement. The segments rotate
through counter flowing exhaust and outdoor air
supply streams where they transfer heat and/or

water vapour from the warm, moist air stream to
the cooler and/or drier air stream. This energy
recovery process can reduce cooling design
loads by up to 4 tons per 1000 CFM of outdoor air

\ Bearing Support
/ Beam - Pulley Side

Bearing Access
Cover (2)

\ Diameter Seal

Adjusting Screws

\- Removable Energy
Transfer Segment

\- Drive Pulley
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Putting the Energy Recovery Wheel has a significant influence over refrigeration
load which can be seen here in the refrigeration load during pull down period
when the recovery wheel is working for the cold chamber

NAME OF THE COLD STORAGE: XYZ Pvt. Ltd.
DURING PULLDOWN
DBT 45°C WBT  30°C
Cooling load calculation |
Dimensions,meters/chamber Temperatures,degC
Length(m) | Width(m) Height(m) Outside Room
21 16 13.70 45° 5°
No. of chambers 4 Incoming product 15°-20°
temperature
Load chamber |

Transmission load

v’ Total Total load
Description | Area,m? | TD,degC | factor No. | Hours of | Kcal/24 load capacity(Kw)

kcal/m?- | of operation | hrs kcal/18

hr unit hrs
Walls 1013.8 32 27 1 24 210221.5 | 11678.9 | 13.57
Roof 336 35 .24 1 24 67737.6 3763.2 4.37
Floor 336 27 .29 1 24 63141.12 | 3507.84 | 4.07
Total 22.01

An average solar gain effect of 2 °C for walls and 5 °C for exposed roof has been considered and
added to the normal TD. The floor TD is reduced by 3 °C.
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Product load

Weight Kcal/kg TD,°C Kcal/24 Kcal/18 KW

kg/24 hrs hr hr
product 1250000 0.82 0.5 512500 28472.22 | 33.10
respiration | 1250000 0.3 375000 20833.33 | 24.22
Total 57.32
Lighting load

Nos. Wattage | Factor Hours Kcal/24 | Kcal/18

hr hr

Lights - - - - - - -
Total -
occupancy load(workmen)

Nos. kl/hour Hours KJ/day KJ/18 hr | KW
Workmen 1 1000 8.00 8000 444.44 0.124
Total 0.124

| Ventilation |

load/ventilation

CM/day density H1,Kl/kg | H2,kl/kg | KI/24 hr | KJ/18 hr | KW
Fresh air 27620 1.10 21 18.0 91143.3 5063.52 1.406

6

Total 1.406
Equipment load

Hp KJ/hp KJ/24 hr | KJ/18 hr | KW
Fan motor | 3 3112 224064 12448 3.457
Total 3.457
Total (kw) 84.7
With factor of safety 10% 8.47
Capacity in kw/chamber 93.17

ventilation while also reducing heating demand
and humidification requirements. Operating
savings, reduced demand charges and first cost
equipment savings provide a rapid payback to the
building owner.

CONCLUSION

As the population of the world is increasing day

by day therefore food demand is increasing in
the same order. In order to meet the flowing
demand of food, its preservation is required.
Therefore efficient food storage systems are
required to preserve the food. Many researchers
are working to improve the performance of the
cold storage.
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