G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

(spsme sipiunt) G20 33000 (03300 ‘:-35)5’

SAHAND MINA ENGINEERING CO.LTD.
2 2 3?5" 10 )loub Our Ref.: | &L Date:

Conversion of Prototypes into
R134a Ozone Friendly

Refrigerant At
Ghandil Company

Project Number
MP/IRA/99/110

Contract Number, 99/255P

Final Report

" May 2000

PR 3 St SatS D SEre Ty oyl U PV
No 12, Building 1280,Shariati Ave ,Jehtan 19558 iran. Tel.: +<?8 21 225 03 30 Tel.Fax:+98 21 227 49 36
e.mail, sahandmina@hotmail. com



10 lasds Our Ret.: : &6 Date:

PROJECT NO. MP/IRA/99/110
Contract Number 99/255P

Final Report

Introduction

Please find below our Final Report, conceming calculation and redesign of the prototypes
that have been made by the counterparts and they will be tested at counterpart hot
chamber. These prototypes have been manufactured under our engineering supervision
and have been tested in accordance with appropriate I1SO standard test procedure and
relevant performance test characteristics for functionality and performance of the new
Ozone friendly R134a refrigerant. We hope that this report could have satisfied the UNIDO
in order to comply with our contract.

Synopsis

This report has been prepared based on the Contract between UNIDO and Sahandmina
Engineering company.

This project will phase out the use of CFC-11 and CFC-12 in the production of commercial
refrigeration equipment at Ghandil Company CFC-11, which is used as a foam blowing
agent in the production of polyurethane foam will be replaced by HCFC-141b and CFC-12
which is used as the refrigerant in the cooling circuit of appliances will be replaced by HFC-
134a. The project includes the modification of all cooling equipment produced and the
conversion of the production facilities. The model redesign element of the project includes
testing, trial manufacture and reliability tests. The cost of converting foaming machines to
use HCFC-141b will be covered by the counterpart organizations.
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General Background

This report has been prepared and based on the UNIDO’s contract and relevant
terms of reference prepared by UNIDO and Sahandmina Co. Proposal to UNIDO.

The project will phase out, use of CFC-11 and CFC-12 for the production of
Commercial Refrigerators at Ghandil Company. The redefinition of the existing refrigerator
models in this company covers activities such as calculation and refrigeration system
components selection.

SMEC Final Report, Gtandil Maxy 2000
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Project Summary

The project relates to the Ghandil company accounting for phasing out CFC-11 and
CFC-12, in small and medium-size companies in the commercial and industrial refrigeration
sector in Iran.

This project covers the conversion of different models and will phase out the use
of 21.95 tones of CFC-11 and 6.80 tones of CFC-12 in the production of a range of
commercial refrigeration equipment. CFC-11, which is used as a foam-blowing agent in
the production of polyurethane foam will be replaced by R141b and CFC-12, which is
used as the refrigerant in the cooling circuit of equipment, will be replaced by HFC 134a.
The project includes technical assistance in design and implemeniation of the
conversion.

The conversion of the production facilities includes all equipment necessary for
charging and testing of refrigerating equipment and the equipment necessary for the production
of polyurethane insulating foam.

The overall unconstrained CFC consumption in the Islamic Republic of Iran was

projected to raise from 2,445 ODP tones in 1991 to 7,778 ODP tones in 2010. This
corresponds to an overall annual growth rate of 6.5%. The annual growth rate for the
domestic refrigeration sector, however, was estimated to be 12% in the period 1991 to
1995 and 4% between 1996 and 2010.

Most Commercial Refrigerators Companies manufacture several types of
equipment from wide ranges of applications, including the foliowing:

= Display and sales cabinets for supermarkets and individual suppliers  of
food, _
. Upright and chest freezers for commercial application,
= Different sizes of drinking water coolers,
n Soft ice freezer
3

SMEC Fina! Report, Ghandil Company May 2000
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Company Backgrounds

Ghandil Company is one of the manufacturers of commercial and domestic refrigerators
and freezers located in Mahdasht, near Tehran. The enterprise is 100% indigenously
owned and was established and commenced production in 1989. the enterprise
employs about 135 person. The enterprise reports no exports and being financially
sound.

The Ghandil Co. has two main production line. Production of 7 and 11 cu. Ft.
refrigerators, 11, 15, 18 cu. Ft. refrigeratorsf/freezers and chest freezers for
commercial application. The products are depending on markets. The company
produced in 1997 a total of 32450 refrigerator and freezers and 2230 chest
freezers in 3 models. In the preceding 12 month (20/03/1998 to 20/03/99), the
Ghandil Co. produced a total of 36450 refrigerators & freezers and 84 Chest
Freezers and consumed 21.95 Mt. Of CFC-11 and 6.80 Mt. Of CFC-12

The Model-wise breakdown of commercial and domestic refrigeration products
with their individual CFC data produced by the enterprise during the preceding
twelve months period (20/03/1998 to 20/03/29) is reported by them as below

Model/Description Units | Foam Operation Refrigeration
Produced Operation
Foam/Unit | CFC11/| Compressor| CFC-
{gms) Unit 12/unit
(gms) | (gms)
Refrigerators 19,250 3710 520 115 HP 175
Refrigerator/freezers 19,800 4500 630 Ya HP 200
Total/Weighted 36,050 4340 608 188
Average
Aim of the Project

The aim of the immediate project is to;

> Design, calculation and ing for model redefinition. 5
» Testing prototypes for functionality and performance criteria.
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> Redesign the cooling units of the all models so that they could run on the new
Ozone friendly R134a instead of the ODP active CFC12.

Scope of the Contract

A study will be made for 5 models of commercial refrigerators made by Ghandil Co. to
specify;

> Dimensional specification;

> Type and thickness of insulation

> Refrigeration unit component details
» Working performance

» Energy consumption

Selection of HFC 134a compatible components

Redesign of the refrigeration circuit as necessary

Specifying necessary changes in the cooling system if required
Preparation of the trial equipment one prototype per model
Testing of prototypes for functionality and performance
Evaluation of the test results

Supply of the Material
Following components and material have been used to make prototypes .

» R134a Compressors

» R134a Refrigerant

» Refrigerant Accumulators

> Specially designed filter drier

> Specially designed evaporator and condenser

Activities

In this report we will describe the activities achieved during execution of the
contract for implementation of the project.

> Site survey of the counterpart premises in order to be familiar with the
counterpart facility and production line and also define the prototypes for
conversion.
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Site survey of the counterpart premises in order to collect necessary data for
calculation of prototype.

Preparation of Technical data sheet in order to define detail techmcal
specification

Review the existing technical drawing for the purpose of assessment of
possible changes in the design criteria.

Review each prototype refrigeration circuit for determination of cooling
circuit components

Review and assessment of design criteria following cooling circuit
component in order to minimize possible changes and design improvement.

v VYV V VvV V¥

Compressor technical specification

Condenser type, material and design criteria

Evaporator type, material and design criteria

Capillary tube design, dimensions and material

Filter drier, size and material

Determination of R12 refrigerant charge for each prototype in
order to adjust R134a charge weight

VVVVVY

Coordination with the counterparts for performing, performance test after
completion of making prototypes

Calculation of prototypes in order to determine the size of R134a
compressor and implement necessary changes to the cooling circuits
Preparation of Performance Test Results Sheet, in order to record all data
obtained during functional test.

Achievement of Performance Test for each prototype

Evaluation of test results sheet.

Recommending appropriate changes to the refrigeration system component
for necessary prototype improvement.

Madifying necessary components.

Supervision of Trial Production.

VV VYVV VvV V V¥

Preparation of prototypes for performance test as

The prototypes shall be tested under designated ambient temperature mostly at
+ 32 C, the test performance revealed that no significant changes is necessary for
refrigeration system circuit, because the original size of evaporator and condensers are
much bigger than cooling requirements.
7
The adjustment will be applied to the mainly to the amount of refrigerant
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charge and length of capillary tube.

Each prototypes should under go for performance test at the following test
criteria.

Pull down testat +32C

Continues run Test at =32 C ambient temperature

Cyclic run test at + 32 C ambient temperature.

The test condition was selected in accordance with appropriate ISO}test standards.
The material as sample for making prototypes are supplied mainly from local market,
due fo the limitation for purchasing R134a compressor from local market we had to

contact several manufacturers to find out the technical specification for appropriate
COMpressor. :

The prices for material specially R134a and R141b blended polyol are much higher than
R12 and R11,

Training

Before making prototypes we conducted a training course to train the technical
staffs to make their own prototypes and also make them familiar with the new
technology.

The following topics were thought during the theatrical fraining course.

> An orientation to UNIDO CFC phases out project.
» Montreal Protocol
> Ozone Layer and CFC side effect to Ozone layer

> Familiarization with new R134a Refrigerant, application, safety precaution,
use and maintenance.

_ 8
> Familiarization with the new vacuum and charging equipment, vacuum
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pump and charging board.
> Recovery and recycling of R12 refrigerant, and also R134a.
> Alternative for R11 and R12.
» Some explanation about R141b blowing agent,

> Selection of refrigeration components to be replaced with R12 refrigeration
system.

> Calculation and redesign of prototypes

Performance test

v

v

Test results Evaluation.
Refrigeration system adjustment.
Selecting Prototype Model

Refrigeration System components Familiarization

v V Vv V¥V

Heat Load Calculation
Thermostat Selection and Adjustment
Refrigerant Charging Methods

Testing Prototypes

v V V VY

Analyzing Prototype Test Resuits

9
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Following subjects were faugh! during conduction of the course

Refrigeration Load Calculation for different type of
Water Coolers

Water cooler cabinet usually consist of a sheet metal housing built around a
steel framework, inside this sheet housing there is usually a condensing unit, located
near the floor, and above this is the water-cooling mechanism. The latter is the only part
insulated (foamed plastic) from the room. The insulation is usually specially formed and
between one and one half inches and two inches thick. These cabinets are made in
such a way that one or more sides may be easily removed to gain access to the interior.
The basin of the water cooler is generally made of porcelain-coated cast iron, porcelain
coated - steel, or stainless steel. Heat exchangers are frequently used on water coolers.
These make use of the low temperature of waste water and the suction line to pre-cool
the fresh water line to the evaporator coil.

Self-cooler are of two types,

1- Bottle Type.
2- Tap water type

The bottle cooler usually uses a 20 to 25 liter bottle of water inverted on the top
of the cabinet. Overflow and drain water are stored in a container built the cabinet.
These coolers use air-cooled condensing units exclusively. They are used where water
and drains are not available or where available the plumbing insulation may be
expensive. ‘

Water cooler using a plumbing supply and drain connection, must be installed
according the relevant approved standards. The plumbing should be concealed, a hand
shutoff valve should be installed in the fresh water line. Drain pipe at least 1 inches in
diameter provided, and rubber opening must be above the drain in such a way as to
eliminate the chance for accidental siphoning of the drain water back into the fresh
water system. The tap water models use variety of evaporator coil wrapped around the
water-cooling tank.

Temperatures of the cooling water are variable depending on the persons who
are drinking the water. We consider 10 C for the temperature of drinking water,
while our inlet temperature is considered 24 C.

In large business establishment, in office buildings, or in factories, multiple water
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cooler, instead of individual ones, are popular. These

coolers have one large condensing unit supplying many bubbles and these may
be of many different types.

Water cooler is a device that usually is used in the public area to supply cold
drinking water to the customers and different people. The appliance is mainly used in

the Airports, Railways Station, Coach Terminals, Banks, Offices, Parks, and etc.
therefore, it is hard to specify an standard for cold water consumption during the day
from the water cooler. ’

We consider three refrigeration load components that should be taken into our
consideration.

Heat gain by heat transmission from, main water storage tank wall insulation.

Heat removed from water entering to the water tank at the initial refrigeration
system operating condition, (water stored in storage tank during the night, with
normal ambient temperature) which is divided by 24 hrs.

Heat removed from Drinking Water flow that are consumed during designated
operating hours “1

The problem of determining the refrigeration load of a water-cooled installation
is basically a specific heat and heat leakage problem combination. The water is cooled
to temperature which vary upward from about 4 degree centigrade , and the amount
heat removed from the water to cool it fo a predetermined temperature is simple specific
heat problem. The water, being maintained at these low temperature,

results in a heat leakage from room into the water, and this part involves the
heat leakage portion of installation.

Q1=mC AT, Where:

Q1  Total heat removed from total drinking water tank volume capacity (lit.) during
specific period, related to compressor cooling capacity power in Walts, at initial
compressor start up, and early in the morning. When the water temperature is 30 C.

m total weight of water in the water cooler storage tank in Kg. Considering that one
litter of water at 24 C is equal to approximately one Kg.

C Specific heat factor of water in Kcal/Kg «C

AT  Temperature difference (Ti-Tc), where, Ti is inlet water temperature, and Tc is
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final cooled water.

Q2=M CAT
Q2  Total heat removed from total drinking water flow (lit.} during specific period, 16
hours. In Kcal.

-

M total weight of water flow during 16 hours. in Kg.

C Specific heat factor of water in KcallKg <C

T Temperature difference (Ti-Tc), where, Ti is inlet water temperature, and Tc is
final cooled water temperature.

Q3=UAAT
Where:
Q3  Total Leak, gained through side wall of drinking water storage {ank by
conduction in Kcal.. ‘

U Heat Resistance Coefficient Factor in Kcal/lSq. mt. C

A Total Area which heat is transmitted by. In Sqg. Mt.

AT Temperature difference (Ta — Tc), where, T is ambient temperature, and Tc is
final cooled water temperature.
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Refrigeration Losd Caleulation for different fype of
Domestic and Commercial Appliances

Refrigeration load consist of four individual components:

1- Transmission load; . _
Heat transfer through walls ( sides, back panels, top and bottom ) and door

panel.

2-  Productload;
Heat Removed from and produced by the products which are brought and

stored in the refrigerator;

3- Internal load;
Heat produced by internal sources such as lights, fan or heaters;

4-  Infiltration load
Heat gains associated with air entering the refrigerated space;

The above mentioned components will be discussed separately to analyze and
extract the most useful and practical equipment.

Transmission Load

Heat gain through walls of a refrigerated space depend on cabin Temperature,
liner, insulation and cabin conductivity and also the surrounded ambient air. In other
word, there are four different resistance opposing heat flow between cabin space and
ambient air as given in resistance circuit.

Considering the above mentioned resistance, RI, Rc and Ra are not comparable
in magnitude with Ri ( Insulation resistance ) and so can be neglected in our
calculations. Therefore, the resultant circuit and relevant equations are.

R =-> Heat Resistance
KA

O = —1—5 Heat Transfer

Where:
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= Insulation Thickness, mm

= . . . W
K = Insulation Conductivity, '"'"mz. c

A = Qutside Area, m®
AT = Temperature difference (Ta-Tc¢ ), C
If the insulation thickness of sid'e walls, back panels, top, bottom and door are
different, heat fransfer for each part can be calculated separately and then summed for
two door refrigerators, due to different cabin temperature of freezer and refrigerator

compartments, heat transfer for each compartment should be calculated separately and
then added together.

Product Load

Heat removed from products (meat, fruits, vegetables, water and efc. ) to reduce
temperature from receiving fo storage temperature is known as product load. Following
steps can be taken to calculated of product loads.

1 - Heat removed from initial temperature ( Ti ) to storing temperature ( Trs ) in
refrigerator compartment is;

Qrs=1‘;IC(Ti-Trs)

Where:

M = Mass of product, Kg/ h
C = Specific heat of product, Kcal / Kg

2 - Heat removed from intial temperature ( Ti ) to freezing temperature ( Tf ) is

Qaf= M C (Ti-Tf)

Where :
M =Mass of product, Kg/ h
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C = Specific heat of product above freezing point, Kcal / Kg

3 - Latent heat of fusion for products is equal to;

QL =Mh
Where h = Latent heat of product, Kcal / Kg

4 - Heat removed from freezing temperature ( Tf) to final storage temperature (
Tfs)is;

Qbf= M Cbf ( TF-Th)

Where: Cbf = Specific heat of products below freezing temperature.

For upright freezers or freezer compartment of refrigerators, total product load is
Qpl = Qaf + Qi+ Qbf

For storage products to some lower temperatures above freezing temperature in
refrigerator compartment is;

Qpl=Qrs
Internal Load

Electrical energy dissipated in the refrigerated space such as lights, fan motors,
heaters, ... are included in the internal heat load. Due to the litle amount of
consumption of lighting, the effect of lighting can be negligible and only electrical

heaters of two door refrigerators or fan motors ( if exist ) are considered in our load
calculation.

Infiltration Load

Infiltration air load is the heat fransfer due to exchanging of refrigerated air with
ambient caused by opening of the door or leakage through the gasket area. infiltration
load is one of the most important load components and roughly it is about 20 % of total
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Total Refrigeration load

- As it was mentioned before, transmission load ( Qfi ), product load ( Qpl ) and
internal foad ( Q il ) can be calculated separately. For infiltration load (air exchange
through doorways or gasket leakage ), we can take info account from 10 to 25% of sum
of the above mentioned components, (fransmission load, product load and internal
load). Therefore fotal refrigeration load can be expressed as:

QrL=1.25(QTL +QPL +QIL )

As per ASHREA standard we can use following formula which is depended directly to
the number of air change per day and internal volume of the appliance.

Q=(VxNxH) 86400

Where;

Q = Heat Load due to the Air Change

V = Appliance Internal Volume

H = Heat removed from cubic meter of air = 75000 julisec

Equipment Selection

Calculation of refrigeration load is the basis for selecting system equipment.
First step is selection of a suitable compressor with cooling capacity comparable to
calculated load, then a capillary tube should be selected so that the compressor and
tube fix a balance point at the desired evaporating temperature, also two evaporator

and condenser should be selected to balance compressor capacity.

Compressor selection

Assuming 16 hours daily operating time for the compressor, the calculated
refrigeration load will be modified to:
— QTLx24
= MM
Qe 16 P
Where :

Qc = required cooling capacity
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For selection of compressor from manufacturer’s catalogue, we have to mention
appropriate evaporating temperature;

- In refrigerators with ice compartment mounted inside, maximum evaporating
temperature can be selected in order fo have - 12 C ( Two Stars ) inside ice
compartment.

- For upright freezers or freezer compartment of two door refrigerators,
evaporating temperature should be in order to obtain -18 C ( Three Stars ) cabin
temperature.

Capillary tube

Capillary tube is one of the most important components in refrigerator circuits .
capillary acts as a pressure reducing device to meter the flow of refrigerant to the low
pressure side ( evaporator ) of the system. In other word, capillary tube should be
capable to pass refrigerant pumped by the compressor and feed it to evaporator at
available load and demand conditions. .

On the contrary of the R12 or R22 refrigerants, practical equations, charts or
graphs are not available for calculation of capillary size in R134a refrigeration circuits.
Comparing saturation properties of R134a with R12 at a certain temperature, R134a
pressure is less than R12, therefore, capillary tube for R134a shall be adjusted at low
evaporating temperatures in comparison with R12 system. The capillary for R134a
refrigeration system must have an increase resistance which can be estimated about 10
- 15% increase in length for a definite bore. However the exact size (bore and length }

can be attainable after laboratory performance fests.

Condenser & Evaporator

The statically cooled condenser is designed for use in small refrigeration
appliance with sufficient space for the necessary condenser area. These condensers
are manufactured either in tube-on-finned plate type or wire-on-tube design. Assuming
that compressor casing and tubing will dissipate 80% of the heat equivalent of electrical
in put, the condenser should be capable to reject heat absorbed by the refrigerant in
the evaporator plus 20% of compressor power input heat equivalent.

The evaporator should ba!ancé the selected compressor capacity, not the
original calculated load. Most of the refrigerators mainly employ aluminum evaporators
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produced on the roll-bond principal, where wire-on tube evaporators are usually
instalied in upright freezers.

Due to the higher latent heat ( hfg ) of R134a in comparison with R12 and
therefore less refrigerant charge in the system, it seems that evaporators and
condensers used for R12 are also suitable for R134a refrigeration system. However
more detailed information about role of these two components in the system would be
cleared after laboratory performance tests. Therefore partial modifications should be
done if needed.

Refrigerant charge

As mentioned in previous sections, R134a latent heat of vaporization is about
28-30% higher than R12 in temperature range -30 C up to + 10 C. Table 2-2 shows
thermodynamics saturation properties (with respect to a certain temperature ) for these
two refrigerants. In practice, charging amount of R134a can be 10-15% less than R12
with
the same refrigeration load.

R134a is capable to absorb more humidity of the oil in comparison with R12.

Therefore, the filter drier selected for R134a should be a drier with 3A desiccant with
20% more molecular sieve ( by weight ) in comparison with conventional types.
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Making Prototypes
- Prototype Model Selection
- Refrigeration System Components Selection

1- Defrost Type
2- No-Frost Type

- Familiarization with Refrigeration System Components
1- Condenser

Wire on Tube

Tube welded on Plate
Tune on Plate

Tube in the Body
Tube on the fins

"o To

N
'

Capillary Tube

a. Tube Length
b. Tube Diameter
¢. Tube Material

3- Expansion Valve

a. Size
b. Capacity
-¢. Material

t

4- Filter Direr

a. Weight

b. Material
¢. Model

5

Evaporator

a. Roll Bond
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b. Wire on Tube

¢. Tube welded on Plate
d. Tune on Plate

e. Tube in the Body

f.  Tube on the fins

- Refrigeration Load Calculation
1- Aimof Calculation

Model Re-Definition
Model Improvement
Model Modification
Conversion of Profotype
Model New Design

o0 T

2- Methods of Refrigeration Load Calculation
a. ASHREA
b. Manufacturer
¢. Institutes and Universities

3- Different Elements Required for Calculation

a. Heat Transfer

Dimension, Insulation, Ambient, Working Condition
Gasket, efc.

b. ProductLoad
Food, Material, Ice, Efc.
¢. Infitration
Door Opening, Air Replacement
d. Miscellaneous devices and apparatus
Light, Fan, Efc.
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- Compressor

—
i

Cooling System

a. Static
b. QOil
c. Air

no
'

Pressure

a. LBP (Low Back Pressure)
b. HBP ( High Back Pressure)
c. MBP ( Medium Back Pressure)

3- Model
a. Hermetic

b. Semi-Hermetic
c. Open

o
i

Type of Refrigerant

a. R12

b. R134a
c. lsobutene
d. Blend

5- Accessories

Capacitor Type

Starting Relay

Voltage, Frequency and Current
Electrical Circuit

eo oo

6- Mounting Compressor

a. Refrigerant Fellow Direction
b. Top on the Roof
¢. Bottom on Base
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7- Compressor Capacity

a. Watt
b. Horse Power
c. B.T.UMHr

d. KecallHr

8 Compressor Test Condition

CECOMAF

Evaporating Temp.
Condensing Temp.
Ambiant Temp.
Suction Gas Temp.
Liquid Temp.
Volatage/Hertz

' &6 Date:

-25° C
55° C
32°C
32°C
55°C
220V/50 Hz

Heat out Put= Capacity+Watt Consumption

ASHRAE

Evaporating Temp.
Condensing Temp.
Ambiant Temp.
Suction Gas Temp.
Liquid Temp.
Volatage/Hertz

-23.3°C
55° C
32°C
32°C
32°C
220V/50 Hz

Heat out Put= Capacity+Watt Consumption

ASHRAE to CECOMAF

Conversion of Capacity From CECOMAF into ASHRAE

R134a Multiply by 1.231
R22  Multiply by 1.097
R404 Multiply by 1.183
1 Watt = 0.86 Kcal/h
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1 Kcal/h = 1.0162 Watt
1 BTU/h = 0.293 Watt

9- Evaporating Temp. and Selection of Compressor
10- Thermostat
Thermostat Adjustment
Cut-in Time —-5to -15 Compressor Connected
Cut-out time -15 to ~25 Compressor Dis-Connected

Thermostat Setting, Max. Med, Min
Thermostat Temperature Difference

Qo oo

- Refrigerant Type

1- CFC-12

2- HFC-134a

3- Isobutene, R-600

4- Blend, (Isobutene+ Propane)

- Methods of Refrigerant Charging

1- Bottle, 13.5 Kg. Cylinder
2- Portable Charger
3- Production, Evacuation and Charging Equipment

- Refrigerant Charge Weight

1- Experimental, trial and error
2- Calculation
3- Comparison with other Refrigerants

- Refrigeration Leak Detection Procedure

1- Conventional Method, (water and Soap)

2- Portable Electronic Leak Detector

3- Production Electronic Leak Detector

4- Nitrogen, and Helium Leak Detection Procedure
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5- Conventional Method, (water and Soap)

6- - Portable Electronic Leak Detector

7- Production Electronic Leak Detector

8- Nitrogen, and Helium Leak Detection Procedure

- Recovery
- Recycling
- Reclaiming

Testing Frofotypes

Test Prototypes with R12 Refrigerant to get desired test results.

Hot Chamber Specification

Placing Prototypes at Hot Chamber

Mounting Sensors and their Place and Location

Testing Condition

1- Tropical “T” 43 °C

2- Sub-Tropical 38 °C

3- Normal 32°C

4- Sub-Normal 28 °C

5 Cold 18 °C
Relative Humidity

(o]
V
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Test Package

« M » Package

Meat

fce

Different Tests

1- Operational

2- Performance

3- Energy Consumption
4- Ice Making

5 Humidity

Testing Procedure

1- Pull Down

2- Continuous Run

3- Cyclic Run
Duration of Test
Reading Test Results

Test Results Analysis
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Refrigeration Load Calculation

Water Cooler and Chest Freezer, Double Door Ref.Freezer and Display cases

Refrigeration load consist of three individual components:

1- Transmission load;
Heat transfer through side wai!s by conduction
2-  Productload;
_ Heat Removed from and produced by the products which are stored.
3-  Internalload;
Heat produced by internal sources such as lights, fan or heaters;

4-  |Infiliration load
Heat gains associated w:th air entering the refrigerated space and door opening

and efc.;

In this section , the above mentioned components will be discussed separately to
analyze and extract the most useful and practical equipment’s.

Transmission Load

Heat gain through walls of a refrigerated space depends on cabin Temperature,
liner, insulation and cabin conductivity and also the surrounded ambient air. In other word,
there are four different resistance opposing heat flows between cabin space and ambient
air as given in resistance circuit.

Trefngera\og.____ Riiner + Rinsutation + Reabin + Rambient 4,_Iambient
Considering the above mentioned resistance, R, Rc and Ra are not comparable in
magnitude with Ri ( Insulation resistance ) and so can be neglected in our calculations.
Therefore, the resultant circuit and related equations is.

R =->- HeatResistance
KA

On = %‘;T— Heat Transfer

SMEC for Ghand] Coropeny,
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= Insulation Thickness, mm
K = Insulation Conductivity, W

A = Qutside Area, m®
AT = Temperature difference (Ta-Tc),C

m°C

if the insulation thickness of side walls, back panels, top, bottom and door are
different. Heat transfer for each part can be calculated separately and then summed for
freezer and refrigerator compartments as necessary, heat transfer for each compariment
should be calculated separately and then added together.

Product Load

Heat removed from products {meat, fruits, vegetables, water and efc. ) to reduce
temperature from receiving fo storage temperature is known as product.load. Following
steps can be taken to calculated of product loads.

1 - Heat removed from initial temperature { Ti ) to storing temperature { Trs ) in
refrigerator compartment is; _
Qs = MC{Ti-Trs)
Where:
M = Mass of product, Kg/ h
C = Specific heat of product, Kcal / Kg
2 - Heat removed from initial temperature (Ti) to freezing temperature (Tf) is ;

Qut= M C (Ti-Tf)

Where: |

M = Mass of product, Kg/h

C = Specific heat of product above freezing point, Kcal / Kg
3- Latent heat of fusion for products is equal to;

Qu=Mh

Where h = Latent heat of product, Kcal / Kg
4 - Heat removed from freezing temperature (Tf) to final storage temperature
(Tfs) is;

Qu= M Cor (Tf-Tfs)

SMEC for Ghand! Company,
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Where:
Cer= Specific heat of products below freezing temperature.
For upright freezers or chest freezer, total product load is

Qpt = Qat + Q1 + Ot

For storage products to some lower temperatures above freezing temperature in
refrigerator display cases compartment is;
Qpl=Qrs

Internal Load

Electrical energy dissipated in the refrigerated space such as lights, fan motors,
heaters, should be calculated as appropriate depending on type of display cases and other
products. ' '

Infiltration Load

Infiltration air load is the heat transfer due to exchanging of refrigerated air
with ambient caused by opening of the door or leakage through the gasket area and
for open top freezer of show cases. Infiltration load is one of the most important load

components.

Total Refrigeration load

As it was mentioned before, transmission load {Qx), product load (Qw) and internal
load {Q) can be calculated separately. For infiliration load (air exchange through doorways
or gasket leakage), we have o take into account that depending on the type of models we
have to consider different amount of heat gain, or a percentage of amount of the above
mentioned components. (Transmission load, product load and internal load). For example;

Qr=1.20(Qn+ Q. + Q)

SMEC . . for Ghandil Comnpany,
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Refrigeration Load Calculation for different type of
Water Coolers

Water cooler cabinet usually consist of a sheet metal housing built around
a steel framework, inside this sheet housing there is usually a condensing unit,
located near the fioor, and above this is the water-cooling mechanism. The latter
is the only part insulated (foamed plastic) from the room. The insulation is usually
specially formed and between one and one half inches and two inches thick.
These cabinets are made in such a way that one or more sides may be easily
removed to gain access fo the interior. The basin of the water cooler is generally
made of porcelain-coated cast iron, porcelai coated - steel, or stainless steel. Heat
exchangers are frequently used on water coolers. These make use of the low
temperature of waste water and the suction line to pre-cool the fresh water line to

the evaporator coil.
Self-cooler are of two types,

1- Bottle Type.
2- Tap water type

The bottle cooler usually uses a 20 to 25 liter bottle of water inverted on
the top of the cabinet. Overflow and drain water are stored in a container built the
cabinet. These coolers use air-cooled condensing units exclusively. They are used
where water and drains are not available or where available the plumbing

insulation may be expensive.

Water cooler using a plumbing supply and drain connection, must be
installed according the relevant approved standards. The plumbing should be
concealed, a hand shutoff valve should be installed in the fresh water line. Drain

pipe at least 1 inches in diameter provided, and rubber opening must be above

the drain in such a way as to eliminate the chance for accidental siphoning of the
drain water back into the fresh water system. The tap water models use variety of
evaporator coil wrapped around the water-cooling tank.

Temperatures of the cooling water are variable depending on the persons
who are drinking the water. We consider 10 C for the temperature of drinking

water, while our inlet temperature is considered 24 C.

SMEC for Ghandil Compeny,
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In large business establishment, in office buildings, or in factories, multiple
water cooler, instead of individual ones, are popular. These

coolers have one large condensing unit supplying many bubbles and these
may be of many different types.

Water cooler is a device that usually is used in the public area to supply
cold drinking water to the customers and different people. The appliance is mainly
used in the Airporis, Railways Station, Coach Terminals, Banks, Offices, Parks,
and efc. therefore, it is hard to specify an standard for cold water consumption
during the day from the water cooler.

We consider three refrigeration load components that should be taken into
our consideration.

1- Heat gain by heat transmission from, main water storage tank wall
insulation.

2- Heat removed from water entering fo the water tank at the initial
refrigeration system operating condition, (water stored in storage tank
during the night, with normal ambient temperature) which is divided by
24 s,

3- Heat removed from Drinking Water flow that are consumed during

designated operating hours Az

The problem of determining the refrigeration load of a water-cooled
installation is basically a specific heat and heat leakage problem combination. The
water is cooled to temperature which vary upward from about 4 degree centigrade
, and the amount heat removed from the water to cool it to a predetermined
temperature is simple specific heat problem. The water, being maintained at these
low temperature, results in a heat leakage from room into the water, and this part
involves the heat ieakage portion of installation.

Q=mC AT, Where:

SMEC for Ghandil Compary,
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Q  Total heat removed from total drinking water tank volume capacity
(lit.) during specific period, related to compressor cooling capacity power in Watts,
at initial compressor start up, and early in the morning. When the water
temperatureis 30C.

m total weight of water in the water cooler storage tank in Kg.
Considering that one litter of water at 24 C is equal to approximately one Kg.

C Specific heat factor of water in Kcal/Kg °C
AT Temperature difference (Ti~Tc), where, Ti is inlet water temperature, and Tc is final
cooled wafer.

Q2=M CAT . .
Q2  Total heat removed from total drinking water flow (lit) during
specific period, 16 hours. In Keal.

M total weight of water flow during 16 hours. in Kg.

C Specific heat factor of water in Kcal/Kg °C
T Temperature difference (Ti-Tc), where, Ti is inlet water temperature, and Tc is final
cooled water temperature.

Q3=UAAT
Where: .
Q3  Total Leak, gained through side wall of drinking water storage tank by conduction
in Keal..

U Heat Resistance Coefficient Factor in Kcal/Sq. mt. C

A Total Area which heat is transmitted by. In Sq. Mt.

AT Temperature difference (Ta - T¢), where, T is ambient temperature, and Tc¢ is final
cooled water temperature.

SMEC for Ghandil Commpeny,
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Refrigeration Load Calculation

Double Door Up-Right Refrigerafor and Freezer

Model Ghandil RF16

a) Transmission load calculation

Insulation Type: Pu Foam with R141b blowing agent.
Thermal Conductivity for Foam = 0.0175W/mt °C

Ambient Temperature =

32°C

Refrigerator Air Temperature = +4 °C
Temperature Difference Refrigerator Compartment:

AT=32-(+4)=28°C

Freezer Air Temperature =-18 °C

Temperature Difference Freezer Compartment:

AT=32-(-18)=50°C

Thicknesses of ABS type inner liner and still panel sheet have been neglected.

Freezer Compartment
Freezer Dimension Area Insulation Temp.

Compartment Cm. {sq.mt) Thickness Difference
Side Walls 2 x (55x65) 0.72 60 mm 50c

Back Panel 65x55 .36 60 mm 60 ¢

Top Panel 58x66 0.39 60 mm 50c¢

Door 66x56 - 0.36 60 mm 50¢

Bottom Panel 58x66 0.39 60 mm 14¢

SMEC . for Ghandil Company, ©
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Calculation :

Heat Leak For Freezer Compartment.

Qu= QSW"'QBackPanel"l'Qdaof"'QBoﬂom + Qtop‘
Q=UA(Ta-T)Watt

U= —L1  =1+(0.060+0.175)= 0.29 W/sq.m°C

1 1

Where :

U = Heat Resistance Coefficient Factor

Ki = Foam Thermal Conductivity = 0.0175 for R141b blowing agent

foam

1- Qsiewas = [UA{Ta-Tr)]

Ta = Ambient Temperature 32

Tr = refrigerator air Temperature -18
U=1/(0.060/0.0175) = 0.2 W/ sq.m °C
A= 0728q. Mt, Ta=32°C, Tr= -18°C

: Q sewais = 0.29 x 0.72 x 50 = 10.4 Watts

2-Qaon= [UA(Ta-Tr}]

U =1/[(0.060/ 0.0175)] = 0.2 W/ sq.m °C,
Ta-Tr=50, A=0.36,

Qoo = 0.29 x 0.36 x 50 = 5.2 Watts

3-Qup= [UA(Ta-Tr)]

U = 0.28 wisq. Mt. °C,
Ta-T=50,A=0.39

Q = 0.29 x 0.39 x 50 = 5.6Watts

SMEC” foc Ghandil Coenparvy,
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4 -Qrackpares= [UA(Ta-Tr)]

U =0.29 w/sq. Mt. °C,
Ta-T=60,A=0.0.36

Q vackpane = 0.29x 0.36 x 60 = 6.3 Watts
5-Qaotom= [UA(Ta-Tr)]

U =0.22 wisq. Mt. °C,

Ta-T= 14, A=0.39

Q Bottom Surtace = 0.29% 0.39 x 14 = 1.6 Watt

Heat Leak For Freezer Compartment.
Qu= st""QBack PaneHsoorHQpotom + Qmp .29.1

Heat Leak For Refrigerator Compartment.

Refrigerator Dimension Area Insulation Temp.
Compartment Cm. (sq.mt.) Thickness Difference
Side Walls 2 x {125x60) 1.5 40 mm 28¢
Back Panel 65x125 0.81 40 mm 38¢
Door 65x125 0.81 40 mm 28¢
Bottom Panel 60x65 0.39 40 mm 28¢

Q=UA (Ta- T) Watt
= 1 =1+ : = ( °
U YK, 1+(0.040+0.175) = 0.43 W/ sq.m °C
Where :
U = Heat Resistance Coefficient Factor
K1 = Foam Thermal Conductivity = 0.0175 for R141b blowing agent foam

1- Qsewats = [UA (Ta-Tr) ]
Ta = Ambient Temperature 32
Tr = refrigerator air Temperature 4
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U=1/(0.040/0.0175)=0.43W/sq.m °C
A=15S5q. Mt, Ta=32°C, Tr=+4°C
Q sicewass = 0.43 x 1.5 x 28 = 18.1 Watts

2-Qaos= [UA(Ta-Tr)]
U=1/[(0.040/0.0175)) =043 W/sqm °C,
Ta-T=28, A= 0.81, _

Q wos=0.43x 0.81 x 28 = 9.7 Watts

4-Q eckpare= [UA({Ta-Tr)]
U=0.43w/sq. Mt. °C,
Ta-Tr=38,A=0.81

Q vack panet = 0.43 x 0.81 x 38 = 13.2 Watts

5-Qeotom= [UA{Ta-Tr)]

U =043 wisq. Mt. °C,

Ta-T=28, A=0.39 -

Q Bottom sutace = 0.43x 0.39 x 28 = 4.7 Watt

Total Refrigerator Heat Leak = 45.7 W

Total Transmission Heal L oad Through Refrigerator and Freezer Compartment
by Conduction through side walls = 29.1 + 45.7=74.8

Product Load

A product placed in a refrigerator at a temperature higher than the storage
temperature will lose heat until it reaches the storage temperature. The quantity of
heat to be removed may be calculated from knowledge of the product, including its
state upon entering the refrigerator, its final state, its weight, specific heat above and
below freezing point, its freezing temperature and latent heat.
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When a definite weight of product is cooled from one state and temperature to
another state and temperature, some or all of the following calculations must be

made:
Heat removal from initial temperature to some lower temperature above

freezing.

Q = me(T+-T2)
Heat removal from initial temperature {o freezing point of product.

Q = me(Ti-Ty)
Heat removal to freeze product.

Q = mh«

Heat removal from freezing point to final temperature below freezing.

Q = mc(TeTs)

Where
Q = heat removed, Kj
M = weight of product, kg
C = specific heat of product above freezing point, Kj/Kg. K
T+ = initial temp. C
T2= jower temperature above freezing, C
T = freezing temperature of product, C
Hx = latent heat of fusion, kj per kg

We suppose that 20 Kgs of normal water {25 C)must be kept frozen for 24 hours at
-Freezing point -18 C, therefore, we calculate as follow,

Q: = mc(T+-T2)

Q1 = heat removal of water above freezing point

M=20kg

C=423jgK

Ti=25C

T.=0C

Q1 = 20000x4.23x (25-0) =2115000 jul/86400 = 24.4 Watt
Q2= me(T+-T2)

Qz=heatmovalofioebelowfreezlngpolnt
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M=20kg

C=210jgK

T1=0C

T2=-18C

Q1 = 20000x2. 10x [(0-(-18)] =756000 jul/86400 = 8.8Watt

Assuming only 90% of water present freezes, a good assumption for many foods is:

1- Latent heat of Freezing:
334 x 0.9 =300.6 kJ/kg
2- Sensible heat to cool the ice:
2.10x 18 =37.8 kJfkg
3 Sensible heat to cool unfrozen water:

423x01x18=76kJkg
4- Sensible heat to cool non-aqueous material, 25% of material is non-aqueous -

(0.25x0.84) 18 =3.9 kJ/kg
‘Total = 349900 J/kg

Qo = 349900 x 20 = 3499000 J = 6398000/86400= 81

Internal Load

Door Opening

Refrigerator Internal Volume 360 lit.

Number of air change as per ASHREA standard = 20 per day
Heat removed per cubic meter of air 75000 j

Air Change load = 0.36x20x75000/86400 = 6.3 Watt
QTotaI = Q heatteak HQ procuct oad + Q intermal oad + QQ air change
Q rotat = 748+ 1142+ 6.3= 1953 Watts

Considering 20 % of Q total for safety factor
QGrand Total = 195.3 + 20%(39) = 234 watts
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With respect to the above calculation we have to select a compressor of R134a with
cooling capacity of approximately 197watt at ~ 23.3 degree centigrade evaporating
temperature. We recommend Danfoss model SC12G oil cooled compressor with 259 watts
cooling capacity at - 23.3 evaporating temp. ASHREA Standards, or Compressor
Matsoshita Model D91C21RAX5 With 227 watts cooling capacity at — 23.3 evaporating
temp. ASHREA Standards, or Aspera Mode! B3119Z with 234 watts cooling capacity at -
23.3 evaporating temp. ASHREA Standards, or Electrolux (Zanussi) Mode! GLI0AA with
224 watts cooling capacity at — 23.3 evaporating temp. ASHREA Standards. Or Necchi
Model ESC 11/11K with 246 watts cooling capacity at - 23.3 evaporating temp. ASHREA

Standards.
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Refrigeration Load Calculation

Up-Right Freezer

Mode! Ghandil F11

b) Transmission load calculation

Insulation Type: Pu Foam with R141b blowing agent.
Thermal Conductivity for Foam = 0.0175W/mt. °C
Ambient Temperature = 32 °C

Refrigerator Air Temperature = +4 °C

Temperature Difference Refrigerator Compartment:
AT=32-(+4)=28°C

Freezer Air Temperature =-18 °C

Temperature Difference Freezer Compartment:
AT=32-(-18)=50°C

Freezer Compartment
Freezer Dimension Area Insulation Temp.

Compartment - Cm. {sq.mt) Thickness Difference

Side Walls 2 x (148x53) 1.56 60 mm 50 ¢

Back Panel - 63x148 0.93 60 mm 60 c

Top Panel 53x63 0.33 60 mm 50¢

Door 63x148 0.93 60 mm 50c

Bottom Panel 53x63 0.33 60 mm 60 ¢
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Calculation :

Heat Leak For Freszer Compartment.

Qu= st*‘QBackPaneu*Qdoor"‘annom + Qu

Q=UA(Ta-T) Watt
U= W/sq.m°C

1 1

Where :

U = Heat Resistance Coefficient Factor
Ks = Foam Thermal Conductivity = 0.0175 for R141b blowing agent

foam

1- Qsiaewais = [UA (Ta-Tr)]

Ta= Ambient Temperature 32

T+ = refrigerator air Temperature -18
U=1/(0.060/0.0175) = 0.2 W/ sq.m °C
A= 1565q. Mt, Ta=32°C, Tr=-18°C
Q sigewars = 0.29 x 1.56 x 50 = Watts

2- Qoo = [UA(Ta-Tr)]

U=1/(0.060/ 0.0175)] = 0.29 W/ sq.m °C,
Ta-Tr=50, A=0.93,

Q soors= 0.29 x 0.3 x 50 = 13.5 Walts

3 Qup= [UA(Ta°Tr)]

U = 1/(0.60/0.0175) = 0.29 w/sq. Mt. °C,
Ta-Tr=50,A=0.33

Qo= 0.29x 0.33 x 50 = 4.8 Watts

4-Quospra= [UA(Ta-Tr)]
U = 0.20 wisq. Mt. °C,
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Ta-T=60, A=0.93
Q beckparer= 0.29% 0.93 x 60 = 16.2 Watts

5-Qeoton= [UA{Ta-Tr}]

U = 1/{0.60/0.0175) = 0.29 w/sq. Mt. °C,
Ta-T=14, A=0.33

Q Bottom surtace = 0.29% 0.33 x 60 = 5.7 Watt

Heat Leak For Freezer Compartment.
Qn = Qew+Qpack Pane Qoo Hotom + Qe - 62.8

Product Load

A product placed in a refrigerator at a temperature higher than the storage
temperature will lose heat until it reaches the storage temperature. The quantity of
heat to be removed may be calculated from knowledge of the product, including its
state upon entering the refrigerator, its final state, its weight, specific heat above and
below freezing point, its freezing temperature and latent heat.

When a definite weight of product is cooled from one state and temperature to
another state and temperature, some or all of the following calculations must be

made:

Heat removal from initial temperature to some lower te‘mberature above

freezing.
, Q = me(T+-T2) .
Heat removal from initial temperature to freezing point of product.
o Q = mc(T:-Ty)
Heat removal to freeze product.
Q = mha
Heat removal from freezing point to final temperature below freezing.
Q= me(T+Ts)

Where
Q = heat removed, K|
M = weight of product, kg
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C = specific heat of product above freezing point, Kj/Kg. K
T1 = initial temp. C
T = lower temperature above freezing, C

Tr = freezing temperature of product, C
Hq = latent heat of fusion, kj per kg

We suppose that 20 Kgs of normal water (25 C)must be kept frozen for 24 hours at
Freezing point -18 C, therefore, we calculate as follow,

Q1 = mc(T+T2)
QU1 = heat removal of water above freezing point
M=20kg
C=423jgK
=25C
T.=0C
Qs = 20000x4.23x (25-0) =2115000 jul/86400 = 24.4 Watt

Qz = me(Te-T2)

Q2=heztmmovaloﬂcebelowfreezlngpolnt :
M =20 kg
C=210jigK

=0C
T2=-18C
Q1 = 20000x2.10x [{0-(-18)] =756000 jul/86400 = 8. 8Watt
Assuming only 90% of water present freezes, a good assumption for many foods is:

5- Latent heat of Freezing:
334 x 0.9 = 300.6 kJ/kg
6- Sensible heat to cool the ice:
- 210x18=37.8 kJ/kg
7- Sensible heat to cool unfrozen water:
4.23x0.1x 18=7.6 kd/kg
8- Sensible heat to cool non-aqueous material, 25% of material is non-aqueous
(0.25x0.84) 18 = 3.9 kJ/kg
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Total = 349900 Jkg
Qo = 349900 x 20 = 3499000 J = 6998000/86400= 81

Internal Load

Door Opening

Refrigerator Internal Volume 360 lit.

Number of air change as per ASHREA standard = 20 per day
Heat removed per cubic meter of air 75000 j

Air Change load = 0.36x20x75000/86400 = 6.3 Watt
QTotaI = (Q heat teak +Q product icad + Q intemat load + Q ai change
Q Total = 628+ 114.2+ 6.3 = 183.3Watts

Considering 20 % of Q total for safety factor
(Qrand Total = 183 + 20%(37) = 220 watts

With respect to the above calculation we have to select a compressor of R134a with
‘cooling capacity of approximately 220 watt at ~ 23.3 degree centigrade evaporating
temperature. We recommend Compressor Matsoshita Model QA77C17GAX6 with 200
watts cooling capacity at — 23.3 evaporating temp. ASHREA Standards, or Aspera Mode!
B3117Z with 203 watts cooling capacity at — 23.3 evaporating temp. ASHREA Standards,
or Electrolux (Zanussi) Model GL80AA with 197.7 watts cooling capacity at — 23.3
evaporating temp. ASHREA Standards. Or Necchi Model ESC 9/9K with 205 watts cooling
capacily at ~ 23.3 evaporating temp. ASHREA Standards. Or LG Model V 75 LAEG with
194 watts cooling capacity at — 23.3 evaporating temp. ASHREA Standards.

As an alternative for selecting compressor for fropical condition we could recommend to
select a compressor of R134a with cooling capacity of approximately 240 watt at - 23.3
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degree centigrade evaporating temperature. We recommend compressor Danfoss model
SC12G oil cooled compressor with 259 watts cooling capacity at — 23.3 evaporating temp.
ASHREA Standards, or Compressor Matsoshita Model DI1C21RAXS With 227 watts
cooling capacity at — 23.3 evaporating temp. ASHREA Standards, or Aspera Model B3119Z
with 234 watts cooling capacity at — 23.3 evaporating temp. ASHREA Standards, or
Electrolux {Zanussi) Mode! GLI0AA with 224 watts cooling capacity at — 23.3 evaporating
temp. ASHREA Standards. Or Necchi Model ESC 11/11K with 246 watts cooling capacity
at - 23.3 evaporating temp. ASHREA Standards.
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Refrigeration Load Calculation
Upright Refrigerator Showcase Model 160

a) Transmission load calculation

Refrigerator Dimension Area Insulation Temp.
Compartment | Cm. (sq.mt.) Thickness Difference
Side Walis 2 x {(80x200) 3.2 40mm 27¢
Back Panel 160x200 3.2 40mm 27 ¢
Bottom 80x200 1.6 40mm 27C
Top 80x200 16 40mm 37c
-Doors 160x200 3.2 40mm 27¢

Insulation Type: Pu Foam with R141b blowing agent.
Thermal Conductivity for Foam = 0.0180W/mt. °C
Temperature Difference Refrigerator Compartment:
AT=32-(#5)=27°C

Ambient Temperature = 32 °C

Refrigerator Air Temperature = +5°C

Calculation :

Heat Leak For Refrigerator Compartment.
Qu= st‘\"QBack Panel""Qdoor"l‘QBoﬂom + Qtop

Q=UA(Ta-T)

U= 1
X, /K,

Where :

U = Heat Resistance Coefficient Factor
K1 = Foam Thermal Conductivity
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Due to the short thickness of cabinet out side panel ( 0.6 mm ) and plastic inner finer
( 1.5 mm ) heat resistance of these materials have been considered negligible.

Therefore:

1- Q sidewats = [UA(Ta-Tr)}

Ta = Ambient Temperature 32

Tr = refrigerator air Temperature 5

U= 1/(0040/00180)*045W13qm°C

A= 3285q. Mt, Ta—32°C Ti=+5°C

therefore

Q sisewans = 0.45 x 3.2 x 27 = 39 Watts o
Q siewars = 39 Watts =

2- Quoos= [UA(Ta-Tr) ]
U= 1/](0.040/ 0.018)] = 0.45 W/ sq.m °C ,Te-Tr=27, A= 32,
Q swors = 0.45 x 3.2 x 27 = 39 Watts Q aeos = 39 Walts

3 Qo= [UA(Ta-Tt)]

U = 0.45 wisq. Mt. °C,
Ta-T=37,A=16

Q= 0.45x 1.6 x 37 = 26.6 Watts
Q o= 26.6 Watts

4 -Quackpers= [UA(Ta-Tr)]

U = 0.45w/sq. Mt. °C,
Ta-T=27,A=32

Q veckpenei= 0.45x 3.2 x 27 = 39 Watts
Q backpanei = 39 Walts

5-Q sotom= [UA(Ta-Tr)]

U = 0.45 w/sq. Mt. °C,

Ta-T=27, A=16 '

Q Botiom Surtace = 045X16x27 19.4 Watt
Q sotiom suriace = 19.4 Watts
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Total Refrigerator Heat Leak =39 +39 + 26.6 + 19.4 + 39= 163 W

Product Load

A product placed in a refrigerator at a temperature higher than the storage
temperature will lose heat until it reaches the storage temperature. The quantity of
heat to be removed may be calculated from knowledge of the product, including its
state upon entering the refrigerator, its final state, its weight, specific heat above and
below freezing point, its freezing temperature and latent heat.

When a definite weight of product is cooled from one state and temperature to
another state and temperature, some or all of the following calculations must be

made: .
Heat removal from intial temperature to some lower temperature above

freezing.

Q =me(T:-T2)
Heat removal from initial temperature to freezing point of product.
Q = mc(T-Ty)
Heat removal fo freeze product.
: Q = mhs
Heat removal from freezing point to final temperature below freezing.

‘ Q = me(TeTs)

Where :

Q = heat removed, K|

M = weight of product, kg _

C = specific heat of product above freezing point, KjfKg. K
T+ = initial temp. C

T2= lower temperature above freezing, C

Ts = freezing temperature of product, C

Hi = latent heat of fusion, kj per kg

Since this product is mainly used for storing fresh Lamb meet and beef above
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freezing point at +5 C, we consider 600 Kg of meet to be stored in this refrigerator

therefore we calculate as follow,

Q = mc(T+-T2)
M =600 kg
C = 0.67 Btu/(Ib)F deg = 0.67 x 4.184= 2.8 jg K
Ti=25C
T.=5C
Q = 660000x2.8x (25-5) =33600000 jul/86400 = 389 Watt .

Internal Load
Motor Fan 16 Watt

Door Opening

Refrigerator Internal Volume 1200 lit.

Number of air change as per ASHREA standard = 70 per day
Heat removed per cubic meter of air 75000

Air Change load = 1.2x70x75000/86400 = 72.9 Watt
QTotal = (Q neat leak HQ product ioad + Q intemaltoad + Q air change

Q Totat = 163 + 389+ 16 + 73 = 641
Considering 20 % of Q total for safety factor.

Qrand Total = 641 + 20%(128) = 769 watts

With respect to the above calculation we have to select a compressor of R134a with
cooling capacity of approximately 769watt at —15 degree centigrade evaporating
temperature. We should select a compressor to be compatible with Electrolux compressor

model S26TY.
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Chest Freezer Model CF-120

a) Transmission Load Calculation

Dimension
Dimension Area
Cm. (sq. mt.)
Side Walls 2 x (65x85) 112
Front & Back Panel 2 x (125x85) 214
Chest Door 120 x 65 0.81
Bottom Floor 120 x 65 0.81

Insulation Type: Pu Foam R141b expanded blowing PU foam
R141b Foam Thermal Conductivity: 0.018 W/mt.C
Temperature Difference: (AT)= 32-(-25)=57C

Ambient Temperature =32 C

Freezer Air Temperature =-256C

Calculation :
Qn = Qudewars + Qeotrom + Q‘rop
Q=UA(Ts-T)

U= !
X K+ X,/ Ky+........

Where :

U = Heat Resisténce Coefficient Factor
K1 = Foam Thermal Conductivity
X1 = Foam Thickness

Insulation Thickness
mm

50
50
50
50

Note : Due to the short thickness of cabinet out side panel { 0.6 mm ) and plastic
inner liner (1.5 mm ) heat resistance of these materials have been considered

negligible. Therefore:
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Qsaewas = [UA(Ta-Tr) ]
Ta = Ambient Temperature
Ti=Freezer air Temperature

U=1/(0.05/0.018)=0.36 W/sqmC
A= 112S5q Mt

Ta=32C Tt=-25C

Q siaewars = 0.36 x 1.12 x 57 = 23 Watts
Q sicewass = 23 Watts

Qront war= [UA(Ta-Ti)]
Ta=Ambient Temperature
Tt =Freezer air Temperature

U=1/{0.050/0.018) =036 W/sqm C

A= 107 Sq. Mt.
Ta=32C, Ti=-25C
Q Front wat = 0.36 x 1.07 x 57 = 22 Watts

Q Front wan = 22 Watts

Q Back penel = [UA(Ta—Tf)]

Ta = Ambient Temperature

Tt = Freezer air Temperature
U=1/(0.050/0.018) = 0.36 W/ sq.m C
A= 107 Sqg. Mt. :
Ta=42C, Ti=-25C

Q book panes = 0.36 x 1.07 x 57 = 22 Watts

Qrp= [UA(Ta-T1)]

Ta = Ambient Temperature

Tt=Freezer air Temperature
U=1/(0.050/0.018)=0.36 W sqmC
A= 0.815q Mt

Ta=32C, Tr=-25C

Q1 =0.36 x 0.81 x 57 = 17 Watls
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Q1= 17 Watts

Qaoton= [UA(Ta-T1))

Ta = Ambient Temperature

Tt = Freezer air Temperature
U=1/(0.050/0.018 ) = 0.36 W/ sqm C
A= 0.815q. Mt

Ta=42C Tr=-25C

Q sotom = 0.36 x 0.81 x 67 = 19 Watts

Total Heat Leaks;
Qu=23+26+22+19+17= 107 watts

Q Total Heat Leaks = 1 07 Watts

lce Making Capacity = 5kgx 1x (15 - 0) x1.163= 87 Watts

¢) Heat gain through infiliration;

We consider 10% safety factor for door opening and infiltration
Heat gain by infiltration = 0.1 x ( total heat leaks)

Heat gain by infiltration = 0.1 x ( 87 ) = 9 Watts

Total Cooling Capacity Required is calculated as follows;

QGrand Total = QHeat Leaks + Q!ce Making + anﬁltrahon
QGrand Total = 107 + 87 + 9 = 203 Watts
QGrand Totat = 203 Watts

The suutable R134a compressor should be compatible with cooling capacity of 203
watt. A compressor compatible with Electrolux model P12Fw should be selected. Or

Danfoss Model SC12G with cooling capacity of 183 watts at CECOMAF Condition
and 226 watts at ASHREA CONDITION.
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Chest Freezer Model CF-100

-a) Transmission Load Calculation

Dimension

Dimension Area

Cm. {sq.mt)
Side Walls 2 x (58x75) 0.87
Front & Back Panel 2 x (125x85) 2X78=1.56
Chest Door 105x 0.58 0.61
Bottom Floor 105X0.58 0.810.61

Insulation Type: Pu Foam R141b expanded blowing PU foam
R141b Foam Thermal Conductivity: 0.018 W/mt.C
Temperature Difference; (AT)= 32-(-18)=50C

Ambient Temperature =32 C

Freezer Air Temperature =- 18 C

Calculation :

Qn = Qudewans + Qeottom + QTop
Q=UA(T.-T)

U= 1

X K, +X,/Ky+........
Where :
U = Heat Resistance Coefficient Factor
K1 = Foam Thermal Conductivity
X1 = Foam Thickness

Q siewas = [UA(Ta-Tt) ]
Ta = Ambient Temperature
Tt= Freezer air Temperature
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1o laa Qur Ret.:

U=1/(0.05/0.0175)=0.34 Wisq.m C
A= 0.87 Sq. Mt.

Ta=32C, Tt=-18C

Q sicewass = 0.34 x 0.87 x 50 = 14.8 Watts
Q siewass = 14.8 Watls

Qron war= [UA(Ta-Tr)]

Ta=Ambient Temperature

Tt= Freezer air Temperature
U=1/(0.050/0.0175)=0.34 W/ sq.m C
A= 078 Sq. Mt.

Ta=32C,Tt=-18C

Q o was = 0.34 x 0.78 x 50 = 13.3 Watts
QFront wall = 13.3 Watls

Qeakpanei = [UA(Ta-Tr) ]

Ta = Ambient Temperature

Tt=Freezer air Temperature
U=1/{0.050/0.0175)=0.34 W/sq.m C
A= 078Sq. Mt

Ta=42C, Tt=-18C

Q backpanet = 0.34 x 0.78 x 60 = 15.9 Watts

Qrp= [UA(Ta-Tt}]
Ta=Ambient Temperature
Tr=Freezer air Temperature

U=1/(0.050/0.0175)=0.34 W/sq.m C
A= 0.61 Sq. Mt.

Ta=32C, Tr=-18C

Q1 =0.36 x 0.61 x 50 = Watts

Q1= 10.4 Walls

Qeoton= [UA(Ta-Tt)]
Ta = Ambient Temperature

SMEC _ for Ghandil Compam
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No 12, Building 1280,Shariati Ave.

1o )baubs Our Ref.:

Tt= Freezer air Temperature
U=1/(0.050/0.0175) =0.34 W/sq.mC

A= 0.61S5q. M.
Ta=32C, Tr=-18C
Q gotem = 0.34 x 0.61 x 50 = 10.4 Watts

Total Heat Leaks;
Qu=148+159+104 +10.4+133= 64.8watls

Q Total Heat Leaks = 64.8 Watts
lce Making Capacity = 5kex 1x (15 - 0) x1.163= 87 Watts

¢) Heat gain through infiltration;

We consider 10% safety factor for door opening and infiltration
Heat gain by infiltration = 0.1 x ( total heat leaks)

Heat gain by infiltration = 0.1 x { 87 ) = 9 Wetts

Total Cooling Capacity Required is calculated as follows;

QGrand Total = QHeat Leaks + Qlce Making + anﬁltmtion
QGrand Total = 64.8 + 87 + 9 = 160.8 Watts
Qerand Total = 160.8 Watts

The suitable R134a compressor should be compatible with cooling capacity of 160.8
watt. A compressor compatible with DANFOSS model FR8.5 should be selected.
This model of compressor can déliver 153 watts of cooling capacity at ASHREA

standard condition.

SMEC for Ghandil Compeny,
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|_Test Date
| _Hot Room Temp. 420 (E-E)
\_Hot Room Hum. 50.0% (E) v
__File Name _ BASET\WYF1119-1___|
Product Specification
_Refrigerator Type |
| _Compressor Type AEZ1380Y
|_Gas Weight . R134a2-230 gr
| Cappil. Length _0.36-480cm
|_Evap. Volume .3
__Condens. Length ___..5mm
Test Result
|_Test Time (m) .. 651
._Work. Time (m) 412
|_Duty Cycle .. B833%
|_Energy Con.(wH) 1180.35
|No. of Therm. 15
|_No. of Over Load 0
479.83 Tue Feb 08 -00 Time = 9:20
300.00(
Volt
*100.
250.00 % ——
' Wmd\ i e, s Ac. P
Re. P
200.00, [ n o W
150.00\”“\\\&.& \\M L«.
nLQK{wLL\#&._\WkWM& \
100.00—r—|—- AR B
1M i g“ g % B 1§ A kw 4 g l"ﬁw“‘“ \"‘W"" M
50.00 EIs —
o B i . --J ™ e ™ [ " = B
000~ " ™ . sy T "
-50.00!
:30 5:0 7:30 10:0 12:30




|_Test Date

Setting

Tue Feb 08-00

._Hot Room Temp.
| _Hot Room Hum.

42.0 (E-E)
50.0% (E)

| File Name

|_Refrigerator Type

1 . BASET\WYF1118-1

| _Compressor Type
. Gas Weight

AEZ1380Y
R134a-230 gr

| Cappil. Length
|_Evap. Volume

0.36-480cm

|_Condens. Length

A 5mm

| Test Time (m)

_TestResult

651_

.~ Work. Time (m)
| Duty Cycle

412

T 833% |

|_Energy Con.(wH)

119035 |

|_No. of Therm.

A5

| No. of Over Load

0

T.:144.29

Tue Feb 8 -00

Time = 13:16




Setting

|_Test Date Mon Oct 25-99
i Hot Room Temp. 42.0 (E-E)
| Hot Room Hum. 45.0% (E)
|_File Name ABASET\F8-3-1
Product Specification
\Refrigerator Type
__Compressor Type AEZ1380Y
| Gas Weight R134a-180gr
| Cappil. Length 0.31-400cm
| Evap. Volume 2
. _Condens. Length Smm
Test Result
| Test Time (m) 1341
| Work. Time {m) 1004
' Duty Cycle 74.9%
' _Energy Con.{wH) 3137.63
. _No. of Therm. 26
| No. of Over Load 0 |
987.55 Mon Oct 25 -99 Time = 19:31
—
660.00 Volt
i*100.
450.0 .

0.00 oo 4 O P.F.
400.00 Ni‘kw W\r Ac. P
35°'°°uﬁw"**’“¥fvﬂr‘% MMY“ “‘"f’wi Re. P__|

o
360.00 } | r - i} ’ ,
200.00 THANTE B fon i b
150.00
100.00
50.00{MNMNHMM i [y a8 Jf SR 4 N | N | bt b pod ] M
0.00/4u L U4y U L J 1 L L] 2
-50.00
-100.00
-150.00
-200.00
-250.00 i
~300.00" '
5:0 10:0 15:0 20:0 25:0




| TestDate Mon Oct 25-99

[_Hot Room Temp. 420 (E-E)

| Hot Room Hum. 45.0. (E)
File Name ABASETV8-3-1

Product Specification

| Refrigerator Type

_Compressor Type AEZ1380Y

| Gas Weight R134a-180gr

|_Cappil. Length 0.31-400cm

. _Evap. Volume 2

|_Condens. Length Smm

Test Resuit

| Test Time {m) 1341

| Work. Time (m) 1004

. Duty Cycle 74.9%

. _Energy Con.{wH) 3137.63

| _No. of Therm. 26

i No. of Over Load 0

T.

Mon Oct 25 -99

125.00/

100.00

56.00

25.00

~-50.00

~25.00/¥YYY Yy

10:0
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T1:48.00 Mon Oct 25 -99 Time = -3:-55
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T2:30.99 Mon Oct 25 -99 Time = 9:56
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T3 :130.40 Mon Oct 25 -99 Time = -3:-65

-
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100.00
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T5:-12.68
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T7 :44.66

Test Sheet

Mon Oct 25 -99

F8-3-1

Time = 9:39

55.00{
52.50
50.00
4750

45.00)

42.50,

40.00 »
_
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35.00

32.50
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l GHANDIL Test Sheet F8-3-1

T8 :46.25 Mon Oct 25 -99 Time = 11:40
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T9:-18.73 Mon Oct 25 -99 Time = 14:29
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T10: 17.62

Test Sheet

Mon Oct 25 -99
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Time = 5:54
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T13:-15.86 Mon Oct 25 -99 Time = 6:21

Asd40( T A

-15.50

-16.60 ﬁ [__A________
18.70| ———

-15.80 K [

-16.90 i
-16.00

16.10 ﬂ — o
-16.20 | ‘ w

-16.30 L

-16.40

~16.50\____

5:0 10:0 16:0 20:0 25:0




GHANDIL Test Sheet F8-3-1

T14 : -6.07 Mon Oct 25 -99 Time = 4:13

5.00

0.00

-5.00

-10.00

-15.00

-20.00

5:0 10:0 Ts:o 20:0 25:0



GHANDIL | Test Sheet F8-3-1

T15:-14.77 Mon Oct 25 -99 Time = 14:52
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-14.50
-14.55

~14.60

-14.65
~14.70

-14.75

~14.80 !

-14.85
~14.90

~14.98%

-15.00

-15.05

~15.10
-15.15

~16.20

5:0 10:0 15:0 20:0 25:0



- -21.00

GHANDIL Test Sheet F8-3-1

T16 : -20.05 Mon Oct 25 -99 Time = 11:30
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T1

T2

T3 | T4

T8

T6

17

T8

T9

T10 | T11 |

100:00
r()1 :00
102:00
103:00
104:00
105.00
106:00
107:00
108:00
09:00

11:00
12:00
113:00
14:00
115:00
16:00
17:00
118:00
19:00
120:00
121:00
22:00

10:00 43.1_

42,0
| 41.3 ]
431 |

| 42.1
43.0 |
420
42,0
42,0
42.2 |

43.6
42.2 ]
43.8 ]
42.7 |
43.7 ]
42,0 ]
| 43.1 ]
42,9 |
41,7
143.3
42,8
424

122:21

28.3 |
34,6
36.4 |
36.5 |
371 |
411
448 |
43.9 |
43.0 |
44.3 |
416
374
33.7
36.5
36.5
36.2
38.5
423

31.3
34.3 |
32,2 |
| 42.4 | 39.7 | 67.1
439 ]

|20
48.1 | 17.0
 81.5 | -16.8)
84.3 |-19.8]
84.0 |-21.8.
84.8 |-22.7
85.9 |-22.8]

47.8 |-16.5)
47.8 |16.7

471 |-16.2]
53.4 | -18.3]
80.6 | -22.5
90.1 [-23.0
90.3 |-23.0]
89.1 |-23.0|
89.9 |-23.0]

179.7]-22.5]

168.7 |-21.3]

48.0 |16.5]

46.8 [-16.5|

75.2 |-20.4|-26.5) 47.9
79.7 -21.8|27.2| 47.2
82,0 |-19.0]-24.9] 50.0

| 4.4 ]
Erl
.22.0|
.25.7]
.27.0)
.27.4)
27,6
3.0
1.1
1.1
1.1
1.0
Exl
Eixl
.27.6)
.27.5]
275
.27.4]
11.4)

"

45.6
4.8
483
49.2.
49.0_
49.4
497

1469 |
425
1425
| 42.5]
424 |

439
_49-34
| 49.7
49.7 |
49.7
50.9
483
416

| 46.5
| 46.9 ]
1486

436 ]
399
46.9
48.8 |
483 ]
48.3 ]
48.8 |
| 44.8 ]
| 40.0 |
40.7 |
40.2_
40.4 |
420 |
476
49.2]
49.0
488
494
47.2 ]
40.0 |

478
478
50.2
437
39.3
48.8 |
497
49.3
49,5 |
499 |
449
403
(406 |
(406
406
M3
479
501 |
50,0 |
49,9 |
50.8
476
399

15.4]
-15.6.
15.4]
.15.6]
.15.7]
-15.8]
.15.9]
-16.1]
.16.1]
-16.3]
.16.3]
.16.3]
-16.3]
16.4]
-16.4]
-16.4]
-16.4]
.16.4]
-16.4]
-16.4]
-16.4]
.16.4]
.16.3]

-17.0] 159
-17.1]-15.9|

18,0 -16.4.
.18.0|-16.4

.18.2| -16.6
-18.3|-16.6|

-18.5-16.8
.18.4|-16.8.
-18.3|-16.8
-18.3]-16.8,
-18.3/-16.8.

171|159 17.7|
-17.3]15.9| 7.7,
-17.5]-16.1] -17.9]
17.6|+16.2|-18.0|
-17.8/-16.2| -18.1.

.18.1]-16.4-18.2]
-18.2|-16.6 | -18.4)

18,3 16.7) 186
-18.3|-16.8 | -18.6
18.3-16.8]-18.6.
.18.5|-16.8 | 18.6
.18.5|-16.8| 18.6]

(T12 |
EiAl
| 17.7]

182
.18.2]

-18.4)
.18.4]

.18.6]
18,6
-18.6]
186
.18.6]

' T13 | T14 | T15 | T16 |
-15.7) 18.1] -14.6 ] -21.4
.15.7|-18.1]14.6 | -22.8 |
-15.6|-18.1 | -14.6 | -20.2
-15.6|-18.2|14.6|-23.7
-15.7|-18.3 | -14.6 | -20.0
.15.7|-18.3|-14.8 | -18.6 |
.15.9-18.4|-14.8|-21.2
15.9-18.4|-14.8] -23.3
-15.9|-18.6 | -14.9|-24.2
.15.918.6|-14.9-24.6
-15.9|-18.6 | -14.9 | -24.2
16.1]-18.6| 149 19.6
.16.1/-18.8|-14.9[-19.6
16.1]-18.8]-15.1]19.6,
-16.1/-18.8 -15.1]-19.3
.16.1(-18.8 | 15.1 | 21.4]
.16.1/-18.8|-16.1 | -24.7
-16.1/-18.8 | -15.1 | -24.7.
.16.2|-18.8 | 15.1 | -24.7 |
.16.1/-18.8 | 15.1 | -24.7 |
16.1]-18.8]-15.1| 24.7
.16.1/-18.8 | -15.1 | 24.7 |
-16.1/-18.8 | -15.1|-19.6




