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TO: ‘ FAX
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‘ RE:

Mrs. M. Latrech

UNIDOQO, Vienna

Fax: 00 431 260 26 6815

Subject: Second Progress Report

Ref. Contract no. 97/134, Prolect no MP/CPR/97/195

Dear Mrs. Latrech

T am glad to submit to you RSLG second progress report regarding achievement of
our various activities to execute contract no 97/134.

We would like to acknowledge the deep cooperation between UNIDO and our

" company for implementation of the CFC phase project.

1.2 Zhejiang Rongsheng Electronic Co. Lid.

Zhejlang Rongsheng Electronic Co. Ltd( Rongsheng) is a collective ownership
piastic cement, refrigerator and freezer manufacturing company. The company -
was established in 1988. The plants are located in Deqing County and produce

five different products: Horizontal Freezer and Freezing Showcase, Vertical
Refrigerating Showcase, Twin Temperature Freezing Showcase, and Plastlc

. Cement.

“

The production of freezers in Rongsheng started in 1994 with 440 employees.
Currently, there are 800 employees, of which, 75 are in the management

“department and 90 are technicians.

- The daily production rate of the factory is about 800 units in two shifts. In 1996

the actual production was 146,186 freezers.

The Company produces 13 models in eight basic size ranges between 98 and 510
litres including Upright Cooler and Chest Cooler/Freczer.

The factory is operating with CFC-12 and CFC-M.’
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Table 7.  Volume of refrigerator preduction ot RONGSIIENG

v

Year Urnits
1994 60,058
1995 132,165
1996 146,186
1997 (expected ) 230,000

Table 8. Product mix of RONGSIIENG

Share in Fogm: weigit
total Charg | (cabines +
production, | e, door)
Model | Description % g/unit Irg/asit
BD-98 ireezer, volume 9§ | 6.7 158 3.6
BD-122 freezer, volume: 122 10.1 155 2
1

BD-158 freezer, volume: 158 1.3 155 4.84 |
]

BD-172 freezer, volume: 172 3%.8 175 £.54
l .

BD-268 freezer, volume: 263 10.3 205 7.1
I

BD-308 freezer, volume: 308 5.1 25 807
I

BD-408 - | freezer, volume 408 1 4 265 9.58

BD-510 freezer, volume 510 1 2 3i5 C 1156

Total or average 160 | 179.66 5.77

Rongsheng is currently running two production lines for foaming and two for
assembly of products. They are installed in two separate buildings. One assembly



line 1s placed in one building and two foaming machines (the cabinct and door
foaming lines) and the second assembly line are in another building. The
thermoforming machine is located in a separate building.

Rongsheng manufactures 40% of components for the use in their refrigerators.
About 10% of the compressors are imported the rest are of domestic origin.

The freezer compartments are equipped with plate tube type evaporators produced
~ locally.

The polyol, isocyanate and the CI'Cs are from ICI. There is 17% CFC-11 in the
currently applied formulation on two lines as foam blowing agent. The
-technologies and some of the equipment arc of Chinese origin, there is no
technological agreement with any major international producer regarding
refrigerator manufacturing. The foaming of cabinets are carried out in bath position.
The arrangements for doors and cabinets are made in carousel. Preheating of
cabinets and doors before foaming are with hot air. The preheating ovens are
- heated with steam. Curing time is eight minutes.

The major manufacturing equipments are as follows:

1 set High pressure cabinet foaming machine with one foaming head.
Manufactured by Cannon A-100 system, Italy 1994

1 set Cabinet foaming carousel with up to 20 moulds. Manufactured by Jiangsu
Kunshan Moulds Factory, China -

1set Low pressure door foaming machine with one foaming head. Manufactured
by Cannon A-40 system, Italy 1989

1set Door foaming carousel with 12 moulds (double) moulds. Manufactured by
- Jiangsu Kunshan Moulds Factory, China

2 sets Preheating oven heated with steam

2 sets CIFC-12 refrigerant charging boards type 150 Manufactured by Shanghai
Aeroplane Manufacturing Co. China |

2 sets Evacuation carousel equipped with 40 vacuum pumps.
Shanghai Vacuum Pumps Factory. 2x2 - 4 Manufactured in China 1993

3 sets Leak detectors used on the production and testing lines
Manufactured in China 1993



1 set Testing conveyor for testing 120 units simultaneously. The refrigerator
travel at 60 Sec./unit speed

1 set Fully automatic thermoforming lines, type: four position. Manufactured by
Hungary in 1988. The lines produce inner liners from ABS sheet.

The quality control is extended to every piece (electrical safety, cooling
performance), and random thorough tests are applied for a part of the production.
Rongsheng has a test room equipped with basic instruments to measure the
performance of refrigerators. The appliances designed for refrigerator 5° C and for
freezer -18° C. According to the Chinese standard the performance is tested at
ambient temperature 16-32°C, 60% humidity.

In 1996 Rongsheng used approximately 27.5 mt of CFC-12 and 150.3 mt of CFC-
11



1. PROJECT OBJECTIVE

The objective of this project is to eliminate the use of CFC-11 and CFC-
12 in the production of domestic refrigerators/freezers and in refrigeration
servicing at Rongsheng through conversion to the use of HFC-134a as
refrigerant for the cooling system and cyclopentane as blowing agent for

the polyurethane insulation foam

The project will be finalised by end 1999 and thus will contribute to the
freeze target of the country by phasing out 177.5 QDP tonnes in [ine with
NEPA's ODS phase out programme,

[HI. PROJECT DESCRIPTION

Rongsheng has already recognized the need to comply with the Montreal
Protocol and has agreed to participate in China's ODS phase out
programme. It is prepared to phase out ODS as soon as the new
technologies have been acquired, the necessary machinery installed and
the technical staff have been trained. Rongsheng is committed to phase
out CFCs by converting its foaming equipment to cyclopentane use and
using HFC-134a as refrigerant.

This project document describes the activities needed to carry out the

. phase out process.

ITL.1. Justification for Sclection of Alternative Technologics

I11.1.1. Refrigerant

Among the technological options currently available on commercial basis

(see Table 9) and in line with the established policy of NEPA and CNCLI
to phase out the use of ODS. In the selection of the substitute refrigerant

technology for this project the following factors were also taken into
account:

| ctivities

We are delighted to explain some of our activities during execution of the
project.

- Achievement of Calculation of Models and Methods of Calculetion
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Calculation of models for redefinition of the prototypes for conversion
into R134a refrigerant circuit sysiem.

We chose ASHIREA standard to calculate refrigeration load necessary to

-determine suitable components specially compressor that is the heart of

refrigeration system. Other components such as Capillary tube,
Evaporator, and condenser are relatively adjusted to achieve best results.
In order to determine the correct amount of R134a refrigerant charge, and
other data such as pressure at different point of refrigeration circuits, we
have to know tic performance characteristics of each component, such
Suction and Discharge temperature of compressor, inlet and outlet
temperature of condenser or saturated liquid and vapor temperature,
therefore we should perform theorctical cycle calculations for both pure
refrigerants and blends.

The theoretical performances can be compared to one of the following
CFC/HCEC {luids: R12, R502 and R22. The calculations are best used as
a means of finding trends in fluid performance. The cycle has not been
designed to model experimental equipment in detail. Several factors, such
as those from heat cxchangers and compressor volumetric inefficiencies

are not included in the theoretical cycle.

Definition of the Theorctical Cycle:

The calculations are based on a point cycle. The points are as follows
(1) Evaporator Inlet - Liquid/vapour flash

(2) Evaporator Outlet - Saturated Vapour

(3) Compressor Inlet - Superheated Vapour

(4) Compressor Cutlet - Compressed Vapour

{5) Condenser Inlet - Saturated Vapour

(6) Condenser Outlet - Saturated Liquid

(7) Expansion Device Ialet - Subceooled Liquid

rzd

vaporator Temperature: deiined as the average of the liquid/vapour flash
erperature at the evaporator inlet and that of the saturated vapour at the
vaporator outlet. The latter is taken to be the dew point temperature at

ne calculated evaporator pressure. Unlike pure refrigerants, for the
32/R125/R134a blends the inict and outlet temperature will be different.

[ty
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Temperature: defined as the average of the temperature of the

s

Condenser



saturated vapour at the condenser inlet and the temperature of the
saturated liquid at the condenser outlet. They are taken to be the the dew
and bubble point temperatures respectively at the condenser pressure.

Superheating: defined as the temperature difference between the
superheated vapour at the compressor inlet and the saturated vapour at the
evaporator outlet. 1t is assumed that the compression process begins
under identical conditions to those at the compressor inlet i.c. the
compressor inlet conditions are the same as the suction conditions,

Sub-cooling: defined as the temperature difference between the saturated
liquid at the condenser outlet and that of the sub-cooled liquid at the
expansion device inlet.

Efficiency: An isentropic compression process is used for the theoretical
cycle calculations. The isentropic efficiency 1s the value. relative to a

~theoretical maximum of 100%, of the efficiency with which the

compressor can isentropically compress the superheated vapour from the
suction pressure up to a pressure equivalent to the condenser pressure. It
scales directly with the required compressor power.

The Constraint: Cooling Duty or Volumetric Flowrate:
In order to compare the calculations of several refrigerants on the same
basis there is an option to constrain either the cooling duty or the _
volumetric flowrate of the superheated vapour prior to compression (i.e.
the compressor inlet). |

Cooling Duty: the required cooling capacity of the system. In this
program, '

it is defined as the cooling that occurs from directly after the expansion
device to the evaporator outlet i.e. the saturated vapour condition.

Volumetric Flowrate: defined for the superhecated vapour immediately
prior
to the compression process (i.e.at the compressor inlet point).

DEFINITION OF CALCULATED FIELDS

Pressure: the pressure for which the average of the caculated

evaporator inlet and outlet temperatures give the input evaporator
temperature.



Condenser Pressure: the pressure for which the average of the catculated
condenscr inlet (dew point) and outlet (bubble point) temperatures give
the input condenser temperature.

Coefficient of Performance: the ratio of the refrigeration effect to the

heat of compression. The refrigeration effect is defined in two ways, as
the

difference between the evaporator inlet condition (expansion valve outlet)
and either the evaporator outlet condition (exclusive of superheating), or
the compressor inlet condition (inclusive of superheating). The heat of
compression is defined as the enthalpy rise of the vapour as a result of
the compression process.

EER - Energy Ratio: the ratio of the gross capacity (see below) in
Btu/hr to the compressor power in watts. The EER has been defined in
this

way for all cycle calculations, including those in SI and METRIC units.
Cooling Duty: same definition as given in input fields.

Gross Capacity: The calculated gross cooling capacity of the system.
It is defined as the cooling that occurs from directly after the
expansion device to the compressor inlet i.c.. superheated vapour.

Compressor Power: The heat (enthalpy) required from the compressor.

Mass Flow rate: The refrigerant mass flow rate required around the
system
to meet the input constraint value at the input conditions.

Suction Line Temperature: The temperature of the superheated vapour | |
at the
compressor inlet point.

Discharge Temperature: The temperature of the compressed vapour at
the '

compressor outlet, which in this cycle is also talen as the point at the

end of the compression process.

Temperature Glide in the Evaporator: The difference befween the
evaporator
inlet and outlet temperatures.



Temperature Glide in the Condenser: The difference between thc
condenser

inlet and outlet temperatures.

Refrigeration Load Calculation.for Upright Ref.- Freezer, Chest Freezer
and Display cases

Refrigeration load consist of three individual components:

1- Transmission load;

Heat transfer through side walls by conduction
2 - Product load; ‘

Heat Removed from and produced by the products which are
stored.
3 - Internal load;

Heat produced by internal sources such as lights, fan or heaters;
4 - Infiltration load
~ Heat gains associated with air entcrmg the refrigerated space and door
opening and etc.;

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

1) Making Prototypes;

2) Testing Prototypes;

4) Calculating Heat Leaks;

5) Being familiar with Montreal Protocol and UNIDOOs Projects;
6) Being familiar with aim of the project in Iran;

7) Selecting Components for each models;

9) Preparing Technical Specifications and Characteristics;

10) and other services as mentioned in the subject contracts;

Activities

Following activities were accomplished during execution of the
contract

1 - Collecting necessary data from cach .

&9)



3 - Measuring Actual Dimension of cach model;

4 - Reviewing and evaluating data

5 - Performing heat leak calculation for models

6 - Determining heat loads for models;

7 - Determining product load for models;

8 - Determining heat gain by infiltration;

9 - Preparing data acquisition form;

10 ~ Preparing product specxﬁcatmnmodels

11 - Preparing prototype data summary sheet; .

12 - Recommending suitable compressors for each prototypes;

‘ 13 - Reviewing more than 30 compressor technical specifications
in

order to recommend an appropriate compressor as {ollows
a - Danfuss;
TL5G, TLS6F, TLS7F, FR7.5G, Ff{?s‘.SG, and FR10G
b - Gold Star;
NR4SL, NF45N, NR62L, NRS2L, VETSN, V5L
¢- Matsushita;

SA3C10AX0, QA66C15RAXS, QATTC18RAXS, D66CISRAXS,
D77C18RAXS, QA,51CTIRAXS, QA91C20RAXS, S43C10KAXO0

d - Necchi;

ESCs, ESC7K, ESC7, ESC8.5, ESCS8.5K, ESC9, ESC9K,ESC11,.
ESCHK,

. e — Zanussi

GL45AA, GL50AA, GLGOAA, GL70AA, GLS0OAA, GL90AA, GL99AA,
GL80AH,

d- Aspera
BP104822, BP1116Z, BP1118Z

e- Techomseh



Different models of Techomseh compressor specifications were reviewed
and we finally chose appropriate compressor models for each models and
we decided to install Techomseh Compressor on our prototypes, because
we believe that the technical specification of these compressor matches
our refrigeration load requirments.

Method of Refrigeration Load Calculation

Refrigeration load consist of four individual components:

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

~ and door panel.

2 - Product load;

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;

In this section , the above mentioned components will be discussed

separately to analyze and extract the most wuseful and practical
equipment(Js. '

Transmission L.oad

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 resistances, Rl, Rc and Ra are
not compareable in magnitude with Ri ( Insulation resistance ) and so can



be neglected in our calculations. Therefore, the resultant cmuxt and
relatdted equatmns is.

AT

R:—é— Heat Resistance and @, =— Heat Transfer -
Where:
x = Insulation Thickness, mm
= i ivity, Wmm
Insulation Conductivity, A .

A = Outside Area, m’
AT = Temperature difference ( Ta-Tc ), C

- If the insulation thickness of side walls, back panels, top, bottom
and door are different, heat transfer for each part can be calculated
seperately 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.

Heat removed from products (meat, fruits, vegetables, water and

etc. ) to reduce temperature from recieving to 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 1s;

Qrs= MC (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 ( T ) is ; ..

Qaf= M C (Ti-Tf)

Where :
" M =Mass of product, Kg/h

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

QL = M h

Where h = Latent heat of product, Kcal / Kg

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

Obf= M Cof ( Tf-Tf)

Where: Cbf = Specific heat of products below jfreezing

temperature.

For upright freezers or freezer compartment of refrigerators, total
product load is

Qpl = Qaf + Ql + Qbf

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

Qpl=CQrs

nak Load

Electrical energy dissipated in the refrigerated space such as lights,

fan motors, heaters, .... are included in the internal heat load. Due to the



little amount of consumption of lightings, 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 .oad

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. Infiltration load is one of the most important load
components and roughly it is about 20 % of total refrigeration load.

Fotal Refrigeration load

As it was mentioned before, transmission load ( Qtl), product load -
( Qpl ) and internal load ( Q il ) can be calculated separetely. For
infiltration load ( air exchange through doorways or gasket leakage ), we
take into account 25% of sum of the above mentioned components.

( transmission load, product load and internal load ). Therefore total
refrigeration load can be expressed as:

QTL =125 ( QTL + QPL + QI )

M aking Prototypes

A Several prototypes have been made so far and we decided to test two of
them in our Hot Chamber.

Refrigerant charge

For making prototypes we decided to charge different amount of R134a
refrigerant into the refrigeration system. We considered the same amount
of refrigerant as the basis of R12 refrigeration system for prototypes
number one and we reduced ten percent refrigerant weight {rom the basis
of R12 for the second prototype.

Rressor

- The compressor used are in accordance with the results of our calculation

and we selected the nearest possible cooling capacity of the compressor
to the cooling requirement as calculated.

Capillary tube



We decided to keep the length of capillary tube unchanged, due to our
experience and information we received from the compressor
manufacturers.

[vaporator

- We believe that the evaporator does not

need any adjustment due to the higher capacity of the evaporator than
what we need. . |

Condinser

For the same reason that we did not adjust the evaporator we did not
adjust the condenser.

Pr e.

Two prototypes were tested under the following condition

Pull down test, Continuos run test and cyclic run test

Ambient femperature 32C
Relative Humidity 73 %
Test Paékage used
“M” Paékage | used
Number of Temp. Sensors 10

Following refrigeration system points temperature were measured and the
results were satisfactory.

“M” packages, Compressor Discharge and suction, condenser
outlet, ambient temperature, compressor shell, evaporator surface, energy
consumption, starting current.

We enclose the completed test result sheet form for your information |

With regards
Liang Rikui P ’
Chief of technical department A Z
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o Dimension Area (sq. Mt,) ~ Insulation
Sl o Mt. Thickness mm.
Side Walls 2x0.58x0.55 0.638 60
Back Panel 0.895x0.58 0.519 60

Door 0.895x0.55 0.49 40
Bottom Floor 0.895x0.55 0.49 65
Front Panel 0.895x0.58 0.519 60

Insulation Type: Pu Foam

CPS. Foam Thermal Conductivity: 0.0195 W /mt.C

Temperature Difference: (A7)= 32-(-18)=50C
Ambient Temperature =32 C
Freezer Air Temperature =- 18 C

Calculation :

Where :

= + Qgp +

+

Q=UA(T:-To)

U

1

X K, + X, I Ky

U = Heat Resistance Coefficient Factor

K1 = Foam Thermal Conductivity

X1 = Foam Thickness




Note : Due to the short thickness of cabinet out side panel ( 0.5 mm ) and

aluminum inner  liner ( 0.5 mm ) heat resistance of these materials have been
considered negligible.

Therefore:
1- . Qsewas= [UA (Ta-To]

Ta= Ambient Temperature
Tt =Freezer air Temperature

U= 1/(0.060/0.0195) = 0.32 W/ Sq. Mt. C
A =0.638Sq. Mt.

Ta=32C

Te=-18C

Q sigewats = 0.32 x 0.638 x 50 = 10.2 Watts
| Q side wans= 10.2Watts

2 - QBackpanel= [UA(T&-Tf)]

Ta= Ambient Temperature
Tt= Freezer air Temperature

U =1/(0.060 /0.0195) = 0.32 W/ Sq. Mt. C
A =0.519 Sq. Mt.

Ta=32C

Te=-18C

Q Back panet = .32 x 0.519 x 50 = 8.3 Watts
Q Back panel = 8.3 Watts3 - Q Front Panel = [U A (Ta - Tf) ]

Ta= Ambient Temperature

Tf* Freezer air Temperature
=1/(0.060/0.0195) = 0.32 W/ Sq Mt C

A =0.519 Sq. Mt.

Ta=32C

Te=-18C

Q Front Panet = 0.32 X 0.519x 50 = Watts

Qrp=8.3 Watts




4- Q soten = [U A (Ta - Tt)]

Ta= Ambient Temperature
Tt=Freezer air Temperature

= 1/(0.065/0.0195) = 0.30 W/Sq. Mt C -
-o 49 Sq. Mt. |
= 42C
Tf= -18C

Q Bottom = 0.3 x 0.49 x 60 = 8.9 Watts
Q Botom= 8.9 Watts
5. Qo= [UA(Ta-Tr)] -

Ta= Ambient Temperature
" Tr=Freezer air Temperature

U=1/(0.040/0.0195) = 0.49 W/ Sq. Mt. C
A =0.49Sq. Mt.
Ta=32C
| Te=-18C
© Q poer = 0.49 x 0.49 x 50 = 12 Watts

Q poor= 12 Watts
Total Heat Leaks;

Q=102 +83+83+89+12= 477,
Q Total Heat Leaks = 477 Watts
b) Product Loads;

Q product= 65 % QHeat Leaks
Qeroduct Loass = 47.7 x 70% = 33.4

Q Mise= 30 OZ) (QHeatLeaks + QProduct Loads)




Q ve=30 % =243

Q Mise = Q Electicity + Q mnfitiration + Q Door opening + Qrte.

Total Cooling Capacity required is calculated as follows;

QGrand Total = QHeat Leaks -+ QProduct Loadé + Q Mise.

QGrand Total = 105.4 Watts

QGrana Totat = 47.7 + 33.4 +24.3 = 105.4 Watts

Type of Compressor suitable for this model is recommended Aspera Model BP |
1111Z, or Compressor HUAYI Model AE1340Y, or Zanussi Model OF789CY.

Dimension Area (sq. Mt.) Insulation
Shy Mt. Thickness mm.
Side Walls 2x%0.58x0.55 0.638 60 '
Back Panel 0.985x0.58 0.57 60
Door 0.985x0.55 0.54 40
Bottom Floor 0.985x0.55 0.54 65
Front Panel 0.985x0.58 0.57 60

Insulation Type: Pu Foam

CP5. Foam Thermal Conductivity: 0.0195 W /mt.C

Temperature Difference: (A7)= 32-(-18)=50C

Ambient Temperature =32 C
Freezer Air Temperature =- 18 C




Calculation :

= Qsw + Qpp + + +

Q=UA(T:-To)

_ 1
X K+ X,/ Kyt

Where : _
U = Heat Resistance Coefficient Factor

Ki = Foam Thermal Conductivity

X1 = Foam Thickness
Note : Due to the short thickness of cabinet out side panel ( 0.5 mm ) and
aluminum inner  liner ( 0.5 mm ) heat resistance of these materials have been
considered negligible. B
Therefore:

1- Q sieewans = [U A (Ta-Tp ]

Ta= Ambient Temperature
Tt = Freezer air Temperature

U = 1/(0.060/0.0195) = 0.32 W/ Sq. Mt. C
A =0.638Sq. Mt.

Ta=32C

Te=-18C

Q sidewans = 0.32 x 0.638 x 50 = 10.2 Watts
Q side walls = 10,2Watts

2- Q Back pane} = [U A (Ta - Tf)]

Ta= Ambient Temperature




Tt= Freezer air Temperature

U=1/(0.060/0.0195)=10.32 W/ Sq. Mt. C
A =0.57 Sq. Mt. .
Ta=32C

- Te=-18C

Q Back panet = 0,32 x 0.57 x 50 = 9.1 Watts
Q Back panel = 9.1 Watts

Q rrontpanet = [U A (Ta - Tr) ]

Ta= Ambient Temperature
Tt= Freezer air Temperature

U=1/(0.060/0.0195)=0.32 W/ Sq. Mt C
A =0.57 Sq. Mt.

Ta=32C

Te=-18C

Q Frontpmet = 0.32 X 0.57x 50 =9.1 Watts

Qp=9.1 Watts

Q Botom = [U A (Ta-Tr)]

Ta= Ambient Temperature
Tt~ Freezer air Temperature

U =1/(0.065/0.0195) = 0.30 W/Sq. Mt C
A =0.54 Sq. Mt.
Ta=42C
Te=-18C

Q Bottom = 0.3 x 0.54 x 60 = 9.7 Watts
Q Botom = 9.7 Watts

Qv = [UA (Te- T0)]

Ta= Ambient Temperature




Te=Freezer air Temperature

U =1/(0.040/ 0.0195) = 0.49 W/ Sq. Mt. €
A =0.54Sq. Mt.
Ta =32C
 Te=-18C
Q Door = 0.49 X 0.54 x 50 = 13.2 Watts

Q peer=13.2 Watts
Total Heat Leaks:

Qmu=102+9.1+97+9.1+13.2= 5133

Q Total Heat Leaks = 51,33 Watts

b) Product Loads;
We consider 13 Kg ice making capaclty for this model per 24 hours.
Therefore;

Q product= Q1 + Qz + Qs,

where;

Q1= mC1 (Ti - Tr) = energy required to freeze water from initial
temperature to freezing point of 0 °C

Q, = mC: (Tt~ Tr) = energy required to freeze ice from zero degree

temperature to -18 °C

Qs = m x h=heat géin from latent heat of fusion of water
Q1 =13 x 1 x (24-0)= 312 Kcal per 24 hour

Q2 =13 y 1 { 0~ (-18)] = 234 Kcal per 24 hours

03=13 x 108= 1404 Kcal per 24 hours

Qproduct = 312 + 234 + 1404 = 1950 Kcal per 24 hour = 81 Keal / hour =94 W




Misc= 10 % Heat Leaks + Product Loads
Q (Qutent + Qo o)

Qme=10% (51+94)=145

Q Mise =._Q Electicity + Q Initration + Q poor Opening + Qere.

Total Cooling Capacity required is calculated as follows;

QGrand Total = QHeat Leaks *+ QProduct Loads + Q Mise,

(QGrand Totai = 51.1 + 94+ 14.5 = 159.6 Wats

QGrand Total = 160 Wats

Type of Compressor suitable for this model is recommended



Area (sq. Mt.)

Dimension Insulation
i Mt. - Thickness mm.
Side Walls 2x0.58%0.55 0.638 60
Back Panel 1.06x0.58 0.61 60
Door 1.06x0.55 0.58 40
Bottom Floor 1.06x0.55 0.58 65
Front Panel 1.06x0.58 0.61 60

Insulation Type: Pu Foam

CP5. Foam Thermal Conductivity: 0.0195 W /mt.C

Temperature Difference: (AT)= 32-(-18)=50C
Ambient Temperature =32 C
Freezer Air Temperature =- 18 C

Calculation :
Q =UA ( Ta - Tf)
XK+ X,/ Ky
Where :

U = Heat Resistance Coefficient Factor

K1 = Foam Thermal Conductivity

X1 =Foam Thickness




Note : Due to the short thickness of cabinet out side panel { 0.5 mum ) and

aluminum inner

considered negligible.

Therefore:

1-

liner ( 0.5 mm ) heat resistance of *hese materials have been

" Qsuewas= [UA (Ta-Tp]

Ta= Ambient Temperature
Tt=Freezer air Temperature

U = 1/ (0.060/0.0195) = 0.32 W/ Sq. Mt. C
A =0.6385q. Mt.

Ta=32C

Tr=-18C

Q sidewans = 0.32 x 0.638 x 50 = 10.2 Watts

Q Side Walls = | OZWattS

Q I;ackpanel = [U A (Ta - Tf)]

Ta= Ambient Temperature
Tt = Freezer air Temperature

U =1/(0.060 /0.0195) = 0.32 W/ Sq. Mt. C

. A =0.61 Sq. Mt.

Ta=32C
Te=-18C

Q Back panet = 0.32 x 0.61 x 50 = 9.8 Watts

Q Back panet = 9.8 Watts

| QFrontPanel= [[JA(Ta'Tf)]

Ta= Ambient Temperature
Tt=Freezer air Temperature

U=1/(0.060/0.0195)=0.32 W/ Sq. Mt C
A =0.61 Sq. Mt.
Ta=32C

10



Te=-18C

Q FrontPanel = (.32 X 0.61x 50 = 9.8 Watts
Q Top = 9.8 Watts

4« Qoowm= [UA (Ta-Tr)]

Ta= Ambient Temperature
Tt=Freezer air Temperature

U =1/(0.065/0.0195) = 0.30 W/Sq. Mt C
A =0.58 Sq. Mt.

Ta=42C

Tr=-18C

Q Bottom = 0.3 x 0.58 x 60 = 10.4 Watts
Q Botom = 10.4 Watts
5. Q bor = [U A (Ta - Tr)]

Ta= Ambient Temperature
Tt = Freezer air Temperature

U =1/(0.040/ 0.0195) = 0.49 W/ Sq. Mt. C
A =0.58Sq. Mt.
Ta=32C
Te==~18C
Q por = 0.49 x 0.58 x 50 = 14.2 Watts

Q poor= 14.2 Watts
Total Heat Leaks;

Qr=102+9.8+ 104 +9.8+ 142 = 54.4

| Q Total Heat Leaks = 54.4 Watts

b) Product Loads;

11



We consider 15 Kg ice making capacity for this model per 24 hours.
Therefore;

Q product= Q1 + Q2 + s,

where; -

Q1 =mCi (Ti~ To) = energy required to freeze water from initial
temperature to freezing point of 0 °C

Q, = mCz (Tr— Tx) = energy required to freeze ice from zero degree

temperature to -18 °C

Qs = m x h=heat gain from latent heat of fusion of water

Q1 =15 x 1 x (24-0)= 360 Keal per 24 hour

Q2 =15y 1 [0~ (-18)] = 270 Kca! per 24 hours

Q3 =15x 108 = 1620 Kcal per 24 hours

Qorotuet = 360 + 270 + 1620 = 2250 Kcal per 24 hour = 93 Kcal / hour = 108.7
W ‘

Q ygsc: 10 % {QHeatLeaks + QProduct Loads)

(Q mie=10 % (54.4 + 108.7) = 16.3

Q mise = € Etecticity + Q Infittration + Q boor Opening + Qe

Total Cooling Capacity required is calculated as follows;

QGrand Total = QHeat Leaks + QProduct Loads -+ Q Misc,

Qrana Tota = 54.4 + 108.7+16.3 = 179.4 Watss

1”7



QGmnd Total = 179 Watis

Type of Compressor suitable for this model is recommended

Dimension Area (sq. Mt.) Insulation
oo e Mt. Thickness mm.
Side Walls (0.8x0.63)+(0.45x0.63) 0.79 70 :
Back Panel (0.8x1.12)-(0.25x0.24) 0.89 70
Door . 1.12x0.63 0.70 65
Bottom Floor 1.12x0.63 0.70 75
Front Panel (0.8x1.12)-(0.25x0.24) 0.89 70

Insulation Type: Pu Foam

CPS. Foam Thermal Conductivity: 0.0195 W /mt.C

12



Temperature Difference: (A7) = 32-(-18)=50C
Ambient Temperature = 32 C
Freezer Air Temperature =- 18 C

Calculation :

Qm. = Qsw + Qe + Qporrom + Q Front_+ Qpoor

Q=UA(T.-T)

— 1
X T K+ X, 1K +........

Where :
U = Heat Resistance Coefficient Factor

K1 = Foam Thermat Conductivity
X1 = Foam Thickness
Note : Due to the short thickness of cabinet out side panel ( 0.5 mm ) and

aluminum inner  liner ( 0.5 mm ) heat resistance of these materials have been
considered negligible.

" Therefore:

1- Q siewas = {U A (Ta-Tp ]

Ta= Ambient Temperature
Tt = Freezer air Temperature

U = ¥/ (0.070/0.0195) = 0.28 W/ Sq. Mt. C

A =0.79 Sq. Mt.
Ta=32C
Tr=-18C

. Q sidewans = 0.28 x 0.79 x 50 = 11 Watts

Q sice wans= 11Watts

14



2.

Q Back panel = [[J A (Ta - Tf)]

Ta= Ambient Temperature
Tt=Freezer air Temperature

U=1/(0.070/0.0195)=0.28 W/ Sq. Mt. C
A =0.89 Sq. Mt.

Ta=32C

Te=-18C

Q Back panct = (.28 x 0.89 x 50 = 12.5 Watts
Q Back panel = 12.5 Watts

Q Feonpwet = [U A (Ta - Tt) ]

Ta= Ambient Temperature
Tt= Freezer air Temperature

U =1/(0.070/0.0195) = 0.28 W/ Sq. Mt C
A =0.89 Sq. Mt.

a=32C
Te=-18C

Q FrontPanel = (.28 X 0.89x 50 = 12.5 Watts
Q Top = 125 Watts

Q soton = [U A (Ta - Tr)]

Ta= Ambient Temperature
T1=Freezer air Temperature

U = 1/(0.075/0.0195) = 0.26 W/Sq. Mt C
A =0.70 Sq. M.

Ta=42C

Tr=-18C

Q Botom = 0.26 X 0.70 x 60 = 11 Watts



QBottom= 11 Wattsr |
5. Q o= [U A (Ta - T¢)]

Ta=-Ambient Temperature
Tt=Freezer air Temperature

U=1/(0.065/0.0195)=0.3 W/ Sq. Mt. C
A =0.70 Sq. Mt.
Ta=32C
Ter=-18C
Q por =0.3 x 0.70 x 50 = 10.5 Watts

Q por=10.5 Watts
Total Heat Leaks;

Qu=11+125+105+11+12.5= 577

Q Total Heat Leaks = 575 Watts
b) Product Loads;

We consider 20 Kg ice making capacity for this model per 24 hours,

Therefore;

Q product= Q1 + Q2 + Qs

where;

Q1 = mC: (Ti — Tr) = energy required tb freeze water from initial
temperature to freezing point of 0 °C

Q, = mC: (Tr— Tr) = energy required to freeze ice from zero degree

temperature to -18 °C

Qs = m x h=heat gain from latent heat of fusion of water

Q1=20x1 x (24-0)= 480 Kcal per 24 hour

Q2 =30 x 1 [ 0~ (-18)] = 360 Keal per 24 hours

is



Q3 =20 x 108 = 2160 Kcal per 24 hours

Qproduce = 480 + 360 + 2160 = 30060 Keal per 24 hour = 125 Keal / hour = 145
W

Q 1= 30 % (Queserens + Qrratnetionss) = 10%(57.5 + 145)=20 w

Q vue=20 Watts

Q Mise = Q Electicity + Q Infiltration Q Door Opening + QEtc.

Total Cooling Capacity required is calculated as follows;

QGrand Total = QHeatLeaks -+ QProduct Loads -+ Q Mise.

(QGrand Totar = 57.5 + 145 +20 = 220 Watts

QGrahd Total = 220 Watts

Type of Compressor suitable for this model is recommended Compressor
HUAYI Model




i Dimension Area (5q. Mt.) Insulation
S Mt. _ Thickness mm,
Side Walls | (0.8x0.63)+(0.45x0.63) 0.79 70
Back Panel (0.8x1.38)-(0.25%0.24) 1.05 70 -
Door 1.38x0.63 0.87 65
Bottom Floor 1.38x0.63 0.87 75
Front Panel (0.8x1.38)-(0.25x0.24) 1.05 70

Insulation Type: Pu Foam

CP5. Foam Thermal Conductivity: 0.0195 W /mt.C

Temperature Difference: (A7)= 32-(-18)=50C
Ambient Temperature =32 C
Freezer Air Temperature =- 18 C

- Calculation :

Where :

Q=UA(T:-To)

1

U::
XK+ X, [ Kyt

U = Heat Resistance Coefficient Factor




K1 =Foam Thermal Conductivity

X1 = Foam Thickness |

Note : Due to the short thickness of cabinet out side panel (0.5 mm ) and

aluminum inner  liner ( 0.5 mm ) heat resistance of these materials have been
considered negligible. | ‘

Therefore:

1- Q sieewans = [U A (Ta-Tp ]

Ta= Ambient Temperature
T= Freezer air Temperature

U = 1/ (0.070/0.0195) = 0.28 W/ Sq. Mt. C
A =10.79 Sq. Mt.

Ta=32C

Tr=-18C

Q sidewans = 0.28 x 0.79 x 50 = 11 Watts
Q sige watts= 11 Watts

2- | Q Back panel = [U A (Ta - Tf)]

Ta= Ambient Temperature
Tt = Freezer air Temperature.

U=1/(0.070/0.0195)=0.28 W/ Sq. Mt. C
A =1.05 Sq. M.

a=42 C
Te=-18C

Q Back panet = 0.28 X 1.05 x 60 = 17.64 Watts
Q Backpaner= 17.6 Watts

3- Q Frontranet = [U A (Ta - Tr) ]

Ta= Ambient Temperature

19




Tt =Freezer air Temperature

U =1/(0.070/0.0195) = 0.28 W/ Sq. Mt C

A =1.05 Sq. Mt.
Ta=42C
Te=-18C

Q From Panet = 0.28 X 1.05x 60 = 17.6 Watts
Q 1p=17.6 Watts

4- Q sotom = [U A (Ta - Tr)]

Ta= Ambient Temperature
Tt = Freezer air Temperature

U = 1/ (0.075/0.0195) = 0.26 W/Sq. Mt C
A =0.87 Sq. Mt.

Ta=42C

Te=-18C

Q Botom = 0.26 X 0.87 x 60 = 11.3 Watts
Q Botom=11.3 Waits

5- Q peor = [U A (Ta - Tr)]

Ta= Ambient Temperature
Tr=Freezer air Temperature

U=1/(0.065/0.0195)=0.3 W/ Sq. Mt. C
A =0.870 Sq. Mt. ’
Ta=32C
' Tr=-18C
Q poor =0.3 x 0.870 x 50 = 13 Watts

Q poor= 13 Watts
Total Heat Leaks;

Qn=11+176+13+17.6 +11.3= 705

mn



@ Total Heat Leaks = 70 . 5 Watts
b) Product Loads;

We consider 25 Kg ice making capacity for this model per 24 hours.
Therefore;

Q product= Q1 + Q2 + Qs,

where;

Q1= mC (Ti - Tr) = energy required to freeze water from initial
temperature to freezing point of 0 °C

Q, =mC: (Tr— Tr) = energy required to freeze ice from zero degree

temperature to -18 °C

Qs = m x h=heat gainlfrom latent heat of fusion of water

Q1 =25 x 1 x (24-0)= 600 Kcal per 24 hour

Q2 = 25y 1 [ 0 (-18)] = 450 Kcal per 24 hours

Q3=25x108 =2700 Kcal per 24 hours

W

Qproduct = 600 + 450 + 2700 = 3750 Kcal per 24 hour = 156 Kcal/ hour = 182

Q re=30 % (Qrestresie + Qerotuctosss) = 10%(70.5 + 182)=25 w

| Q mise = 25 Watts

Q Mise = QQ Etecticity + Q 1nittration + Q) Door Opening + Qrec

Total Cooling Capacity required is calculated as follows;

QGrand Total = QHeat Leaks + QI’roduct Loads + Q Misc.



QGrand Totar = 70.5 + 182 +25 =277 Watts

QGrand Total = 277 Watts

Type of Compressof suitable for this model is recommended Compressor

- HUAYI Model

Insulation

Dimension Area (sq. Mt.)
R Mt. Thickness mm.
Side Walls (0.8x0.63)+(0.45x0.63) 0.79 70
Back Panel. , (0.8x1.7)-(0.25x0.24) 1.3 70
Door 1.7x0.63 1.07 65
Bottom Floor 1.7x0.63 1.07

75

»




Front Panel (0.8x1.12)-(0.25x0.24) 1.3 70

Insulation Type: Pu Foam

CPS. Foam Thermal Conductivity: 0.0195 W /mt.C

Temperature Difference: (AT)= 32 -_( ~-18)=50C
Ambient Temperature =32 C
Freezer Air Temperature =- 18 C

Calculation :

Q=UA(T.-To)

1

U:
X K, +X, Kyt

Where :
' U = Heat Resistance Coefficient Factor

K1 = Foam Thermal Conductivity

X1 = Foam Thickness
Note : Due to the short thickness of cabinet out side panel ( 0.5 mm ) and
aluminum inner  liner ( 0.5 mm ) heat resistance of these materials have been
considered negligible.
Therefore:

1- Q sicewats = [UA (Ta-Tp ]

Ta= Ambient Temperature
Tt=Freezer air Temperature

U =¥/ (0.070/0.0195) = 0.28 W/ Sq. Mt. C

n




A =0.79 Sq. Mt.
Ta=32C
Ter=-18C

Q sigewans = 0.28 x 0.79 x 50 = 11 Watts

Q sicewans= 11 Watts

Q Backpanet = [U A (Ta - Tr)]

Ta= Ambient Temperature
Tt = Freezer air Temperature

U=1/(0.070 /0.0195) = 0.28 W/ Sq. Mt. C

A =1.3Sq. Mt.
Ta=32C
Ts=-18C

Q Back panat = 0.28 x 1.3 x 50 = 18.2 Watts
Q Backpanet = 18.2 Watts

Q Front Panel = [U A (Ta - Tf) ]

Ta= Ambient Temperature
Tt = Freezer air Temperature

U=1/(0.070/0.0195) = 0.28 W/ Sq. Mt C

A=1.3Sq. Mt
- Ta= 32C
Te=-18C

Q FrontPanat = 0.28 x1.3x 50 = 18.2 Watts
Q Top™ 18.2 Watts

QBottom': [U A (Ta 'Tf)]

Ta= Ambient Temperature
Tt= Freezer air Temperature

24



U =1/ (0.075/0.0195) = 0.26 W/Sq. Mt C
A =1.07 Sq. Mt.

a=42C
Te=-18C

Q Botem = 0.26 x 1.070 x 60 = 16.7 Watts
Q boten= 16.7 Watts
5. Q bor= [UA (Ta-Tr)]

Ta= Ambient Temperature
Tt=Freezer air Temperature

U=1/(0.065/0.0195)=0.3 W/Sq. Mt. C
A =1.070 Sq. Mt.
Ta=32C
Tr=-18C
Q poor =0.3x 1.07 x 50 = 16 Watts

Q per= 16 Watts
Total Heat Leaks;

Qr=11+182+167+182+16= 80

@ Total Heat Leaks = 80 Watts

We consider 30 Kg ice making capacity for this model per 24 hours.
Therefore; '

Q product= Q1 + Q2 + (Qs,

where;

Qi=mCi (Ti-T) = energy required to freeze water from initial-
temperature to freezing point of 0 °C

Q, = mC: (Tr— Tw) = energy required to freeze ice from zero degree

temperature to -18 °C



Qs =m x h=heat gain from latent heat of fusion of water

Q1 =36 x 1 x (24-0)= 720 Kcal per 24 hour
Q2 = 30 x 1 [ 0 (-18)] = 540 Keal per 24 hours

Q3 = 30 x 108 = 3240 Kcal per 24 hours

Qproduct = 720 + 540 + 3240 = 4500 Kcal per 24 hour = 187 Kcal / hour =218
W

Q wie=16 % (Quteas ens + Qrrosuctionss) = 10%(80 + 218)= 30 w

(D vie= 30 Watts

Q Mise = Q) Ereetictty + Q) Infittration + Q Door Opening + Qe

Total Cooling Capacity required is calculated as follows;

QGrand Total = Qﬂeat Leaks + QProduct Loads -+ Q Misc,

(crand Tost = 80 + 218 + 30 = 328 Watts

QGrand Total = 328 Watts

Type of Compressor suitable for this model is recommended Compressor
HUAYT Model
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