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Dear Mrs. Latrech 

I 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 
· · compar1y for implementation of the CFC phase project. 

1.2 Zhejiang Uongshcng Electronic Co. Ltd. 

Zhejiang R.ongsheng Electronic Co. Ltd( Rongshcng) is a collective· ownership 
plastic cement, refrigerator and freezer manufacturing company. The company 
was established in 1988. The plants: are located in Deqing County and produce 
fiv~ different products: Horizontal Freezer and Freezing Showcase, Vertical 
Refrigerating Showcase, Twin Temperature Freezing Showcase, and Plastic 

· -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/Freezer. 

The factory is operating with CFC-12 and CFC-11. · 
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Table 7. Volume of refrigerator production r:·2 RGNGSHErJG , 

Year Ut~~·J·c t.!i ~ ~., 

1994 60,058 

1995 132,165 

1996 146, 136 

1997 ( expected ) 230,000 

Table 8. Product mix of RONGSHENG 

Share in r<on;;• ..,·!Jefol,t ,.. '! • ~ >" "'b e 

total ,r-i• 
~f!{lf;_'; (rru{ .. ;"f.., rf -1-"-"-'~'-.1'-ii.lll. I 

production, e, door) 
A-lode! Description % Ii ... !ca/rr~·;,i. f! l! G1!1 , 0 •• na 

<J 

BD-98 freezer, volume 93 I G.7 'Fi{) ~,... 

~.- .::; • .c• 
-- I 

BD-122 freezer, volume: 122 "'0 ')l ] l:'.l" 4.2 Ji • .A. ,),) 

I 

BD-158 freezer, volume: 1 Sfi 21.3 4 4.84 
I 

' 

BD-172 freezer, volume: 172 39.n 1 7::--• ,J 
t:: t:: l1. ... ) ..... .} :.\ 

I 

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

DD-308 freezer, volume: 308 5.] 209 g.o7 
I 

IlD-408 freezer, volume 408 l /.: ,, 265 9.58 

UD-510 freezer, volume 510 l 3 ~~ :-.::; ~ ,) . 11.50 

Total or average 1f;0 179.66 t:' ""'7 ,'l. I 

Rongsheng is currently running two production lines for foaming and two for 
assembly of products. They are installed in two separate buildings. One assembly 
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line is placed in one building and two foaming machines (the cabinet and door 
foaming lines) and the second assembly line are in <mother building. The 
thermoforming machine is located in a separate building. 

Rongsheng manufactures 40o/o of components for the use in their refrigerators. 
About l 0% of the compressors are imported the rest arc of domestic origin. 

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

The polyol, isocyanate and the CFCs 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 arc carried out in bath position. 
The arrangements for doors and cabinets are made in carousel. Preheating of 
cabinets and doors before foaming nre with hot air. The preheating ovens are 

· heated with steam. Curing time is eight minutes. 
The major manufacturing equipments arc as follows: 

l set High pressure cabinet foaming machine with one foaming head. 
Manufactured by Cannon A-100 system, Italy I 994 

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

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

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

2 sets Preheating oven heated with steam 

2 sets CFC-12 refrigerant charging boards type 15 0 Manufactured by Shanghai 
Aeroplane Manufacturing Co. China 

2 sets Evacuatio~1 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. 
travel at 60 Sec./unit speed 

The refrigerator 

... 
1 set Fully automatic thermofonning 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 perfonnance 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 ofCFC-
11 



II. PROJECT OBJECTIVE 

The objective of this proj cct 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 ofHFC-134a as 
refrigerant for the cooling system and cyclopentanc as blowing agent for 
the polyurethane insulation foam 

The project wUl hefinaUsed hy end 1999 and thus will contrjTmte fil.1lJg_ 
freeze target ofthe country byphasing out 177.5_ ODP tonnes b1 l;ne with 
NEPA 's ODSphase outprogramme. 

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- l 34a as refrigerant. 

This project document describes the activities needed to carry out the 
. phase out process. 

HI.1. Justification for Selection of Alternative Tcdrn.o!ogics 

IU.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 t;he substitute refrigerant 
technology for this project the following factors were also ta.1<en into 
account: 

Activities 

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

ddll.~en1..!lf Calculation oj/!lforfels and Metlwd5 of Calcu!ntirm 
I 



. '-... 

Calculation of models for redefinition of the prototypes for conversion 
into R134a refrigerant circuit system. 

Vic chose ASHREA standard to calculate refrigeration load necessary to 
. determine suitable components spcciaily compressor that is the heart of 
refrigeration system. Other components such as Capillary tube, 
Evaporator, and condenser arc relatively adjusted to achieve best results. 
Jn order to determine the correct amount ofRl34a refrigerant charge, and 
other data such as pressure at different point of refrigeration circuits, we 
have to know the pcrfon11ance 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 theoretical cycle calculations for both pure 
refrigerants and blends. 

The theoretical performances can be compared to one of the following 
CFC/HCFC fluids: Rl2, 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 exchangers and compressor volumetric inefficiencies 
arc not included in the theoretical cycle. 

Definition of the Theoretical Cycle: 

The calculations arc based on a point cycle. The points are as follows 
(1) Evaporator lnkt - Liquid/vapour flash 
(2) Evaporator Outlet - Saturated Vapour 
(3) Compressor Inlet - Superheated Vapour 
(4) Compressor Outlet - Compressed Vapour 
(5) Condenser Inlet - Saturated Vapour 
(6) Condenser Outlet - Saturated Liquid 
(7) Expansion Device Inlet - Subcoolcd Liquid 

Il'lPUT FIELDS 

Evaporator Temperature: defined as the average of the liquid/vapour flash 
·temperature at the evaporator inlet and that of the saturated vapour at the 
evaporator outlet. The latter is taken to be the dew point temperature at 
the calculated evaporator pressure. Unlike pure refrigerants, for the 
R32/R125/R134a blends the inlet c::nd outlet temperature will be different. 

Condenser Tenmcraturc: defined as the avernr:rc of the temperature of the • 0 



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

Superheating: defined as the tempcrat1irc difference between the · ·· 
superheated vapour at the compressor inlet and the saturated vapour at the 
evaporator outlet. It is assumed that the compression process begins 
under identical conditions to those at the compressor inlet i.e. the 
compressor inlet conditions arc the same as the suction conditions. 

Sub-cooling: defined as the temperature difference bct~:vccn the snturated 
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 is the value. relative to a 

. theoretical maximum of I 00%, of the efficiency vvith which the 
compressor can iscntropically 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 superheated vapour immediately 
pnor 

to the compression process (i.e.at the compressor inlet point). 

DEFINITION OF CALCULATED FIELDS 

Pressure: the pressure for which the average of the caculatc<l 
evaporator inlet and outlet temperatures give the input evaporator 
temperat1Jre. 

(~ 
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Condenser Pressure: the pressure for which the average o[thc ca!culatecl 
condenser 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 superhcating). 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.e .. 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 Linc Temperature: The temperature of the superheated vapour . 
at the 

compressor inlet point. 

Discharge Temperahire: The temperat1lfe of the compressed vapour at 
the 

compressor outlet, vv'hich in this cycle is also taken as the point at the 
end of the compression process. 

Temperature Glide in the Evaporator: The difference between the 
'," evaporator 

inlet and outlet temperatures. 
' 



Temperature Glide in the Condenser: The difference between the 
condenser 

inlet and outlet temperatures. 

Refrigeration Load Calculation.for Upright Ref.- Freezer, Chest ·:rreezer 
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 intenrnl sources such as lights, fan or heaters; 
4 - Infiltration load 
Heat gains associated with air entering the refrigerated space nnd 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; 
l 0) and other services as mentioned in the subject contracts; 

Following activities were accomplished during execution of the 
contract 

1 - Collecting necessary data from each . 
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3 - Measuring Actual Dimension of each n1odel; 
4 - Reviewing and evaluating data 
5 - Performing heat leak calculation for models 
6 - Determining heat loads for models; 
7 - Detem1ining product ·load for·models; 
8 - Determining heat gain by infiltration; 
9 - Preparing data acquisition form; 
10 -· Preparing product specificationmodels; 
11 - Preparing prototype data summary sheet; 
12 - Recommending suitable compressors for each prototypes; 
13 _ - Reviewing more than 30 compressor technical specifications 

/ 

order to recommend an appropriate compressor as follows 

a-Danfuss; 

TL5G, TLS6F, TLS7F, FR7.5G, FR8.5G, and FRlOG 

b - Gold Star; 

NR45L, NF45N, NR62L, NR52L, VF75N, V75L 

c- Matsushita; 

SA3ClOAXO, QA66Cl5RAX5, QA77C18RAX5, D66Cl5RAX5, 
D77C18RAX5, QA,51Cl 1RAX5, QA91C20RAX5, S43C10KAXO 

d- Necchi; 

ESC5, ESC7K, ESC7, ESC8.5, ESC8.5K, ESC9, ESC9K,ESC11, 
ESCHK, 

. e-Zanussi 

GL45AA, GLSOAA, GL60AA, GL70AA, GL80AA, GL90AA, GL99AA, 
GL80AH, 

d-Aspera 

BP104822, BPl 116Z, BPI 118Z 

e-Techomseh 



Different models of Techomseh compressor specifications \vere 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 useful and practical 
equipment D s. 

Transmission l.1oa(I 

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, RI, Re and Ra are 
not compareable in magnitude with Ri ( Insulation resistance ) and so can 



~.,. . . 
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be neglected in our calculations. Therefore, the resultant circuit and 
relatdted equations is. 

x ~T 
R = - Heat Resistance and Q == - Heat Transfer . 

KA n R 

Where: 

x =Insulation Thiclrncss, mm 

K =Insulation Conductivity, Wm%i2·c 

A = Outside Area, m2 

L1T = 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. 

Product J_,oad 

Heat removed from products (meat, fruits, vegetables, water and 
etc. ) to reduce temperature from recieving to storage temperature is 
!mown 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 = MC (Ti -Trs) 

Where: 

. 
M = Mass of product, Kg I h 

C =Specific heat of product, Kcal I Kg 
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2 - Heat removed from intial temperature ( Ti . ) to freezing 
temperature ( Tf) is ; 

. 
Qaf= MC (Ti -Tf) ... 

Where: . 
· M =Mass of product, Kg I h 

C = Specific heat of product above freezing point, Kcal I Kg 

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

0 

QL = Mh 

T¥here h = Latent heat of product, Kcal I Kg 

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

• 
Q bf= M Cbf ( Tf-Tf';) 

VVhere: 
te_mperatz~re. 

Cbf = Specific heat of products below free:::ing 

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 = Qrs 

El~ctrical energy dissipated in the refrigerated space such as lights, 
fan motors, heaters, .... are included in the internal heat load. Due to the 

/t% 
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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) arc considered in our load calculation. 

Infiltration T ,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. 

IotaJ 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 25o/o of sum of the above mentioned components. 
( transmission load, product load and internal load ). Therefore total 
refrigeration load can be expressed as: 

QTL = 1.25 ( QTL + QPT,, + QlL ) 

Ill aking Proto{y_Jmi-

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

Refrigerant d~ 

For making prototypes we decided to charge different amount ofR134a 
refrigerant into the refrigeration system. We considered the same amount. ·. 
of refrigerant as the basis ofR12 refrigeration.system for prototypes 
number one and we reduced ten percent refrigerant weight from the basis 
ofR12 for the second prototype. 

Compressor 

The compressor used are in accordance with the results of our calcul<ltion 
and we selected the nearest possible cooling capacity of the compresso~ 
to the cooling requirement as calculated. 

.... 
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\, 

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

E:raporator 

We believe that the evaporator does not 
need any adjustment due to the higher capacity of the evaporator than 
what we need. 

Condenser 

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

Testing Prototypes 

Two prototypes were tested under the following condition 

Pull down test, Continuos run test and cyclic run test 

Ambient temperature 32 C 

Relative Humidity 73 o/o 

Test Package used 

"Mn Package used 

Number of Temp. Sensors 10 

Fallowing 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 
Chief ofteclmical department 
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i T5 ! 
i T6 

T7 
l 

T8 
i 
·I T9 
i Compo Suco 

Compo Discho 
{ 

-15,{~t~ ~ 1• I 

-15. b<' ~ l""'«Lcn cj -~Y.< d("f"'"~&t<t II 
- I 5 ' 9 l) l 5' ~l 'J I ' t 5'. t. I j c ()..•{\, l, (' tt.tl J/Lt Y, • ---0 f_,, ,t,..i_.._!, 11 

i 
too 

'I 1 
tfv ~~Lt/.~~ 

• _J , .. 

.A,_··L 's 1J/.-!... 
l.i ., 
:1 

1:1 
lj 

\J 
'1 1! 

kl------ ---·----·1'. ____________ !.i 
K1---------·!-----t·-----:--------c_,o_n_11_n_c_n_ts_· _______ [': 

Compo Shell 
1 Evapo Outlet 

, Evapa inlet 

, Condo Outlet 
;~-BaldTc_m.-p--i·----! 

J 
~ Compo Running 
~ Time% 

1· 

I. 

\: 
:~ 



'• •· • ·-•· ';"'_ ~·;.-:~·~2::::2~:.::::I!r:.!.!~~··::~.- ·---=-- _,.Y";-. • - .. ;-:-.. z-:.·~.--:· ...... ,-;.~-.-:--.-~ ..... ~---:-:--":',~< ••;::°"".:- -;·-·-.-:- ····-:• --·:•;:• -~ -:·-:·~-.··· . ., 

) Date fl)?!\~ . , :i . 
1 

f~ Test Type Cy~{;~---J~:,:;:-·!~~;t·N~1~~:;L;~.----2-----,\·;;l;;~;1·t·;·i:~-1;1];~--S-~-,--;~· \! 

lvlockl Serial number " Ovcrnll J 11ternal Volume i: l.i 
Dirno Ii ·--------·-----------·------------'--1 ~ 

1----[-~_·Jl __ --:!.!!_1 __ ___ P_·~~·-l_i J ____ --------1 ____ /_('_L_l<'~-----1 l 
Compo Model Compo Wall Refrigerant RcfriL;crnnt Charge U 

., __________ , _________ , __ __.Tyr_c _______________ :·: 
!1 

fl l) :} !) oy ) -;, Dvv P. 13-'f-{l J ./!.(1 (/'Y'. . :·: 
Vl----------1-----------1--------I---- __ , _ _;!c:_J _____ ,' 

Thermostat Type Thcrmostut Jvfodcl ·nicrmostat \ i 
---------________ --~~ting __ , ____________ :\ 

, __ ~_.: :J -1vo f.t "Nf_F_J_v ___ , ___ r:_v7_<l_,·_y_, __, ___________ Jj 
Test Results Remarks · i: 

--------,,-------,------!--------------------!: 
Tempo 

Tl 

oc Thermo 
Cut in 

Tliem10 
Cut out 

i ~ ,. 
:.[ 

!'. ,, 
- ?~. i 3 ~:i.2 .49 

------i--_-.2--1. ~7.41. -2~i ... ~01 T2 (,71/ (-· .. 

[:i: 
i·i 
ii 
\.! 

T3 

T4 

TS 

-]J..1.2.. -22..'f'Ll:_l 

-22.0 2 ·-2i.1f;i I 
l 

-.2.-l.E5 -22. 5 B 

\:' 
" 1: 
1: 

~1---------1------j-- I\ T6 

T7 

T8 

T9 

Compo Suco 

Compo Discho 

Compo Shell 

Evapo Outlet 

- 21.fq 

l5 31 

u 
I; -: 
Ii 

ii 
•' 

J.i I: 
i'I 

'·--------C-'0_1_n_11-1c-'11_t_s _______ f!\ 

f---2.-0---l-----:------------------11 
IJ 

\; 
!:i 
i' I:\ 

Compo Running 5 '7. 1 [., 1
0 

\~\ 
Time% Ji j{ 

------ t~ 

Energy H 
'/ 1,·_1, Consumpo 11 5.02o)<:wr1 .u,).,I 1; 

Kw/24 Hrs ii 
[; 

Starting Current 1~1 
; __ A_n_:i]2o CJ, 914 ____ , ii 
: Running Current \'! 

E
A 0, P.5' Ii;: 

~~-;-c-ia_l_is_l"_. __. __________ ,_S_u_p_e-rv-i-~-o-r:-1------------~---,:i 
L ·lOr>Jw1;.,,: /!.~c~ :I 

- ···-·-·· - ... . . ···-· -· ...... ··-· -~,,~~~----=--·-.. -;~·f/--·-·11.::::::=::..:.:.....:.....·:.-., ......... ~_:...:.:::'..::-.~·::-::::dJ 



~. ___ _. 

:1 Model Serial number Overall lntcrnai Volume \'-.
1
.'. 

;1 Dimo '· ii 
n )\ _ _p :v - 1? B f>,,. i-. o 1 _ _!.~V} tit n 

l'.··.1 Compo - Model Compo Watt Refrigerant Refrigerant Charge : 

tr---------1---------l·--_T_,,_y_,_p_e __ ------------1~; 
Iii A E i j !J () )' l 3 53 'IV /<.12' 4 ({, / /{- 0 ~'-yr_"· ____ !j 
i;j Tllcnnostat Type 111ermostat Model Thermostat \;j 
r _______ , ___ -; ________ , __ S_'e_t __ ti_ng _ _,, ____________ h 

1 ;·:' 1 'be,L?n-~-::i wp f? o Fhx. 1!\ 
1---------~--------1-------'------------J 
!·=·: 0 Test Results Remarks ::. 

I-t °C 1-------------1; 
fl Tcmp;l T~~~~~ 1~~~:t;t II //'/ ~o-,;,f' 'JtJ. ,,J.l'-'1't./ tl(,' pu!L c'l,l'1"'1!\:'.' 

. ~\' 31. g I -2. / . 9 2 
I ----,1-,2----<------l----- ,,-. ' ;I fl) ,ti,.\ T. J.e 11''.: .. _1'· . !; ~ J..-4-1. - J.-3' II I i,,}lj''.}!_ r ('::111 -?_1 2. (' c 1..:v - :J. l. q ~ 
·,,;i ___ TJ -3/. 6~ -l:i..3[; . ' · 1• 9·TJ rt;~ '1·.·. 

l
----------l------1----- j -iJ<:'' .(\f'_. )'.')IY!1<.I(./, ,-;JJ-- t.ir..• 

[ T4 -?JJ)[{ -22,3'( l Ui:5 '-'i·-l" /· _, \tj 

f1 ____ ·_rs _____ 1_----'3··~'~·-5_;.1.~--1----1_).._. _i c_'_l C:J) ;i ,vl 61::. D-.:;. 11 ) ir: - S v / (J. Di< ·l:.l n - ., ~i 
i·j T6 ''! ""/ .., ., 4 'i 
~ -----!---:>_, '_·-1!·-~--f----'-_:?_. _1 _-_j '1-'1 

" 'j"J I • 
['\ !_,:, 

~1·--TS---1---i----1 1,i.;1, 

i-,1 _____ ·r_·9 - I 1'.1 

:1,'I Compo Suco 31 I J

1

:1 
•'------l------1 l'l 
~. Compo Di~cllo 6 {) \ [\ 
~·\ -l- - 'i 

ti E~~::ip;utl:~cll D 
5 

Comments \~ 

·\ 
\ . 



r..-c--::.::.-:!".:..~'1·=::~=-:..._:;:.._:~.--::___;.-..:.:;.-!l:..:1'.!:·' !C--'~·'Z!···:!'.. ;:!-rr-r:;.-;!!.-~~-'!:-!:C-~--!::· !!'.'--~' -~--~-!.'.!!l!!!l!!!l!~-~~!!'!!!~--'l'!'!!:!!!!!!!!!!!!!l!!!!!!!!!!!!!!!!'l'I 

[;I Date 9 8 . I 2. ) 3 Test Type r w(,{ dtrwn Test Number 1 Ambient Temp 0 ;2 4 
(.. 

j;- I'vlodd Serial number Overall Internal Volume 
1:1 

.·t:: Dim. 
p~r--. ---------+---------1---------+--------------111 
l'i Br>-1!32 PY1· o2 Cf9ox?Hx!J~o /B:i. /A;f 
~lj--------------<1---------·--------<----------------!I Comp. Iv1odc1 Comp. Wall Refrigerant Refrigerant Charge 

U-------·----+----------1----T_,,_yp-"-'e---i--------------111 t .• 

Remarks 

\ 



... .. 

:.I ' 

\, 

"RSLG'Y Hot Chamber Test Sheet 
' ... ~ .. ......~ ~ 

J Date 9 9. /. ~ Test Type p~ Jmn .TestNumber 

l Model. Serial number Overall 
Dimo 

t' 
~ .. /JC"JJ...,2o5 p..,t.Jo 1J~65;1.555x92l 

" ·Compo Model Compo Watt 
·; 

AE135oy J~Bvf 
· Thermostat Type Thermostat Model 

·P"f~ Jjpe. W?f-3'() 

Test Results 

TI1erm. Tiwrm. 
Cut in Cutout 

-~·i--~~T_3 ___ +----1------1 

[1---~-~----1-----+---~ 

· 1 Comp. Sue. 

!l, Comp. Disch. 
''I f Comp. Shell 
'I Evap. Outlet 
,1 E . 1 iii vap. met 
t'·e---------<------1-----i 
l\l Cond. Outlet 
!'. Bald Temp 
1111-------1------'-----I 

f! Comp. Running 
f,i Time% 
r} Energy 
fl Consump. 
i·.. Kw/24 Hrs 

l\ Starting Current 
,. Amp. 
Ill Rwming Current 
J ~ 

f1 Amp. 

Refrigerant 
Tvoe 

R 1~4a 
Thermostat 

Settin~ 

N/a/X.. . 

Supervisor: 

1 Ambient Tempo 32• c 
Intern.al Volume 

Refrigerant Charge 

Remarks 

Comments 



; . ~ ·. 

\ 

"RSLG" Hot Chamber Test Sheet 
. ..• , ,....... · ............. ,,.:,. , . ·-'~-~~ , ... ,_,~ ...... ~. ···=--~·- .. 

·Date 99. J. ?. Test Type pid{ rkvn. 
~ Model Serial number 

l . · J3CJ>-J88 . p-t{.09 
Compo Model Compo Watt 

AE135oy 1'313 V{ 
Thermostat Type Thermostat Model 

1ype.. 

Tempo °C 

Tl 

T2 

T3 

T4 

T7 

T8 

T9 

Test Results 

Thermo 
Cut in 

l Compo Suco 

Therm. 
Cut out 

Compo Discho 
'r-~~~~~-1-~~~-+-~~~~ 

J Comp. Shell 
1 Evapo Outlet 

1 
Compo Ruruling I Time% 

, Evapo inlet 
i'-~ ~~~~~~+-~~~1--~~--l I Condo Outlet 

:: Enerov 
1 OJ 

\ Consumpo I Kw/24Hrs 

~ 1 Running Current 
Wi Ampo 
f]/ Lab. Specialist: 

L= .. ~=.~· . ... ··~-~..::. ······ ............... ········~·- ~ ... . 

Test Number 1 Ambient Tempo ?.2 ""c 
Overall 
Dimo 

Refrigerant 
Tvoe 

Thermostat 
Settinu 

Supervisor: 

Internal Volume 

;Bed. 
Refrigerant Charge 

Remarks 

Comments 



\. 

''R/SLGn Hot Chamber Test Sheet 
ti ,,. ___ ·····- ~ .. . .. .. . .. ,. ... '·· --~-

P. Date q9. /. 7 Test Type Puil rkv-n . Test Number 1 AmbientTempo 32C, 
Internal Volume Jj Model Serial number Overall 

[1>--------l--------1--D_im_. __ +------------111 
!1
1 

"»C-D-168 P-r-t. 08 ~()ot55~-1.9i.o 
J Compo Model Compo Watt Refrigerant Refrigerant Charge 
1 Type 
]1--A-E-1-84_0_>)'---+-l --1-o_B_vf_ -t--f<-1?~4-~-.-1----1-15-frr-.. ---i• 

,) Thcnnostat Type TI1cnnostat Model Thermostat 

I' Setting 

Iii . Test Results 

tl1 Tempo °C Thermo Thermo 

~ Tl Cut in Cut out 

ff--------1----+-----1 
fui T2 
~jr-i ---T-3---+-----1-----1 

il Compo Sue. 

~ Compo Disch. 

~I Compo Shell 

~I Evap. Outlet 

t' Evap. inlet 

tJ Condo Outlet 
I Bald Temp 
tr---------f-----'------1 
i Comp. Running 
· Time% 
1f-------~---------l 
i Energy 
1 c 

l
l onswnp. 
;r---_K_v._,_/2_4_I_Ir_s --1----------1 

,i Startin!:!: CmTcnt F ~ 

tl Am • 
'1·'.i Running c·-urr_c_n_t-;--------i 

;I Amp. 

Supervisor: 

Remarks 

Comments 

.. ~--·.:. -- ~- ~. -· ~~-



·--.~ ..... ,.:..;--~-· .... ,. 

\. 

'(iRSlGn Hot Chamber Test Sheet 

l Date 9 J. iJ. 5 Test Type PwU c&wn. Test Number J AmbientTempo 32°c 

Model Serial number Overall Internal Volwne 

· Compo Model Compo Watt Refrigerant Refrigerant Charge 

.~!---------+--------+---T.;.J.vo-"-"-e--r-----------1• 
rl !1fii?9oy 2 z4 w R 134a. 
R Thermostat Type Thennostat Model Thermostat 

[i1----------1---------1---Se_tt_i_,ng"'-----1----------

~I fre-s>wre /ype Yl/7F?o. 

~jt-l ______ 1-_C_ut_· i_n-1_C;__u_t-'-ou:..ct'---! 

il----~-~---+----li------t 
[!1-----t---1--___, 
~;----T_4 ___ ,__ ___ .__ __ __, 
f TS 
~1-------1-----l----~ 

~1----~-~---1-----1'----~ 

f ii Comp. Disch. 

~ Comp. Shell 

[j Evap. Outlet 

f1 Evap. inlet 

[; Condo Outlet 
f·C--=--:-c----t-----+----~ ·; Bald Temp 

[! Comp. Running 
f!I Time% 
!' Energy 
~I Consump • 

. l; K w/24 Hrs 
fJ.•·i-:s-tart--cm-b-,C-urr_c_n_t-+--------~ 

. Amp. 

Remarks 

Comments 



• .. 

''RS.LG" Hot Chamber Test Sheet 

-· .,. ........ ., ,, . .. 

Date 93. ~- '· Test Type ptvtf ~ Test Number 1 Ambient Tempo ~2°c 

{ Model Serial number Overall Internal Volume 
Dimo 

~ lJJ:>-?D,(j pr{. 06 111.25 :A?t>o ,c 9.i.o ~oB ld. 
·Compo Model Compo Watt Refrigerant Refrigerant Charge 

l Tvoe 

l /Jl 1?9o Y .:i.24w R 1-34~. 190 'I"'. 
: TI1ermostat Type TI1ermostat Model Thermostat 

~ 
Setting 

{ype. YVff-30. ~ P-re-t,,-S.J.ill'e N'/AA. 

~ 
Test Results Remarks 

Tempo oc Thermo Therm. 
i Cut in Cutout 

. ~ Tl 
l T2 . 
~ 

~ T3 

~ T4 

~, TS 

TG 
t: 

!i T7 

~ 
T8 ' . 

I . T9 

' Comp. Suco 1 
; Compo Disch. 
~ ., 
! 

Comp. Shell 

l Evap. Outlet Comments 
; 

' Evap. inlet 1 
1 
\ I Cond. Outlet 

Bald Temp 

"l\ Comp.. Running 

1· T>me% I Energy 

l!j Consump. 
tii Kw/24 Hrs 
" Starting CWTcnt k;1 

~I 
Amp. r: 

\ 

~ Running Current ti 
t.! Amp. 

~ Lab. Specialist: Supervisor: 

L ,_,_.,. .. ., ·' .• ···..: • .:..~-: :.::.:..:.;.!.;;;.;;..,"' ,. ~.·,--· -· ~-.-· •• ,,.,...,...., .• ,,, . ....,, 



''RSLG" Hot Chamber Test Sheet 

i Date 9s.1~.:J.5 Test Type pJd;f Jew,,. Test Number / 

' Model Serial number Overall 
Dimo 

~ /Jp-:J./o P-ri;. of) Jo~5c1..r,55:;1.9~ 
·' Compo Model j Compo Watt 

' 
l 

A~ '~7oJ 172 w 
l Thermostat Type TI1ennostat Model 
·~ 

W'ff}o. 

~ oc Test Results 

Thermo 
Cutout 

fl T3 

~ T7 
fJ,_i --T-8 ____ .__ _ __, 

~i--T9_--;---1-----1 
Ii Compo Suco 

~ Compo Discho 

~ Compo Shell 

~ Evapo Outlet 

\J Evapo inlet 

·.} Condo Outlet 

~ Bald Temp 

tJ Compo Rurming 
~ Time% 1i-------t----------I 
fill Energy 
, Consumpo 

· t: Kw/24 Hrs 
ij Sta.1:ing Current 

b Am'-o----l----------1 
fj Running Current 

Refrigerant 
Type 

R.1?4cx, 
1bennostat 

Setting 

MMl. 

! Ampo 
;i Labo Specialist: Supervisor: 
" b ....... '"' ,.,,,., __ ~ ... _-,... __ ,- .. = .. -~= 

---- - ''·,••·..;:.;;~~· ·,-.-• '- •-o'•Ho-·--,... "• • ~··}·•••"• • •..-T - • 

Ambient Tempo~2·c 

Internal Volume 

Refrigerant Charge 

I£ o ff'· 

Remarks 

Comments 



\. 

--~'----

~ Model Serial number Overall 
~ Dimo 

1 Compo Model Compo Watt 

t57vf 

Refrigerant 
Type 

Thermostat Type Thermostat Model Thermostat 

'r oc 
~ .1.empo 

t T7 

Test Results 
' 

Thermo 
Cut in 

Thermo 
Cutout 

~1--------+-----1----~ 
~~I -~T_8 __ +--~-;-----1 
~f--~T_9~~;--~--1-~~-1 
~ Compo Suco I Comp. Disch. 
; Compo Shell I Evap. Outlet 

. Evapo inlet 

Condo Outlet 

~ Bald Temp 

I\ Compo Running 

.~\ Energy 
fj;I Consump o 
t'J YT /24 p . [:; l"-V: dfS 

1:1 Starting Current 

v\ _ _ Amp=-o --i--------1 

[J~ning Current 
l,:1 \ 

t Time% 

Setting 

Ambient Tempo 32°c 

Internal Volume 

1J5 u 
Refrigerant Charge 

Remarks 

Comments 

t:i ,. mpo 
t;\ Labo Sp'-c-ci:--al-:-:is_t:__,_ _______ -+-S=-u-p_e_rv-:-is-o-r:-----------~IJ 

t1 
r: 
ii.:..:.:•"> .. -~· .. :-..:.;:.,..; ;-:.;;._;_ ___ ;.; ..... :._· .. .;; . .;.;:;~ . ...L.---: .• ~ ---·--~-.~ ·-·--, ~ .. , - --; ... v....- ·--~- ~-. ~ ........ ,_ ,.... .• ,. ., 



\ 

6~ll;.,~}LG'' Hot Chamber Test Sheet 

j 

' 
(, 

I 

~ 

" 

Date 98. 1 ~. 23 Test Type pu;tJ. tkwn Test Number / 

Model 

Btr19B 
·Compo Model 

AE 1?60)' 
Tiiermostat Type 

Serial number 

Prt. 03 
Compo Watt 

/S?w 
Thermostat Model 

Overall 
Dimo 

Refrigerant 
Tvoe 

Ambient Te~p o 3 :i.. • c 
Internal Vol\.Uile 

19B U. 
Refrigerant Charge 

Thermostat 
Setting dll---------1--------+-----'"'--4-----------

~ IP.re.~ -r:rtu wf f?o Max. 
~ Test Results Remarks 

Thermo Thermo 
Cut in Cutout 

·r2 

ll T3 

~1--T_7 --i----1----1 I TI 
" Comp~

9 

Suco 
r: Compo Discho 

~ Compo Shell 

~ Evapo Outlet 
t;i-------+----t----+-----------------!1 t Evapo inlet 

Comments 

t) Startmg Cw-rent 

[i BaldTcmp 

~I Compo Running 
~ Time% 
p . • Energy 
rt; Consm11po 
.i Kw/24 Hrs 

1 ~ A~o t Running C_u_rr_e_n_t -J--------1 

r!I AI~Po 
filLili:S;I Labo Sp-~c-c-:-ia-;-:li-st-: _.._ _______ +-:::S:-up-erv--:i:-so_r_: ------------JI 
(j 
f:·~•,..-·3 ·--,~:.;:::<:- . ., __ , -,• " .• ~ .,. • --.···T·•-~·o·- , ..•..•. ., ... , .. ..,~ •- --~·• ,,.,.......,. .,,..., 



Transmission load calculation 
r .. 

Side Walls 
Back Panel 

Door 
Bottom Floor 
Front Panel 

D . . 
1mens1ons. 

Dimension 
Mt. 

2x0.58x0.55 
0.895x0.58 
0.895x0.55 
0.895x0.55 
0.895x0.58 

Area (sq. Mt) 

0.638 
0.519 
0.49 
0.49 
0.519 

Insulation Type: Pu Foam 

Insulation 
Thiclrness mm. 

60 
60 
40 
65 
60 

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

Temperature Difference: (11T) = 32 - ( -18) = 50 C 
Ambient Temperature= 32 C 
Freezer Air Temperature = - 18 C 

Calculation : 

QTL = Qsw + QBP + QaouoM + Q Front + Qooo& 

Q=UA(Ta-.Tr) 

1 U=-------
x1 I K 1 +X2 I K2 + ....... . 

Where: 
U =Heat Resistance Coefficient Factor 

Kt = 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 SideWalls = [U A (Ta-Tf)] 

Ta-= Ambient Temperature 
Tr= Freezer air Temperature 

U = 1/ (0.060/0.0195) = 0.32 W/ Sq. Mt. C 
A= 0.638Sq. Mt. 
Ta=32 C 
Tr=-18C 

Q SideWatls = 0.32 x 0.638 X 50 = 10.2 Watts 

Q SideWaus= 10.2Watts 

2 - Q Backpanel = [U A (Ta -Tr)) 

Ta= Ambient Temperature 
Tr= Freezer air Temperature 

U = 1 I (0.060 /0.0195) = 0.32 W/ Sq. Mt. C 
A =0.519 Sq. Mt. 
Ta= 32 C 
Tr=-18C 

Q Back panel = 0.32 x 0.519 X 50 = 8.3 Watts 

Q Backpane1= 8.3 Watts3 - Q FrontPanel = [U A (Ta - Tr)] 

Ta= Ambient Temperature 
Tr= Freezer air Temperature 
U = 1I(0.060/0.0195)=0.32 WI Sq. Mt C 
A =0.519 Sq. Mt. 
Ta= 32 C 
Tr=-18 C 
Q Front Panel= 0.32 X 0.519x 50 = Watts 

Q top= 8.3 Watts 

, __ ..;.._. ________ ,..~---------- -·--·---~--------···. 

? 



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

Ta= Ambient Temperature 
Tr= Freezer air Temperature 

... 

U = 1/ (0.065/0.0195) = 0.30 W/Sq. Mt C 
A =0.49 Sq. Mt. 
Ta=42C 
Tr=-18 C 

Q Bottom= 0.3 X 0.49 X 60 = 8.9 Watts 

Q Bottom= 8.9 Watts 

5 - Q 0oor= [U A (Ta -Tr)] 

Ta= Ambient Temperature 
Tr= Freezer air Temperature 

U = 1I(0.04010.0195) = 0.49 WI Sq. Mt. C 
A =0.49Sq. Mt. 
Ta= 32 C 
Tr=-18 C 

Q 0oor = 0.49 x 0.49 x 50 = 12 Watts 

Q Door= 12 Watts 

Total Heat Leaks; 

QrL= 10.2 + 8.3+ 8.3 + 8.9 + 12 = 47.7. 

Q Total Heat Leaks = 4 7. 7 Watts 

b) Product Loads; 

Q product= 65 °io QHeat Leaks 

QProduct Loads= 47. 7 X 70°/o = 33.4 

Q Misc= 30 °/o ( Queat Leaks + QProduct Loads) 
. ' 



Q Misc= JO O/o = 24.J 

Q Misc = Q Electicily + Q Infiltration ·+ Q Door Opening + QEtc. . .. 

Total Cooling Capacity required is calculated as follows; 

Qcrand Total= QHeatLeaks + QProductLoads + Q Misc . 

. QGrandTotal = 47.7 + 33.4 + 24.3 = 105.4 Watts 

QGrandTotal = 105.4 Watts 

Type of Compressor suitable for this model is recommended Aspera Model · BP 
111 lZ, or Compressor HUA YI Model AE1340Y, or Zanussi Model OF789CY. 

Transmission load cale,ulation 

Chest Freezer Madel BJ)l82AE 

Side Walls 
Back Panel 

Door 
Bottom Floor 
Front Panel 

D
. . 
1mens1ons 

Dimension 
Mt. 

2x0.58x0.55 
0.985x0.58 
0.985x0.55 
0.985x0.55 
0.985x0.58 

Area (sq. Mt.) 

0.638 
0.57 
0.54 
0.54 
0.57 

Insulation Type: Pu Foam 

Insulation 
Thickness mm. 

60 
60 
40 
65 
60 

ICP5. Foam Thermal Conductivity: 0.0195 W /mt.C I 
Temperature Difference: (fl.T) = 32 - ( -1~) = 50 C 
Ambient Temperature = 32 C 
Freezer Air Temperature= - 18 C 



Calculation : 

Qn, = Qsw + Qsr + QBOITQM + Q Front + QoooR · 

Q=U A(Ta-Tr) 

1 
U=----~--

X1 I K1 +X2 I K2 + ....... . 

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 SideWalls = [U A (Ta - Tf)] 

Ta== Ambient Temperature 

Tr== Freezer air Temperature 

U = V (0.06010.0195) = 0.32 WI Sq. Mt. C 
A= 0.638Sq. Mt. 
Ta=32C 
Tr=-18C 

Q SideWalls = 0.32 X 0.638 X 50 = 10.2 Watts 

Q SideWa11s= 10.2Watts 

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

Ta= Ambient Temperature 



'" 

Tr= Freezer air Temperature 

U = l / (0.060 /0.0195) = 0.32 WI Sq. Mt. C _ 
A =0.57 Sq. Mt. 
Ta= 32 C 
Tr=-18 C 

Q Back panet = 0.32 x 0.57 x 50 = 9.1 Watts 

Q Back panel= 9 .1 watts 

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

Ta= Ambient Temperature 
Tr= Freezer air Temperature 

U = 1 / (0.060/0.0195) = 0.32 WI Sq. Mt C 
A =0.57 Sq. Mt. 
Ta= 32 C 
Tr=-18 C 

Q FrontPnnel = 0.32 x 0.57x 50 = 9.1 Watts 

Q rop= 9.1 Watts 

4 - Q Bottom= [U A {Ta - Tr)] 

Ta= Ambient Temperature_ 
Tr= Freezer air Temperature 

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

Q Bottom= 0.3 x 0.54 x 60 = 9. 7 Watts 

Q Bottom= 9. 7 Watts 

5- Q0oor= [UA(Ta-Tr)] 

Ta= Ambient Temperature 

-~- --------------·-··------··--··-· ... . . ... - ·····-·-·-----~·-···--·- -------··. ·····-------·--
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Tr= Freezer air Temperature 

U = l / (0.040/ 0.0195) = 0.49 WI Sq. Mt. C 
A =0.54Sq. Mt. 
Ta=32C 
Tr=-18C 

Q 0oor = 0.49 x 0.54 x 50 = 13.2 Watts 

Q noor= 13.2 Watts 

Total Heat Leaks; 

QTL= 10.2 + 9.1+ 9.7 + 9.1+13.2 = 51.33 

Q TotalHeatLeaks = 51.33 W~tts 

b) Product Loads; 

We consider 13 Kg ice making· capacity for this model per 24 hours. 
Therefore; 

Q product= Qi + Qz + Q3, 

where; 

Q1 = mC1 (T1 - Tr)= energy required to freeze water from initial 
temperature to freezing point of 0 °C 

Q2 = mC2 (Tr-To)= energy required to freeze ice from zero degree 

temperature to -18 °C 

Q3 = m x h = heat gain from latent heat of fusion of water 

Ql = 13 x 1 x (24-0)= 312 Kcal per 24 hour 

Q2 = 13 x 1 [ 0-(-18)] = 234 Kcal per 24 hours 

QJ = 13 x 108 = 1404 Kcal per 24 hours 

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

. 7 



Q Misc= 10 °/o ( QHeat Leaks + QProduct Loads) 

' .. 

Q MUc= 10 6/o (51+94) = 14.5 

Q Misc =. Q Electfclty + Q Infiltration + Q Door Opening + QEtce 

Total Cooling Capacity required is calculated as follows; 

Qcrand Total = QHeat Leaks + QProduct Loads + Q Misc. 

QGrandTotal = 51.1 + 94+14.5=159;6 Watts 

QGrand Total= 160 Watts 

Type of Compressor suitable for this model is recommended 



rr '.l·:.l """' • • . 1 ;u . l .,,,?J,,,,.1; LF(JJ·UP.~lS.S1Jlll__J..fl1l...fli. ca,,.c f::.?J~iii}~,fJ11 
~~~~~~~~'AF. 

Side Walls 
Back Panel 

Door 
Bottom Floor 
Front Panel 

Dimension 
Mt. 

2x0.58x0.55 
1.06x0.58 
1.06x0.55 
l.06x0.55 
l.06x0.58 

Insulation Type: Pu Foam 

Area (sq. Mt.) Insulation 
· Thickness mm. 

0.638 60 
0.61 60 
0.58 40 
0.58 65 
0.61 60 

jcP5. Foam Thermal Conductivity: 0.0195 W ~t.: J 
Temperature Difference: (.1.T) = 32 - ( -18) = 50 C 
Ambient Temperature= 32 C 
Freezer Air Temperature= - 18 C 

Calculation : 

QTL == Qsw + Q.ar + QsorroM + Q Front + QQQQJ.?. 

Q = u A (Ta - Tr) 

1 U=-------x1 I K1 +X2 I K2 + ....... . 

Where: 
U =Heat Resistance Coefficient Factor 

K1 =Foam Thermal Conductivity 

X1 =Foam Thickness 



Note : Due to the short thicl0'1.ess of cabinet out side panel ( 0.5 rmn) and 
aluminum inner liner ( 0.5 mm ) heat resistance of these materiaJs· have been 
considered negligible. , " 

Therefore: 

1- Q Side Walts = [U A {Ta - Tf) ] 

Ta= Ambient Temperature 

Tr= Freezer air Temperature 

U = 1/ (0.060/0.0195) = 0.32 WI Sq. Mt. C 
A= 0.638Sq. Mt. 
Ta= 32 C 
Tr= -18 C 

Q SideWalls = 0.32 X 0.638 X 50 = 10.2 Watts 

Q SideWans= 10.2Watts 

2 - Q Backpanel = [U A (Ta - Tr)] 

Ta= Ambient Temperature 

Tr= Freezer air Temperature 

U = 1 I (0.060 /0.0195) = 0.32 V.// Sq. Mt C 
I A =0.61 Sq. Mt. 
Ta= 32 C 
Tr= -18 C 

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

Q Back panel= 9. 8 Watts 

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

Ta= Ambient Temperature 

Tr= Freezer air Temperature 

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

·' 

I() 
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Tr= -18 C 

Q FrontPanel = 0.32 X 0.61x 50 = 9.8 Watts 

Q Top= 9.8 Watts 

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

Ta= Ambient Temperature 

Tr= Freezer air Temperature 

U = 11(0.065/0.0195)=0.30 W/Sq. Mt C 
A =0.58 Sq. Mt. 
Ta=42C 
Tr=-18C 

Q Bottom= 0.3 x 0.58x60=10.4 Watts 

Q Bottom= 10.4 Watts 

5- Q0oor= [UA(Ta-Tr)] 

Ta= Ambient Temperature 

Tr= Freezer air Temperature 

... 

U = 1I(0.04010.0195) = 0.49 WI Sq. Mt. C 
, A =0.58Sq. Mt. 

Ta= 32 C 
Tr=-18C 

Q 0oor = 0.49 x 0.58 x 50 = 14.2 Watts 

Q Door= 14.2 Watts 

Total Heat Leaks; 

QrL= 10.2 + 9.8+ 10.4 + 9.8 + 14.2 = 54.4 

Q TotalHeatLeaks = 54.4 Watts 

b) Product Loads; 

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

Q product= Q1 + Qi + Q.J, 

where; 

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

Q2 = mC2 (Tr - 1' tr) = energy required to freeze ice from zero degree 

temperature to -18 °C 

Q3 = m x h = heat gain from latent heat of fusion of water 

Ql = 15 x 1 x (24-0)= 360 Kcal per 24 hour 

Q2 = 15 x 1 [ 0- (-18)] = 270 Kcal per 24 hours 

· Q3 = 15 x 108 = 1620 Kcal per 24 hours 

Qproduct = 360 + 270 + 1620 = 2250 Kcal per 24 hour= 93 Kcal I hour= 108.7 
Vi 

Q Misc= 10 °/o ( QHeatLeaks + QProductLoads) 

Q Misc= 10 o/o (54.4+108.7) = 16.3 

Q Mhc = Q Electicily + Q Inmtration + Q Doo.- Opening + QEtc. 

Total Cooling Capacity required is calculated as follows; 

QGrand Total = QHeat Leaks + QProduct Loads + Q MJsc. 

-~Grand Total= 54.4 + 108.7 + 16.3 = 179.4 Watts 

[ 
V l I 
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QGrand Total= 179 Watts 

Type of Compressor suitable for this model is recommended 
' .. 

Transmission load calculation 

Chest Freezer Model BD308. 
])_ . . 

unens1ons 

Area (sq. Mt.) Insulation Dimension 
Mt. Thiclmess mm. 

0.79 70 
Back Panel 0.89 70 

Door 1.12x0.63 0.70 65. 
Bottom Floor 1.12x0.63 0.70 75 
Front Panel 0.8xl.12 - 0.25x0.24 0.89 70. 

Insulation Type: Pu Foam 

ICP5. Foam Thermal Conductivity: o-:O:i9s w /,'11t.~ 

1~ 



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

Calculation : 

QTL = Qsw + QBP + QBOTroM + Q Front + QoooR 

I Q = U A ( Ta - Tr) ~ I 

1 U=-------
X1 I K1 +X2 I K2 + ....... . 

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 Side Walls= (U A (Ta -To] 

Ta= Ambient Temperature 

Tr= Freezer air Temperature 

U = V (0.070/0.0195) = 0.28 W/ Sq. Mt. C 
A= 0.79 Sq. Mt. 
Ta= 32 C 
Tr=-18C 

. Q SideWalls = 0.28 X 0.79 X 50 = 11 Watts 

Q Side wa11s = 11 Watts 

1<1 



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

Ta= Ambient Temperature 

Tr== Freezer air Temperature 

... 

U = 1 I (0.070 /0.0195) = 0.28 WI Sq. Mt. C 
A =0.89 Sq. Mt. 
Ta=32 C 
Tr= - 18 C 

Q Back panel= 0.28 X 0.89 X 50 = 12.5 Watts 

Q Back panel= 12 .5 Watts 

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

Ta= Ambient Temperature 

Tr= Freezer air Temperature 

U = 1 I (0.070/0.0195) = 0.28 W/ Sq. Mt C 
A =0.89 Sq. Mt. 
Ta=32 C 
Tr=-18 C 

Q Front Panel= 0.28 X 0.89x 50 = 12.5 Watts 

Q Top= 12._5 Watts 

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

Ta= Ambient Temperature 

Tr= Freezer air Temperature 

u· = 11(0.075/0.0195)=0.26 W/Sq. Mt C 
A =0.70 Sq. Mt. 
Ta=42C 
Tr=-18 C 

Q Bottom= 0.26 X 0.70 X 60 = 11 Watts 

I'\ 



Q Bottom= 11 Watts 

5- Q0oor= [UA(Ta-Tr)] 

Ta =Ambient Temperature 

Tr= Freezer air Temperature 

' U = 1 I (0.065/ 0.0195) = 0.3 WI Sq. Mt. C 
A =O. 70 Sq. Mt. 
Ta= 32 C 
Tr=-18 C 

Q 0oor = 0.3 x 0.70 x 50 = 10.5 Watts 

Q Door= 10.5 Watts 

Total Heat Leaks; 

QrL= 11+12.5+ 10.5 + 11+12.5 = 57.7 

Q Total Heat Leaks = 5 7 ~ 5 Watts 

b) Product Loads; 

T _. 

We consider 20 Kg ice making capacity for this model per 24 holllrs. 
Therefore; 

Q product= Qi + Qz + QJ, 
·where; 

Qi = mC1 (T1 - Tr)= energy required to freeze water from initial 
temperature to freezing point of 0 °C 

Qz = mC2 (Tr- T «) = energy required to freeze ice from zero degree 

temperature to -18 °C 

Q3 = m x h = heat gain from latent heat of fusion of water 

Ql = 20 x t x (24-0)= 480 Kcal per 24 hour 

Q2 = 20 x 1 ( 0- (-18)] = 360 Kcal per 24 hours 



Q3 = 20 x 108 = 2160 Kcal per 24 hours 

Qproduct = 480 + 360 + 2160 = 3000 Kcal per 24 hour= 125 Kcal I hour= 145 
w 

Q ~= 30 % (QneatLeaks + QProductLoads) = 10%(57.5 + 145)= 20 W . 

Q Misc= 20 Watts 

Q MJae = Q Electldty + Q Jnmtration + Q Door Opening + QEtc. 

Total Cooling Capacity required is calculated as follows; 

QGrand Total = QHeat Leaks + QProduct Loads + Q Misc. 

QGrandTotal = 57.5 + 145 + 20 = 220 Watts 

Type of Compressor suitable for this model is recommended Compressor 
HUAYI Model 
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Back Panel 
Door 

Bottom Floor 
Front Panel 

. 

t ... 

Transmission load calculation 

Dimension 
Mt. 

l.38x0.63 
l.38x0.63 

0.8xl.38 - 0.25x0.24 

Area (sq. Mt.) Insulation 
Thickness mm. 

0.79 70 
1.05 70 . 
0.87 65 
0.87 75 
1.05 70 

Insulation Type: Pu Foam 

lcP5. Foam Thennal Conductivity: 0.0195 W /mt.C I 
Temperature Difference: (AT)= 32 - ( -18) = 50 C 
Ambient Temperature = 32 C 
Freezer Air Temperature = - 18 C 

- Calculation : 

QTL = Qsw + QaP + QBOTIOM + Q Front + QoooR 

Q =U A (Ta-Tr) 

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 SideWalls = [U A (Ta -Tf)] 

Ta= Ambient Temperature 
Tr= Freezer air Temperature 

U = V (0.070/0.0195) = 0.28 WI Sq. Mt. C 
A= 0.79 Sq. Mt. 
Ta=32C 
Tr=-18C 

Q SideWans = 0.28 X 0.79 X 50 = 11 Watts 

Q Side Walls= 11 Watts 

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

Ta= Ambient Temperature 
T f =Freezer air Temperature 

U = 1 I (0.010 /0.0195) = 0.28 W/ Sq. Mt. C 
A =1.05 Sq. Mt. 
Ta=42C 
Tr=-18 C 

Q Back panel= 0.28 X 1.05 X 60 = 17.64 Watts 

Q Backpanet= 17.6 Watts 

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

Ta= Ambient Temperature 

·------·---
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Tr= Freezer air Temperature 

U = 1I(0.070/0.0195)=0.28 WI Sq. Mt C 
A =::LOS Sq. Mt. 
Ta=42C 
Tr=-18 C 

Q FrontPanel = 0.28 X l.05x 60 = 17.6 Watts 

Q Top= 17.6 Watts 

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

Ta= Ambient Temperature 
Tr= Freezer air Temperature 

U = I/ (0.075/0.0195) = 0.26 W/Sq. Mt C 
A =0.87 Sq. Mt. 
Ta=42C 
Tr=-18 C 

Q Bottom= 0.26 X 0.87 X 60 = 11.3 Watts 

Q Bottom= 11.3 Watts 

5 - Q 0oor= [U A {Ta -Tr)] 

Ta= Ambient Temperature 
Tr= Freezer air Temperature 

U = 1I(0.06510.0195) = 0.3 WI Sq. Mt. C 
A =0.870 Sq. Mt. 
Ta=32C 
Tr= - 18 C 

Q 0oor = 0.3 x 0.870 x 50 = 13 Watts 

Q 0oor= 13 Watts 

Total Heat Leaks; 

QTL= 11+17.6+ 13+17.6+11.3 = 70.5 

' .. 

?() 
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Q Total Heat Leaks . = 7 0. 5 Watts 
... 

b) Product Loads; 

We consider 25 Kg ice making capacity for thns modeE per 24 hours. 
Therefore; 

Q product= Qi + Q2 + Q3, 
where; 

Qi= mC1 (T1-Tr) =energy required to freeze water from initial 
temperature to freezing point of 0 °C 

Q2 = mC2 (Tr-Ttr) =energy required to free~e ice from zero degree 

temperature to -18 °C 

Q3 = m x h =-heat gain from latent heat of fusion of water 

Ql = 25 x t x (24-0)= 600 Kcal per 24 hour 

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

QJ = 25 x 108 = 2700 Kcal per 24 hours 

Qproduct = 600 + 450 + 2700 = 3750 Kcal per 24 hour= 156 Kcal I hour= 182 
-w 

Q MJse= 30 % ( QHeatLeaks + QProductLoads) = 10%(70.5 + 182)= 25 W 

Q MJsc= 25 Watts 

Q Misc = Q Ekdiclty + Q lnfiltration + Q Door Opening + QEtco 

Total Cooling Capacity required is calculated as follows; 

Qcrand Total = QHeat Leaks + QProduct Loads + Q Misc. 

?1 



QGrand Total= 70.5 + 182 + 25 = 277 Watts 

QGrandTotal = 277 Watts 

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

Side Walls 
Back Panel. 

Door 
Bottom Floor 

Transrnission load calculation 

Chest Freezer Madel BD510 
Dimensions 

Area (sq. Mt.) Insulation Dimension 
Mt. Thickness mm. 

0.8x0.63 +(0.45x0.63 0.79 70 
0. 8x 1. 7)-(0.25x0.24 1.3 70 

l.7x0.63 1.07 65 
1.7x0.63 1.07 75 

?? 



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

Insulation Type: Pu Foam 

jcP5. Foam Thermal Conductivity: 0.0195 W /mtC 

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

Calculation : 

Qn, = Qsw + Qar + QsorroM + Q Front + QoooR 

Q=U A(Ta-Tr) 

Where: 
U =Heat Resistance Coefficient Factor 

K1 =Foam Thermal Conductivity 

X1 =Foam Thickness 

70 

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 Side Walls= [U A (Ta - Tf)] 

... 
Ta= Ambient Temperature 
Tr= Freezer air Temperature 

U = V (0.070/0.0195) = 0.28 WI Sq. Mt. C 



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

Q SideWalls = 0.28 X 0.79 X 50 = 11 Watts 

Q Side Walls= 11 Watts 

2 - Q Backpanel = [U A (Ta - Tr)] 

Ta= Ambient Temperature 

Tr= Freezer air Temperature 

U = 1 I (0.010 /0.0195) = 0.28 W/ Sq. Mt. C 
A =1.3 Sq. Mt. 
Ta= 32 C 
Tr=-18 C 

Q Back panel= 0.28 X 1.3 X 50 = 18.2 Watts 

Q Back panel= 18.2 Watts 

3 - Q FrontPancl = (U A (Ta -Tr)] 

Ta= Ambient Temperature 

Tr= Freezer air Temperature 

U = 1I(0.070/0.0195)=0.28 WI Sq. Mt C 
A =1.3 Sq. Mt. 
Ta=32C 
Tr=-18 C 

Q FrontPanel = 0.28 xl.3x 50 = 18.2 Watts 

Q rop= 18.2 Watts 

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

... 
Ta= Ambient Temperature 

Tr= Freezer air Temperature 

" ?11 



U = 1/ (0.075/0.0195) = 0:26 W/Sq. Mt C 
A =1.07 Sq. Mt. 
Ta=42C 
Tr=-18C 

Q Bottom= 0.26 x 1.070 x 60 = 16.7 Watts 

Q Bottom= 16.7 Watts 

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

Ta= Ambient Temperature 
Tr= Freezer air Temperature 

U = 1I(0.06510.0195) = 0.3 WI Sq. Mt. C 
A =1.070 Sq. Mt. 
Ta= 32 C 
Tr= - 18 C 

Q Door= 0.3 x 1.07 x 50 = 16 Watts 

Q 0oor= 16 Watts 

Total Heat Leaks; 

QTL= 11 + 18.2+ 16.7 + 18.2 + 16 = 80 

Q Total Heat Leaks = 80 Watts 

We consider 30 l{g ice.making capacity fo:r this model per 24 hours. 
Therefoire; 

Q product= Qi + Qz + QJ, 
where; 

Qi= mC1 (T1-Tr) =energy required to freeze water from initial· 
temperature to freezing point of 0 °C 

Q2 = mC2 (Tr-Tff) =energy required to freeze ice from zero degree ... 
tentperature to -18 °C 



Q3 = m x h = heat gain from latent heat of fusion of water 

Ql = 30x1x(24-0)=720 Kcal per 24 hour 

Q2 = 30 x 1 [ 0- (-18)] = 540 Kcal per 24 hours 

Q3 = 30 x 108 =3240 Kcal per 24 hours 

Qproduct = 720 + 540 + 3240 = 4500 Kcal per 24 hour= 187 Kcal I hour= 218 
w 

Q Misc= 10 °/o ( QHeat Leaks + QProduct Loads) = .10%(80 + 218)= 30 W 

Q Misc= 30 Watts 

Q Misc = Q Elccticlty + Q .lnfiltrnti.on + Q Door Opening + QEtc. 

Total Cooling Capacity required is calculated as follows; 

QGrand Total= QHeatLeaks + QProductLoads + Q ~ 

QGrand Total= 80 + 218 + 30 = 328 Watts 

QGrand Total = 328 Watts 

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

.. ' 
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OFF 7:12:9 -19.58 -22.11 -22.02 -18.22 -18.54 -19.14 0.000 1.1950 107.9 
ON 7:24:31 -19.54 -22.15 -22.08 -18.29 -18.63 -19.20 0.913 1.1900 
OFF 7:38:45. -19.48 -22.00 :-2L92 -18.19 -18.54 -19.12 0.001 1.2218 108.4 
ON 7i52:5. -19.01 ~22.22 -22.13 -18.34 -18.08 -19.23 0.918 1.2222 
UFF 8:8:0 -19~62 -22.15 -22.08 -18.31 -18.63 -19.17 · 0.001 1.2508 107.9 
ON 8:20:19 -19.55 -22.12 -2i.99 -18.21 -18.50 -19.14 0.914 1.2514 
OFF 8:34:1. ~19.Gl -22.14 -22.04 -18.28. -18.02 -19.15 0.001 1.2701 108.0 
ON 8:47:49 :-19.53 ·.:.22.12 ;_22.01 -18.25 -18.55 -19.11 '< · 0.310 1.2765. 

"."'FF !1 ·1·''0· · -19 't:o· -"2. 1·a·-ci2 o·r. - 1 8 "O - 1 8 G" -19 ·"O ··t· '' ''u··u- 1 r""" .... ..," · U ;:i, ,(. · .v t. , · t.. , U 1 ,iJ l , v ,{.. '" U,U l.0Ulll lUO.U 

ON 9:14:8 -lS.43 -22.04 -21.91 -18.15 -18~48· -19.07 ';,c: 0.910 1.3014 

· ********************~*~******************* · " (ON= J.td!IJ:fil.jfil ~f,oFF:: lt. ~~Hfd&Ji ~e., *on:: 1t :ffi tu i!.~ llihfil ii!,, *off= ft~ tlUA~ w i9i ~) 
. 1 '~_9" 1.2 2·~· 9•1''•8'"·' ("max)- 1" l"' oc-..·· (m- ...... U.-ic-..n~~l·-'T.' '"·\··.,"·'-;..•Et~, ,i;~-~*.: ·n=n-·U:...,_..m.;: • ..;.,.:~i·.',\.)·•.:..•E?>..".._ r.·~-L~-.,.n . l<l_O".' - " ..• q, . . ru . -- o. u ' UA--F,;\;.~;;t.:·rw~Jf1Ji~·1jf..iE,}fl~.~':,7"»'~,.%~,llll-·i/\.)i!,.~~~1-GL..lt1Jl~·"i4;:.E,JRiz,';;',P~'.'<~} 

'*'· '.::·'.ll'tt' -;J:; =~a::-a:;a:::a;;; = ! "r.·1' n)- 2" ,I 0 :c·· ! r_ - .. - ' . .', ..... .; .. s U; 1 · "·-: n- ·-..', ... ,. -.:..· s ·,,/, 1.· _,_.'I,,-=;::. ,, .. *'· ·..;, ... ~· ·.:..· s :~ •. l; .'V{ ;' 1 oon H~ :,'=11) !%' . vv_vu ffl m m ffl ffl ffl ~ ffl \ r iii -- l, '± \. r HlctA-f¢'·1JJ; ;,g Jf)i'.]r,: }:.i, , L' 11111 -1°;:·1;,r- .EE. Jf'l 1z· };-,', , U- lL tN 7T ~i'.:1 ;z-;;r, _;g, Jf.i J.~~ };;<, 'o/ T- 10 v .,•J -.;<~ 

J#'Ji'fjfjffj:ij (ton }=88:30 °C (tm)=88.80 \] (ton=~t~:gt10,t11,t12~f!.~k8jT·i~Jfil,tm=tonfiii.jJ.:.-:l-k;t~¥i~jfiitJJfi}f;t'~J{R) 
. (tof f) :::88. 80 °C ( tn) =88. 30 ,C ( tof f ::l;t:.'. ~ ~~ t 10, tU , t l. drH~ .s~ Ei'J f ±~ ffi, tn=tofftil £j l. - :tk-:b :<f i~J ·Ui st {if¥ i~J f~) 

ii! iJ~::O, 910 (A) (xmax=·~t ~ 7H&J;;.: ;;j; ~ J;iJAL~ atttl) 
ffi<k:i=l.4000 (KWh/24h) ,; 

:: 

. ~H~Bj faj: 1998-12-23 ~i: 25 :40 . -

53.32 

53. 3:i 

53~35 

53.34 

r: .~~ •• , r• 
v0.l.U 

L 4009 5 
5 

1.4013 5 
5 

1.4019 5 
5 

1.4018 5 
5 

l.400G 5 
5 

857 
742 
854 
800 
955 
i7•"\("\ 
(<);J 

822 
8(;8 
811 
7G8 

) . . .. · .. 
--~~---~--~----~---------------~--------------~----~-----~-------~------------------------

( 

( 

( 

( 

~-------~~-----------------------------------------------------------~-------------------- ~ 
~O: 2 . 
l~ 3;i v'-.i :tf : fill \h~ ;_g_J~ ·· ( 
•»~~~ . 
t~:ili:3D-1G3(R134a 
fil~:AE1350Y .GG* 100 150 ( 
J'rffJ:32'70% 
't:=r • . .:!>.rt:l'">:J.:?".:.~-"'· f.~ -;:a Lr: J.':i 0L Jr Ln if.i = ;:i 
;:REt ':fe ii : 
• :0 • • ' • ' ,.. .I. °\ • -1 ~ '~ ',_ 1 ·-· '"" t ' 1 l ~ ' • i ' - I '"r ; _,: ' ("; 

if-1fj~J£:-~l.i:J '..l, ;·;H;&; .. dt<.:o\ Tl, lG, T3, t-1, T\:J, tu, t.i, to, 

Hf :i:-~ 1 

tk?:B u~ fs) t. l t2 t3 t4 t5 tG t1 t8 

1~188-12-22'~. 
OFF 11:19:9 -20.29 ·-20.22 -17.11·-23.94 -22.03 -22.57--21.80 -22.03 
ON 11:39:24 -20.11 -20.22 -17.13 -23.03 -22.G4 -22.GO ::..zl..84 -22.07 

· ·:oFi, 12:0:17 ~20.33.-20.27 -17.18 -23.98 -22.05 ~22.59 -21.82 -22.0G 
nu· 1~ 1 n~·,~~.· ~O 1? ~n ni 1r/ n~ 2· ~ ~n ?~ nn q~ ~~ ~1 ~n ~~ ~~ · v:i;" 6.t..u-..:.v -, • "'-?u.t..1 -1 .u<i-: 0;·0<:i -,,t...uu -"f..,,J,1 -.:..i.10 -cl..uu 

OFF 12:57~21•-20.30·~20.29 -17.15 -23.98 -22.Gl -2~.55 -21.81 -i2.05 
ON 13:18:30 -20.03 -20~15 -17.00 ~23.48 -22.47 -22.41 -21.00 -21.88 
OFF 13:4G:G -20.43 -20.33 -17.28 -24.04 -22.G3 -22.58 -21.84 -22.02 
o~ 14:0:38 -20.11 -20.22 -11.11 -23.oo -22.58 -22.53 -21.a1 -22.00 
OFF 14:34:23 -20.37 -20.31 -17.18 -23.90 -22.60 -22.54 -21.78 -22.03 
OK 14:55:9 -20.18 -20.23 -17.19 -23.07 -22.00 -22.03 -21.89 -22.11 
OFF 15:24:15 -20.38 -20.31 -17.l8 -23.98 -22.01 -22.57 -21.82 -22.07 
ON 15:45:10 -20.0G -20.25 -17~13 -23.03 -22.55 -22.59 -21.77 -22.05 
OfF 1G:11:27 -20.45 -20.30 -17.25 -24,04 -22,GS -22.G5 -21.89 -22~15 
ON 1G:31:53 -20.24 -20.32 -17.20 -23.08 -22.GG -22.Gl -21.80 -22.09 
OH lG:58:45 -20.38 -20.28 -17.20 -23.95 :..22.00 -22.57 -21.81 -22.0G 
ON 17:19:0~ -20.12 ~20.22 -17.14 -23.02 -22.GO -22.50 -21.81 -22.03 
OFF 17:44~37 -20.33 -20.23 -17~17 -23.~1 -22.58 -22.55 -21.79 -22.05 
ON 18:4:58 ~zo.01 -20.17 -11.12 -23.57 ~z2.57 ~z2.51 -21.75 -21.ss 
OFF 18:30:53 -20.36 -20.20 -17.21 -23.97 -22.G2 -22.50 -21.77 -22.01· 
oN 1a:51:5 ~zo.13 -20.22 -11.11 -23,59 -22.58 -22.51 -21.10 ~z1.ss 
OFF 19:10:53 -~0.3i ~20.20 -li.14 -23.88 -22.55 -22.52 -21.74 -21.99 
ON Hh37:0 -20.09 ·-20.17 -17.09·-23.53 -22.53 -22.48 -21.70 -21.~l-! 
OFF 20:3:10 -20.2~ -20.lG ~17.12 ~23.87 -22.01 ~22.Gl -21.83 -22.00 
'y;.: ') ,·; • 2 Q • ·:i ,, ... n :·i· 1 - •) •• "'i \~ - ., 7 1'; (\ - n ,-, !:- f' ~ ? 2 :f rr ·- ('? \L 0 ... •} 1 r: ('\ ·- ·i ; (1 1 
\.:.~ .. tJ, .•I • · ... • . , J. I/ , .t.f1, 1 .• 1 •.. i' ! ... -~.'-! .. -.... ~d.J {. .. ) ~,J,J I .. • u .• 

~'l~ Jtf;, ~Jt i j· :1~ " 

..;.. i r. 
L. J. \) i i [ T12 tl3 tl4 t15 t9 c.lG r{i ;;~ ~ ~ 1 JjJ tf.: 

(A) (KWh) (W~ 

r, :";nr; 1i ri ,;.;·; 
U.lJUU U,l,0<1 

o.~144 o.ose 
0.002 0.087~ 100.3 
0.952' 0.087<) '.·· 
0.003 0.1419 105.3 
1": ,-, ·j :1 u. ~10·1 
\J. GG2 .•. -.,, 

• ~JJO 

.GiJO 
0.832 

.0 3 
(· ,· 

•. J u 

.0 
a 

•<' 

G. tJG3 
j"; , ...... 1.-; 
tJ. <J'i I 
('. .""ii".·"; 
U,\JU0 

G. ;150 
0.000 
0.910 
0.003 
0.948 
0.002 
0, G\:~4 

i~I ~ ,: 1') ,( u. l·j l'! 

0.1%3 l05.3 
0.1913 
0.2~02 103tCl 
o. 2.ios 
~ ~~~A i~~ ~ 

·U,(.JlU lllv. I 

·0.2~J25 
G 1 ·i~~~ 1~~ ~ 

V.0000 lUU.l 

0. 3392 
0.38G7 100.2 
0. :3871 
D. ·132fi lGG, 4 
0. 4~l2~1 
0.478:J lGG.7 
0. 4'7!34 
0.5252 100.8 
0.5258 
0.571~1 lOG.4 
0. 572;) 

( 

( ' 

.( 

if. ~Ki ~ ~·g 2 c~ n L~ -~· 
l C/ \ ! -:: ;'.71. / .-: .! ~ .. \ 

\lo} .\ r. iii ti "·!iii ( 

lG ( 
57.04. 1.4074 13 

5 120G 
58.91 1.5004 5 1 ( 

5 1 
33.03 1. l8G4 3. 1 

5 l2;i2 ( 
57.03 l.~828 5 l.GG5 

J 1240 
58.02 l.·±854 5 ... ':7 .: i• 

i I ·j \) ( 
5 12(; 1 

57.01 1.1738 5 1671 
" 122li 

57.49 1.4734 5 1Gl2 
5 1215 

57.30 1.4093 5 1537 ( 
5 1221 

57.10 1.4008 5 1355 
5 1212 ( 

57.00 1.4050 5 1548 
5 1213 

50.99 .4040 5 1504 ( 
/1 .. 'i; l. 5 ·'·· .1211· 
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. OH. i2lr3il·!titl -;r:u.zµ :-~U.1'1 -l'(;U~ ;;.ia;rn fl2i48 :;-Zt:.<l.'~ -Zl.IH '"'.zl.ml. 
··o~P' ::21~53;30 -2o 13 -:-2o 20 ·ifft2 L2a 5·3 ~22' :53 ~.it 5o ~21 :7ir·~22 :03 · 
OttOi'.'?i ;191~t: >·?O: $.2' ~M '.22 ·;it: iJ -:~23: so .~24 ;.~ij-:P?2 '.:.~~ ·;;2(;1.7.. ·t:z.2~93 ... 
ON. 22:~~8:50 :..20~.12° ..:20.21 "".l7;J4 ~23.5'/ ;z2;58 ;22;53 ~·2Lr/5 ..:21.97 
OFF 2J:~:H ·. -20;20 ~20.12 ·-H.13· .;..23~so· ~22;48 -~22.44 -,:21,68 ..:.2i.1~2 >, 

oN 2.1:24:159 ..:zo:os -io. io .~11:os ·r-i3.4's .:..22.4~ ~22.4;1 --21:05 ~zL9o · · 
" 7 ,,::.,;· ·1·· ri} 3' ··2·· 21: 1';.. 1··· .. rj' ;.·· .·'•-r:·:4''i1':.·:2 ... 2 ... ··4'·.:.. ·2"1"· ·7' ·2··,···0··1·· 0 rf t. ,J • J 1. .:i -z { , 1 :- 0 . - I.. 'i '." 2 .:>. o 1 ·'"' 2£: , ( .°'.'. , I - , Z - t.. • · 

,., l~i98-"1~~23 ;,, . .. ''" . . . ' ''·' ,>: ·:.> ;·~.:·'(> . ' .' <· ' 
u J:11cG -zU.11 ~20.Lu -1 .lJ -z.:i.o4 -22;D2 ~z2.48 ~21.69 -~1.91 
o F o:M;:~n .. 2r1.2~1 -20.21 -1 .13 -23.87 .:.22.53 "'."22.49 :-21.n -2L95 
o · 0:58:32 -20.10 -20.19 -1 .13 ~23.56 -~~.55 ~zi.ia -21.os -21.01 

Off 
ii\ 
/1 ',··r· 
\) [ [ 

{}\ 

OFF 
o~ 

r• ~n 2n n~ nn n~ ~~ ·~ n~ nn 2n ~~ hn !7 _9J ~,3 -91 n~ 1 ! l ·'i ! ~ ! t ! - U • 1) U .... L ll • t. \) - l ( • J ll - l -..1 • O :·J - t. t tJ..i -. L l:,, "f '-' .. '- L. a _VO 
1 • IS·h· . -90 14 -2fi 22 -17 17 -2~ ~~ -~2.55 ~22.50 -21~13 -21.93 
~~~2;12 -I~:~s -2b:1s -1~:i~ -~~:~~ -iz.51 -22.47 -21;67 ~21.92 
2:32:43 -20.11 -20.22 -17.15 -23.53 -22.53 ~22.50 -21.73 ~21.96 
t'.:57:43 -20.33 -20.27 ..:u.25 -23.90 -22.55 ·22.54 -21.75 -22.0G . 
~i:P::iJ ,..20.08 -20.d -17.U -28.50 ,..zz.H-22.4G -2LG7 --2L90' 

OH ·3:44:3 · -20.29 -HJ.20 -17.19 -23.8G -22.52 -n.5.0 -·21.73 ,;,.21.99 . 
4:4:11 -20.10 -20.20 -17.17 -23.5f1 -22.53 -22.48 -21.71 -21.94;.~ 
4:30:l8 -20.32 -20.21 -17.21 -23.87 -l~;5~ -22~5G ~z1:1i -22.02··, 

;-,,-; 

~''" 
OFF 
,-~ \ ~ 
I)_\ 

,-,;··· 
\Jr i 

u~~ 

o-rr 
n~ 
tiff 

.t,.-:r,,;•.- -'''1 1 '
1 

:_,-;,, ') .. ; ·-1-1 1'' -·)~ -;r• -. "'-? >c.- ~"" '2 -21 ·"tO ..;,ol 90 -:! • ~IV • t l l U • .l 'f l U , (. •.• , ,1 ".) • JU ·. 'f, '-< ' iJ.u. (.. l , iJ_ . • , i, , ·, . 

5:15:£'li "."20.2~i -20.1i -n.N -23.so ~-22.5& -22.55 -21.75 -21.99 
~i:35:rn -zo.10 --20.1s -11.11 .:z8.53 -22.52. :...22.47 -2LG8 -2i.s2 
·0:2:5 -20.32 -20.2s -11.12 -23.87 -22.54· ~u:iii ,..2i.ns -2L94 
n.~•.;o -2U' 9 q -. 9 ~ ~n -·1~1 1n -n" ·,,,c··~2.~··a 11· ·-~~ ~4-2·1·. 8~1· ~.2 9 ·0°. v.'-.1.,v..::J .L:v "' .vl ... v 6V.Uu .. LI_·:• .·.L.6.u . • "• ~ 

G: 4f.i: 23 -20. 40 ~20. 31 -lLlG -23. 99 '-Z°Z":M -·i2 .57 ·-21. 78 ~22. 02 
,-,;· .., ·, ... ' ' "" 10· 2· ,-, rir- 1·-( .. -. r·" -..... ,..,.,,. ,,,;., . 2··) ··9 ·,... 0 1 ··!·) o··· u:-. ·1:~~='1:1 ··t.u. - u.'-u - .1u -zJ.Uu·-.c.t.;; .. uu.-."·",.'-,;)' -l1.u M"'-· .:> 

(;Ff 
ON 
OH 
ON 
OFF 

i'::H:54 -20.30 -20.10 -17.03 -23.83- ~2-~L.~S: -22:47 "'.21.72 -21.97 
'/:54:54 -20.12 -20.22 -17.15 -2;LG1 "'.22-.59 ".'22.54 .::21.75 ,::.21.98 
a:2u:s6 · ;..20.00 -20.22 -1Li'i -2;=;.s1 ·~22.02 .<:-22~54 .:;2f;n 122.ir2 
r'•40".;'4 -20 10 -20 "''-l7 11 ·-2'' '="/ ~!fa ~I': ::_22 4;~ ~;.;1 7< -h-91 o, .t..u • . .10 , 1 .:>.<J .. .,uiJ: ..• 0::: G, .•. 1 .. ·· •.. 

9:3:32 -20.35 -20.22 -17.19 -23.93 ~22.05 ~22.01 ~21.82 ~22.07 
G~ · 9:23:22 -20.0G -20.13 -17.0B -23.52 -22.t5 .~22;50 .. ~21;70~~21.93 

');'k"k1:"k'X.}:. 'k'A '!;').:. k1.:'k k'k'J:.'):,)i,');');'k'J;);');'k');'X'k'k'k-J:.·).;-;;-):.j;*~:*'k*'k . . 

19S8-12-22 13:18:301998-12~22 ·13:10:6(¥maxJ=-ll.OO ~c: 
1998-12-22 13:40~6 (fmin)=-24.04 ·c 
mliflimm (ton )=88.80 ·c 

· · (to ff) =-88, 80 ·c 
.u... '·*=O. u'<·~ It) ' 't!. lnt: ' t.J \] l/ \ i\ 

· " -: · : *£it!. ii= 1. 4581. (KWh/24h) 

:_ . .; ·<~.!i_., 

...,:_ 
.., . ·- '~ ,· 

'c~ :-' · ... · ~,~-

'~- ; 

" ,·1.. :· • r~~,·. ·' ~-_:1 
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;. 

' _,. 

.:.' 
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'"' l 

·-

!f 
/ii 
. ~;_it~ 
:·;~l 

.. ·.•,. ·.·1~~ 

1.,· 

~-: ·. 

~ 

. -

,i;',; 

~ :. :. :·· . ~-· 

,, 

'• .JJ.UlJl U,l.JIJt:4 J.UIJ, ( QlJ, I~ .1; 1rn::io 0 . 

. 0~·93~ .· 0:063('.'.· •. :·<: .:·,. ' :\, .. ·:. 1 0:;,{;;}f:{.~:y ·.,,.,::l.ft<f;'?J~' 
0 00" 0 7081' 106. 3 56 ·78 il 4590 :i:: ; ';i.i_ ~:-:45"i·i,''((;: 
,:• ' •~ .'·' ~ ~I •',,'··',\ • .• ••• t ,· •'_; •.•.~,•'<, •;. ,,('•"'''' '':.:: .• •\ • • ._ u_ .'.'n"." 0.947 0.7080. ·. . . ... ·.,., '.·5 . ' ·. 

-~J~~ t~~~~ lqG,2 ~G'..Bl :.l.4Gq,~ -~. 
0.000 0.8020 100.2 50/82 J.460G fr· ·- · ... , ' :·· . . . . . 

.. ·.:. 

0 929 0 ~s .. r-: .·._ .. : . ·. , r-: . . • • 02u . . ·· ·.· .... ·.· ·· .. u 
U. o' no 0 ~~·ori1oio r-:~ ·a··a ·1· ~~2"2··r-:• , u ... Oo <J.:- v. •. -.iJU., . "'11.l ,.iJ·. 
0 92CJ 0 "l=l" . . . .• . ·. r-
•• < .ou .:> . . .. •. : ·.· . u 

0.001 0.8979 lOG.3 50.83 ·.L4G21 5 

f,. 

.. ;.i ~. 

\ 

0.8984 
0.9404 106.1 
n.s4os · . 

··:L 
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