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( AZlIAYISH INDUSTRL.\L FACTORIES CO. ] 

I INTRODUCTION I 
We are pleased to forward you our FinaJ report regarding the execution 

of contract No. 941091 which has been nominated as the first phase of CFC 
Phase Out project in AZMA YESH Co., as a part of project No. 
MP/IRA/94/403 in Iran. 

AZMA YESH Co., wider supreme supervision ofrn-..lDO and UNDP in 
Tehran began the execution of t.liis contract on first of Nov. 1994. Nevertheless 
we have been involved in this project directly or indirectly since 1992 by using 
reduced CFC gas as blowing agent in our insulation material~ also we were the 
first refrigerator manufacture in Iran, that signed a contract with LIEBHERR 
of Gennany to manufacture, no frost refrigerators and freezers, using Ozone 
friendly HFC RI 34a refrigerant. 

AZMA YESH Co.' s main consideration is to achieve this programme 
timely and in the best and fastest possible way. As a leading manufacture in 
Iran we are proud that we could conduct the first international symposium of 
application of Ozone Friendly Gases in Iran, with collaboration of some 
German manufacturers such as BA YER and LEIBHERR, in October 1994. In 
this symposium more than 150 experts from Iranian local manufacturers as 
well as Iran EnvironmentaJ Department and some universities were taJcing part. 

This report contains following subjects. 

1 - Project back ground in AZMA YESH Co.; 
2 - Synopsis; 
3 - Activities; 
4-Tasks 
5 - Prototypes evaluation and analysis; 
6 - Conclusion; 
7 - Recommendations; 
8 - Bibliography and References; 
9 - Attachments; 

(I) 
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AZ~IA YESH L"IDUSTRl...\.L FACTORIES CO. 

I PROJECT BACKGROtJND IN AZMA YESH CO. 

AZMA Yl:.SH Industrial Factories Co. As a leading home appliance 
mam.afa;:turer in lu~n was established in 1959. the main acti\"ities of AZMA YESH 
Co .. In Mar\·da,m plant is producing ~ight models of refrigerators and frc~zers. 
as ,,.ell as washim! machine and vacuwn cleaner. The cllkr facton· in located near - . 
Tehran and produces con\·cctor heaters and waler coolers as wdl as water healers. 

lhe h'tal r-·.,duction rate of refrigerators and freezer~ are estimated to be 
more than 250.000 units per year at maximum capacity. More than 1100 pecple 
are working in .\ lar\-<lashi plant and 600 production personnel are working in 
refrigerator prod~dion department. Laboratory department is taking care of testing 
of performance ~ritcria of lJUr refrigerators and freezers. as well as material 
acceptance tests. 

fhe total annual ODP consumption rate. are estimated 159 MT ( 33 M r 
of CFC-12 and 126 MT of CFC-11 ). 3 MT of CFC-12 arc considered for our 
SCI'\·icc stations. Approximately more than 2J)()()J)()() refrigerator and freezer units 
have 00..-n manufactured by AZMA YESI I Cu.~ and arc still in scn·icc in Iran. The 
average service !i,·cs of our refrigerator units are 15 years. More than 180 
authorized sen:ice agenf s are repairing our refrigerator units and give serYices to 
our customers in Iran. Refrigerator components such as Compressor Unit 
Thennostat and driers are imported. 

The existing high pr~ssurc foaming machines arc three. one is used for 
refrigerators and the other for freezers. the smaller one is used for doors. The wet 
parts of our foaming machines are made of ELASTOGRAN and dry parts are 
made of PERR OS. More than eighty scls of vacuwn pwnps arc I ,EYBOLD model 
D2A. 
Our charging cquipmc...-nt and leak detectors are old and should be replaced with 
new equipments. 

(2) 
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( AZMA YESR INDCSTRIAL FACTORIIS CO. ) 

I SVNOPSIS l 

The p~iect No. 1V1P/IRN941403 has been nominated to I~lamic R~public 
oflnm for 1.he ~lultilateral FunJ fur the impkmc:nlatiun of The ~1onlrcaI ProttK.-ol 
Financing. 

AZMA YESH lndu.crtrial Factories Company~ under UNIIXY s contrc1ct No. 
94/097 has executed. the desi~ calculation and drafting. for model reddinition 
pn1totyping.. testing prototypes for functionality and perfonnancc of fi\c moJds 
of refrigerators and re( freezers: i.e .. to redesign L'ie cooling units of all models so 
:ha! they could run on the new Lllone friendly refrigerant RI 34a instead Llf the 

ODP acti\·e CFC-12. 

Under this contract AZf\.1A YESH Co. has prepared a study of follt1wing 
subjects. 

A) Dimensional specifications; 
Type and insulation thickness: 
Refrigerator unit component details; 
Working perfonnancc: 
Energy consumption~ 

B) Sclectkm of HFC 134a compatible component; 
C) Redesigning of the complete refrigeration circuit; 
D) Specifying necessary changes in the refrigeration system: 
E) Preparation of trial equipment; 
F) Testing of prototypes for functionality and pcrfonnancc; 
G) Evaluation of test results; 

(3) 
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[ AZMA YISH L'fDUSTRL.\L FACTORIES CO. ) 

TwCl progn.--ss reports were prepared in order to comply '' ith the contract· s 
requirements. the reports discuss following su~iects: 

I- First Progress Report 

I - I ~1cthod of Refrigeration LoaJ Calculation. 
I - 2 Method of Product Load Calculation. 
I - 3 Refrigeration System Condition 
1 - 4 Fquirment Selection 
I - 5 Refrigeration Unit Governing Relations and Equations. 
I - 6 Rdngcrator ~todd AR06 Load Calculation and Equipment Sdcctilm. 
1 - 7 Rcfrigcralllr ~fodd AR08 L\lad Cakuiatilm and [quipmcnt Sdcdion. 
I - 8 Retngerator Model ARIO Load Calc~:!ation and Equipment Selection. 
1 - 9 Refrigerator Model \R 12 1.oad Calculation and Equipment Se!ect!(lr.. 
1 - I 0 Refrigerator Model ARF2 I .oad Calculation and Equipment Selection. 

2 - Second Progress Re1>ort 

2 - 1 Products Specifications. 
2 - 2 Working Pcrfom1ancc Characteristics. 
2 - 3 Determination of Constant "' C •· 
2 - 4 Selection of Rl34a Compatible Components. 
2 - ; Evaluation of Prototype~. 
2 - 6 Temperature Test Procedure. 
2 - 7 Energy Consumption. 
2 - 8 Optimization Method 
2 - 9 Preperation of Trial Equipment. 

(4) 
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( • .\Zl-IA YESB INDUSTRL.\.L FACTORIES CO. ) 

I ACTIVITIES I 
Following acti\ ities were ac~omplisheJ Juring ~x~~ution of the ~lmlract 

since No,-. 1994 as well aC\ other acti,·ities regarding project No. !\.1.!>.'IRA/9.t.' 403. 

1 - Corresponding with l INIDO in V icana and UNDP in Tehran concerning 
execution of the contract ·with respect to the contract requirements. 

2 - Coordination with ~1arvdasht Plant in order to identify mu<lds~ which arc going 
to be modified and collect nccessarv infonnation in this rcuard. 

~ ~ 

-~ - Deliherat!t'n t'f required equipments for modilYing the first prototype in 
Man:dasht plant. 

4 - CorresponJi1:g \\ ith l~1DO am! L 'XDP office in Tehran in order to gi,-e them. 
the requested infor.nation regarding num~r uf jig::. .ii1J fixtures cxistr.:d in 
Man·dasht plant. t{'r the purpose of accomplishing required modifications. 

5 - Preparing Marvdasht plant~ s layout plan for the purpose of preparing Tenn of 
Reference of modification and purchasing foaming machines. 

6 - Corresponding with UNDP office in T chran, regarding suppling necessary 
equipments such as \'acuum pumps and a leak detector and also refrigerant 
chargers. required for execution of the contract. 

7 - Making three more prototypes ( AR08, AR 10 & AR 12·) in our service center 
in Tehran as well as twenty prototypes made in Marvdasht plant, for the purpose 
of research and development. 

8 - Shipping one of prototype Model AR08 to dkk- FORON research center m 
Gcnnany \iith close cooperation and e<Xlrdination with l JNDP ~lffice in Tehran 
and 
UNIDO, in order to test the functionality and performance of the prototype. 

(5) 
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9 - ~nJing i \\\) pru~'"·~~ P'-=~ \ tli<ld AR 1 :! anJ AR 10 &ll Shariflndustrial lJnivcrsit} 
of Tehran's research center~ hl check the performance of ~ach p:utotype. 

10 - Review and stuJy llf perfonnance charactcristics and specifications of more 
than thirty four-different kinds of compressors fium Jiffcn:nt manufacturers. such 
as D~l>.IFOSS. ZAi~SSI. NECCI fl. GOLDST AR. ~IA TS US I Ill A. ASP ERA & 
TECOMSEII. In order to select the most suitable ~l)mpn:ssl)r fitt~J tu uur 
refiigeration system.table one llfthc second progress report shows the ffil)dd and 
type of each compressor. 

11 - lVtodil)-ing \\ater drnin tray under eYaporator compartment. in order lo ~ecp 

C\aporator tcmP'=ratun: Cl)Os!ant and steady. 

12 - I letcrminatinn of a suitahle amount of RI 3-1a refril!erant charge for each - ..... 
mod~I. 

13 - DcLcm1inati1.m lll correct kng.th of capillal) LUbc. 

14 - Selecting Drier type XH-9 and XI I-7 which ha\"\! the highe.- potential of 
absorbing humid!ty in a :cfrigcration cycle. 

15 - ( >rdcring l 500 units of RI 34a compressors. as well as driers and RI 34a 
refrigerant for production of 1500 refrigerator units for field test programme. 

16 - Designing new test sheet for recording prototype pcrfonnanl"c data. 

17 - Preparing two progress reports as follows; 

I - Redesign. calculation and modification of models AR06. AR08. AR 10. 
AR 12 and ARF2. 

2 - Component selection. prototype testing and evaluation of pcrfonnancc 
of five models. 

(6) 
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( AZ:\L.\ YESH INDU'STRL..\.L FACTORIES CO. ) 
18 - Coordinating and corresponding witlL Ministry of Commerce. ~Ainistry of 
Foreign Affairs. Bureau of Customs, Banlc Markazi of IR IRAN, in order to get 
Authorization for release of five sets of chargers and leak detectors~ for ARJ. 
A ZMA YESH. BAHMAN~ IRAN POUY A and PARS. on behalf of UNIUO and 
UNDP. 

19 - Coordinating and corresponding with ARJ. BAll1\.1A..N. IRAN POUYA and 
PARS APPLIANCES Co.~ in order to deliver four sets of charger and leak detector 
as well as spare parts. These equipment~ were purchased by UNIDO. from 
A'GRAMKOW. under Multilateral Fund Financing Programme~ through project 
No. MP/IRN94/403. 

10 - Performing more than ten site surveys. in Mar\·dasht plant. in order to follow 
up all pr0jcct actiYities in Marvdasht. and coordinate with authorities. 

21 - Participating in an academic seminar and practical laboratory course of 
research and design of new refrigeration technolo~· for phasing out CFC" s and 
minimizing ODP impact. Held at dkk- FOR.ON research center at Scharfcnstein 
Germany on behalf oflTNIDO, from 27th Feb. 1995 till 17th March 1995. 

22- Visiting Liebherr and Foron Manufacturing facilities in Germany. in order to 
see their new technologies in this regard. 

(7) 
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( AZ~IA YESH INDCSTRL.\.L FACTORIES CO. ) 

[ TASKS I 

For the execution of the ~aid cnntr.t~t. the foll0wing tasks ha,·e ~n 

accomplished. 

1 - Prcparaiiuu uf lhc firs\ progre~s rcpuri. in~iuJing 

' 1 o .. f~~ ........ r: .. ,n' o.,d C.,fct1'"'tI·l,.,., .. 
.. - • - ., ........ ·~'""'""'•". 1_,, " u •"' ·&1;\. 

In rin~ ~ctitm all necessary inf(l!"!T?'..l!inn h:i~ heen gathered to calculate 

heat loads. 

Th~ following items ha\c b\!ca ~ ... H::-.id~n:~ to d~tcm1inc heat loads. 

J - 1 - I H~at gain hy conduction through walls. 
I - I - 1 Dclcm1ination of Coefticicnt of heat transmission. 
I - I - J Determination of temperature difference between Ambient and F rcezcr 

and Refrigerator Compartments. 
1 - I - 4 Dctcnnination of thcnnal conductivity of, foam, carbon steel and ABS 

plastic. 
1 - 1 - 5 Detcnnination of product load calculations governing niles and 

equations. 
1 - I - 6 Detenaination of product. latent heat. freezing point and specific heat. 

1 - 2 Refrigeration System Condition: 

The following subjects were considered to he discussed a" important tasks 
in the first pr0gress report. In thi~ section all infonnatinn. required for 

DclLT111ination of refrigeration ~·ystcm conditions. such as inlet and outlet 
temperature and pressure have been discussed. 

1 - 2 - 1 Compreswr working conditior.. 
(8) 
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( AZllA YISB INDt:STRL.\.L FACTORIES CO. 

l - 3 - 2 l\mJ~ns~r working ~lmJitil'Il. 
I - .2 - 3 Clpil!ary tube working condition. 
I - 2 - 4 f-,·ap<lrator working condition. 
1 - 2 - 5 C.< >.P .. Compressor coetlicient of perfi.1nnance. 

l - 3 E~t~:t1mcnt Sdcction: 

) 

In !h!" sect~0n !he ?r.ethnd nfrefrigeratit'n sys!lTI components selection. ha~ 
hn:n Jiscu,~d. rhe de'-'in:d C\lnlJ'fe"'"t'r ''!°'C!"at;ng lime and a?!-;o minor changes in 
the illlltlllnl \lf rdng.cnmt char~c <md possibility of incn:asin~ capillary tu~ were 
~xplaincJ. 

A comparison tahk of existing RI~ and R 1 _~4~ c;.,T.prcssors was r .. ~91ared 
h' -.how the difference" of l'nmpressors cooling capacity. 

All g~wcming ruks and equations necessary to ca!culak and dctcm~ir.c the 
capacit!cs e~· refrigeration system were hroe~t i~ th!~ secti0n. 

I - 5 In sections I through X. the methods <'f rl"frigeration load calculation and 
c4uipment sc1cction for li\e Models of AR06. AR08. AR 10. AR 12 and ARl:2 
have been discussed. 

ANALYSIS 

Inc first progress report ha'\ lx.-cn prepared mainly to discuss thcorical i~sucs 
of choosing new R 134a refrigerant. In this report ASI IRAE handbook of 
fundamL-ntals of rcfriE?cration was used to calculate heat load and etc .. ncvcrthdcss 
there arc many other rncthods in the other references. which arc similar~ with a 
slight ditkrcncc. We have to take into our consideration the point that since our 
Model Refrigerators are already existed and we do not have t0 design a new 
refrigerator unit. i~ is not necessary to consider aH details for heat load calculations. 

(9) 
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( AZ'.\IAYISB INDU'STRl.\.L FACTORIES CO. ) 
For example heat leaks through cabinet edges and door gasket and door openings 
cou!d be neglectea because we already add ten percent of total heat loss to this 
figure. 

For determination of product load calculation. there arc two ideas in this 
regard; 

a) To consider maximwn product capacity of refrigerator and freez.er units 
with respect to the actual internal volume of the unit. And calculate all heat gains 
from products either in refrigerator or freezer compartments. 

b) To consider and calculate~ the Kcal/hrs require to make least three Kg ice 
in the freezer compartment. 

ASHRAF. standard has selected the first method ahc.we. and we ha,·e chosen this 
method respectively. 

2 - Second progress report 

In order to prepare the second progress report the following tasks were 
achieved. 

2 - I Making twenty-three prototypes. for the purpose of functionality and 
performance test run, as follow; . 

2-1-1 Model AR06 
2-1-2 Model AR08 
2 -1-3 Model ARlO 
2 -1-4 Model AR12 
2 -1-5 Model ARF2 

Four units 
Five units 
Five units 
Five units 
Five units 

2 - 2 Designing a new test ~hcet in accordance with ISO standard requirement, for 
the purpose of recording test data. 

(10) 
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( AZ'.\IA YESH INDt:STRL.\L FACTORIES CO. ) 

2 - 3 Pn:paring non CFC n:frigcrJt~llll tiiJ[ prl•Juditlll ~l•I~1prc~:,1..lr ~k~:i\.)n !\.lml. 
~:'~ .:tm!paring Ji~!~n.~a:~ .:l)mprC='='•Jrs t~dmical spccifica!il,r.S in C(\mparison with 
(lllr cooling capacity requirements . 

.: - -l Tcstio~ ii>iil>\\ ing Cl>mpn:ssor moods on our prohllypes: 

:!--t-1 ASPERA 
2-4-2 . .i\SPERA 
:!-4-J ASPERA 
2-4-1 ASPERA 
2-4-5 GOLDSTAR 
2-4-6 GOLDSTAR 
~-.t-7 \JOI.DST AR 
2-4-8 DA!'JfOSS 
2-4-9 l"ECAMSEll 

\10D£L. BP 10-18 Z :!2 
MODEL! BP 1111 Z 
MODEL B 1116 Z 
MODEi .. B 1 1 18 I 
MODEL. XR 58 LAEG 
MODEL NR 62 LAEG 
\10DU .. \'75 LAEG 
MODFL fR R.5 G 
MODl-.1.. AE 360 KS 561 

2 - 5 T csting. following R 12 CllmprcsStlrs lo compare \\ ilh R 13.ta compressors: 

2-5-1 ZA-'°'1JSSI MODEL, G45A \V 
~-5-2 MATSUSHITA MODEL, fN5 IQ1 IG 
2-5-3 MATSfTSHITA MODEL FN77G180 

2 -6 T ~sling models AR 12. ARF2. AR08. prololypcs Wldcr 18. 32 and 43 degree 
~cntig.radc ambient t~mpcr.ilun: h.:sl cunJition. 

2 -7 Testing Models AR06 and ARlO. prototypes under 43 degree centigrade 
amhient temperatures. 

2 - 8 Testing. !Our prototypes model AR 12. under following conditions: 

2 -8 -1 Under 18. 32 and 43 degree centigrade ambient temperature condition. 
with ten JX.,-ccnt refrigerant charges reduced and the same capilJary tuhc kngth as 
R12 system. 
2 - 8 - 2 l Jnder 43 degrees amhicnt temperature condition. with ten percent 

(11) 
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( . .\Z)fAYESH INDCSTRl.\.L FACTORIES CO. ) 
inc1ca.~ i:: capil!ary tu~ kagth and th\! sam~ rd:ig\!r.mt charg~ as R 12 system. 
~ - 8 - 3 l rndcr 43 degree centigrade tcmpcr:i!ure conditions. with the same 
refrigerant charge and capillary tube kngth as R 12 system . 

., 1 0 P- • . - d • · ·• ·: '~ · · · . · • _ - ,1..:j)artng p:o UCt spc ...... 1t..:a ...... : .... 

~ - 11 Pre;'aring wvrk?ng performance charJcteristics. 

2 - 12 Preparing method of determination of constant ··c:· 

1 - 13 Selection of R 134a compatihk comp<'ncnts. 

2 - 14 PertiJnning e\·aluation nf prototypes· actual perfC.,rmance. 

2 - 15 Preparing temperature lest procedun:. 

2 - 16 Preparing method of dctcnnination of en\!rgy consumption. 

2 - 17 Preparing method of refrigeration sysrem optimization. 

2 - I 8 Preparation of trial test cquipmcm~. 

2 - 19 Editing tw0-progrcss report for ac~uracy and completeness. 

2 - 20 Re\·iewing all available documents regarding changing refrigerant R 12 into 
R 134a~ such as technical specification of different refrigerators form other 
manufacturers. 

2 - 21 Collecting all necessary infonnation from different sources. such as the 
department of cnYironmcntaJ of lJSA. 

(12) 
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I PROTOTYPES EVALUATION AND ANALYSIS I 
In preparation of the first progress report. we have chosen an appropriate 

method for our refrigeration load calculation. To respond our design and 
configuration requirements. choosing au appropriate method of refrigeration load 
calculation is the aim of selecting compatib!e components. The method of 
refrigeration load calculation for a new design refrigerator could be completely 
different, in comparison with an existing in production refrigerators, because, in 
this case. we are not looking for the new nature of each refrigerator component or 
parts. In oontemporary with designing new refrigerator model, we have to consider 
many parameters, such as heat leaks from outside through, wedge, comers, door 
gaske~ door infiltration. door openings, heat radiation dissipated from condenser 
and compressor shell and etc. 

A nwnber of heat load parameters for cabinet loads in addition to the wall 
conduction loads could be consi<k.~ lbcse include: electric dcfro~ pl.""IlCtrations~ 
heaters and controls, fan heat, refrigerant line hea~ in-wall evaporator, in-mullion 
evaporator, and in-wall condenser. 

The total values shown for the cabinet section are the hourly average loads 
which mcst be removed by refrigeration system. 

For the pwyose of detennination of energy consumptio~ two cooling 
capacities should be oonsidered: I) evaporator load, and 2) net capacity. Nonnally 
these two quantities are the same. If a cold-plate ev~porator is used, however, the 
total evaporator load will be higher than the net capacity due to the heat going 
directly to the back of the evaporator through the insulation. 

In our case. which the main consideration is selecting compatible 
components with existing refrigeration components, the method of refrigeration 
load calculation is different from the refrigeration load calculation of the new 
design products. 

(13) 
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..\Z~IAYESH INDUSTRL.\L FACTORIES CO. 

In this chapter we arc going to disc~ three different methods of refrigeration load 
calculations, from following sources; 

I) EPA Refrigerator Analysis programme (ERA). 
·· 2) Ariston Co. 's methods of refrigeration load calculation. 

J) ASHRAE standards of refrigeration load calculation. 

EPA Environmental Protection 

For this method. following data are required for cabinet loads: 

1) Cabinet Type and Dimension, as follows; 

a) Cabinet height is measured from the bottom to top of the ~binet~ not the 
floor. 

b) Depth includes the cabinet door. This dimension measures the distance 
from the outside (front) surface of doors to the back of the cabinet 

c) Width of the gasket and the door edge thickness. The effects of door 
thickness on the internal volwne are taken into accowit. 

d) Wedge dimensions, the cabinet wedge is the section of the cabinet near 
the door. In all cabinet types, except the che~1 freezer, the thickness of the 
insulation is reduced near the door to accommodate the door geometry. 

2) Refrigerated volwne; 

ERA considers calculation of internal volume of the cabinet compartment 
based on the input data for the cabinet dimensions. The calculated volwne is used 
in the simulation of the contribution to the cabinet loads from door openings. 

Nonnally, the compressor \\ill be located in a space at the near, bottom of 
the cabinet~ where it is cooled by air blown over the condenser or by natural 
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convection. This space requirement will reduce the food storage volume of the 
cabinet located above, and will also affect the net external surface area available 
for heat exchange with the room. 

3) Freezer and Fresh Food Cabinets; 

The wall and door thickness and also insulation resistivity for each wall 
element and door are required to calculate the sum of thermal resistivities. The net 
resistance of each cabinet element is detennined by the resistivity and thickness. 

The specified thickness of wall containing a sandwich of a foam and 
vacuwn insulation panel should be the totaJ thic~ (neglecting the thic~ of 
the liner). When a composite insulation system is used, an average resistivity for 
the wall should be specified. The general case assumes a vacuwn insulation panel 
located between inner and outer foam panels and SWTClWlded foam along all four 
edges. 

4) Mullion 

The mullion is the waJl between the fresh food and freezer sections of the 
refrigerator. Typically the resistivity of the mullion insulation is less than that of the 
foam walls since a removable insulation is often installed in this area. Yhe 
resistivity is nonnally half that of the walls. 

S) Air and Cabinet Temperat\ll'e 

The room air and cabinet temperatures establish the heat loads of each 
compartment on the refrigeration system. For DOE closed door test simulation a 
room air temperature of 32.2 C is ordinary specified, along with a free1...er 
temperature of-15 C and fresh food cabinet temperature of 3.3 C. Temperatures 
must also be specified for wtder cabinet (where the compressor is nonnally 
located) and for "air entering the condenser." 

(IS) 
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6) Door Opening Schedule 

The schedule of door opening is defined here to establish the net sensible 
and latent heat inputs to the cabinet during the hour. The controlling parameters 
are: the room relative humidity, the nwnber of times each door is opened during 
the hour. and the average duration of each opening. 

Parameters controlling the sensible and latent loads arc: room temperature, 
cabinet temperature, room relative humidity, number of openings/hour, average 
duration of each door opening, and type of detiosting (manual or automatic). The 
typical schedule for door openings might be; 

Fresh food door 

F r~ezer door 

7) Gasket Heat Leak 

Opening/hr. 
Duration (sec) 

Opening/hr 
Duration (sec) 

2.5 
20 

1 
15 

The gasket areas around the cabinet doors are sources of heat due to 
conduction lords from the room air along the cabinet and door flanges, and 
through the gasket itself. Correct estimates of the heat leaks must take into 
consideration the geometry and materials used in the wall panels and doors. 

All gasket heat leaks are expressed in units of conductanc.e per length of the 
gasket. The net leak is detennined by the programme from the total door perimeter 
and from the outside-inside air temperature difference. 

8) Others such as: defrost and control's energy use, electrical anti-sweat 
heat, refrigerant line anti-sweat heat, and penetration heat input. 

(16) 
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Method of Heat Load Calculation by Ariston Home Appliance 
Manufacturing Compa~y of Italy 

) 

In this method the whole refrigerator circuit is designed in such manners to 
face the possible leakage deriving from working tmder stand by conditions, with 
an ambient temperature of 43 degree centigrade, granting at the same time the 
freez:.Og at least 3 kg/24hrs. Of water at temperature of 48 C or 5 kg/24hrs of 
water at 32 C. 

Detennination of total heat loads; 

1) In conservation at 43 C of outside temperature. 
2) In freezing at 32 C of outside temperature. 
3) Measuring all the thennal loss surfaces and thickness thereof. 
4) Calculate the (t) revelant to the single surfaces at following conditions; 

43 C outside tanpcralure~ except 60 C compressor shell area and 55 C 
Condenser side. 
0 C refrigerator medium temp. 
- 23 C freezer air temp. 
- 26 C evaporator temp. 

5) Determination of thennal loss for following areas; 
- Refrigerator door. 
- Crisix~ suppon area. 
- Crisper back area 
- Crisper side area. 
- Compressor upper area 
- Refrigercttor side areas. 
- Drops retainer. 
- Back panel rear areas. 
- Refrigerator gasket. 
- Freezer side areas. 
- Freezer gasket. 

(17) 
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6) Determination of thenn:!l conducti\·ity for follo\\ing materials. 
- Expanded polyureth~. 
- Magnetic gasket 

) 

Note. In order to make calculation easier! select the average thickness of sloping 
s1ufaces. as.swning that the whole insulation thickness is of one single material in 
polyurethane, expanded polystrol PVC. 

The tota~ thermal loss in KcalJhr. Are those necessary to face all dispersions 
at 43 C. Then, the heat in Kcal/hr. obtained at temperature of 32 Care to be 
fow1d and must be tht.'11 added to those necessary to freeze 3 kg of water in 24 hrs. 
In o!der to obtain fimctionality relation of the compressor at 43 C~ we di\ide total 
thermal loss at 32 C by total thermal loss at 43 C ambient temperature. 

(18) 
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Method of Heat Load Calculation Established by 
ASllRAE Standard 

I) Heat gain by conduction~ in Kcal/hr. Through; 

- Refrigerator side areas. 
- Refrigerator gaskets. 
- Refrigerator door. 
- Crisper side areas. 
- Freezer side areas. 
- Mullion area. positive to freezer compartment. 
- Back panel 

2) Determination of thermal conductivity of following materials; 

- Cabinet carbon steel. 
- PoJyurithane of foam. 
- Door and freezer gasket. 
- Inner liner plastic 
- Air, between mullion and evaporator. 

) 

3) The heat resistance of coefficient factor, with regard to average thickness of 
each substance. 

4) Determination of product heat load as follows; 

- heat removed from products above freezing point in fresh food 
compartment. 
Note: The amount of product weight kept in fresh food compartment 

depends upon. Internal volwne and different products selected by 
the manufacturer. 
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- Heat remo\·ed from products from initial temperature to freezing point in 
Freezer compartment. 

- Heat removed from freezing point to final temperature below freezing 
point in Freezer compartment. 
- Heat removal to freeze p{Oducts ( latent heat ), in freezer compartment. 

Note: The amo\lllt of product weight kept in Freezer compartment 
depends upon. Internal volume and different products selected by 
the manufacturer. 

5) Calculation of total heat gain through refrigerator. evaporator, and heat removal 
per hour form product. 

Note: The arnowit of heat removal from product are in 24 hrs. daily, in 
order to obtain total h\!at removal per hour we divide it by desired 
Compressor operating time in 24 hrs. 

6) To determine the grand total of the heat load. we add ten percent of the total 
heat gain. This ten percent additional load is for door openings. infiltrations. and 
wedge and edge thermal loss. 

I Conclusion J 
The three above calculation methods were reviewed and studied, due to the 

Azmayesh Prtotypes Natures and since our models have been already designed by 
SILTAL Co. of Italy, we preferred to choose ASHRAE'.s method of heat load 
calculation. Specially when our selected test conditions for our prototypes are 
ASHRAE standards. 
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I Prototypes Performance Evaluations 

1) With respect to the contract requirements, we made four prototype units 
for each model, for the purpose of functionality and performance tests of 
prototypes. Following prototypes were made and more than thirty performance and 

life tests were accomplished. 

-Model AR06 
-Model AR08 
-Model ARIO 
- Model AR12 
-Model ARF2 

Four units 
Five units 
Five units 
Five units 
Four units 

2) Testing more than nine different kinds of Rl34a compressor samples 
from different specifications and manufacturers~ as follows; 

-Aspera 
-Aspera 
- Aspera 
-Aspera 
- Goldstar 
- Goldstar 
- GoJd.~ar 
-Danfoss 
-Tecamseh 

Model, BP 1048 Z 22 
Model, BP 1111 Z 
Model,B 1116Z 
Model, Bl 118 Z 
Model, NR 58 LEAG 
Model, NR 62 LEAG 
Model, V75 LEAG 
Model, FR 8.5 G 
Model, AE 360 KS 561 

3) Planning for testing following Rl34a compressor samples, in addition to 
above-mentioned compressor samples. 

- 7.,anussi 
- Zanussi 
- Zanussi 

Model, GL40AA 
Model, GL45AA 
Model, GLSOAA 
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- Zanussi 
- Zanussi 
- Matsushita 
- Matsushita 
- Matsushita 
- Matsushita 
- Matsushita 
- Necchi 
- Necchi 
- Necchi 

Model. GL60AA 
Model, GL80AA 
Model. S48C I OK.AXO 
Model. S48CIJKAX5 
Model. QA57Cl3RAX5 
Model. QA77Cl8RAX5 
Model. QA91C20rAX 
Model. ESC51 l 
Model. ESC8H 
Model. ESC9H 

4) Selecting following R 12 test samples to compare with R l 34a compressor 
performance test results. 

I . - .. _anuss1 
- Matsushita 
- Matsushita 

ModeL G45Aw 
Model. FNSIQI lG 
Model. FN77G l 8G 

5) Following prototype samples were tested 18, 32, and 43 degree centigrade 
ambient temperature. 

-AR12 
-ARF2 
-AR08 

6) In order to optimize refrigerant charge weight and capillary tube length, 
prototype sample model AR 12 was tested at following te.st conditions. 

a) At 18, 32, and 43 C ambient temperature with 10 percent refrigerant 
charge reduced and the same capillary tube length as R 12 refrigeration system. 

b) At 43 C ambient temperature, with 10 percent increase in capillary tube 
length, and the same refrigerant charge weight as R 12 refrigeration system. 

c) At 43 C ambient temperature. with the S2111e refrigerant charge and 
capillary tube as R 12 refrigeration system. 
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7) Preparation of compressor comparison charts in order to compare 
different RI 34a compressor specifications in relation with our refrigerator and ref
freezers specifications. 

8) Selecting the most suitable Rl 34a compressor \\ith respect to our cooling 
capacity requirements and COP of the compressor. 

9) Analyzing RI 34a compressors power input. in order to determine 
minimum power consumption rates~ with respect to our cooling capacity 
requirement. 

10) Appl)ing ISO 8187: 1991(£), first edition no. 1991-03-01, for tesung 
our prototype samples. 
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I Analysis I 

1) Table 1 through 4 compare the perfonnance of R12 and R134a 
compressors for refrigerator and ret:freezers models. AR08, ARIO:- AR12~ 
and ARF2. The main point for us to approve the R134a compressor 
performance is the freezer (evaporator) air temperature, in accordance 
with ISO 8187 the acceptable freezer air temperature for two star 
refrigerator is -12 C and for three star ref-freezer is -18 Corless. Please 
note that the freezer air temperatures for different models are as follows 
which are acceptable in accordance with ISO 8187. 

-Model AR06 
-Model AR08 
-Model ARIO 
-Model AR12 
- Model ARF2 

Freezer Air Temp. * • 
Freezer Air Temp.= -20 
Freezer Air Temp. = -20 
Freezer Air Temp.= -20 
Freezer Air Temp.= -15 

**The refrigeration system for refrigerator models AR06 and AR08 are the 
same. 

2) Table S shows prototype model AR12 performance at different 
conditions as follows; 

Mode(I): Test condition at 43 C ambient temp. with 10% decrease in 
refrigerant charge weight, without capillary tube length change. 

Mode(II): Test condition at 43 ambient temp. with 1 Oo/o decrease in 
refrigerant charge weight. and 10% increase in capillary tube length. 

Modc(III): Test condition at 43 C ambient temp. with no change in 
refrigerant charge weight and capillary tube length. 
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R12 and R134a Refrigeratonnd Ref-Freezer Performance 
Comparison Chart Model AR08 

Description R12 Model R134 Model 
- -- --·-

Compressor Model Zanussi~ G45A W Aspera, BP l 048Z22 

Ambient Temperature +43C +43C 

Refrigerant Charge 110 Gr. 100 Gr. 

Air Freezer Mean Temp. - 13 c -20C 

Refrigerator Mean Temp. +SC +3C 

Crisper Mean Temp. + IOC +6C 

Compressor Shell Temp. +65C +15 

Condesor Inlet Temp. +65C +65 

Condenser Outlet Temp. + 51 c +50 

Suction Temp. +45C +45 

Compressor Running % 52% 65% 

Cooling Capacity 108 Watts 108 Watts -
Power Consumption Rate 1.3 K w/24 Hrs. 1.25 K w/24 Hrs. 

-- -- .. 

Table ( 1) 
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R12 and R134a Refrigeratorand Ref-Freezer Performance 
Comparison Chart Model ARIO 

Description R12 Model R134a Model 
- -- - -- -- .. - - -· -·- -- -- - ---- -- - -- - - . - .. --·- --- -

Compressor Model Matsushita, FNSIQI IG Aspera, BPI 11 IZ 

Ambient Temperature +43 c +43C 

Refrigerant Charge 140 Gr. 125 Gr. -
Air Freezer Mean Temp. - 12 c - 13 c 
Refrigerator Mean Temp. + 2.SC +6C 

Crisper Mean Temp. +6C -t-7C 

Compressor Shell T ernp. +SSC +86 

Condesor Inlet Temp. +48C +77 

Condenser Outlet Temp. +38C +50 

Suction Temp. +32C +45 

Compressor Running o/o 35% 56% 

Cooling Capacity 125 Watts 125 Watts 

Power Consumption Rate l .8SK w/24 Hrs. 1.9 Kw/24 Hrs. 
-- - ... ·----- --- ---- -· . - ------ - - ·-- - . -- . ·---

Table ( 2) 
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Rl2 and R134a Refrigeratorand Ref-Freezer Performance 
Comparison Chart Model AR12 

Description R12 Model R134aModel 
-- -- -- - --

Compressor Model Matsushita, FN5IQI JG Danfoss. FR8.5G 

Ambient Temperature +43 c +43C 

Refrigerant Charge 150 Gr. 130Gr 

Air Freezer Mean Temp. - 12 c -20C 

Refrigerator Mean Temp. +5C +SC 

Crisper Mean Temp. +7C + 12 c 
-

Compressor Shell Temp. +64C +85 

Condesor Inlet Temp. +SOC + 72 

Condenser Outlet Temp. +40C + 55 

Suction Temp. +33 c +44 

Compressor Running % 37% 68% 

Cooling Capacity 158 Watts 158 Watts 

Power Consumption Rate 2.2S K w/24 Hrs. 2.10 Kw/24 Hrs. 
-- -- - - -- -- -·· - - . ·-

Table ( 3) 
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R12 and R134a Refrigeratonnd Ref-Freezer Performance 
Comparison Chart Model ARF2 

Des~ription R12 Model R134a Model 
- ----- - - --- - - -

Compressor Mvdel Matsusbita.FN77G 18 Aspera. Bl 118 Z 

Ambient Temperature +43C +43 c 
Refrigerant Charge 220 Gr. 180 Gr. 

Air FrccLcr ~kan Temp. -24 c - 15 c 
Refrigerator Mean Temp. +4.3 c +2C 

Crisper Mean Temp. T7C +7C 

Compressor Shell Temp. +59C + 85 

Condesor Inlet Temp. +55C +90 

Condenser Outlet Temp. +42C + 50 

Suction Temp. +33 c +45 

Compressor Running % 53% 74% 

Cooling Capacity 204 Watts 204 Watts 

Power Consumption Rate 3 Kw/24 Hrs. 2.75 Kw/24 Hrs. 
-- - -· ~ .. ··--

Table ( 4) 

! 
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Refrigerator Model AR12, Rl34a Optimizing 
Test Rtsults -

Description Model Mode II Mode III 

Ambient Temp. 4JC 43C 4JC 

Refrigerant Charge 150 135 Gr. 130 Gr. 

Capillary Tube Length No Increase 10% Increase No Increase 

Freezer air Temp. -15C -24C -20C 

Refrigerator Air Temp. +7C +6C +SC 

Crisper Temp. +toe + 13C + 12C 

Compressor Shell +SOC +SOC +85C 

Condenser Inlet Temp. +70C +75C +72C 

Conden~er Outlet Temp. +50C +S5C +S5C 

Suction Temp. +44C +48C +44C 

Compressor Running % 64 Ofo 61°/o 68% 

Condenser Change No Chan2e No Change No Change 

Table ( 5) 
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I Conclusion 

With regard to the test results of different prototype performance 
tesh, we found out that there is no need to change our capillary tube 
length and also condenser surfaces, we can produce the above ftve models 
of the refrigerator and ref-freezers by only dttreasing 10°/e of 
refrigerant charge weight as of R 12 refrigerant and in order to have 
better air temperature distribution in the fresh food compartment we 
have to modify our mullion design, which is located under the evaporator 
compartment in the shape of the water drain tray. 

For fave Prototypes samples the performance life test runs are being 
achieved since last three months, and we observed no major problem in 
this regard. We hope that we could continue these life tests for three 
more months. Meanwhile, our production for the field test and trial test 
of more than lSOO units from five models will start as soon as refrigerant 
charger from A 'GRAMKOW will be installed and commissioned by 
A'GRAMKOW in mid September. 
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, __ Recommendations _ __ ] 
- - - - - ---- - - - ---~- - ---------- --- --

AZMA YESH Industrial Factories Co. Is proud that could achieve the 
execution ofUNIDO's contract No. 94/097, timely and in a good manner. 
We will be glad if we could have the opportunity to give our experience to 
other manufacturers in Iran and abroad in this regard, because AZMA YESH 
Co. Was the first home appliance manufacturer in Iran, which could finish 
with this contract sooner, and could provide all contracts' requirements in 
accordance with UNTDO' s plans and programmes. 

I) During the time of contract we found out that. there are many 
different methods of caJculation for redefinition and redesign of the 
prototypes, that could be used in different manners, but through our 
experience and high production rate of refrigerator and ref-freezer in 
Marvdasht plant, we found out that most of these methods are suitable for 
designing new products, and do not fit our requirements. Therefore we 
decided to choose ASHRAE's method of heat load calculation and 
components selection, for fol lowing reasons; 

- More reliable elements and parameters applied. 
- Real figures and data used for determination of cooling capacity . 
.. More information, regarding type of materials and products are 
provided. 

- There is a very accurate m~thod of calculating heat gain by fresh food 
and frozen food in refrigerator and freezer compartments. 

- All equations and rules regarding calculation of the evaporator, 
condenser and capillary tube are defined and stated clearly. 

- All test conditions used by compressor manufacturers, are ASHRAE 
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standards~ which it could be helpful during compressor section with 
regard to tests· requirements. 

With respttt to above listed reasons we rttommend, that ASllRAE 
method of cakulation for determination of heat load for redefinition of 
prototypes be used by other groups of the refrigerator manufacturer. 

2) Since there are numerous kinks of Rl34a compressors in the market, 
and usually all compressor manufacturers believe that their design fit to the 
refrigcrdtor manufacturc~s requirements. and it could not be proved unless 
perf onning condition tests at different ambient temperature, we recommend; 

All redefined and redesigned refrigerator prototypes made by 
refrigerator manufacturers, be tested at least with three different R134a 
compressor samples, from different manufacturers. In order to find out 
the real capability of the new r~f rigeration system with new conditions. 

3) Since redesigning~ calculation. modification. and performance test 
of each prototype .. needs a lot of act!vities and tasks to be performed and 
varieties of compressor test should be accomplished~ at different ambient 
tests, therefore the time for executing the contract are not enough, we 
recommend; 

The period of executing the contract should be increased, with 
respect to the number of prototypes and models to be redesigned and 
close coordination with contactor prior to signing ~he contract. 

4) To get a better result from prototypes pcrfonnance tests, and in order 
to get more test figures for the purpose of energy consumption and working 
performance, assessments we recommend; 

At least one prototype from each model should be continuous run 
tested at 18, 32, and 43 degree centigrade ambient temperature. 
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5) Due to the time and man-hours required to execute such a contract, 

it seems that, the contract fee for these activities are not enough and should 
be reconsidered and evaluated again, because the sum of US S 46.500 for 
redesigning, making! and testing five models including twenty prototypes. 
does not cover expenses spent. for accomplishment of contracts· 
requirements. We recommend: 

A change to the contract is necessary, and the contract fee for 
redesigning, prototyping. testing~ and mouifying for each model should be 
increased as follows; 

Model, Redesign, Prototype Testing, 
Contract Fee Change Recommendation 

Description Contract Fee Recommended Fee 

Design. cakuJation. & draft per model us s 1.300 I us s 2.000 

Prototyping. per model us s 1.000 us s 3.000 

Prototype testing, per model us s 1.000 us s 2,000 

AZMAYESH Industrial Factories Co. would like to give its sincere 
appreciation to those people. whkh heJped us sincerely in execution of this 
contract. 

We would like to give our special tanks to Dr.Malayeri, Mr. Nowotny 
from UNIDO, Mrs. Latrech UNIDO~s contract officer, Mr. I. Ranafsheh 
UNDP programme manager from UNDP office in Tehran, Ministry of 
Industry, and Department of Environmental. for their kind and keen 
cooperation and coordination with AZMA YESH Co .. in this regard. 

(33) 

(PROJECT ,,0, MPllRN9~..0J, CONlllACT ,,0. 94'09':' ) ( .Upll 1995 ) ----



AZMA YESH INDUSTRIAL FACTORIES 
COMPANY 

UNIDO'S CONTRACT NO. 94/097 

CHAPTER VIII 

BIBLIOGRAPHY AND 
REFERENCES 

DATE: 27August1995 



( AZ}IA YESH INDUSTRIAL F ACTORIIS CO. 

I Bibliography and References 

I - ASHRAE Fundamentals of Refrigeration Handbook Edition 1977. 

2 - ASHRAE Handbook of Refrigeration. Edition. 1986. 

3 - ASHRAE Handbook Fundamental for Refrigeration and Air 
Conditioning, Edition 1986. 

) 

I 

4 - Modem Retiigeration and Air Conditioning. By Goodheart- willcox Co. 
Inc.~ Edition 1968 

5 - ISO standards! 8 ~ ~7 and 73 71. 

6 - Mechanical Handbooks. 

7 - Heat Transfer bv J.P.HOLMAN 

8 - CFC- l 34a Pressure- Entholpy Diagram. 

9 - Carrier Refrigeration and air conditioning Handbook. 

10 - Ariston·s Co. Calculation of heat load balancing 

11 - DuPont, HFC 134a properties, uses, storage, and handling. 

12 - Suva, refrigerant HFC-134a, thermodynamic properties. 

13 - Goldstar's reciprocating compressor division, R134a 

14 - Electrolux. R 134a refrigerant application guide lines 

(34) 

( PllOBCT NO. MP/llUJW~J, CONl'llACT NO. '41097 ) { .up111"5 ) 



AZl\tA YESH INDUSTRIAL FACTORIES 
COMPANY 

UNIDO'S CONTRACT NO. 94/097 

CHAPTER IX 

ATTACHMENTS 

DATE: 27August1995 



( 

I 

AZlIA.YESB INDUSTRL..\L FACTORIES CO. 

Attachments 

I - First progress report dated February 1995 

2 - Second Progress Report date May 1995 

3 - Ariston"s Co. Calculation of heat load balancing 

4 - l)uPont, l tFC l 34a properties~ uses. storage. and 
handling. 

) 

I 

5 - Suva .. refrigerant I IFC-l 34a, thcrmodynan1ic properties. 

6 - Goldstar's reciprocating compressor division, Rl34a 

7 - Electrolux, R134a refrigerant application guide Jines 

(35) 

( PROJECT ::ifO. MPllRAJ~...U, CON11t.ACT NO. 9~097 ) ( ADpll 1995 ) 



CALcc:_::._TIO~l OF 3AI....A.NCING - REFRIGER.::..:::R MODEL TMG 300 

The r,,:::ole refrigerating circuit is to be designed in 
such a way as to face the possible leakages deriving 
from •~rking under stand-by conditic~s, with an ambient 
temperature of 43•c, according to I5~ standards, gran
ting a~ the sane time the freezing c: at least 3 Kg/24h 
at te~perature of 4s·c. 

The C.<:sign of refrigerating c!rcu::. foresees a quite 
::::cr.s!i=rabl'2: m:::-.!::lcr of strictly cor:::-.::::ted variables, in 
whic~ -:he quantity of refrigeratin~ ~nits necessary in 
both s=~tions cf the refrigerator :s controlled by the 
thers=s~at piaced in the lower are3, inside which tempe
rature char.ges ~ith ~ore ~requancy -:~3 inside the free
Z"=!:'" s-::.:t:io:-,. :-:,::. e\.-~FO!:";:\tor of :rec::;::- sect.ic:i is to be 
pc .. "..-I2:C~:...~ en·.:·U'-Ji: \:0 ~CC~ t~1e p::ssi.C~; ~~akage~-; O[ chil
ler·, :-:::i:. b~.: ~::~:: =e:::::;;c:-a::~~ .:.:.~ :! ;;··:, !J\..:t it: s~:C'uld 
n:>t. }:-: ::) \:he \:::-.-::.!ra~ur-e abcve o ·:: ::. -:. .3;1 a:.1oi.ent ~C:::::tpe:

~atur~ of lB'C d~rin; frec7ing phas~-

The ~~~~e c~n:ic~cd variables are tc ~e add~d to t', K 
KS an~ capillary's capacity factors, which will be cal
culated according to production expe~ience. However, as 
the ~athematical results are usually far frora practice, 
it wi~l be necessary to prepare nore than one prototype 
to obt~in satisfactory resulcs. 



A. DETERMINATION OF COMPRESSOR'S POWER 

1) In conservation at 43•c of outside temperature 
2) In freezing at 32·c of outside temperature 

a) Measure all the thermal loss surfaces and 
thickness thereof 

b) calculate the t• relevant to the single surfaces 

43·c outside tenperature 
(except sa·c compressor area 

55"C condenser side) 

o·c ref~ige~3tO~ ~ediu~ te~~e~at~~e 
-23"C freezer air te~perature 
-26·c evaporator te~peracure 

c) Apply the fornul3 he~eund~r for each surface 

1 
p = ;: ~: ~: s t• 

Whereby 

P = po~er in Kcal/h per each single surface 

s = thictnas$ in - of the single surfaces 

k = Kcal/h x rn x ·c - coefficient of trans~is 
sion of insulating material adopted 

k = Kcal. 1 
-----
h.m.c. 

h = hours 

rn = length in m. of test specimen 

·c = temperature displacement between the two 
sides of test specimen 



' 

NOTE 

K will be 

s = surface in m2 of area to be considered 

t•= te~perature displacement between the two 
sides of dispersant surfaces 

in order to make calculation easier, select 
the average thickness of sloping surface, as
suming that the whole insulation thickness is 
of one single material in polyurethane, expan
ded polystirol PVC. 

Expanded poly~rethane density 20 to 30 kg/m3 
k=0,023 to 0,025 (with 50% Rll) 

Magnetic gasJ.:et ARISTON '!'ype 
k=0,07 

Expanded polysty~e~e Density 30 to 35 }:g/n3 
k=0,019 to 0,07 

1 
- - - - - - - . ·' :: , G ::'. 7 '· ( 0 , 2 ':t :- :-: 0 I 5 .; 7 ) 

o, o..; ·::; 
T. 4 3 - 4 I 716 :>:~ l,/h 

1 
compressor l:ack area : ----··- x 0,027 x (0,235::<0,~45) 

0,055 
x 60 = 3,773 Kcal/h 

1 
Compressor upper area: ------- x 0,027 x (0,160x0,245) 

0,052 
x 60 x 28 = 1,222 Kcal/h 

Chiller side area 

~ 2 x 43 = 4,117 Kcal/h 

Refrigerator side area : 

x 2 x 43 = 20,447 Kcal/h 

1 

O,Ot,1 

1 

0,042 

x 0,027 x (0,308x0,236) 

x 0,027 x (0,460x0.804) 
2 



Freeze~ back a~~3 
1 

------- x 0,027 x (0,49x0,241) 

x 81 = 3,690 Kcal/h 
0,035 

Liner inlet area 

43 = 26,750 Kcal/h 
1 

1 

------- x 0,021 x (l,4x0,576) 
0,035 

Gasket area:----x0,027x0,019[(1,4+0,576)x2)(0,074x0,358) 
0,17 

43 = 13,295 Kcal/h 

TOTAL 
105,764 Kcal/h 

These 105,764 Kcal/h. are those necessary to face all 
dispersions at 43°C. Now Kcal./h. obtained at a te~pera
ture of 32 ·c are to be found and ~ust be then added to 
those necessary to freeze 3 Kg. 

Considering 

4,7:6 .;. 
3,773 x 
1, £2 2 >: 
4,117 x 
20,447 x 
0,120 Y. 

0,734 >.: 
1,510 x 
3,268 Y. 

1,634 x 
10,896 x 
0,569 x 
0,289 x 
1,199 x 
4,708 x 
2,827 x 
3,690 x 
26,750 x 
13,295 x 

3 2/.; _; 
58/GO 
58/'.>0 
32/43 
32/43 
32/43 
32/43 
32/43 
53/55 
53/55 
79/81 
53/55 
53/55 
32/43 
32/43 
32/43 
79/81 
32/43 
32/43 

sa·c conpressor eel! a-~~ 

= 
= 
= 

= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

3,5!.0 
3,648 
1,182 
3,064 
15,217 
0,090 
0,547 
1,124 
3,150 
1,575 
10,627 
0, 51.9 
0,274 
0,893 
3,504 
2,104 
3,599 
19,907 
9,894 

:\ca!/!: 
Kcal;;, 
Kcal/Ii 
Kcal/h 
Kcal/h 
Kcal/h 
Kcal/h 
Kcal/h 
Kcal/h 
Kcal/h 
Kcal/h 
Kcal/h 
Kcal/h 
Kcal/h 
Kcal/h 
Kcal/h 
Kcal/h 
Kcal/h 
Kcal/h 

= 84,458 Kcal/h 

I 
I 

J 



Rafrigerator side are.; : 

x 2 x 43 = 0,120 Kcal/h 

Refrigerator side area : 

x 2 x 43 = 0,734 Kcal/h 

Refrigerator side area : 

x 2 x 43 = 1,510 Kcal/h 

Drops retainer 

55 = 3,268 Kcal/h 

Back panel re.;::- ~:-ea 

55 = 1, 634 Kcal/h 

Chiller back a::ea 

x 81 = 10,895 Kcal/h 

j'l;P~1" .... .,. 
• - J ·-. • 

x 55 = O,SG9 Kcal/h 

Back area ~ith evap. 

x 55 = 0,289 Kcal/h 

Liner upper area 

x 43 = 1,199 Kcal/h 

Freezer side area 

x 69 = 4,708 Kcal/h 

1 

, ... 

0,044 

1 

0,041 

1 

0,0405 

1 
-------
0,0435 

1 
------
0,055 

1 
------
0,055 

, .. 
c,c:;:, 

1 

Y. 

>= 

X 0,027 X (0,126Y.0,36) 
2 

x 0,027 x (0,332x0,039) 

x 0,027 x(0,325x00,080) 

x 0,027 x (0,517x0,183) 

0,027 >: (0,117x0,Sl7) 

0,027 Y.(0,530 Y. 0,5!.7) 

( .-: , •! ~ l : : 0 ' ::: .; ::_ ) 

x 0,027 x (0,33 x 0,5~1) 
0,092 

l 
x0,27+0,025 x(0,78x0,55) 

0,004 

1 
x 0,27 x (0,367x0,241J 

0,017 

Freezer upper area:----- x f(0,027x0,069)+(0,025x0.046ll 

x 81 

0,115 0,115 

x (0,367x0,49)x69 = 2,827 
= 3,690 Kcal/h 



'!:°h-~ chose!1 co~pre:ssc :::- w i 11 be '.i G2JE:G l.."h ich deli · .. ·ers 
3~,5 Kc~!/h with and with an eva~oration temperature of 
- 30 ·c. 

In this way you can establish the functionality relation 
of the compressor at 43 ·c 

84,458 Kcal/h x 100 = 94,5 t 
-------------------

89,5 Kcal/h 



The ~cro::::.!la to ·:l~plic::ace to dcter:::inc the po·.:er !'lecessa
ry to freeze J kg in 24 h is the follo~ing 

1 
P = ((GxC tl) + (GxCl) + (GxCx t2)] 

24 

P Imput power in Kcal/h 

G Weight to be freezing in Kg 

C Heating power in l~cal 

tl difference between external temperature and o·c 

Cl Latent heat in Kcal/Kg 

~2 Di~ference bet~een o·c and - 18'C 

1/24: A~ the frce~ing last for 2~ hours, i~ will be ne 
cessary t~ divide by 24 to obtain the hour/power 

~late C a~d Cl ch~nge foJ 1 c~ing the =a~erial in cas~ of 
testing p~d:ing 

c = 0,77 Kcal 

Cl = 60 Kcal/Kg 

P ( (JxO, 77x32) + (3x60) + (JxO, 77xl8)] . 

= (73,92 + 180 + 41,58) 

= 295,5 x l 
24 

1 
= 12,313 Kcal/h 

24 

1 

24 

Additioning these 13,579 Kcal/h to th~ 51,C3 Kcal/h due 
to dispersion, we obtain 64,612 Kcal/h which represent 
the compressor power necessary in freezing phase, being 
always under those necessary to face the dispersions St 
38"C. 



B. L>ETER:n:~ATIO'.! or co!mr:~;s :=.:R's POWER 

The condenser is to be up to exchange the Kcal/h re
quired to condensate the quantity of freon necessary 
to attain the prefixed temperatures. 

The calculation formula is the following 

KS = Kcal/h provided by compressor x 1,25 
t• 

Whereby : 

KS = coefficient of trasnission in Kcal/h. This 
·c 

coefficient is i~jicated by the conde~ser's na~~fac
turer, and cha~ges according to type raaterial, te
chriolgy and surface 

t• in ·c = Di.s:::3.cer::ent between outlet t2:::perature 
of freon anct anbient te~perature 

l , :? 5 = 8is~~ !:·~~Q~~ i~ cn~a!~~i~s ~e:~ee~ =o~
d~~s~~~c~ ani e~~~)~:~o~ ;h2s~s, k~~,!ng 
~n-~J t-. ...:.:,:,~.!~;:. tt~ .J'.·L~-!1~:-i,.-;.: :.:i-:; ''.J-;,:..ll·~ (!·::.>-
1 icr) 

For condenser too the worst operating conditions must 
be determined: 

Preservation at 43•c 84,458 kcal/hxl,25=8,798 kcal/h/"C 
56-43 

Freezing at 32"C ~§~70 kcal/h x 1,25 = 5,760 kcal/h/"C 
53-32 

The chosen condenser, built with Bentler pipe diam. 
4,7 with wires diam. 1,4 distanced of 6,35 and ~idth 
578 allows f~llowing KS: 



w H KS 

578 312 8,40 
578 914 9,30 
578 1016 10,30 
578 1118 11,25 
578 1219 12,20 

This condenser should be 914 high. 
It should work also at 4a·c 
That's why we choose: 1016 min. 



C. DETERMINf...TIOU OF CA?ILLARY' S CAPACITY 

As regards this particular component, it is recommen
ded to rely on the experience acquired during tests, 
and this because the capacity of capillary depends on 
length, internal diameter, glazing of surface and en 
the type of mixture (liquid-gas) of freon passing 
through it. Therefore the allowances on all these 
elements could by themselves effect sensibly the 
theoretical results. 

Assu~ing a conde~sation te~perature o: 55 ·c the co~
pressor would delive'!:" 2,1) ~:-:;,'!'. c: R • .., 

Going back to the ~olier diagra~ for R 12 freon, the 
follo~ing specific volu~es would be attained at an 
evaporation temperature of - 30 ·c and an absol~te 
pressure of 1,025 kg/cm2 : 

- liquid 0,6728 l/}:g 
o, :. (. J: ::t 3 / ;:g 

As~u~in~ an c~c:~: o~ R 12 ~~der fer~ cf vapo~ c~ly, 
che capacity freon in l/min. can be calculated as 
follows : 

Pc = Pf x Psv x 1000 

60 

Pc Capillary capacity in l/min 

Pf freon q.ty produced by co~pressor in Y.g/h 

Psv steam specific gravity q.ty in m3/kg 

1000 transfor~at{on from mJ to 1. 

60 t'!:"ansformation from hours to minutes. 

Pc = 2,6 x 0,1633 x 1000 = 7,076 l 1 min 

60 

------------~-~ 



Cooparing R 12 in AIR capillary you can apply follo
wing formula : 

Va = 2, 35 . P2 - 1 . 0 2,5 . l-0,5 

Va capillary capacity (with air passing) in l/min 

P condensation pressure in Kg/cm2 

0 capillary internal diameter 

1 length of capillary 

7,076 2,35 13, 862 2 - 1 

7,076 = 2,35 19!.,32 0,424 1 -c,5 

7,076 7,076 
i ·0,5 -· --------------------- = ------- = 0,5135 

l -= 3,7'3 r.. 

") , =
- I J ..J . :.3,33 . •),-~24 ::,:sc 

The theoretical length of the capillary examinad the
refore corresponds to 4 m but due to our experience 
it should be 3 or 4 meters. !n any case this value 
should be conf irr.ed by adequate laboratory tests. 



;,,'3 per co::::ll::-es:::o:::- a:d cor-.denser, you ou:;t check if 
the higher pc~er ~o h~ cxcha~gcd is at preservation 
43"C or at free~ing 2s·c a~bient te~perature. 

Concerning the freezer evaporators: 

Refrig./freezer 
separation area 

Refrig./freezer 

freezer side area : 

1 

f:::-eezer upper area : 

freezer back area : 

freezer gasket a:::-ea 

1 
-----x0,027x(O,lllx0,542)x26 = 
0, 071 

= 0,595 Kcal/h 

x 0,027 x (0,255x0,546)x 26 = 
= 1.778 Kcal/h 

4,708 Kcal/h 

2,327 Kcal/h 

3,690 Kcal/h 

l x 0,07xO,O'J7 1,667 Kc3l/h 

1,335 Kcal/h 

, ..... - ... 
- "J .• l) .!.. 

Taking into account that at 25"C there are: 
58"C in compressor area 
5J"C in condenser area 

Dispersions will change as follows: 

Refrig./freezer 
separation area: = 0,595 i\cal/h 

Refrig./freezer 
separation area: -= 1,778 Kcal/h 

freezer side area: 4,708x32/43 = 3,504 Kcal/h 

freezer upper area: 2,827>:32/4) = 2,104 Kcal/h 

freezer back area: '.l,690>:79/81 = J,599 Kcal/h 



D) D~TERr·!INATIC!~ OF EV}!..PO?.ATOP. 

The evaporating surface is to be up to deliver the 
Kcal/h leaked by the refrigerating system. The calcu
lation formula is the following : 

p = K x S x t• 

Whereby : 

P pol.."er to be e:-:::::hanged by the evaporat.0?:" in 
Kcal/h 

~ coef:icie~: of tr~r.s~issia~ of the evaporator, 
ch3~gin~ a~c~rJ~~~ ~o the ~y~e o~ ~aterial e~
olo·;ed ar.·"i to .. :_~,.:: ·:cns-:.r~~-:.:..~ .... ~~ -:ec~n:::-logy, :n 
~~ca i;r.2/ 'c 

S surface of evaporator, in m2 

t •: displace:nent of ter:i~erature bet·.:ecn evaporatioil 
tenperature and air to be cooled 

K is much variable for many factors but principally 
it depens on the thickness of the back part of the 
cell and on the flatness (in the refrigerator). The 
thickness is inversely proportional to the thermic 
conductivity. 
K = 8,5 for an evaporator made up by aluminium pipe 
dia. 8, thk. 1, coupled with a steel plate thk. 0,4. 
K = 6,5 for an evaporator made up by aluminium pipe 
dia. 8, thk 1, coupled with a steel plate thickness 
0,4 ~nd with one of ABS from 1 to 1,5. 



::. l,677 !\cal/h 

free=er door area: = 1, 335 Kcal/h 

TOTAL at freezing dispersions ---------------
14, SC? 2 Kcal/h 

To these 14,592 Kcal/h must be added 12,313 Y.cal/h of 
freezing of 3 Kg. Total will be 26,905 Kcal/h, qu~n
tity to be eY.changed by the eveporator. 

Freezer evaporator surface will be: 
26,905 = a,~ x s x (30,33) 

s = 26,905 
89,5 

' = o, 4 52 m~ 

For constructive ra~sons the freezer evapora~or has 
dep ;..h ,2.., :n"' an~ ...,,,,.,,,.10~--~- ,.,9 tkat 's 0 -~6 ... 2 

'-'• J ~ i~;.:t .i. .. - t...;.~--~- t-"" •. n.~.•~ .. ,.,. ~L - 1'--' "•• • 

:-:c . .!: /~~ J: .;:-;:;:--;(:~ : ~.-.::-: 

f=o= Jiz~a~si~~~ ~~ ~J 

Ref rig/freezer 
separation area: 

Refrig/freezer 
separation area: 

freezer gasJ.:et. area: 

freezer door area: 

crisper support area: 

crisper back area: 

compressor upper area: 

crisper side area: 

refrigerator side area: 

= -0,595 Kcal/h 

= -1,778 Kcal/h 

= -1,677 Kcal/h 

= -l,335 Kcal/h 

= 4, 716 Kcal/h 

= 3,773 Kcal/h 

= 1,222 Kcal/h 

= 4,117 Kcal/h 

= 20,447 Kcal/h 



r-:~: t: ig0 :.-J. ta:.- ~ i.1.:!C: a :.-~a: = 0,120 r:cal/h 

refrigerator side area: = 0,734 Kcal/h 

ref:::-igerator side area: = 1,510 Kcal/h 

refrigerator drops retainer area: = 3,268 Kcal/h 

back panel rear area: = 1,634 Kcal/h 

back panel rear area: = 10,896 Kcal/h 

back pan9l rear area: = 0,569 Kc~l/h 

bad: panel rear area: = 0,289 Kcal/h 

re~::-igeratcr gasi-:et area: 1J I 295 Kcal/h 

TOTAL = 61,205 Kcal/h 

'J , ._... ·- ..J ~.. : ·j 

-·, .· - .:, 

Always for constructive reasons our evaporator is 495 
mx 525 ~~ equa: to 0,259 rn 2 , that is i~sufficiant. 

Factor K should be therefore ir.creased favouring 
transmission between evaporator and coil, by means of 
some pie=es of adhesive aluminium. 
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FORMACEL' Z•4 foam expansion agent 

uYMF.L' 134a aer~sol propellant 
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BACKGROUND 
HFC-1 J4a has been inlroducecl by DuPont as a replace
ment for chlorofluorocarbons (C~Cs) 1n many apphca· 
'.·ons CFCs. which were developed over 60 years ago. 
have many unique properties They are low in tox1c1ty. 
r.0nflammable. noncorrosive and compatible with other 
~atenals In addition. they oHer the thermodynamic and 
p'"ys•cal properties that make them ideal for a variety of 
uses. CFCs are used as refrigerants: as blowing agents 
1n 1he manufacture of insulation. packaging and cush-
1on1ng foams: as cleaning agents for metal and elec
tronic components: and in many other applications. 

However, the stability of these compounds. coupled with 
meir chlorine content. has linked them to depletion of the 
ea~n· s protective ozone layer. As a result. DuPont plans 
:~ phase out production of CFCs and introduce environ
mentally acceptable alternatives. such as hydrofluoro
carbon iHFCl 134a. 

HFC· 134a-AN ENVIRONMENTALLY 
ACCEPTABLE ALTERNATIVE 
HFC-1 J4a does not contain Chlorine: the:efore. it has an 
ozone depletion potential (COP) of zero listed below 
are au generic and DuPont trade names: 

Hydrofluorocarbon -1 J4a 

HFC-134a 

HFA-134a 

SUVA" 134a 

SUVA- Trans AJC {automotive marKel) 

SUVA Cold MP (stationary refrigerat1onia1r 
condit1or.ing marker) 

FORMACEL· Z-4 (foam blowing agent market) 

OYMEL • 134a IP (aerosol pharmaceutical market) 

DYMEL • 134a (genera• aerosol market) 

The chemical properties of HFC-134a are hsted 
below 

HFC-134a 

Chemical Name 

Molecular Form·.;la 

CAS Registry Number 

Molecular Weight 

Chemical Structure 

1.1.1. 2-tetr a!:uoroethane 

CH.r-.:F. 
• J 

611-97·2 

102.0 

F F 

F C C l"I 
' F H 

Figure 1. Infrared Spectrum of HFC-134a Vapor al 400 mm Hg Pressure (53.3 kPa) in a 10-Cm Cell. 
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HFC- t 34a can be used in many applications that cur
rently use d1chlorodifluoromethane (CFC-12). These 
include relrigeralion. polymer foam blowing and aerosol 
products However. equipment design changes are 
sometimes required to optimize the performance of 
HFC-134a in these applications. 

The thermodynamic and physical properties of HFC-
13.ia. coupled with its low toxicity. make it a very efficient 
and safe replacement refngerant for CFC-12 1n many 
segments of the refngeration industry. most notably in 
automotive air conditioning. appliances. small station
ary equipment. n1edium-temperature supermarket cases 
and industrial and commercial chillers. Tai ·e 1 provides 
a comparison of the theoretical performance of CFC-12 
and HFC-134a at medium-temperature con~1tior.s. 

TABLE 1 
Theoretical Cycle C:>mparison of CFC-12 

and HFC-134a• 

tFC-12 HFC-13b 

tapacity (as % CfC-12) 100 99.7 

CoeH1C1ent or Performance (COP) 3.55 3.43 

Compressor 
Exit Temperature. -C (0 f) 86.8 (188.2) 83.1 (181.5) 

Exit Pressure. kPa (psiJ) 1349 l195.6) 1473 (213.7) 

Compression Ratio 4.1 4.7 

• Temperatures were as followS: Q>ndenSer. SU-C (130.0-F): 
Evaporator. 1.rc (35.0-F); Compressor Suction. 26.rc 
(800-F): E1panst0n Device. 51.rc (125.0"F). 

As a blowing agent in po•ymer loams. HFC-134a can be 
used to replace CFC-12 in many thermoplastic loam 
applications. Raent developments. however. are also 
providing new technology that uses HFC-134a as a 
replacement for CFC-12 1n thermoset loams HFC-134a 
features properties that are advantageous for high value
in-use products and meets the requirements of safety/ 
environmental issues HFC-134a is nonflammable. has 
negligible photochemical react1v1ty and low vapor ther-

mal condut::t1v1ty. 

HFC-134a is also being developed for use 1n pharma
ceutical inhalers because of its low tox1C!ty and nonllam
rnability. Other aerosol applicat1onc; may use HFC-134a 
where these properties are critical. See DuPont DYMEL ~ 
Bulletin ATB-30 (H-44691) for additional information on 
aerosol applications of HFC-134a. 

Physical properties of HFC· 134a are given 1n Table 2 
and Figures 2 to 8. Additional physical property data 
may be found in other DuPont pubhcations. Bulletin 
ART· 1 (H-43855-1) contains viscosity. thermal conduc
tivity and heat capacity data for saturated liquid 
ar.d vapor in addition to heat capacity data and heat 
capacity ratios for both saturated and superheated va
pors. Thermodynamic tables in English and SI units 
are available in aulletins T-134a-ENG (H-47751) and 
T-134a-SI (H-47752). Liquid and vapor densities are 
included in the thermodynamic tables 
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TABLE 2 
Physical Properties of HFC· 134a 

Physical Properties 

Cttenucal Name 

Chemieal Formula 

Motecular Weight 

Boiling Point at 1 atm (101.3 kPa or 1.013 bar) 

Freezing Poinl 

Critical Temperature 

Critical Pressure 

Critical Volume 

Cntical Density 

Density (Liquid) at 2s•c (77°F) 

Density {Saturated Vapor) 
at Boiling Point 

Heat Capacity (Liquid) 
at 2s·c (77°F) 

Heal Capacity {Vapor 
at Constant Pressure) 
at 25"C {77°F) and 1 atm (101.3 kPa or 1.013 bar) 

Vapor Pressure at 2s·c {77°F) 

Heat or Vaporization at Boiling Point 

Thermal ConducliVlty at 25->C (77"F) 
liquid 

Vapor at 1 aim (101.3 kPa or 1.013 bar) 

Viscosity ar 25°C (77°F) 
liquid 
Vapor at 1 atm ( 101.3 kPa or 1.013 bar} 

Solubility of HFC-134a 
in Water ar 2s•c (77°F) and 1 arm (101.3 kPa or 1.013 bar) 

Solubility of Water in HFC-134a 
at 2s·c (77°F) 

Flammability Limits in Ajr at 1 atm (101.3 kPa or 1.013 bar) 

Autoignlllon T emper3ture 

Ozone Oeplelion Potential 

Halocarbon Global Warming Potential (HGWP) 
(For CFC-11, HGWP = 1) 

Glot>at Warming Potential (GWP) 
(100 yr. ITH. For CO,. GWP = 1) 

TSCA Inventory Status 

Toxicity AEL1• 1(8· and 12-hr TWA) 

Units 

-c 
Of 
-c 
•F 

kPa 
lbfin.Z abS 

ml/kg 
ft311b 

kglm3 
lblftl 

kglm3 
lblftl 

kglml 
lbJftl 

k.J/kg-K 
or Btul(lb) (0 F) 

k.Jlkg-K 
or 9tu.'{lb) {0 F) 

kPa 
bar 
psi a 
k.J/kg 
Btu/lb 

W/m-K 
Btulhr-tt°F 

W/m-K 
Btu/hr-t:°F 

mPa-5 (cP) 
mPa-5 (cP) 

wt% 

wt% 

ppm (VIV) 

HFC·1:S.C. 

Ethane. 1,1.1.2-Tetranuoro 

CHlCFJ 
102.03 

-26.1 
-14.9 

-103.0 
-153.9 
101.1 
213.9 

4060 
588.9 

1.94 x 10"'1 
0.0311 

515.3 
32.17 

1206 
75.28 

5.26 
0.328 

1.44 
0.340 
0.852 
0.204 

666.1 
6.661 
96.61 
217.1 
93.4 

0.0824 
0.0478 
0.0145 
0.00836 

0.202 
0.012 

0.15 

0.11 

None 

no 
1418 

0 
0.28 

1200 

Reported/Included 

1.000 

••• AEL (Accep1able Exposure Limit) is an aitt>ome e•Posure linl1t established by DuPont scienlists for SUbstances to ensure the safe 
hanclhng and use of that subs1anc. 

Note: kPa is abSOlute pressurt. 
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f•gure 2 Sotub1hly ol Water 1n HFC-134a. 
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THERMAL DECOMPOSITION 

15C 

HF C- t 3-ia •oa;::ors '""'"decompose whero exposed to high 
temperatures •rom llames or electric resistance heaters 
Oc·(0mpos1ho., may produce toxic and 1rritat1ng com· 
~·:· .·1ds 5,1.;i-. as hydroge:i fluon~e The pungent oaors 
r~:.: .iseC! w111 .rr1ta!c me nose and throa! and generally 
tc.rce people IJ evacuate: the area The~e!ore. 1l 1s 1mpor· 
t;i~'. !o pre ... e~t decompos11ton by avoiding expos;;re to 
h19n temper a1ures 

4 

ST ABILITY WITH METALS ANO 
REFRIGERATION LUBRICANTS 
Stab1hty tests for refrigerants with metals are typically 
performed in the presence of refrigeration otls. The 
results of sealed tube st2bllity tests are available for 
CFC-t2-m1nera! 01• combinations. which have shown 
long-term stat>dity 1n contact with copper. steel and 
aluminum in actual refrigeration systems. Polyalkylene 
glycol (PAG) and polyol ester (POE) lut>ncants will 
most likely be used with HFC-134a Sealed tube 
tests were. therefore. run to determine the relative 
long-term stability of HFC-134a.'metals tn the presence 
of these lubricants 

The method followed was generally the same as 
ASHRAE 97 with several minor moc!i!1cations. A ~-ml 
volume of refngerantr1ubricant soluhon was heated in 
the presence of copper. steel and aluminum strips in an 
oven for 14 days at l 75°C (347'"F) Both the neat 
lubricant and a mixture of lubncant and refrigerant 
(50-'50 volume ratio) were tested Visual ratings were 
obtained on both the hquid solutions and the metal 
coupons aher the designated exposure time. The visual 
rattngs ranged from 0 to 5. with 0 being the best and 
5 being the worst. 

A!:e~ the visual ratings were obtained. sample tubes 
y,;ere opened and ihe luoncant and refr:;e•ar:: (1! present} 
were analyzed Tne :uoncant was ?y~.cai·-1 checi.ed for 
hahde con!ent and viscosity. wt'l1le the re'r:gerant was 
examined for the presence of decompos111on products 
Table 3 summarizes typical data for both HFC-t3.:a 
and CFC- t 2 Visual rahn~s are lls!ed for the neat 
lubricant. the lubncant.'refngerant solution and the three 
metals that were present in the lubncant'refngerant 
solutions. Viscosity was determined on the unused 
lubricant, the tested neat lubricant and the lubncant 
tested in the presence of refrigerant A percent change 
was calculated for the two tested lubricants The de
composition products hsted are HFC-143a (the pre
dominant decomposition product for HFC-t34a} anj 
fluoride ion. Both species are typically measur~d in the 
low parts per m1lhon (ppm) range 

As the CFC-12tm1neral 011 comb1r.at1ons have been 
proven in actual service. these tests indicate that HFC 
t 34a.-PAG and HFC-134aiPOE sol•Jt1ons have accept· 
able chemical stability Ir. several otner tests. results 
have confirmed that the HFC-134a molecule is as 
chemically stable as CFC-12 

• - ---..... 11111111!! .. ,.,.._ •• ...,. __ 
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Figure J Pressure vs Temperature (English Units). 
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Figure 4. Pressure vs. Temperature (SI Units). 
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F19..1re 5. Vapor Thermal Conductivity of HFC-134a at Atmospheric Pressure (English Units). 
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Frgure 6. Vapor Thermal Conductivity ot HFC·134e at Atmospheric Pressure (SI Units). 
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TABLE3 
Stability of HFC-134a with Metals and Lubricating Oils 

Mob II Castrol 
Mineral Mineral UCON EAL lcematlc 

Oil 011 011 RO-W-6602t9' Arctic 32"'1 SW1Dr 

011 V1SCOS•ly. cSI al 40'C (104.F) 30.7 125 134 29.4 108.8 

Refrigerant R-12 R-12 HFC·134a HFC-134a HFC·134a 

Ratings 
Neat Oil 0 0 0 

()tl/Refngerant 4 4 0 0 0 

Copper 2 2 0 0 0 

Iron 3 3 0 0 0 

Aluminum 2 2 0 0 0 

Viscosity Change 
c. Change Neat NO NO <1 -3.1 43 

~. Change witti Refrigerant NO NO -12.7 -362 -27.1 

Decomposition Analysis 
HFC-143a. ppm NO NO <7 <3 <0.3 

Fluoride. ppm ND 420 <0.7 <7 

·---
,., POlyalkytene glycol lubricant Stability Ratings: O to 5 

~· POlyOI ester lubncar.1. o =Best 

NO = Nol deterrnined. 3= Failed 
5:: Coked 

; .:.r ::..ITY W:Tn FOAM CHEMICALS 

As w:th other alternative blowing agents. the stability of 
HFC-134a in foam chemicals (8-s1de systems) is being 
studied The first tests evaluated HFC-134a stability in 
a sucrose-amine polyether polyol with either an amine 
catalyst. a potassium catalyst. a hn catalyst or an amine 
catalyst neutralized with an organic acid. The initial 
tests. which included analysis of the volatile compo
nents. showed no degradation of HFC· 134a in any of the 
systems. even at elevated temperatures. The results 
are summarized in Table 4. 

TABLE4 
Stability of HFC-134a with Foam Chemicals 

Catalyst 

Amine 

Potassium 

Tin 

Neutralized Amine 

T es1 Conditions 
Six weeks al 60'C (140°1'). 
25"1o (WI.) HFC-134a 

Degradation, % 

<0.001 

<0.001 

<0.001 

<0.001 

Two parts ca1a1ysr per 100 parts polyol by we19h!. 
One part wafer per 100 parts potyol by we1gl'lt. 
Type 1010 ~1ee1 rest coupon. 

COMPATIBILITY CONCERNS IF 

9 

HFC-134a AND CFC-12 ARE MIXED 

HFC-134a and CFC-12 are chemically ccrripat1ble with 
each other; this means that they do NOT react with each 
other and form other compounds. However. when the 
two materials are mixed together. they form what is 
known as an ·azeotrope: An azeotrope is a mixture of 
two components that acts like a single compound, but 
has physical and chemical properties different than 
either of the two components. An example of thrs is 
FREON" 502. which is an azeotrope of HCFC-22 and 
CFC-115 When HFC-134a and CFC-12 are mixed in 

certain conomtrations. they form a high-pressure (low 
boihng) azeotrope. This means that the vapor pressure 
of the azeotrope is higher than that of either of the two 
components by themselves At 109 ps1a (752 kP3 
absolute) the azeotrope contains 46 weight percent 
HFC-134a lri general. compressor discharge pres
sures will be undesirably high 1f refngerahon equipment 
is operaled with a mixture of HFC-134a and CFC-12. 

Another charactenshc of an azeotrope rs that 1t is very 
d1ff1cult to separate the componen1s once they are 
mixed togelher. Therefore. a mixture of HFC-134a and 
CFC-12 cannot be separated 1n an on-s:te recycle 
machine or in the typical facilities of an off-site reclaimer 
Mixtures of HFC-134a and CFC- 1 2 will usually have to 
be disposed of by incineration. 

I 



·'V , 
"" •J 

·~ '• 
I 
-~ 

'° ...... 
' ii 

~.gure 7 Pressure-Enthalpy Diagram for HFC·134a (English Units). 
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F19ur~ 8. Pressure-Enthalpy Diagram for HFC-134a (SI Units). 
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E~cause HFC-134a is used 1n many a"lplrcations. it 
-~ 11~~;:i0:tant to review materials of construction for com
;:-,,:.~·"'.• when designing new equipment. retrohtting 
e~·s::"; equipment or preparing storage and handling 
~~:tc:·!r: es 

r '...A~TICS 
CJs!omary industry screening tests. 1n which twenty
~~= ee :ypical plastic materials were exposed to hquid 
HFC-134a in sealed glass tl.ibes at room temperature. 
are su...,r..arized 1n Table 5. Observations of weight gain 
'~:: ;::~7s1ca? cha!'lge were used lo separate materials 
n.?r·:.r.g further laboratory and:or held testing from ma

:e:1a1s which appeared unacceptable The majcrity of 
:ne :-.a:enals tes:ed men! further e" a' .... a:.or. 

3 ".:-? :>:~ ;:iertormance of plas!•C ma!e•·ais is a .. e:!ed by 
::ci7 "':'\.?~ variations. compounding agents hl!e~s. and 
fl1,Pl:l1'."g processes. verifying compat1b1hty using actual 
la!:>ncated parts under end-use cond:t:ons is advised. 

~LASTOMERS 
Com~at1b1hty results for HFC· 134a and CFC-12 are com
pared for 11 typical elastomers 1n Tables 6 tttrough 17. 
1: s~c-.;ld be recognized. however. that effects on spe· 
c1hc e~.;stomers depend on the nature of the polymer. the 
com;:ound1ng formulation used and the cunng or vulca
niz·r.g cond1t;ons Actual samples shOuld be tested 
unde· end-use cond.tions before spec1fy1ng elastomers 
for cnt1cal compone:1ts 

Recommendallons. based on the detailed da:a 1n Tables 
7through 17. are g;ven in Table 6. Data or. iemporary" 
elastomer swell and hardness changes were used as 
the prime determinants of compahb1hly The subse· 
qut:-'1: --1inar data were used as a guide 10 1nd1cate af the 
sea:~ 1n a refrigeration system should be replaced after 
eq.;1cment tear down 

-.. 

Most polymeric materials used 1n refrigeration equip· 
ment are exposed 10 a mixture ol refrigerant and relng· 
era!1on oil Data on the compahb1hty of elastomers and 
motof maten~ls with HFC-134a in comb1na!ion with 
mineral oils and a PAG lubr•cant are available 1n Bulle
tins ARTD- I 8 (H-268..\5) and ART0-30 ( H -32123). Data 
for nylon and for grapMe-l1lled TEFLON fluorocaroon 
resin are included 1n ART0-30 A::101honal ::iaia are being 
developed by equipment manulacture!S 

HOSE PERMEATION 
Elastomeric hoses are used 1n moo11e air cond1tiomng 
systems and for transferring HFC· 134a 1n other applica
tions. The permeation rates of HFC- I 34a and CFC-12 
through several automotive AC hoses were measured 
as a guide to hose selec!1on 

12 

TABLES 
Plastics Compatibility of HFC-134a 

Test Conditions: Plastic specimens e"posed 10 llQUld 
HFC-t34a (no lut>rlUlll) in sea!ed glass 1uties lo' :-.o 
weekS al room temperature 

Chemical Type Trade Name 

Plastic materials meriting further resting 

ABS 
Acetal 
Epoxy 
Fluorocarbons 

PTFE 
ETFE 
PVOF 

lonomer 
Poly amide 

616 Nylon 
Polyarylate 
Polycarbonate 
Polyest6~ 

PBT 
F-ET 

Polyelherimide 
Polyelhyter .e-HD 
Polyphenylene Oxide 
Polyphenytene Sulfide 
Polypropylene 
Polystyrene 
Polysuttone 
Polyvinyl Chloride 

PVC 
CPVC 

KRALASTIC° 
OELRIN. 

TEl=LON! 
TEFZEL• 

SUALYN• 

ZVTEL" 
ARYLON" 
TUFF AK. 

VALox· 
RYNITE• 
ULTEM. 
ALATHON• 
NORYL' 
RYTON• 

STYRON• 
POL YSUFONE• 

Plastic materials exhibiting unacceptable change 
Acrylic LUCITE. 
Ceilulos1c ETHOCEL' 

..1:ir. . . 

, . *' -
' ,·,, .,. . - -. ~. - .. 



TABLE 6 
Elastomer Compatibility of HFC·134a 

Ratings 

CFC-12 HFC·134a 

2s·c IO°C 141•c 25,C ao·c 141•c 
cn·F> (176°F} (285'F) (n'F) (176'F) (2S5°F) 

XJ:PRENE L 5 2 5 
Bu~a N 1· o· 2· 1 c· 1 
Bur-a S 3 4 3 2 
Su!!I Rubbe~ 2 4 0 3 
HYPALON' 48 1 0 0 t• 0 0 
Na!;.iral Rubber 4 5 0 2 
Neoprere W o· 1· 0 2 
NORDEL • Elastomer 2· 2· 1 1 
S1iiccne 5 5 2 2 
THIOKOL' FA 1 1 t• 0 
VITON"A 5 5 s 5 

·t;c.)'Tlrnel'ld elasiome• replaee;nent alter equipment teardown_ 

HYi=~LON NOADEL. and VITON" are DuPont registerecl trademattts 
A;) ;::RENE' •Sa Un1rcya1 regis:ered trademafl!_ 

Codes 0 = No c:tiange 
1 = Acceptable change. 
2 = Borderline change. 
3 = Slightly unacceplable change TH?Q..;QL. FA •Sa Mor.on Tn.okol regLStered trademaftl_ 

i'.>' s: .. ~;.,;s v.~re ~;,,;:-- a'. 80 C ( 176 F) w1!h an 1n1t1al 
S~ .: _.-··o;;:.e-.:2:·: . .::.-: :a::.~.-;c~riFC-13.;a,n76-cm 
1:;::- .. " 1 ier:gt:is of 15 9-~·Hn tS-8-1n) inside diameter 
a.·~··,c:r·:e a;r cona·? . .J~.ng hose Hose construction 
a":: je·meat10r. rares are summarized 1n Tao/e 18_ 
E ':-·'.-: :-,• :,_,est- IE-S '.S 'lCSeS :rned with nylon_ as well as 
ti- :--se ~ace of HY?ALON 48 appear to be suitable for 
u~e ·: .• :~-, HFC-134a Nore. however. that these rate 
meas ... rr::111ents provide a comparison of the various 
•;.: ses at a S!ngle rempera:ure and should not be used as 
a;·, 1nd.ca:1on of actua· ;:iermea!1on losses from an oper
a:.l"lg s1stem 

[ : 1·: CANTS 
D-'/ers Mled with desiccant are typically used 1n refng
e: ation sys:ems and bulk storage facilities A common 
rr.·:>iecl!lar sieve desiccant used with CFC-12. UOP's 
ftorrr~··v Union Carbide Molecular Sieve) 4A·XH-5. 1s 
n('f CC' mpahble wrth HFC-134a. however. UOP t-.as 
d·~\. e .:.pea other moie:Jlar sieve desiccants. such as 
XH-7 and XH-9_ wh1cr. perform well in HFC-t34a ser
v•ce Ir add1!1on. several other manufacturers offer loose-
111: :inc molded-core des.:cants that are compatible with 
HF C- t 3.:a and luonca,,:s Be sure to indicate your 
sp~::•f•c HFC- t 34a ap;:i:.::arion when ordering a dryer or 
dC-31c::c;n1 

F :.r ;;1GERA TIOr~ LUBRICANTS 
Most r.ompressors require a lubricant 10 protect internal 
n'~W~·J par1s Tl"ie C".>r"'l;Jressor manufacturer usually 
rf:cJ111mends the type ot lubricant and viscosity 
tr.:-ir should be usPd to ensure proper operahon arod 
e10.11pr.e111 dura~1h:~ Recommendations are based on 
St"¥eral cnte·1a. such as lubrrc1fy. compahb1lity with ma
terials nf cons1ruct1on_ ttierma1 stability and refngerar.V 

.c = Modo!ratety unacceptable change 
S = Severely unacceplatlle ctiange 

oi! mrsc1b1hly To ensure effrcienl operar~on anc iorg 
eq:..:;:::-r:er.: 1.:e_ it :s .:r.pcrtant to !oilow tne manulac:ure~ s 
recommendations 

Cur~enl lubricants used with CFC· 12 are fully miscible 
ove· the range of expected operating cond.11or:s eas1r.g 
the proo•e~ of ge::.ng the lubricant to flow oack to tr.e 
compressor Refrigeration systems using CFC-12 taKe 
advantage of this full m1scrb1hty when considering lubrr· 
cant relurn. Refrigerants SiJCh as HFC-134a. with ht!le or 
no chlorine. may exh1b1t less solubility with many existing 
mineral 011 or alkylbenzene lubricants_ 

13 

, 1.e search for lubricants for use with HFC-134a started 
with commercially available products T aiJJe 19 show~ 
solub1hties of various refngera,Vlubncant comb1na11ons 
Current naphlhenic. parallinic and alkylbenzene lubn· 
cants have very poor solub1hty with HFC-134a PAGs 
with 10....- viscosity show good solub1hty but. a!: v1scos11y 
increases. they become less soluble_ Ester lubricants. of 
which there are many types. generally show good solu· 
b1lity w11h HFC-134a When compared to PAGs_ ester 
lubricants are mor~ compatible with hermetic motor 
components and are less sens1t1ve to mineral 01! and 
CFC· 12 rema1n1ng 1n a re!ngeration system 

AlthOugh HFC-134a and CFC-12 are chem1ca11; com-· 
pat1ble with each other. such is not the case w.lh 
CFC-12 and PAG lubricants. Spec1fically. the chlorine 
contained 1n CFC· 12 or other chlnn:ia:ed com~ounds 
can react with the PAG and cause lubricant degradation 
CFC-1 t. which is often used as a c1ean1ng or flushing 
agent. 15 also 1n~ompalrb1e with PAGs At contaminant 
levels of 1 percent CFC-1 t or 2 to 10 percenl residual 
mineral or! (salurated with CFC-12). the Slab1l::y of the 
system :s affected enough to cause possible dcgrada· 
t1on. Lubricant degradat•on can result •n poor lubrication 
and premature failure Ir '1d111on. sludge will be formed 
that can plug orifice tut- ind 0th~r small openings • 



TABLE 7 
Compatibility of Refrigerants with ADIPRENE· l 

~ ~s: Cone1111ons 27 days ammersaon ol the polymer 1t 2s•c (77"F) and BG•c (176.F) an hquid (temporary) plus two weeks dtyll'lg in air 

a· J::O-.Jt 2s•c (77°FJ (!anal). 

Length Change {%i 
Temporary 
Final 

Weight Change (9/•) 
Temporary 
F.nal 

Shore A Hard:iess 
Or•ganal 
Temporary.~ SH 
F.nal . .l SH 

Elasticity Rating 
Temporary 
Final 

Visual Rating 
L•qu1d 
Polymer 

Temporary 
Fina: 

• sa~ple :l1s1ntegraled 

·• Mure elas!ac 

25·c (Trfl ao·c (17&"fl 

CFC-12 HFC-134a CFC-12 HFC-134a 

1.8 5.5 2.1 5.0 

0.3 0.1 lal --0.5 

8.5 20 5.2 20 

1.2 0.3 tal --0.5 

60 61 60 63 

-2 -4 
, .. -28 

0 1 -19 

0 0 5••• 411'1 

0 0 51•• 51<1 

0 0 0 0 

0 0 0 11• 

0 0 5••· 2'"' 

.., Broke wnen suetcned 
,.. Sticky 

TABLE 8 
Compatibility of Refrigerants with Buna N 

Test Condataor:s: 27 days imm1rst0n of the polymer at 25°': (77"F). 80°C (176°F) and 141"C (285°F)1n liquid (temporary) plus IWO 

weeks driang m air al about 25°C (77.F) (final}. 

CFC-12 HFC-134a 

2s·c ao·c 141"C 25·c ao·c 141"C 

(77"F) (176"F) (285"F) (77"F) (176"F) (285"F) 

Length Change (•.4) (s0.5) 
Temporarv 2 1 2 2 2 3 

Final 0 
_, 0 0 0 0 

Weight Change (0/e) (s0.5) 
Temporary 7 6 8 8 8 8 

Final 0 -1 2 0 0 0 

Shore A Hardness 
Original TT 76 72 77 74 75 

Temporary.~ SH -6 -1 9 -5 -1 -3 

Final. 6 SH 7 9 14 5 7 4 

Elasticity Rating 
Temporary 0 1 11•1 0 1 1 

F1na1 0 0 0 0 0 0 

Visual Rating 
L1qu1d 0 0 0 0 0 0 

Polymer 
Temporary 0 111'1 0 0 0 

Final 0 111'1 0 0 0 

-----
·•· More eiastc 
'"' Surface duhtd 

14 



TABLE 9 
Compatibility of Refrigerants with Buna S 

Tes: Cond•l•ons 27 days immersion of the polymer a12s•c (77.F) and ao·c (176.F} in liquid (lempotary) plus IWO weeks dtying"" .... 

a: a::OJI 2s•c (7rF) (~). 

2s·c cn·F> ao·c (17&"F) 

CFC-12 HFC-134a CFC-12 HFC-134a 

Length Chan!le ("•) 
Temporary -0.1 1.1 0.7 0.8 
Final -2.5 <{'-1 -26 0.3 

Weight Change (%) 
Temporary 2.8 1.9 29 2.5 
Final -62 -0.1 ~2 -0.1 

Shore A Hardness 
Original 85 84 83 81 
Temporary . .l SH -12 -12 -16 -9 
Final.~ SH 8 -2 -9 -2 

Elasticity Rating 
Temparary 0 0 0 ,,., 
Final 31•• 11111 J'C• 0 

Visual Rating 
L'qu1d 0 0 0 0 
Polymer 

Temporary 0 0 0 0 
Final 0 0 0 0 

· r.• ..:.irt; e1as:1c 
= Less etastic 

TABLE 10 

Compatibility of Refrigerants with Butyl Rubber 

Tes! Cona111ons 27 days 1mmerSIOI' :if the polyme' at 25°C (77°F) and eo•c (176°F) in liquid (temporary) plus two weeks drying 1n air 

ar a:iout 25°C (77°F; (linal) 

2s·c ITT"F> ao·c (17&"F) 

CFC-12 HFC-134a CFC-12 HFC-134a 

Length Change (•1.) 
Temporary 6.3 '\.2 7.6 1.3 
Final -1.2 0 --0.8 0.4 

Weight Change(%) 
Temporary 34 2.0 36 3.7 
Final -2.6 -0.1 -1.2 0.6 

Shore A Hardness 
Orig1"a1 54 54 57 58 
Tem'orary, .l SH -8 -1 -14 -4 
F1~·~I . .l SH -1 -2 -10 -3 

Elasticity Rating 
Temporary ,,., 1i.1 3'"' 0 
F1nai 0 0 2'"' 0 

Visual Rating 
L1qu1d 0 0 :p1 0 
Polymer 

Temporary 0 0 3''' 4"' 
Final 0 0 1111 2'dJ 

• More elashc '" While depos1! on etastome~ 
· While sohds 1n hq.,ld 1• WMe film on e1as1omer 
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TABLE 11 
Compatibility of Refrigerants with HYPALON" 48 

'-" Cond'"''" 27 d>V' -·- ol ... - ol 2S"C (11'Fl. B0"C (176"fl""' ,.,•c (2BS"FJ ~ ..... _.,,,,... '"° 
.. ee..s dl"f"'9 on air a: aoout 2s•c l779F) (hnalJ. 

CFC-12 
HFC-13-b 

2s·c IC,.C 141•c 2s·c .,.c 141·c 

(77.F} (176"F) (285.F) 
(77.F} (17&•F) (28S"F) 

Length Change (%} (s0.5) 
Temporary 

t 0 t 0 0 1 

Final 
0 0 0 0 0 

Weight Change (%} (s0.5) 
Temporary 

7 5 9 0 1 2 

Final 
2 1 4 0 0 t 

Shore A Hardness 
Original 

79 81 81 76 82 82 

Temporc.ry. ~SH 
-4 0 0 3 1 1 

Final. 41 SH 
4 2 2 8 1 4 

Elasticity Rating 
Temporary 

0 0 0 0 0 0 

Final 
0 0 0 0 0 0 

Visual Rating 

4 

Liquid 
0 0 0 0 0 0 

Polymer 
Temporary 

0 1 
, .. , 0 0 0 

0 1 
,.. 0 0 0 

Final 

--
·• Surtace dulled 

TABLE12 
Compatibility of Refrigerants with Natural Rubber 

r ,., Con'""'"" v ,.,, """''"""" ol lhe """""" 2S"C tn"fl '"" eo•c 111•"fl "' ... ~ l""'""'~' ""'..., -·,,,.,.,. ""' 
al atJOut 2s0 c (77"F) (hnal). 2s·c (77"Fl 

ao·c (17&•F) 

CFC-12 HFC-134• CFC-12 HFC-134a 

Length Change(%} 
Temporary 

14 1.3 14 2.0 

-1.1 -0.3 -0.8 0.4 

Final 
Weight Change (~•) 

Temporary 
51 4.5 55 58 

-2.6 -05 -26 -0.6 

Final 
Shore A Hardness 

Original 
55 56 56 57 

Temporary,6 SH 
-9 

_, -17 -8 

Final. 6 SH 
-5 -4 -8 -4 

Elasticity Rating 
Temporary 

0 0 
,,., 1111 

0 0 2··· 0 

Final 
Visual Rating 

L1qu1d 
0 0 0 0 

Polymer 
Temporary 

0 0 0 0 

0 0 0 0 

Final 

--
1• 1 More elas.1C 
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TABLE 13 
Compatibility of Refrigerants with Neoprene W 

7es· CQl!Otions 21 days immel'SIOn o! the polymer at 25•c {7rF) and eo•c (175•F) in liquid (tempo1ary) plus i.o weeks d'Y'fl9 in• 
at a~t 2S'C (i:"'FJ (l~n 

2s·cm·F) ao·c (176"F) 

CFC-12 HFC-134a CFC-12 HFC-134a 

Length Change (9,.) 
Temporary 02 0.7 0.9 1.4 F1na1 -7.6 --0.5 -7.3 --0.3 

Weight Change(.,.) 
Temporary 6.6 2.3 6.8 2.9 Final -12 --0.6 -13 -1.8 

Shore A Hardneu 
o~.g1nal 73 73 73 72 Temporary . .l SH -1 0 -5 -7 Final.~ SH -10 0 5 -5 

Elasticity Rating 
Temporary 2481 0 1191 0 Final 2191 0 21" 0 

Visual Rating 
l1qu1d ,.., 

0 1NI 0 Pc! 1 ~er 
Temporary 0 0 , .. , 

0 F1~a1 0 0 0 0 

• Les; eiaS!·~ ·•·Hazy 
" More e1as:1c '"Wh•lefllm 
' Clea~ yenow 

TABLE14 
Compatibility of Refrigerants with NORDEL ~ Elastomer 

Tesr C.;nd111cns· 27 days immersion or lhe polymer al 2s•c {7rF) and eo•c (176.F) 1n liquid (temporary) plus two weeks drying in air 
ar abo'"'~ 25°C (77°F) (linal). 

2s·c (77.F) ao·c (176°F) 
CFC-12 HFC-134a CFC-12 HFC·134a 

Length Change (%) 
Temporary -0.6 0.5 --0.4 0.7 Final -8.2 -02 -8.4 0.4 

Weight Change (04) 

Temporary 5.5 2.8 6 1 4.4 Final -22 <0.1 -22 -0.2 
Shore A Hardness 

Original 66 66 65 63 Temporary,~ SH -4 -3 0 ~ F1na1 . .l SH 19 -4 20 0 
Elasticily Rating 

Temporary 
~·· 0 21-1 11'1 Final 2'"' 0 2"' 0 

Visual Rating 
L1qu1d 0 0 0 1.-i Polymer 

Temporary 0 0 0 0 Final 0 0 , ... 0 

• Less elastic fCIWMefilm 
• More elastic '"'Hazy 

17 
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TABLE1S 
Compatibility of Refrigerants with Silicone 

- e~'. Conc•t•ons 21 days immersion of tl'le p01ymer at 2s•c (7.,.FJ and ao•c (ti6°F) ir. liQul(J (ten1')0l'ary) pluS two weeks dl"f1"9 if' air 

a· a~vu: 2s•c (77'FJ ,1ina11 
25·c (T7"Fl 

ao·c {17&~Fl 

CFC-12 HFC-134a CFC-12 HFC-134a 

Length Change (.,.) 
Temporary 

41 6.1 44 5.5 

--0.1 0.1 -0.2 --0.2 

Final 

Weight Change (%) 
Temporary 

173 20 187 20.3 

0.7 --0.1 -0.7 --0.3 

Final 

Shore A Hardness 
Original 

60 61 60 58 

Temporary . .l SH 
-13 -8 -15 -6 

Final . .l SH 
-7 -4 -7 -2 

Elasticity Rating 
Temporary 

0 1'"' 
, ... 0 

0 0 0 0 

Final 

Visual Rating 0 0 0 0 

L1Qutd 
Polymer 

Temporary 
51'" 0 4 .. ' 0 

0 0 0 0 

Final 

• :..ess elast•C 
, Swollen 

TABLE16 
Compatibility of Refrigt>rants with THIOKOL FA 

Test Conditions 27 days immersion of tl'le po1ymer at 25"C (77°F) and ao·c (t76"F) 1n liquid (temporary} plus rwo weeks drying en air 

at at>out 2s·c (77"Fl (final} 
2s·c {T7"Fl 

ao·c (17&"Fl 

CFC-12 HFC-134a CFC-12 HFC·134a 

Length Change (%) 
Temporary 

1.3 08 1.4 --0.2 

--0.S -0.2 -0.5 --0.9 

Final 
Weight Change (~•) 

Temporary 
1.9 1.0 3.7 1.9 

--0.2 --0. 1 -0.8 -0.8 

Final 

Shore A Hardness 
Original 

70 69 74 74 

Temporary . .l SH 
-6 -4 -6 0 

Final . .l SH 
-5 -6 -1 0 

Elasticity Rating 
Temporary 

1 '' 1 "" 0 
,,., 

0 0 1i" 2' .. 

Final 

Visual Rating 0 0 0 0 

Liquid 
Polymer 

Temporary 
0 0 0 0 

Final 
0 0 0 0 

"'Less e1as1ic 
,..More e1as11C 
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TABLE 17 
Compatibility of Refrigerants with VITON A 

Tesr Conditions: 27 days~"'°" ol lhe polymer at 25-C (779F) and l!<rC (17fi•F) 11'1 hq-.iid (temporary) C*ss two wnkS ~.ng in air 

ar aoour 2s·c (77"FJ (final) 

length Change("•) 
Tempo~ary 

Final 

Weight Change (%) 
Temporary 
Frnal 

Shore A Hardness 
Original 
Temporary . .:1 SH 
Fina! . .:1 SH 

Elasticity Rating 
Temporary 
Final 

Visual Rating 
Liquid 
Polymer 

Temporary 
Final 

• Less e!ast•c 

' M.::•e eiasr•c 
' Very slightly tacky 

CFC-12 

HFC-134a 

Hose Construction: 
Inner Liner 
Second Layer 
Rernforcemenl 
Ouler Cover 

25-cm·F> ao·c (1n·F) 

CFC-12 HFC-134a CFC-12 HFC-134a 

5.5 13 4.9 12 
0.7 --0.1 1.2 0.3 

19 48 20 49 
1.8 0.7 2.5 12 

74 74 73 73 
-19 -30 -23 -31 
-7 -8 -10 ~ 

2"" 24'1 3'8" 3••• 
0 0 0 0 

0 0 0 0 

0 11<1 0 c 
0 , .... 0 5••· 

,.. Q,;, S!'ll!l!'l 

'"' Putfe:;t mounas-5~• of surface 

TABLE18 
HFC-134a Permeation Through Elastomeric Hoses 

Nylon 

4.5 (0.3) 

3.0 (0.2) 

Nylon 

Nylon 
Chlorobutyl 

Permeation Rate, gm/cm-yr (lblh·yr) 

HYPALON9 48 Nftrlle 11 Nltrlle 12 

14.9 (1.0) 

3.0 (0.2) 

HYPALON948 
Rayon 

2 Braids 
EPDM 
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22.3 (1.5) 

26.8 (1.8) 

28 3 (1.9) 

40.2 (2.7) 

Nilrile (NBA) 
Rayon 

2 Braids 
EPDM 



TABLE 19 

Solubilities of HFC-134a in Lubricants 

Temperature Range: -so•c to 93°C {-58°F to 199.F) 

Percent Refrigerant in Mixture 

Oil Type 

500 SUS Naphthenrc 

SOC 3US Paraffrn1c 

2 phase 

2 phase 

2 phase 

2phase 

6<>'1'. 

2 phase 

2 phase 

2 phase 

2 phase 

2 phase 

2 phase 

2phase 125 SUS 01alkylbenzene 

300 SUS Alkylber.zene 

165 SUS PAG -50 to >931•1 -SO to >93 

2 p~ase 

-50 to +73 

525 SUS PAG -SO to >93 

100 SUS Ester -40 to >93 

1 ;,O SUS Ester -SO to >93 

:i~o SUS E~:er -SO to >93 

500 SUS EstP.r -49 lo >93 

• One pha!'E.' 1n t'1•s terr.perature rarge. •C 

INHALATION TOXICITY 
~FC-13~a poses no acute or chronic hazard when it is 
n?.nd!ed 1n accordan;:e with DuPont recommendations 
a"'·d w"ie:1 exposures are maintained at or below the 
Cu Pont Acce:;itable Exposure L1mrt 1AEL) of 1 .000 ppm 
,fi. ana 12-hovr irr"le-We•ghted Average or TWA) 

;,., AEL is ;;ir. arroo·r-,e exposure l:m1t established b~' 
DuPont sc1ent1sts tha1 specifies t1me-we1ghted average 
, TV: A; atroorre concentratiors !c wt-i1ch nearly all work· 
ers may be repeatedly exposed v.:thout adverse effects. 
irle A EL for HF C-134a has the s :ime value as the 
".'nresn'.)1d L1!"11t 'Jalues (TL Vs) es;atihshed for :FC-12 
and HCFC·22 TL Vs are es:abl1sne~ by the Amerrcan 
Cvnference of Governmen1a1 Jnd Industrial Hygienists 
tACGIH) 
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-40to +35 -23 to-7 

-35to >93 -35 to >93 

-50 to >93 -50 to >93 

-50to >93 -50 to >93 

-35 to =·93 -35 to >93 

However. 1nhahr.g h1gn concenr•at:crs o1 HFC-134a 
vapor may cause temporary central :1e!'Vous sysrer.-: 
depression with narcosis. lethargy and anesthetic. ef
fects. Other effects that may occur include ( ·1ness. a 
feelrng of rntox1ca11on and a loss of coordmat1on. Con
tinued breathing of hi'Jh concentrations of HFC· 134a 
vapors may produce cardiac rrregu1ant1es (cardiac 
sens1t1zation). unconsciousness and. with gross ove•· 
exposure. death lntenttonal misuse or deltberate inha· 
lat1on of HFC-134a may cause death without warning 
This practu:e is extremely dangerous 

If you expenence any of the 1nit1al symptoms. move to 
fresh air and seek med1c~I atten!IOn 

CARDIAC SENSITIZATION 
If vapors are inhaled at a concentra:,or of 75.000 pprn 
whrch is well above the AEL. ttie heart may becomE 
sensitized to adrenaline. leading to cardiac irregulan 
Ires and. possibly. 10 cardiac arrest The llkelir.ood o 
these carC1ac problems increase~ 1! /OU are unde 
phys1:al or emo110na1 slrt;SS 

Medical at1ent1on must be ~iven 1mmed1are1y rt e:xpo:.e 
to high concenrraflons of H:-c. T 34a Do not treat w1' 
adrenaline (ep1r.e;>hr1ne) or similar drugs These dru! 
may increase the rrsK of cardiac arrhythmias and c;: 
d1ac arrest. !f the person is having d1fl1culty brea1h1r 
administer oxygen If breathing has stopped. give a1 
frc1a1 res;>1rat1on 

,,.~ ... ..,'r., ~.~'":, ~:. 
,,.. . 

'.t· .... . . ' 
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Sr'ILLS OR LEAKS 
1· a :.:;rg.:: ~elease 01 vapor occurs. such as from a large 
sc·•' ~1r :eaK-. the vapors may concentrate near ttie floor 
O' r.:.-. soots and displace the oxygen available for 
'.---: . · · · ;_: ca~is:rg s,..f!oca: on 

E. ;c~1 !'.t> el er.~·one i...~t·I the a~ed has t>een venlilat ?d 
L·:'·? ~" .-.ers er 'd'.'S to C•rcula'.e the arr at floor level L)o 
11._): ct:.:•·t""r the ar:ectcd area unless you are eq1· 1-1ped 
·:. tt~ J ;.e • ·con1a.~e1 oreatn,,.,g apoaratus or unless an 
a·ea r'.o.,1tor 1nd1ca1es that the concer.:raticn of HFC
: 3.:3 \ fl;::;ors rn the area rs below the AEL. 

4:1·.a1·:> use self-conrair.ed breathing apparatus or an 
<I'' .1a1c mask when entering tanks or other areas where 
·. a;:ior~ IT'1gr.t exist Use the buddy system anda hfehne. 
F;,, •• ~ · :~· '.he f\;a:..::.a: Safer, Data Sheet (MSDS) tor 
~:::: - ; ~-!a for mo:e ,rforr:-:a:ion 

._,;:C-1.3..!a vapors ':a·.-e a s1.9ritty sweet odor that can be 
~.·:.-=:c1 1 : :o detect T;ie-efore freque~t leak cnecks and 
·r·.e .r.~: ;:.a:1on c~ permane.,t area monitors may be 
nect-::.S<i! '! 1n enc:.:: sec spaces Refer to ASHRAE Stan
.::,:-.::~- ';:. a~a 3.: 'er re~:.ge:a'.:cn machinery rooms 

To e"1SL:~e safety when worlung with HFC-134a an en-

~" .·.-::. ·e:.ef n-0 o;;rge ve'.1: p101ng 111 presenti out
ar· ·,;. a-.·;ay trcm air 1r.ta11es 

~ r.~_, • .,~certain !he area •s we!I ventilated. using aux1l-
1a·. ve'11.1at1ori 1f necessary to move vapors. 

_ ~.'::--:: s~·e : .. e '1'e.1 s c·ea· :! Japors prior to begin
,, ... :.: ·.-.o·~-

.: lns:a:r air mer. tor.ng equipment to detect leaks 
(Monitors are d1~cussed 1n the next section. Monitors 
a::(: Leak De:e::::1cn ) 

SKIN AND EYE CONTACT 
At room ternpf>rature HFC-134a vapors have ht!le or no 
e·~.::c'. o:· :ne skin or eyes However. 1n hqu1d form. HFC-
1 3.:£! can freeze sk:n or eyes on contact. causing lro5t· 
b·te Fo!low1ng con:act soak the exposed area 1n luke
warm water. not coio or hor If medical treatment cannct 
reg1n 1mmed1a1e1y a;::-::ily a itght coat of a nonmed1cated 
:- n:mc•'! suO· a~ ;:ie:roit:urr. ,eily If the exposed area is 
1~· . .:1 1r:r:.it1or. wr.ere '.ne oresence of the ointment would 
t°Je aw ..... •. arc such as on the eye. apply a hght bar.dage 
I'" attrns~s of lrosm.:e. seek medical a1ten1ton as soon 

.: ..... -i;-- ·:.ear prote<.:'.1ve clo!h:ng when there is a rrsk of 
~";:'''~ .·t: to l1qU1d HFC-~34a Where splashing is pcs
s.:i;e ,;;11 ays wear eye piotectror. and a lace shield 
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COMBUSTIBILITY OF HFC-134a 
HFC-134a is nonfldrnmable at amb1e· · •.,:mperatures 
and atmospheric pressure However. k"•S have shown 
HFC-134a to be combustible at pressures as low as 
5 5 ps1g ( 139 3 kPa absolute) at 177'C (JSO'F) when 
muced with air at concentra!Jo,,s generally greater than 
60 volume 0

o air At lower temperatures. higher pres
sures are rec;u1red tor combus!Jbihty (HCFC-22 is also 
combustible at pressures above atmospheric 1n the 
presence of high a.r concen1ra1tons ) Test re:;;;lts and 
calculations have shown. 

• At ambient tempe~ature. an concentrations of HFC-
134a 1n arr arf' nonflammable at pressures below 
15 ps1g (205 k~ a absolute) 

• Combustrble m.x:ures of air and HFC-1 J4a will not 
fOim when hQ..i1a HFC-134a rs pumped into a closed 
vessel 1f the rnotra: air pressure 1n the vessel is hm:ted 
to one atmosphere absolute and the f1na! pressure is 
hm1ted to 300 ps1g (2.170 kPa absolute) If the 1ni1ta1 
arr pressure is greater than one atmosphere. combus
tible mixtures may form as the tank rs f1lle1 

Based on the above rnlormatron. the following opera:rng 
practices are recommended 

• Leak Testing 

- Equ1pmer,: s:-o~ld never be lee.;., :es:e:.: .-•. ::-. a 
pressurized mixture of HFC-134a and air HFC-
134a may be safely pressured wrlh dry nitrogen 

• Bulk Delivery and Storage 

Tan~s should normally tie evacwa!ed a! r~.e start of 
filling. and should never be filled while unde· pos1-
t1ve air pressure 

Tank pressure sh0uld never be allowed to exceed 
300 ps1g (2.170 kPa) when f1l1tng with HFC-l34a 
Ael!ef devices on e1the· :ne tanks or the HFC-134a 
supply system usually prevent this 

- Tank pressures should be monitored rout.nely 

- Air hnes should ne1er be connec!ed re storage 
tanks 

• Filling and Charging Operations 

- Oefore evacuating cylinders or refr,ger a11on equip
ment. any rema1n1ng re!r1geral'! snou'd be re
moved by a recovery system 

- Vacuum pum~ dischargt:? lines should be free of 
restrictions that could rncre.:se discharge pres
sures above 15 psrg (205 kPa; and resvll 1n the 
formatron of combustrt;,I'= mixtures 

- Cylinders or refrrgeratron ec;.Hp«.en: should nor
mally be evacuated a1 the stan of !1111ng arid snourc 
never be filled while under pos1t1·1e air pressure 

- Final pressures should not exceed 300 psrg 
(2. 170 !<Pa) 

- Filled cy11nder:; should pe~1od1cally be analyzed for 
air (nonabsort>able gas or NAG) 

·--·------



• Refrigerant Recovery Systems 

E!l·C•t'~t reco·Jery lJf refngeran! from equipment or 
.;.:-:.y1.:>-s rt. tiU•rt.'s e\·acuation at the end of the recov
e:v cycle Suc:•on itnes to a recovery compres::;or 
sr.c;..•d be penoo,:ally checked for leaks !o prevent 
c~·mpress1ng arr into the reco-very cyhnder during 
evacuation In ao:11t1on. the recovery cylinder pres
sure should be monitored. and evacuation stopped 1n 
the event of a rapid pressure nse 1ndicahf'IQ the pres· 
ence or noncondensable air_ The recovery cylinder 
contents sho•1 1~ then be analyzed fc· NAG. and the 
recovery s·1stem leak checked 1f air is present. Do not 
cor.:1nue to evacuate a refrigeration system that has a 
rnaior lea~. 

• ·1 ~-:.:l."· ~· ' ";: ... •.. • 

>~ A ONITORS ANO LEAK -
4bETECTION ;~. . . ;r: -_.: :· . . . 
. ~~· ... •' , . 
~-. ,; .,_ :·, 1 

se~11ce personne! have used ieak detection equipment 
for years when servicing equipment. Leak detectors 
ex:st not only for pinpointing specific teaks. but also for 
monitoring an entire room on a continual basis. There 
are several r~ason!> for leak pinpointing or area monitor· 
ing. including conservation of HFCs. protection ot v;ilu· 
able equ1pmen1. reduction of fug1t1ve emissions •nd 
protection of employees 

Leak detectors can be placed into two broad categories: 
leak p1npo1nters and area monitors Before purchasing 
a monitor or p1npo·nter. several instrumental cntena 
snoulO be considered. including sens1t1v11y. detectton 
11m1ts and selectivity 

1 YPES OF DETECTORS 

using se1ec11v1ty as a criterion, leak detectors can be 
piaceo 1nro one c.I three categories ronselective. 
halogen-selective or compour.d·spec1f1c. in general. as 
the spi:cif1c1ty of the monitor increases. so does the 
comp'ex1ty and cost Ar.other method :JSed to find leaks 
rs 10 add fluorescent dyes to the syste:n. 

A de!ailed discussion of lea!< detec.!ion. along with a list 
of manutacturers of leak deteclion equipment. is given 1n 
Bulletin AAT0-27 (H·:11753·2). 

NONStLECTIVE DETECTORS 
Nonsel~c!tve detectors are those that will detect any 
type of emission or vapor present. regardless of its 
chemical compos1tton These detectors are typically 
quite simple to use. very rugged. 1nexpens1ve and al
most always portable. However. their 1nab1hty to be 
cahbrated. tong-term dnlt. lack of setect1v1ty ano lack of 
.;ensitivity l1m1t their use for area monitonng 

Some nonselec1tve detectors des1gred for use with 
CFC-12 may have a much lower sens1t1v1ty when used 
with HFC-134a However. newly designed detectors 
with gOOd HFC-134a sensitivity are now available. Be 
sure to co~1sult with the manufacturer ~fore selecting or 
using a nonselP.ct1ve detector with HFC·134a. 

HALOGEN-SELECTIVE DETECTORS 
t-ialoge.,·selective detectors use a specialized s~msor 
that allows the monitor to detect compounds containing 
fluorine. chlorine. bromine and iodine without interfer
ence from other species. The major advantage of such 
a detector 1s a reduction in the number of ·nuisarv· ... 
alarms· -false alarms caused by the presence 
some compound 1n the area other than the target 
compound 

Tnese :::letectors are •y;.:,r(;any easy !O use feature higher 
sens1t,v1ty than the nonselect1ve detectors (detection 
hm1ts are ty;:>1ca11y <5 ppm when used as an area monitor 
and <0 05 ozJyr (-:: 1 . ~ gm/yr) w~en used as a leak 
p1npo1nter). and are very durable In addition. due to the 
partial specif1c1ty of the detector. these instruments can 
be calibrated easily. 

COMPOUND-SPECIFIC DETECTORS 
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The most complex detectors. which are also the most 
expensive, are compound-specific detectors. These un~ts 
an.? typically capable of detecting the presence of a 
single compound without interterence irom other 
compounds. 

FLUORESCENT DYES 
Fluorescent dyes have b~en used 1n refrigeration ~ 
tems for several years. Tiles~ dyes. invisible unocr 
ordinary lighting. but visible under ultraviolet (UV) light. 
are used to p1l"lpoint lc.aks 1n systems The dyes are 
typically placed in:o the refrigeration lubricant when the 
s;stem is serviced. Leaks are detected by using a UV 
light to searcn for ·Jyc that has es~aped from the system 

Aece.11 irino·1a1tons in dye technology have allowed 
fluorc:~cer.· dyes to be used with HFC· 134a. However 
before adding dyes to a system. the compahbility of thE 
specific dye w1:i 1 the lubricant and refrigerant should bf 
tested 

f 



.::;;..Pei:: •:as formed a partnersh:p with Spectronics 
C.;:p,J• ;;:.en to supply refrigerant mixed w;th fluorescent 
add!::ves and to assist in deve!op1ng addr!tves that 
are compatible with new alternative refrigerants For 
adcM1ona1 1nformat1on. contact D1.1Pont 

SHIPPING CONTAINERS IN THE U.S. 
FC-134a is a liquefied compressed gas According to 

the u S Depart!T'ent of Transportation (DOT), a non
llammaole compressed gas is defined as a r.onllam
mat:ie material having an absoiute pressure greater 
t''.a:-- .;,:: ;s. a: 2~ C !71J·Fj ana or an absolute pressure 
greater tnan 104 psi at 54·C (130-F) 

The appropriate DOT designations are as fc!lows. 

Proper shipping name Refrigerant Gas. N.O.S. 
(T e:r afluoroethane) 

Ha;:ard class: Nonflammable Gas 

UNNA Ne.: UN 1078 

A hst of the different types of containers that C<Hl be used 
to ship HFC·134a 1n the Unikr1 States. along with their 
water capacities. dimensions. DOT specif1i: 1t1ons and 
the ne! weights of HFC-134a. are provided •n Table 20. 
All pre~sure rehef devices used on the conta1ne~s must 
be in compliance with the corresponding Compressed 
Gas Association (CGA) Standards for compressed gas 
cyhr.aers. cargo and portable tanks 

The 30·!b a""d 123.,::i ::1 ·:"leers des~gned fl)r refrigerant 
apphcat1ons are a 1rg111 b:ue color with labels tMt bear 
the name of tne product 1n light blue The color des1gna· 
t1cn is -Ligh! B1ue \Sio.y)." PMS 2975 

The 30·1b cyhr.der. know., as a ·01spose A Can -· (0 AC.) 
fits into a box that measures 10 in. x 10 in. x 17 in 
Dispose A Can is DuPont's registered trade name for 
this type of single-use container. When used to ship 
SUVA• Cold·MP for the stationary refrigeration market, 
these 30-lb cyunders have the same outlet fittings a::; 
cylinders of CFC-12 However. when used for SUVA" 
Trans AJC for the automotive industry, these cylinders 
have a CGA-167 valve outlet. This fining was specified 
by the Society of Automotive Engineers (SAE) to avoid 
mixing CFC· 12 and HFC-134a when servicing mobile 
air conditioning systems. Add1t1ona1 unique fittings used 
with HFC·134a 1n automotive service applications are 
discussed in Bulletin ART· 12 (H-45948). 

The 1 23-lb cylinders are equipped with a nonrefillable 
liquid vapor CGA-660 valve With this two-way -•alve. 
HFC· 134::. r:an be removed from the cylinder as either a 
vapor or as a !;quid. v.:tr.out inverting the cylinder The 
vapor handwheel is located on the top. The hquid wheel 
is on the side of tne valve and att~:-tied to a dip tube 
extending !o tr.e bottom of :he cyllr. er Eacn is clearly 
1d~r.t1:1f;C '.IS va;:;o~ or .1·.:;~'~ 

Ttie 4.400·gal cylinder is known as an ISO rank The 
dime::s1ons referenced •n Table 20 represerit the frame 
in which the container is shipped. The tank 1tse1! has the 
same length of 20 ft and an outside diameter of approxi
mately 86 1n. ISO tanks are used for export shipments of 
HFC-134a from the United States 

The general construction of a one-!on returnable con· 
ta1ner is shown in Figure 9. Notice that one end of the 
container is flttec with two valves When the container is 
turned so that the valves are lined up vertically. the top 
valve will discharge vapor and the bottom valve will 
discharge hquiel. The valves are protected by a dome 
cover. 

TABLE 20 

Water 
Capacity 

30 lb 01~?ose A Can'' 

123 lb 

1.682 lb 

5.000 gal 

4,400 gal ISO 

Specifications of Shipping Containers for HFC-134a 

DOT 
Dimensions Specification 

10· x 10· x 11· (box) 39 

55" H x 10"00 4BA300 

82" L x 30• 00 110A500W 

Tank Truck MC-330 or ·331 

8' x 8.5' x 20· (frame) 51 

Net Weight (lb) 
HFC-1341 

30 

125 

1.750 

40,000 

30.865 
l~ ., 170,000 lb Tank Rail Car 114A340W 

'Dispose A Can• is a reg1s.1erert rrademarll of 11\e DuPont Company 
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Figure 9 One-Tort Returnable Container. 

----- - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - \ ~ ... 

Tari containers are equipped with two fus:ble plugs 1n 
e:lc"' erid Tne t0s1bie metai in :ne ~hig; rs des:gned to 
s:.:- ··~e :.~;a· 69 C 1157 F1 a"o co~p:e!ely melt at 
1.: C \ t 65 F) Ccnt.11r1ers stiouia ne·;er be heated tu 
:e~'peratures r.rgher than 52 C \ t25 FJ One spr1ng-
1c:i.::eci pressure re!1e! valve is also iocared in each end 
o· '."·e !O'i con;arner 

r_::r_K STORAGE SYSTEMS 
Ol1Pont sells storage systems. at cost. lo its HFC-134a 
.::~1s::-mers The systems are prefatmcated. tested and 
rea-:!;· to install on site The units are designed to 
op;:1,1ze economy. e!l1c1ency and safe!y 1n the storage 
and dispensing of HF·:-134a The delivered systems 
rnc~ude all components. such as storage tanks. pumps. 
p1p1r'19 valves. moiors and gauges. as an integrated 
uni: All syste,.,.,s are eq:.i•pped with the DuPon: F.E E 0. 
1 fluorochem.~al Emission Eilm1na11on Dehvery) system 
IC' prevent emissions during deliver.es. and with dual 
:' .• ~ps :o pro, .de an installed spare The units are sk10· 
.,,c~inted <:"''.! ·r:c~·.:·re only placement 0" a cone ere pad 
an~ connect.on lo etectrica; anc proce;s sys1ems 

:. •. ;J1c?.! b1JI•. storage system is shown in Figure 10 

,·:;,;r D..s?ont f.1<Hketing Representative can arrange for 
s; • ..-:lance or. ~11e selection. purchase. 1nstallat1on. sta'1· 
l:::' and maintenance 

.:ONVERTING BULK STORAGE TANKS 
crlOM CFC-12 TO HFC-134a 

6~fore switching lrom CFC·12 lo HFC·134a. the ex1s1· 
1ng s1orage equ•pment must be checked to verify tha: 11 
.;. adequate Storage tanks bu1l1 to the spec1f1cations of 
:re Amtr1can Society of Mechanical Engineers (ASME) 
Pressure Vessel Code are required to have a metal 
rameplate 1nd1cahng each tank's maximum allowable 
v.0rk1ng pre::;sure (MAWP) Th1srat1rig must be 165ps1g 
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(1377 kPa absolute) or r1·gt:er lo· HFC-134a serv1c• 
most cases. existing storage tanils that have been 
properiy (jes1~r.P.d to conta" CF.::-~2 ...... have ar. ad· 
c~.;2!e ~resS..;'e ra:·rg ·~· 1-JFC- ~ 3..1; T'"IE- set press;;re 
o! the rehef devices or: :r.e •op c• '.'"e ta~..;s must aiso be 
verified and change(j 1f necessa-y 

We recommend :nat st:::rage !a~•s ~e completely e~;:i
t.ed of all CFC-12 !iqu·c a~c va::;c· oe':•e !ntroduc1ng 
HFC-1342 In general. converY~ a storage tani( from 
CFC-12 to HFC· 134a requires 

1 Removing CFC- i 2 from the storage tank. hnes and 
equipment 

2 Evacuating thE: storage tank !o 25 1ni;~es of mercu!"Y 
vacu1,;m (16 7 kPa absolute pressure) an1 purging 
with compressed dry nitrogen gas 

3 Mak;ng necessary repairs to the tan:.. after initial 
evacua•1on anc purging 

4 Repeating step 2 unt1: CFC· 12 ann moisture analy-
ses are w1•h1n acceptab1e 1tm1ts 

5 Refilling system with HFC-134a 

The above is a s1mphlied ouri.ne 01 ..-.!".a'. is act\..lal';' a 
lengthy procedure Your DuPont Mar1ie11ns Represen· 
!alive can assis: 1n obtaining the eq-.1p,,,ent. 1nstrumen 
tat1on and technical assistance re sa!~ly ai•d e!fec:i ..-el: 
make the cc..nvers1on 

MATERIAL COMPATIBILITY CONCERNS 

Most metal components suitaole tor use with CFC-1 
are also compatible with HFC·i34a 1nclud1ng srandar 
types of carbon steel. alurn1"urn and copper Sorr 
eiastomenc or nonmetallic compone."llS suilable f, 
CFC-12 may nc• bl adequa:e Therefore. all elast 
menc or nonmetoohc components thr:>ughout the sy 
tern must be identified and their compC:!litl1h1y with HF1 
134a venfiecs See Materials Compa11b1l1ty secMn F 
comolete rehab1hty, any componen1 that cannot be pre 
erly identified ~Muld be replaced 
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;- :t 1· .,'.:'~::: :::a·~or. storage system. e!astorr.e~s are most 
com'T1ontlo lounJ 1n: 

• ;:- .:.; ... • ;:; (i;1d sea:s :-·f manua! va:·.-es 

• Pressure-relief dPv1ce seats 

• F~a~ge and manway gaskets 

• Mechanical pump seals 

• Wet-end pump gaskets and 0-rings 

• Filter 0-nngs 

• S1ghHiow indicator gaskets 

• Back-pressure re9ulator dic.phragms and 0-nngs 

HANDLING PRECAUTIONS FOR 
HFC-134a SHIPPING CONTAINERS 
Tne follow1ng rules for handling HFC-134a containers 
are strongly recommended: 

• use personal protective equipment. such as side 
sti1eid glasses. gloves and safety shoes when han
dling HFC-134a containers. 

Figure 10. Typical Bulk Storage System. 

FEE 0 ,"' 
S151em ·, 

...- •UY Si 
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• Avoid skin contact with liquid HFC-134a. since it may 
cause frostbite 

• Never heat a container to a temperature higher than 
52°C (125~F). 

• Nev~r apply direct flame or live steam to a container or 
valve. 

• Never refill disposable cyiinders .N1th anything The 
shipment of refilled disposable cyhnders is prohibited 
by DOT regulations. 

• Never refill returnable cylinders without DuPont con
sent. DOT regulations forbid transportation of return
able cylinders refilled without DuPont's authorization. 

• Never use a lifting magnet or sling (rope or chain) 
when handling containers. A crang may be used when 
a safe cradle or p!atform is used to hold the container. 

Tank 
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• ·.e-.t." use co,:a1riers as ro1:e~s. supoorts or for any 
:~·;;·:se ome· than to carry HFC- t J~a 

• P·o:ec! cv1~l·,e~s :rom any ob1ect tha! ,.,1; resui! 1n a 
:~'. ::· :Jtne~ a::rasion 1n the surface of the me:a! 

• ~~e·.er !ar.-ipe• wit~ the safety devices 1n the valves or 
.:y~:a:.,ers 

.. Ne .. er attempt to repair or alter containers ·Jr valves. 

• "le ... e~ 'orce .::onnec11ons that do not f:t Make sure the 
'.!':reaos on the regulators or other auxiliary equipment 
are '."'e same as those on the container valve outlets. 

• Kee~ .. a1 .. es !1ght1y closed and valve caps and hoods 
,:i p:a.::e when the containers are not 1n use 

• S!c~e containers under a roof to protect tnem from 
we:athe~ extremes 

• use a vapor recovery system to callee! HFC-134a 
vapors from hnes after unloading 

I·: .. •./' 
.·: ;\ ! • : ~ "" 

. ~~COVERY,REC,LAMATl.ON, 
.RECYCl.E AND DISPOSAL. ,· 

• 

F.espons1ble ;.ise of HFC- 134a requrres t'1at the product 
te rec·Jverec 'or reuse or disposal wrenever possible 
8uPor.: purc'".as~s used refrigerants for reclamation 
tnroug., its d•Stributor networks 1n the United Sta'es. 
Canada a••d Europe In the United States. u~ :!d HFC-
134a is accepted as ;:>art of this pro~rarn Rec;..very and 
reuse of HFC- t 34a makes sense from an en ... ironmental 
and economic star.dpoint. In addition. the U S. Clea" Air 
Act w1i' proh1b1t known venting of HFC- t 34a 1n late 1995 
curing the maintenance. servicing or t1isposal ol refng
era:1or. equ1prr.ent 

ti .... WEF~Y 

Recovery ref es to the removal of HFC- 134a frc.n equip· 
:-:iel"lt arid co1.ei::t1on 1n an ap~~opr1ate ex!P.rnal container. 
As defi:'led oy the Air Conditioning and Relngerat1on 
lnsti:.;te \AR::, a U S orga~1zat:on. rer.01Jery does not 

involve processing or analytical testing HFC-134a may 
be recovered from retngeratton eQuipmen! using per ma
ner.t on-site equipment or one of the portable recovery 
devices now on the market The portable de-.nces con
tain a small compressor and a'l a1; cooled condenser 
and may be used for vapor or hqU1d recovery. At th~ 
end of the rec;)very cycle. the system is evacuated to 
remove vapors. In the United States. the Environmental 
Protection Agency {EPA) sets standards for recovery 
equipment Before purchasing a specific reccvery unit. 
check with the manufacturer to be sure ~i1at 1t contains 
elastomeric seats and a compressor 011 compatible with 
HFC-134a. 

RECLAMATION 
Reclamation refers to t:ie reprocessing of used HFC
l 34a to new product specifications. Ouahty o! reclaimed 
product is verified by chemical analysis In the United 
States. HFC-134a is included in DuPonrs refrigerant 
rectamat1or. program. Contact DuPont or one of its 
au!horized distributor!. for fu~her 1nforma:1on 

Reclamation offers advantages over on-site refrigeran. 
recycling procedures because these systems cannot 
guarantee complete removal of contaminants. Puni:-ig 
re!rigerants that do not mee! "ew p·Od:.:c~ s~ecif1cat1ons 
back into expensive equipment may ca:.:se damage 

RECYCLE 
Refrigerant recycle refers to the reduction of used refng
erant contaminants using devices that ·~duce 011. water. 
ac1d!:y and particulates. Flecycle is usually a field or shop 
procedure with no anal}'i, •;al testing of refrigerant. HFC
l 34a may be recycle·j using one of the devices now on 
the market. In the Unitt-:d Stat~s. the EPA set!' standards 
for these devices. Rec11cle is becoming the accepted 
practice in the U 5 mob11e air cond1tion1ng service 
industry. Co1sult with the manufacturer t'efore specify· 
mg a recycle device for HFC-134a 

DISPOSAL 
Disposal refers to the des\rvc!ton .lf use'1 HFC- ! 34c-. 
Disposal ma) oe necessary when HFC-134a has be
come badly contam1nater1 with other prMucts and no 
longer meets the accertance spec1f1cat.on~ of DuPoni 
or other ri:: ~1a1mers. Although OuPor.t does net preserltly 
acceot severely contaminated re'.i!;erarits for d1srosa1. 
licens-?d waste disposal 'irms ::i. P a·1a:labie Be 3\Jre to 
cher:'< the qual;Lcations of ar.~ 11rm before sending them 
used HFC·13·ta 
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DuPont Chemicals 
Fluorochemicals Customer Service Center 
WilmingtoP. OE 19898 

For sales information: 
1-800-441-9442 

For technical information: 
1-800-582-5606 

In Delaware (302) 714-2099 In Delaware (302) 999-3129 

Europe 
DuPont de Nemours 
lnttrnational S.A. 
2 Chem111 du Pavilion 
P.O. Box SO 
CH· 1218 le Grand-Saconnex 
Ge11eva. Switzerland 
al-22-717-5111 

Canada 
DuPont Canada. Inc 

Pacific 
OuPo:tt Australia 
p 0 BOK ~JO 

North Sydney. NSW 2C50 
Australia 
til-2-923-6165 

Japan 
M1:su1 DuPont Fluoro
chemicals Company. ltd 
M1;su• Se1me1 Bu1111119 

DuPont Korea ltd. 
C.P.O Box 5972 
Seoul. Kor!a 
82-2-121-511' 

DuPont Singapore Pte. Ltd. 
1 Maritime Square 107 Qt 
World Trade Centre 
Singapore 0409 
65-273-224' 

DuPont Far East. Ph1hpp1r>•s 

I 

P.O. Box 2200. Streetsville 
Mississauga. Ontario 

2-3. t-Crome Qh1~,...,ach1 
Cn1yoda .~u. Tokyo 100 Jilpar 
81-3 3216-8451 

Sth Floor. Solid Bank Bl .g. 
777 Paseo de RoKas • L5M 2HJ 

1'16i 82:-330() 

Mtxico 
DuPont. SA. de CV 
Home:o 206 
Col Chai;·J1tepec Moriles 
C P 11570 Me111CO. D ~ 
52-5-250-8000 

South America 
01.1Pont do Brasil S.A. 
Alamedil ltapicuru. 506 
/,lphav1ll~ 06'00 Barueri 
Sao Paulo. Brazil 
55 1 ~ ~ ( 1 ·8509 

DuPont Argentina S.A 
Casilla Correo l888 
Co~reo Central 
1000 duenos Aires. Argentina 
5•· •·311-8167 

Asia 
Du;::>or·.t i a.·.r.an 
P 0 B:ix 81-7i7 
Ta1pe1. T;>1wan 
886 2·514 uoo 

D•1Pont Asia Pac•l1c L1m1ted 
p 0 BOK TST 91:1851 
Ts1m Sha Tsu• 
Kowloon. H.:ing Kong 
852-734·5:45 

DuPont Thailand 
P 0 Box 2398 
Bangkok 10501. Thailand 
66·2-238-4361 

DuPont China ltd 
Room 1704. Union Bldg 
100 Yanan Rd. East 
Shanghai. PR China 200 002 
PhOne BE 21·328·3738 
·,·e1ex 33U8 CJCLSH CN 
Fa~ 86·21-320-2304 

OuPcnt Far East Inc 
p 0 aox 12396 
50776 Kuala Lumpur. 
Mc11ays1a 
Phone 60 3 232 3522 
Te:ex !7841 30391 DUH M 
Fax 60-3-238 7250 

Makar._ M!:ro Manila 
Phd1ppo.1es 
532.;::s.9s·1 

DuPont Far East Inc 
7A M"rray's Gate Road 
Alwarpet 
Ma11ras. 600 018 India 
91·'4·454-029 

DuPont Far East lnc.
Pak.stan 
9 Khayaban·E·Shaheen 
Otlence Phase 5 
Karachi. f'ak1s1an 
92-21·533·350 

DuPont Far East Inc. 
P 0 Sox 2553/Jkt 
Jakarta 10001 
Indonesia 
62. 21·511 -800 
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PARTS LIST OF GOLDSTAR COMPRESSOR 

+ CUSTOMEH. 

+ COMP MODEL 

+ SPEC NO. 

• RATED VOLTAGF. : 

• LI ST OF ACCESSORY P~RTS 

ELECTRICAL PARTS 

OVEHLOAO PROTECTOR 
P T C 
PTC COVER 

UOUNllNG PARTS 

SEAT RUBBER 
BOLT 

_ ~IECE MOUNTINC 

I 
PLAIN WASHER 
SPRING WASllEll 
NllT 

: 

: 
--

: 
---------·-- --·----- ·--

·-----· 
DWG. NO. PART NO. O'TY 

Gnld81nr-

TO : GOLDSTAR COMP. EXPORT SECTION 

FAX 82-2··/87-:.1074 

fllOM 

DA Tf 
--------- ~ 

DRAWN APPROVf.D 
t-----------J--------·------t 

SPECIFICATION 

-------- -·-- - __... 
• CUSTO~~n·s MEMO • ---

CUSTOMEH'S DECISION 

Decision YES NO 
··----~ 

$ignatur9. : 

_I 
• Please return one copy of this rage on your approval. 

------------- ···--

_____________ __. 
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NR-Series 

240 

n- 220 -
y 4 -0t9t-OLE 

1 

~IX ...-

/~UCTION OR PnOCESS TUBE 
/_ - -------- .. -------

4 ·016HOLE 

'° ..., 

DISCHARGE TUBE 

SUCTION OR PROCESS TUOE 
---------------

lW1.1 GoldStar 

220 -.I 

179 
~ - ----·- ------- ~·----

--.......... I 

':-::::,. ------_ - :s,:_ -::-:-: __ J - ''1 
i---\ I. --- -

I 

~ ~~~c:i,~ 
'~--~---~--~ .. :.:::\ _____ , __ _ 

• lUBE SPECIFICATION • MOUNTING f"ITCH 

~ 
Suction & Process Tul>e I Discharge Tube 

(T 0.7) ( T l.O) 

s.o I 6.6 6.95/ 4.95 
0.0/ LO 8.0 I 6.1 

( •) 

MODEL H HI 
-· 

NR45/52 173 65 

NR58/62 177 69 

y TYPE x 

106 I 184 

FLAT 
70 I 170 

COPPER 
TITLC: COMP. APPEARANCE 

l _____ _ APR- F142 owa. NO. 
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NR-Series 

253.S 

r,... 220 
4 ·019HOLE 

~IX 
~ 

/ 

/s~~!'~-~-~ROCESS !U~E 

• TUBE SPECIFICATION 

~ Suction & Process Tube 

(T 0.7) 

0.0/ 1.0 
8.0 I 6.6 

<-> 
8.0 I 6.1 

COPPER I 

-

'° M 
~ 

DISCHAnGE TUBE - ---- --------
__t_ 

SUCTION on rnOCESS TUUE 

t'i1 GoldStar 

.,._ ~- _____ _E~_ --
179 

~ --· -·- -· ·--- -- ·- - ·-- -·· . 

I 

;"" ----. ---

LAllll_ I( \ 
'L~ II I 

'- -- . _u---•-

"~_] c--=i 
o I )t -->CV 

r) 

Ir I '11 \. 

c- -~-~-~S::-==.1 __ 

• MOUNTING PITCH 

Discharge Tube MODEL H HI 
TYPE y x 

(T 1.0) NR45/52 173 65 

6.95 I 4.95 NR58/62 177 69 
FLAT 

106 I 184 

70 I 170 

TI TL E I COMP. APPEARANCE 

DWO. NO. APR-FIS2 

Page J of 7 



~)GoldStar 

R134a, 50Hz/LBP Application 

I •ASHRAE " Performance "CECOMAf • Performance 
Capac11v Po~r consumpltOn - S~f:JBC~~t. ___ 

Series Model Displ •• e- Motor Compressor Refrigerant Oil Weight --~---- --
Evaporating temp. (~) Evaporating temp. ( t: ) Evaporating temp. ( 'e ) 

ment Type Cooling Control Charge . - ---...:-.,,_....._ 
·30 -25 23.3 ·20 - 15 · 10 ·30 ·2S 23.3 ·?0 ·IS · 10 ·30 ·2S . 2(; · 15 -10 

kg( lb) 
... -- -- -

cc cc keaVh kc&Vh kcaVh kcaVh kcaVh kcaVh w w w w w w kcaVh kcaVh ke.1Vh ke.1Vh kUVh 

VS24L 2.42 RSIR N c 200 
4.8 - 39 43 S4 73 94 76 78 83 92 100 31 43 59 76 ( 10.6) 

- -
.. 

vs VS28L 2.84 RSIR N c 200 
5.8 

( 12.8) - 48 SS 67 92 120 - 78 80 86 9S 104 - 39 S4 7S 97 

VS36l 3.58 RSIR N c 200 
5.8 

( 12.8) - 67 72 88 11!:. 146 - 89 93 100 112 12S - 54 72 93 119 

8.5 
NR4SL 4.50 RSIR N c 210 ( 18. 7) 59 84 93 114 146 189 87 100 104 114 126 143 49 67 90 117 149 

,. • 
8.5 

NR NR!:2L S.20 RSIR N c 210 ( 18.7) 75 101 113 135 173 220 98 I t2 119 128 146 164 61 82 108 140 179 

I 
. 

8.8 
NR62L 6.22 RSIR N c 210 ( 19.4) 87 122 114 163 209 267 108 128 132 148 167 190 69 99 131 166 21S 

• 
10.2 

v V7SL 7.46 RSIR F, 0 c 390 (22.S) 110 152 167 204 262 334 127 ISO 157 172 193 224 87 123 162 212 269 

• 
l) Perlorma"ce data v.ere obtained under 230V/50Hz running condition. Notes 
2) The High Etticiericy models • RSCR •can be also available with permanent run capacitor 1) Capacity Conversion 

3) Refrigerant Control : C (Capillary tube) lkcal/h = 3.97 Btu/h 

4) Voltage range : 187V-264V lltcal/h = 1.16 Watt 
) ( /W ) Capacity (kcal/h) ,, 3.97 

Compressor Coollng Test Conditions 2 E.E.R Btu h = 
ASH RAE CE COM AF Motor 1nput(Watt) 

N = Natural Con11-ection CondPnsing temperature 54.4 t < 130 ·n SS 't ( 131 •n 3) '-!SIR • Resistance Start Induction Run 

O - Oil Coohng Cas su)erheated to 3?.2 t: < 90 ·n 32\: (9o·n RSCR ... Resistance Start Capacitor Run 
F = Fan Cooling liq~id subcooled to 32.2 t: l!IO.F) S!'>t:(IJl•r) 

Ambient terni.erature 32.2 \: < 90 ·n 32 \: ego ·n 
TITLE PERFORMANCE DATA 

- -----
owe. NO. PER ·-HFSA 

Pn".)P •t 1.f 7 



~GoldStar 

• OLP (TEXAS INSTRUMENT) • PTC Starter 

ex) 
4
rTM 

330 
KT.Fe TYY-¥External Terminations 

(Male Quick Connects) 

Denotes Contact Capacity 

Designate Disc, Operating Temp. 

l and Tolerance 

L Three digit Heater Code 

Basic Name of Thermal Motor Protector 

ex) _p_ f~.B~ M C T. Lstarling type 

· Tolerance of 
the resistance( i 20%) 

· Norminal reslstance(6.8 ohms) 

d_:,·1~~ 

------·l r _____ . __ . - I . -· . , .:.:.·. 

PTC Starter 

- . VS24LAEO VS28LAEO VSJ6LAEG - .. ____ Nfl45LAEO NR52LAEG NR62L.4£0 V7SL.4£Q 
------·· ··--··---·- ------·-- ··------- -·--·--· -·-

TYPE 4TMI 17SFB 41Ml49Nru 4TM 149Nt H itTMl66RFB 41M232NFB 4TM205RFB 4TM276LFB 
(Pdrl No) (JCOOJOIO) (3C00301A) (JC003UIA) j JCQ<.!30 II I~- (JCOOJOIG) ( 3C00404L) (3C00301F) ·------

0 OPEN TEMP. ( •c ) 135 ·t 10 
- 5 

120 +lo 
- 5 

120 I 10 
- 5 

130 I 10 
- 5 

120 +ID 
- 5 

130 ·110 
- 5 

llO ·I 10 
- 5 ------

CLOSE TEMP. ( ~) 61 ±9 61±9 61±9 61 ±9 61 ±9 61 ±9 61 ±9 
L ULTIMATE TRIP CURRENT(A) 0.8-1.2 0.95-1.2 0.95-1.2 1.1-1.44 1.57-1.90 1.6-2.0 1.62-2.0 

- -
CURRENT( A) 3.5 43 4.3 4.92 7.47 6.41\ 9.09 

p - - . .. 
SHORT FIRST TRIP TlME(SEC) 10±5 10±5 10±5 10±5 10±5 10±5 10±5 

TIME ----- ------ ----- ---
RECOVERY TIME(SEC) MIN. 50 MIN. 50 MIN. 50 MIN. 50 MIN. 50 MIN. 50 MIN. 50 

---------- ·- -------
p TYPE P220MC P220MC P220MC P220MC PJJOMC P330MC P470MC 

(Part No) ( 2COO I 46A_) _ _( 2COO 146A) (2C00146A) - . t?5:~QO 14~(.\_) ( 2COO 1'16~ t .. _( 2COO l 46C) _ ( 2COO 146U} ----- -· 
T RESISTANCE AT ZS\; ( 0) l2 ± 200.16 22± 20% 22 :1.20% 22 i 200.16 33120% JJ:l 20% 471200~ 

- - -
c Max. VOLTAGE(Vrms) 300 300 300 300 355 355 400 

-------- -----
Max. CURl~ENT(Arms) 7 7 7 1 6 6 s 

TITLE I ELECTRICAL PAflTS --------·----------
owe. NO. ELE-1!>10 

I 11 "r. '.1 c.11 ' 



Terminal Brocket 

s~ 
\.O_/ 

c 
Hermetic 
Terminal 

PTC-Storter 

, 
I , 

I , 

Clomp 

Compressor 

Earth Terminal 

Overload Protector 

Cover PTC 

~1 
>'rl 

I IE-
C (..) 
tzl 3: 
C I 
0 0.. 
-l x 
0.. tiJ 
x 
tzl 



• BOLTTYPE 

~ PI NO 

"' 
H 

'llOll RUBBER 3C00434A "' 9 10 
,/ , SPnt«lWASHCA 

1r-•r-,-1 ...... , ,/ ~,,. IUINWASHEA GROMMET 4022C·Ol01A 
- 8 

10.S 

40ZZC·010ZA "' 11 9.5 

3C00181A "'8.3 16 

- RUBBER 
_/ GAOMMET 

3C00413A ~ 8.3 22 

3C00181B t/>8.3 2Z 

3C00181C "'8.3 28 -
1) BOLT 1YPE ASSEMBLY 

RUBBER BOLT PIECE PLAIN WASHER SPRING NUT 
CHECK 

GROMMET (M6*P1) MOUNTING (0.0 25) WASHER (M6*P1) 

( ) 3C00434A 
( } 4022C-0101A 

1 BH00603906 3C002860 4040C-0101A 1WS00600030 NHC303UO 

---
( ) 402ZC-0102A 1 BH00603906 3C00286F 4040C-0101A 1WS00600030 N~iC30300 

----
( ) 3C00181A 1BH00604306 3C00286E 4040C-OIOIA IWS00600030 Nt-tC30300 

------
( ) 3C00413A 
( ~ 3C00181B 

1BHD0604806 3C00286A 4040C-0101A IWS00600030 NHC30300 
} 

---- ----
{ ) 3C00181C 18H00605106 3COOZ86B 4040C-0101A IWS00600030 NHC30300 

• Checked(V) Item wm be supplied 

floge 7 uf 7 

Ul) GoldStar 

• SNAP-ON TYPE 

. !iTUO 

/ STOPl'EA ,,._., I 
COMPRESSOfl~BJ. .. ~~~ I . RUBBER 

- - _.-·' GROMMET 
- ~ II 

c•81NEl BASE / n / r -
'W~ 

2) SNAP- ON TYPE ASSEMBLY 

CHECK 

( ) 
( ) 

( ) 
( ) 

RUBBER 
STUD STOPPER 

GROMMET 

3C00413A 

3COOISIB 3C00388A 4J)2686A 

3C00434A 
4022C·OIOIA 3C00388B 4J02686A 

--

TITLE 

owe. NO. 

MOUNTING ACCESSORY 

ACC-0001 



11.U.:?:fETRAFLUORO!:THANE! 

• SU'-·' 15 c,, ront'5 •f'g•stered tractmn.1rk for •t~ altcrna:1ve h?fr1gcrants 

l)r:v D·, :>:inr ·r..1\cs SUVA r.n\ iro:1mcn:.111v .1ccr.ptabl:? r~triucrants 



,. - ·~. 
I 

~ , .. 
, __ . - ; . 

: · :··· ·· ·" :-._ ,,,-- :-· •1··· '\ i.:-', r- ----1 r~ / ·_--_, .. 
,L Ll··,l i. .: ,,·· ;\ :1.<;·· .. i:f1;~::~ """'I. 

. ~ • • .._. l • '_.; ....... . .. l: ... l • ,_ ....J. ......... ·- .._ '-.....# 

@f 
,,,,.-.-,..,.... 

:--...;. ~ f 1 "'f 

~ r-'.' r~ r l-·. 0 ' ·: r .. -i 1 ~ ·•. :· . _ _,_ ... .-...... "" .· "'! . ' : • ,'' ·• 
' .... t• '. : ·. . .. \ ·. ........ . ~ l - . . ~- -l I ~ I • ; • /: /-~ • ... 

: /.~) ·_ .-\. 
I ... _. ·. ' ~'. \ / \ • . ......._... .. --~· ~; ..-.. -~ 

h.. .r::. • ..-1 

,;./@)! .;!L~:i~@-~-~®'t.;.'Ja~ ~U, · [.._.;! . . ./. f i . . -fl .~ . ~'< !f;j . ~ . • ,... ..- • ... :, .. ••,. .·-- .• _ .. •I' . -~ 1-.·• ·..... ... . . •• ·> .._... r:-1 ,_,.:.. ..._J.· 
r-· ~"'"". r- ~ /. '(' · · r • 
I , I - /. ·- '('_ · I . _ ! . ·~ , l .: i.. • . L · <r · I ~- ; / : -.:---: 

PROPRIETES THERMO:::>YNAMIQUES DU FLUIDE FRIGORIGENE HFC-134a 
THER~"ODYNAMISCHE EIGENSCHAFTEN DES KAL TEMITIELS FKW-1 34a 

PROPRIETA TERMODINAMICHE DEL REFRIGERANTE HFC-134a 
PROPIEDADES TERMODINAMICAS DEL RHRIGERANTE HFC-1 34a 

TERMODYNAMISKE EGENSKAPER FOR HFC-134a KJ0LEV.-4ESKE 

• SUVA rs Du Por1!'5 r1?grstered trademark for rts altcrnoltrve r,.lrrgeran1s 

Only Du Ponr rr1a•.cs SUVA '!lnvrronmcrira1!y acccp1ab1c relrrger;ints 

T-134a 



TABLE I: S:\TCRATIO:\ PROPERTIES SUVA HFC - IJ-ta 

11E-;S1TY f_'\TROI'\" TE'\S 1E\ll' 

;·~,'. ',-!'-.,- ~~ -~-i _ __!!: ___ ,~:...!:: h~ ,· ,~ -~r_" ____ ~:·-t--·----;··-...!. i 
h:ar lent: r ;_ ! ·r. '.: lJ •"-!!"5':\ • :. i !.:; .. i.. , '..; u; t ·t • i 

·1---·····:-·· ·-------i--------·····------,----~----, ···- -------- -----··--·-i 
. IHJ'.,;.:~ 'a~"·~ r : ;;,:~·;,! : .:.-:1r ~ •. :· ... ·::~ fi:r:it! · 'a11~1ur I i·1:;:~ I \.:: .. •t:: • 

. :..· - c .;:,1 I=.>.:: 
a._,- -

........... - -- .. 
_ _, 

I 
I 

.. I 

··:~ ! 
. .-.: ' 0 :.::-. 

c cc; 
c 0:-, 

. ':' -.. ·: 
- • - I 0 .c-:~ I • .... -....... , i 

-!i.: 

·93 

·92 
·91 
-90 

·89 

·!8 
.9; 

-85 
·!5 

·!'3 

_ ... , 

·16 
.75 

! ·:"O 

. ~=· 
·1)6 

67 

·65 
·65 

·5i 
·58 
.57 

-56 

·55 

.54 

.53 

·52 
·51 
·SO 

0.010 
0.012 
0.013 
0 OU 

0.015 

0.017 

0 018 
a 020 
0 022 
0.02-1 

0 C29 
C.031 

'.l ::3.: 
0 03::"' 

o c.;:i 
0.0.:3 
0 OH 
o.os: 
0 055 

1 '• 0 

0 0~') 

o oes 
0092 

0.039 
0 106 

0l14 

Q 122 

0 130 

0 139 
0 149 
0 1$".f 

c 170 

0 181 

0193 

0 205 

0 218 

0 232 

0.246 

0 261 
0 277 
0 294 

? :o::;; 5 
!~~r. g 

t so.: 1 ~ 

1561 31 
1558.6 I 
1555.8 
1553.1 i 

1550.4 ·1. 

1547 6 
15.;4 9 ! 

1542 1 I 
1539 4 

I ~?J 3 

. ~=: : 
: s20.2 I 
1511 51 
1514 8 ' 
!512 0 

1.;s~ 5 I 
1'92 8 ! 
1490 :J I 

u91 3 I 
IC84.5 I 
• 48 I e ; 
1479 0 I 

1476 3 I 
, 473 s I 
i.: 7~ 7 

0 C72 
0.079 

0.086 
0.094 

0 103 

0.112 

0 12:! 
0.133 
0.145 

0 158 

: :~ t 

0 I!~ 

0 :~: 

""' .,.,~ 
..J ---

J :?53 

c 273 

0 295 

O.Jt:" 

c '.i-'1 

0 s:c. 
0.556 
0 53.; 
0 634 
0 677 

c 72::? 
0 769 

0 819 

0 871 
0 ;g 

146! , I a !i84 

1465 2 !' 
1462 ' 
1459.6 

1456 g 

I OH 

1 108 

I 175 

1 245 

1154. 1 1 318 
1451 3 I 395 
1448 5 I 476 
14457 !560 

1442 9 I 641! 

84 2 

85 3 
ee 5 
87.5 

88.S 

89 9 
9? • 

92.3 

93" 
9.: 6 

S5: 
Sc ·: 
:>J::: 
t~: ..: 

tC: 5 
lC:! ,. 

103 9 

105 1 

10! = 

I 14 S 

115 6 
I 16 5 

118 c 

11!i;: 

120 4 

121 .6 

122 !I 

12:. 2 
I 26.; 

I 27 5 

1::?8 8 
130 0 

131 :.: 

1 .. 2' 
I JJ 7 

I .:'4 'i 

I 36 I 

I :!56 5 

255 0 
255.; 

254 9 

254 3 

253 8 
I :153 2 

252 -; 

252. l 
I 251 6 

:;.:s s 

.... ,., . 
.J-..J • 

340.7 

3.;1.3 

341.9 

342.5 
343 l 

343.7 

JU 3 

JH.9 
345.S 

3(6 2 

3'9 () 

:;.;9 !I 

35C ~ 

351 I 
351 ... 

""<"" -.l-- .J 

24~ e 3S6 :i 
:.'42 2 J 56 6 
241G ?573 
2C! 1 j 357.9 

2(0 5 356 5 

::1; :ss~ 

2Ji 4 359 8 

238 e Jso 4 
2382 Jlj'.0 
237 ; I )6 I 7 

237 I 

236 5 
236 0 

235 4 

234 8 

234 2 

233 6 

?Jl I 

237 5 
231 9 

353 to 
364 2 

3&4 8 

365 ' 
356 I 

Jtlj 7 

:lS7 j 

31\8 0 

0.484 

0.491 

0.497 

0.503 

0.510 

0.516 

0 522 
0.528 
0 53-1 
() s.: 1 

c 5.;i 

0 ·=~ 

0 55~ 

,j 555 

0 59J 
0 589 
0 5')5 
() '!01 

·,; ..;- -

!) ·~ _, : 

O G:'~ 

0 636 
0 6C2 

0 648 

0 65:: 

0.659 

0 6CS 

0 670 

0 67C 

0 6!2 
0 5!17 

0 693 

0 &99 

0 704 

0 710 

0 715 

0.12· 
0 726 
0 737. 

0 7J7 

0 HJ 

I s;:,; 
1 ()~! 

1 916 

1.912 

1.907 
1.903 

l.896 

1.834 

1.890 

1.886 

1 892 
I 878 

t s:-:i 
I .857 

I 6~3 

I !!5:: 

I !!55 

t.8:53 

l.8C9 
I 8-16 

: a.:J 

1 .8::s 

820 
l 817 

1.81.: 

1 812 
1 810 

1 807 

I PO>; 

I 802 

I 800 
7S8 

.796 
1 794 

1 792 

790 
1 788 

781) 

784 

I 782 

.. '. ~ 

I 15: 

l 151 

I""' 
! 152 
I 153 

t. tSJ 

t ~ 5,5 

:;;; 
! 5 ~ 

.~. .. -

I '5,3 
1ee 

l !SJ 

:;;> 
!<;.; 

I IS5 
! I 9~ 

I 20J 

l 206 
1 .20t; 

I 210 

l 212 

1 21' 

1 211! 

I 220 

: :; : : 

o 6:a 
0 t: J 

0 612 

.: 6!.: 

0 617 

: 5.;: 

J E.;~ 

0 6.:5 

0 c~. 

0 5:, 

0 C-< 
0 5;.; 

0 ! ;- ' 
0 67~ 

0 682 
lj ~~ ! 

:l &: 1 

0 t;J 

0 6j2 
0.6i5 
0.698 
0 701 

0 703 
0 :-oc 
0 709 
0 712 

0 714 

- ... -.... 

0 0265 
0.0263 
a 02&2 
0.026J 
0 0258 

0 0257 

: =~~5 
c 0253 

C C235 

: ;::;~ 

0 :2:<3 

(; ~i2' 

: '220 
0 ~218 
0 0216 

c J2!5 

c 02::; 
c 0?12 

c :2cs 

.9.; 

·93 
·92 

·91 

-90 

·89 

-!!5 

·Sl 

·86 

·SJ 

-8! 

-a: 

-76 

·7C· 

·6:1 
·59 
·G 7 

·66 
·65 

·G4 

·63 

·62 
·6: 

·GO 

0 :207 ·5'.i 
o :20> -~a 

0 C20' ·57 
CJ 0202 ·56 
0 0200 ·55 

0 0199 ·:'>• 
0 Ol!H ·5) 
0 0196 ·52 
0 0194 ·SI 

o 01n -~o 



SYMBOLS ANO UNITS 

TABELLE I SUVA KALTEMITTEL FKW-134a - SAmGUN3SEIGENSCHAFTEN 

Tf_, .. 11·1 l>Rpl.:C~ DICHTE I E'.\TllAl.l'lf. .t:" TROl·~r: 1 Sl'U .• WAR'.\IUi::~p ISi'.\. "" I H'.\11'1 
1 
___ _..._ 1_,,__ _ _. __ o_· ___ •• ____ h' I h" • h' _1 ___ h_"-+---' _ s cp ! cp r. I 1 I 
_'1_; j b~r i.:,,.l I \.Jl.c •l·~~-:-i.:~--!--.=;::~--1-,-;:,-T .,:_J 

I fi:.;·.· . .: .:.im;.! f ~.! ..... .,: l.J.1t;r.t c .• m(\r I f:·.,·i.: ·..:.unot I f'i:J .. ,10: d.Jct~f I I ' 

CUADRO I PROPIEOAOES OE SATURACION DEL SUVA FLUIOO FRIGORIFl~O HFC·134a 

Trstn in il.tli:in11 

TABELLA I PF.O!'RICTA Cl S,'\TU"AZIONE DEL SUVA FLUID~ FRIGORIGENO HFC-134a 

n::o.11• l'R:-:ss l\"fll.L \1f: \I ;SSi(ll 1' E'.\ TllAl.l'IA ._ .. fRO:'IA C:.1 .mu: t:.'iPt:Cff 
r p r:i· : ?. h' I h" • h' I h" s' ! s" cp• I cp·• 

n:-.s rr.:o.1;· 
C I 

·r h:ir j >:'m·' I k.l'l.i: ld •l~·l\1 l..l'tlc_·I\_._> __ ..__-._··_m_'4 __ ._i:--1 

'----_-__ -_-... I ____ ..._ l1_i•.;..1u_i.-t_11_l _,_~-"'-"-~_l_ri,_r_1i_1I•_• _l_b_rr_n_rc_! _,_.,._,._.,_•c __ 1i_11_n:_11_n_'_• ·-'~"-"-•c__ Iii~ ';ap.•rf' 

TABELL I EGENSKAPER VED METNINGSPUNKT FOR SUVA REFRIGERANT HFC-1343 

t:!'iTllA 1.l'Y t:~l ROl'Y 'il't:s1t• v ,\ l<:'ttt:K,H' s1•t::-;s n::-.11· 
... I h"·h'J h" ·-·-- .. _ ----· - ---·-· ----~· .. ___ !'.:. - . ____ rp'_j __ ~f!:'._ ---~- ·--~-. 

·---... 



TABLE I: S:\TliRATIO:\ PROPERTIES St.:\"A HFC - 13-ta 

I 1 r:,:iJ
1 

r;a:'" l1t:,~1n· I ~:-.'Tll.\tr;· ~ ~y;1mr\M 1' ~rr.c.. nF.;H c ~I'. , n:'s n:~u· 
I t 1• : t- • h" ! h"' • 11· ' h ' ' , er , r;• , .7 1 1· ~r.:.;--1----:-~-:---,----'--l..-J-.l--:~-- -->--~~~.:-i.:. -r-~.~--1~-:-1 -.: r 

:- -- 1-·--- -J -1, '"-•<: \:tllou:- I li<1ui.: I bl~lll ! \:tp;m:- liquid upuu:-r-liou;,1 I "'"·"'~ I -- I 1 

I
I __ : I 3 ,j.: 

. J : ! 

:; J :;:; 
I .: 

5 

5 
7' 

a 
9 
10 

:1 

: 2 

13 

14 

:5 

16 

18 

22 
23 
24 

JC 

31 

:?2 
33 

34 

35 

:lS 

37 
38 
3; 
40 

41) 

47 

48 
4? 
50 

j J~ 

J 6:2 

J :-s 
J.88 

4.0: 

4_ 1 s 

4.29 

4.58 

t 7J 

4 S:l 

s 05 

5 2T 
5 38 

5.5~ 

S --. -
5.90 

6.08 
6.27 
6 .C'5 
6 6'! 

7.71 

7.9J 
8.16 

8.40 

8.154 

8.88 

9.IJ 

9 38 
9.64 
9 91 
10 18 

I 0 CS 

10.73 

It 02 
11.31 
11.61 

11.91 

12 22 
12 54 

12 86 
IJ 19 

?27.3.: 

!2~: ·: 

i 

!S .:-~ 

• 7 1.:J 

17 125 

18.329 
18 948 

19.58J 

20 236 

1255 J 20.906 
1:!~; :?159~ 

1249' ' 22.JOI 
1245 i . 2J.025 

1n: ~ 
1:J~ ~ 

T-- •• "-"- ... 

2J.770 

2, 53:! 
:!5 JI; 

25 !:? I 

T :<2: 7 • 28.659 

121: 0 : 29.549 
121J J ! :;o.4ii2 
• ., .. -: .t:. 
• ~I.I- ... 

1
1::: . 
::r: 
11 !_:: .: 

: I;.: 5 

31 3~9 

n J.:, 
:;.: J~.C 
J~ 3;;~. 

11a2' : 38 657 

1118 a i 39.802 
1 :74 9 I 40.975 

I I 70 81 42 179 
1156 ! . C3.413 

1162 7 I 4.i 6 79 
115!! 5 l 45.977 

115.c .s I 47.J08 
115.:3 .:e~12 

114~ I j 50 :J-:'7 

' ' 
I 1": 1 ; 

1131 s I 
1133 ! 

I 128 9 
1124 s 

<;1 508 
52 9110 
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Introduction The replacement of 
R 12 refrigerant 
involves the revision 
of material and 
operating procedures 
presently used. often 
based on experience. 
all desigaed to 
achieve high system 
performance and 

Compressor Only R 134a 
refrigerant must be 
used. 

R 134a 
compressors are filled 
with a synthetic ester 
oil because the new 
refrigerant is not 
compatible with the 
lubricants presently 
used in R 12 
compressors. 

Ester oil must not be 
mixed nor refilled with 
any other lubricant. 
Ester oil is more 
hygroscopic than the 
lubricants presently 
used. Under no 
circumstances can lhe 
compressor be left 
with open pipes for · 
more than 15 
minutes. 

When the pipes are 
open, immediately 
prior to coupling inlo 
the system, they 
should be protected 
from any source of 
forced air circulation. 

reliability. 
The f on owing notes 

are written. not as an 
exhaustive application 
manual. but as a 
foundation io good 
practice tG be used as 
a check to identify and 
create production 
process compatibility. 

Our production 
system limits water 
content in the 
compressor. before 
charging with oil. to a 
maximum of 100 mq. 
The water content of 
the ester oil is held to 
a maximum of 60 
ppm. 

Ester oil can cause 
irritation and contact 
with eyes and skin is 
to be avoided. Ensure 
adequate ventilation of 
the work area at all 
times. 

For given operating 
conditions the 
discharge temperature 
of R 134a is about 
10°C lower than R 12 
which, because ester 
oil has a better 
thermal stability than 
the mineral oil, means 
that these factors give 
a better protection 
against the valve 
coking. 



Refrigerating circuit Tests on existing 
appliances have 
shown that the basic 
design of r:.: .,dPnser 
an.i evaporawr can be 
maintained. 

There will be 
occasions where a 
larger condenser is 
advisable to reduce a 
discharge pressure 
peak caused by 
slighUy higher load 
during pull down_ 

A modification in 
capillary length. 
usually an increase in 
length. is sometimes 
advisable as some 
appliances benefit 
from a reduction in 
capillary flow rttte. 

The optimum 
refrigerant charge for 
R 134a is usually 10-
20% lower than R 12. 

A l(lnger pressure 
equalization time is 
usually required. 

The dryers used in 
R 12 systems are not 

compatible with 
R 134a. a suitable 
dryer (3 A molecular 
sieve) is required (XH 
- 7 type or equivalent). 

The dryer size has to 
be checked against 
the higher 
hygroscopicity of 
ester oil_ 

Ester oil has a 
satisfactory mixability 
with R 134a but not 
as good as that 
between mineral oil 
and R 12_ For t~is 
reason the potential 
oil accumulation 
within the system has 
to be evaluated. For 
instance. the use of 
parallel channels in 
the evaporator should 
be reduced where 
ever possible. 

Oil retention poc~ets 
and oversized cross 
sections. reducing 
fluid flow speed, have 
to be avoided. 
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Compatibility The use of any The rr ,:.'(imum water 
products containing content :f system 
chl~rine in the compor:1ts mu~t be 
ref rigeraling circuit accordir J to din norm 
production process 8964 {rr.ax 50 
must be avoided. mg/m'l 

The use of 
chlorinated solvents N<ite: viater is more 
to wash system critical t: R 134a 
components is not system -~liability :han 
allc,wed. The retrofit of with R 12 systems 
R 134a compressors since it r~uces the 
into R 12 systems is chemica: stability of 
not allowed because it ester oil. 
is impossibl~ to avoid The reaction 
contamination {hydrol~-sis) between 
between the different ester ar.: water 
oils and refrigerants produces alcohol and 
even after repeated acid. 
flushing and vacuum Meta!s :ommonly 
procedures. Both the used, as copper, 
new refrigerant and aluminiLm, steel, cast 
ester oil make more iron anc orass. are 
severe demands on compati::ile with 
the purity R 134a and ester oil. 
requirements for the Elasto~er 
refrigerating circuit as compati:ility must be 
far as soluble checked. Some 
substances are elastom~rs, for 
concerned. example viton 

DIN 8964 allows up (fluorocarbons), will 
to 40 mgtm2 of exhibit. .:i the 
soluble substances on presence of R 134a 
inner surfaces. In and ester oil, swelling 
R 134a systems these and/or r~uction of 
substances can only tensile s:rength. 
be mineral oils with Contar:iination 
pour point compatible caused by f he use of 
with the evaporating brazing ~ux must be 
temperature. avoided. 

Any grease, wax, Brazing flux 
paraffin, and dissolve1 in water 
generally, high should r.ot be used 
iiscosity substances because of the 
must be avoided potential risk of 
because their introducing water into 8 

~ 

presence risks the circuit. I clogging the capillary 
tube. ~ 

~· 0 
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Production process The vacuum 
procedures and limits 
used presently can be 
maintained. Any 
contamination caused 
by vacuum pump oil 
vapour t>ackflow must 
be avoided. preferably 
by using a vapour 
trap, unless 
compatible 
lubrif icants are used 
in the pump. 

In order to prevent 
any form of 
contamination the 
vaci.;um and filling 
stations must be 
dedicated to R 134a. 

Since the R 134a 
molecule is smaller 
than the R 12 
molecule it is 
essential to recognise 
that all brazing 
processes and leak 
tests need to maintain 
a high level of 
integrity. 

Most of the leak 
detectors presently 

used detect the 
presence of chlorine. 
Since R 134a does r.ot 
contain chlorine this 
method can no longer 
be used. A list of 
suitable leak detectors 
is available on 
request. 

Please note that 
halogen detectors can 
give false indications 
because of the 
presence of CFC's 
coming frorn the foam 
or from other 
production lines. It is 
imperative that 
production. service 
and maintenance 
engineers recognise 
that mineral oils must 
not be used anywhere 
within the 
refrigerating circuit 
production process. 
Fer example. when 
enlarging tube ends a 
compatible lubricant 
(ester oil) must be 
used. 
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AZMAYESH INDUSTRIAL 
FACTORIES COMPANY 

SECTION I 

I 

I. 
PAGE 1 

REFRIGERATOR LOAD CALCIATION 

THE GOVE~'lll-:G LAW A.-ID EQUATION FOR HERMETIC DOMESTIC 
REFRIFERATORS AIIB AS FOLLOWS . 

A. Heat gain through door and cabinet by conduction ( Refiigcrator compartment ) . 

WHERE 

QTR = Total heat gain by conduction in Refrigerator Compartment 

UfR = Total coeficient oflteat transmission. 

t. TR = Temperature difference between Ambient temperature and Refrigerator 
Compartment. 

I 

UR - --------
x.f K1 + x:JK:i ... -n/KJ + ........ . 

x1 = Carbon steel thickness 
~=Foam thickness (Average) 
X3= Inner liner ABS thickness 

K1 = steel thennal conducfrlity 
K:= Foam thennal.cinductivity 
Kl= Plastic thermal conductivity 

P.O. aox 18745 -1898 TEHRAN IRAN FAX 98 21 771107 
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At1t = Total beat gain surface through Refrigeration Section . 

ATa. = A1 +Ai+ A3 + A4 +As 

Am = < ta - tr > 

8 . Heat gain through Evaporator compartment by conduction. 

Where 

QrE • Total beat gain by conduction in Evaporator croipartmcnt. 

UTE = Total Coeficient ofHeat Transmission. 

ATa. = Temperature difference between Ambient temperatu~eand Evaporator 
oompartment. 

1 

UTE=--------------
x1/K1+X2/KJ+X3/kJ+x4/K.4+Xs/Ks 

X 1 = Carbon steel thickness 

X2 = Foam thickness 
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X3 = Inner liner ABS thickness 

X4 = Air thickn~ between Evaporator and Refrigerator wall 

XS = Evaporator thickness . 

K1 = Steel Thermal conductivity . 

K2 = Foam Thennal conductivity. 

KJ = Plastic Thennal conductivity. 

K4 = Air Thermal conductivity . 

Ks= Evaporator (Aluminium) Thermal conductivity. 

iE=-12t 

PAGE 3 

Note: The designed ambient temperature as per ISO 7371 Para. 16.11 have been 
considered in refrigeration load calculation . 

tR= s+-2 ·c 

AtE1 =Al +Al 

QEi = u E 1 • AE •• ( tA- tE ) 

QE2 = u E2 • AE1 • ( tA - tE ) 

QEJ = u E3 • AE1 • ( tR. - tE ) 

P.O. BOX 16745 • 1898 TEHRAN IRAN FAX. 98 21 777107 
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SECTION II 

PRODUCT LOAD CALCULATION 

. 
QTr = ( W"'C*Dt..) + ( WilrC1*lltl) + ( W*hic) + QTBf 

~ta=( ti-ti) 

QTr= Q'fu+ QTPc+ QTBr+ QTL 

QrBF = W*Ci( tf- tJ) 

WHERE 

QTP = Total product beat removal . 

QTR = Product beat removal above freezing point . 

QTPF = Product heat rcmval below freezing point . 

QrL =Product heat removal by Latent Heat of fusion. 

W =Weight of product. 

C =Specific heat above freezing. 

ts= Initial temperature above freezing. 

b =Lower temperature above freezing. 

tJ = Final tempe.raturc below freezing . 

PAGE 4 
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1r = Frccring temperature . 

lw= Latent heat of fusion . 

:t.~~ 

AZMAYESH INDUSTRIAL 
FACTORIES COMPANY 

Ci = Specific heat below frccriro~ 

WHERE 

Product load x 24 
BTt: per 24 hrs = -----------------------------------

Hrs required for product load 

Qcrr = Grand total h~t gain per 24 Hrs . 

QT1. =Heat gain through Refrigerator compartment. 

QT!.= Heat gain through Evaporator compartment. 

LQP1. =Total heat removed from products above freezing point. 

LQPF =Total beat removed below freezing point . 

LQLF =Total beat !'CIDoved by Latent beat of fusion. 

LQF = Total beat removed at frccring point . 

Qcrr BTV/ hr 

PAGE 5 

BTU per 24 Hrs. = -------··--- = ---------------- = \Vatt.lhr 
16 3.4192 
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AVER.~GE L SPECIFIC HEAT ( C } 
PRODUCT NAME LATENT FREEZING BnJ /lb F 

HEAT POl!IT F I ABOVE I BELOW lmll• 

FRF.F.ZING I FREEZING 
I 

i I I 

I WATER • 143.5 32018 I 0.999 I 1 

VEGETABLE ( MIXED ) 1~ :J) I 0.90 I 0.45 

BEEF 79 

I 
29 I 0.77 ! 0.40 ' 

I CUT MEET 95 29 I 0.72 I 0.40 

I I 

! L.\MB I 83.5 19 0.67 I (\ "'V\ 
I i 

.... ~ 
I BUTTER I l) 

! 
0.64 

I 
O.:K I 15 I I I I OIEES?:; 86 18 I 0.70 I 0.40 I 

I I 1..ETIUSE 136 31.2 I 0.96 0.48 
I 

LIMES 122 29 I 0.119 I 0.46 

DATE I 112 27.1 I 0.82 I 0.43 

I I I CGrFISH 95 21 0.00 I 0.49 

I f 

EGGS I o . ...-; 100 I n I 0.76 I 
I I 

APPLES 121 I 2&.4 I 0.86 I 0.45 I I WATERMELONS 132 29.2 I 0.97 I 0.48 

PEAOIES 124 29.4 0.90 I 0.46 

ORANGES 124 28 I 0.90 I 0.46 

I I I GRAPEFRUIT 126 28.4 0.91 0.46 I I I 
I ! I PEARS 118 I 28.5 I 0.86 I 0.45 

MASHROOMS I 130 I 30.2 I 0.93 I 0.47 I I i ' I 

MILK 4.3-14 ll 0.93 I 0.49 
I 

! 
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REFRIGERATOR SYSTEMCONDIDON 

A . Compressor Condition 

I . Inlet Pressure 
2 . Outlet Pressure 
3. lnl~t Temperature 
4 . Outlet T empcraturc 
5 . Inlet Entholpy 
6 . Outlet Entholpy 

B . Condcnssor Condition 

1 . Inlet Pressure 
2 . Outlet pressure 
3 . Inlet T cmpcraturc 
4 . Outlet T cmpcrature 
S . Inlet Entholpy 
6 . Outlet Entholpy 
7 . Entholpy Dcffcrcocc Sub-cool 
8 . Entholpy dcffercncc 

C . Capillary Tube Condition 

1 . Inlet temperature 
2. outJet Temperature 
3 . Specific Volume 

D . Evaporator Condition 

1 . Evaporatcr Condition 

P.O. BOX 16745 -1898 TEHRAN IRAN FAX. 98 21 777107 
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2 . Evaporator Outlet Temperature 
3 . E vaporatorc Pressure 
4 . Entholpy at - 25 C 
5 . Entholpy at 32 C 

E . COP = Cocficicnt of compressor 

COP = q: I w = ( In - hl)A'. In - ha) 

qi = Ill - b1 
q2 = b1 - bs 

W=lu-lb 

:~,:.;OJ~ 

PAGE 8 

D . For a typical Compressor capacity of 87 watts • the followine figures arc found 
from HFC -l 34a Rcfrigcranl • Pressure - Entholpy Diagr:un . 

I - Evaporating pressure at - 25 C 1.067 BAR 

2 - Condensing pressure ·at + SS C 14.912 BAR 

3 - Entholpy Ill. at -25 C / 32 C 431 kj1kg 

4 - Eotbolpy bi , at SS C liquid 279 kjt'A~g 

S - Entbolpy difference lu - ha 1S2 kj/kg 

6 - Compressor Capacity 87 Wans 

7 - Mass Oow 2.06 kg/b 

8 - Gas rcmpcrarurc (outlet) S4 c 

9 - Spccilic volwne 0.28 m·"'3Jkg 

10- Volume flow (in.let) O.S7 m"31kg 

SS ,.. 
'-11 · lnkr Capillary tube temp. 

P.O. BOX 16745 -1898 TEHRAN IRAN FAX. 98 21 777107 
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FACTORIES COMPANY 

11- Inlct Capillary tube temp. 

12- Specific volwnc 

13- Volume flow 

14 - Eotholpy h1 • at 55 C
0

liquid 

1 S- Entholpy h~. at 3:! C liquid 

16- Entholpy difference (hi - hs ) 

17- Capacity with Sub-Cooling at 32 C = 
Mass flow X ( m - lh ) 

18- Capacity wbitout Sob-Cooling = 
Massflow X { hl - h1 ) 

19- Pcrfonnancc relation = ( n .. - lh) I ( hl - lh) 

55 

0.927 

l.91 

279 

244 

~-J:> 

385.2 

313.l 

PAGE 9 

c 

dm"3,kg 

dmAJ/b 

... 
kj/q 

kj/kg 

kj/kg 

kj~ 

kj/h 
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SECTION IV 
. 

EQUIPMENT SELECTION 

The calculated hourly load is used as a quidc in selection equipment. However 
the Compressor Sizes arc limited to comparatively large incrcmcnti .The compressor 
selection must be guided by the calculated load . and the actual selection of compiessor 
may change the calculation time up or down . The evaporator should be selected to 
ballancc The selected compressor capacity , and not the ori~nal calculated load . 

The compressor operating time is suggested to be 16 Hours tiaily. ~cvcrtbclcss 
\fanufacturers rccommc:ndation will be consi<krcd during Equipment Sciection . 

The size of Evaporator and Condenser can be the samt as those used for R.12 
Refrigerant. sometimes, 10 - 15 % increase of condenser size is recommended. In our 
case we donot intend to increase the siz.c of our condenser at the first step of our test 
and redesign of our Models . But • in Laboratory test we try 10 take it into our 
consideration . 

Toe refrigerant charge size of Rl34a refrigerant system is about 10 - :?O % less 
than that of R l:? sys rem . The exact charge si:u is determined throu@h laboratory test . 

10 - 15 % increase of Capill;u-y tube in laboratory test for checking the 
performance of Refrigeration Cycle will be accomplished . 

Drier volume is I.:? times of conventional type . for helter Hwnidity 
absorbtion . so Driers ~ode] XH7 or XH9 will he incorPQratcd in our refrigeration 
system. the simillar rypc of Driers will be used as nc~ssary. 

~taximum acceptable moisture is 50 - 150 mg. Evacuation of 0.01 mni Hg. is 
r'"conunendcd . 

P.O. BOX 16745 -1898 TEHRAN IRAN F~.X. 98 21 777107 
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SECTION V · 

REFRIGERATOR [fNIT GO VER.ltil!NG EQL~4.1101VS AlvD 
REI.A. TIOlvS 

1. Governing Equations. 

I . W = Fnc1( T1. T~ ) 

1 . P = fl1C2 ( T 1 • T 2 ) 

3. Qc0ft1'. = fnc:J ( T1 , T~) 

4. Qps = Fnc .. ( T7, T:?) 

5. 0CGlld = FOC6 ( T~. T1)"' 

6. Qcond = W. dbcoacl. 

8 . QeY., + P = Qpc + Qconc1 + Qcomp 

\\.HERE 

W = Compressor mass flow rate 

P =Compressor power Consumption 

Qcomp = Compressor heat rejection 

Qpc = PrccooJcr beat rejection 

I P.O. BOX 16745 - 1898 TEHRAN IRAN 
•' 'I I • 

· 1 -1, 
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FAX. 98 21 777107 



. -------- --------- ------ -------------------------- ------
i - -.. ! I Ii I 

, ,~, ~"-'"'".?->-""""";Ir i I AZMAYESH INDUSTRIA~,..,,... 11-:: =====-=~=-~=· \..=;:."'=·::_:I 

I ~'--·· 1 
J FACTORIES COMPANY I : ..__,.:; ,,..., I 

i uli i-~' LJ :i, I ! I I 

PAGE 12 

QCOlld = Condenser· beat rejection. 

Qttl9 = System refrigeration capacity. 

dhc- = Refri~erant Enthalpy change through con~nscr . 

T~ = Condenser mid-point temperature_ 

T1 = Evaporator inlet tempcrarurc. 

la = Ambient room temperature. 

T rn1 =Cabinet air temperature entring evaporatpr. ** 

* Superheat subcooli!lg heat rejection arc mca~u;~d to be a single - valued function of 
T:! and Ta. 

** Freezer and fresh food air arc mixed in the rcrurn duct for a single evaporator 
confi~ation and a mixed -air tcmpcrarurc is calculated . 

I P.O. BOX 16745. 1898 TEHRAN IRAN FAX. 98 21 777107 
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2 . Upright Natural Convection Wire and Tube Condenser • Govaning relations 

a - heaA = 11• _ b ... A •. + ht. Ar = 

11• . b- . A .. I '!l• . Aw . f ... [4 (J & (T m)"3 ]+ hnc1 . A1 + A1 .F1 . (4 (J & (T m)"3 1 

-2(k./D.) 
b. hncw 

In [ 1+4 ( L /Ow)( l /~1r)".'!.5] 

hnc• = ~atural Convection Wire Heat Transfer Codicient _ 

11w = Wire Fin Efficiency . 

ka = Thermal Co!lduction of Air . 

N1r = Grashof !\umber = ( l.72 x lCY'8 x L"3 ) . 

L = Distance between Tubes. 

Aw = Wire Surf ace Arca . 

F. = Wire Radiation Configuration Factor = 0.85 

4a = Stephen Boltsman Cocficieot = 0.68 x 10"-3 Bn: / Hr Fr":? ll"4 

Tm = (Mean Wire Temperature R) "3 

2 C K. I Di > 

C. hnc1 

ln ( I + 5 Ir-.;,, 0.0~5 l 

I P.O. BOX 16745. 1898 TEHRAN IRAN FAX. 98 21 777107 ____ II 
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I 

p 

I 
I 

h11e1 = Narural convection Tube Heat Transfer Coefficient 
I 

Dr = Tube Diarnirer 

I 1',, = Grasbof Number + ( 1.7~ x 10"3 x 0t"3) 
I 

Ai = Tube Radiation Configuration Factor 

Trm "3 = ( Mean Tube Temperature R )"3 

I 
I 

I 

I 
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3. NATURAL CONVECTION EVAPORATOR GOVERNING RELATIONS. 

beff = Effective Heat Transfer Coefficient 

A = Surfarc Area 

T2 = Compartment air T ~mperaturc 

(Typically 5 F for Freez.er and 38 F for refrigerator Compartment ) 

T1 = Evaporator T empcrature 

4. VERTICAL PLAi'i! NATURAL CONVECTION EVAPORATOR 

Overall Heat T eransf er C oeficient = 

UA = 11 ( h + 4 a & (f m)A3 ) . A 

tan. h .m. I 
'1 = Plate fin effectiveness : : ---------------------

m. l 

m = ( ::!b I kg )"".5 

g = Plale thickness 

k = PJa1c conduc1ivi1y 

= Tube spacing 

P.O. BOX 16745 - 1898 TEHRAN IRAN FP..X. 98 21 777107 
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h = Plate natural convection heat transfer codicient . 

b = 0.29 (AT /L )"0.24 

L = Plate bieght 

4 a c (T m)"J = Radiation Coefficient 

Tm = Mean temperature of plate 

A = Surf ace area of plate 

5. COMPRESSOR HOUSING HEAT DISSIPATION 

I Qcomp = U. A . .!.\T 
, 

u = b + 4 O' • £ (T)"J = 1.44 

h = 0.19 ( 6T )"1/3 

6T = Temperature difference between shell and local ambient air 

4 a c (T)"3 = Radiation Coefficient 

A = Shell surface area 

l ___ P_._o_. s_o_x_1_s_14_s_-_1_s9_s_r_e_H_RA_N IRAN FAX. 98 21 111101 , I 
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SECTION VI 

REFRIGERATOR MODEL AR.06REFRIGERATION LOAD 
CALCULATION 

A . Heat gain by conduction 

1 . Total beat gain by conduction in refrigerator compartment . 

QTA = Un. . An. . ilia 

QrA = Un.. An.. (Ta -Tr) 

1 

U1'R.a,,. = ---------------------------------
x1 / la + Xl I lo + Xl I b 

x1 = Carbon steel thickness = 0.6 mm = 0.00197 ft. 

X2 = Foam thickness (ave.) = 35 nun (average) = 0.1145 ft (ave.) 

XJ = Inner liner ABS thickness = 2 mm = 0.00656 ft 

ki = Steel thermal conductivity = 31.2 BTU I Hr . ft . F 

lo = Foam thennal conductivity = 0.0104 BTU /Hr. ft. F 

lo = PLastic thermal conductivity = 0.09 BTU I HR .ft . F 

An = A1 +Al + Al + A4 + A3 

Al = A2 & A3 = A4 

P.O. BOX 16745 -1898 TEHRAN IRAN FAX. 98 21 777107 
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ATR = 2A1 + :!A.1 +As 

A rR = ~< 500 x 685l + 2(534 x 635) + ( 500 x 534 l 

A TR = 685000 + 7315&0 + 267000 = 1683580 sq.nun= 18.123 sq.ft 

I 1 

lJ"JA = ---------------------·-------------- = -----------------
0.000063 + 11.001 + 0.0129 I 1.07395189 

Un = 0.090 BTP I Hr. F. sq.ft 

Umu = 43 C = 109.4 f 

tr = 5+-2 C -= 41 +- 4 F 

( u - lr > = 109.4 - 41 = 68.4 F 

Qn = 0.090 x 18.123 x 68.4 = 111.56 BTlf /Hr 

QTR = 111.56 BTU /Hr 

! l _______ P __ .o_._e_o_x. _1 s_1_4s_-_1_s_ss_r_e_H_RA __ N_1RA_N __ F_A_x_. _9e_2_1 __ 1_1_1_10_1 ____ _ 
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2 . Total heat gain by conduction in Evaporator compartment. 

QTE - Un . ATE . ~~ 

QTE = UTE . ATE . ( T~ - TE ) 

T. = 109.4 F 

TE= 10.4 F 

1 

. .Al~ .:-j 
-- L.,~ 

: ~ ... ~ _,)La..!, 

19 

--------------------------------------------------

x1 = Carbon sted thickness = 0.6 nun = 0.00! 97 ft. 

X2 = Foam thickness (ave.> = 35 mm (averag~) = 0.1145 ft (ave.) 

XJ = Inner liner ABS thickness = 2 mm = 0.00656 ft 

x.c = Air thickness bctwwo Ref. wall and Evaporator= 44.5 mm = 0.146 ft 

x.s = Evaporator thickness = 1.5 mm = 0.005 ft 

x.cu = Cppcr Evaporator air thick.Des~ =~IO mm = 0.033 Ft 

k1 = SrccJ thermal conductivity = 31 . .2 eru / H:. ft. F 

kl = Foam thennal conductivity = 0.0104 eru /Ht. ft. 
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lo = Pl~tic tM-nnaJ conductivity = 0.09 BTU !HR .ft. F 

k• =Thermal couductivity for air at Atmospheric ptT-ssurc and 10.4 F 

k• = 0.0135 BTU! Hr. Ft F 

ks = Th~nnal conductivity for Aluminium = 117 BTU l Hr. Ft F 

A1 = 500 x 534 = 267000 sq.mm= 2.87.t ~-Ft 

XI I kt = 0.0XXJ63 

xi I b = 0.123 /0.0104 = l l.798 

u I kl = 0.0729 

X4 I k4 = 0.033 /0 0135 = 2.44 

x.s I ks = 0.005 / 117 = O.CXXX>4 

1 1 
lJfE 1 = --- --· -- -· ·----------- ---- ---------------- ----------------=----------------

O.CXXX>63+ l l .798+0.0729+2.44+0.00004 14.311408 

UTE1 = 0.0698 BTU I Hr . sq.ft. F 

t. nm = 43 C = 109...i F Room Tcmo . • 

tu = 10.4 F 

1TE1 = ( t. ~ti:) = IOQ.4 - 1.~.4 = 99 F 

1 
I 
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QE1 = 0.0698 x 2.874 X 99 = 19.88 BTl. I Hr 

AE~ =A.El = 2.874 sq. Ft 

1 

lJTE: :: ----------------------------
X1 I k1 + X1 I k1 + XJ I k.J 

I XI I k1 = 0.016 / 0.09 = 0.1778 

u / 'tc = 0.18 /0.0135 = 13.366 

I Xl I kl = 0.00004 

I 

lJ'fEl - --------------------------------------
0.1778 + 13 .366 + 0.00004 

lJ'fE: = 0.0738 BTU I Hr. sq.Ft .F 

..\TE:= TR-TE =Jl-IOA =30.6 F 

Q~ = 0.0738 x 2.874 x30.6 = 6.493 BTU I Hr 
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I 

lJTEJ == --------------------------------------------------
Xt I k1 + Xi / k2 + X1 / lu + X4 I k. +X5 I k; 

XI I k1 = 0.000063 

X2 I b. = 0.1145 I O.OIQ.t = 11.001 

x:. /lo = 0.0656 / 0.09 = 0.07:!9 

x~ i k.i = 0.146 / 0.0135 = 10.814 

X5 I ks = 0.0049 / 117 = 0.00004 

1 

lTT~J == --------------------------------------------------
O.OCXX>63+l l .00l-t-0.0729+10.&i4i-O.OCU14 

Uru = 0.044 BTU I Hr . sq.Ft . F 

A.EJT = 2AD + :!A.£4 

Au = :!~ x 500 = l IOOOOsq.mm = 1.184 sq.ft 

M• = 220x 534 = 117480 sq.mm= l.:!64 sq fr 

AElT = 2 ( 1.184 + 1.264) = 4.897 sq.ft 

~TE)= T. - TE = 109.4 - 10.4 = 99 F 

QEJ = 0.044 X 4.897 X 99 = 21.332 BTC I Hr 

QTE = 19.881+6.493+21.332 = 47.7 BTtT /Hr 

P.O. BOX 16745 -1898 TEHRAN IRAN 
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B. PRODUCT LOAD CALCll.ATIO~ 

Qrr = ~Qr1. + LQrf + ~Qu + ~QF 

1. ~QPR = Heat removed from products above freezing point 

QPR = W r . Cr . ~ta = W ~ . Cr _ ( l1 - l2 > 

WHERE 

1 . h =For red and white fresh meet (Ave.) = 82.4 F 

'.! . h = For buner and cheese (Ave.) = 50 F 

3 . h = For mixed vegetables (A vc.) = 59 F 

4 . h =For fruits of any kind (Ave. ) = 59 F 

5 . h = For water = 50 F 

6 . t2 =For all above products = (Ave.) 41 F 

.ltR1 -1 = 41.4 F 

.'\tR1 -2 = 9 F 

.itR.1 -1 = 18 F 

~CR1.c = 18F 

1tR.1.5 = 9 F 

I 
--========~ 
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Average sum of "C" Specific beat for items 1 throu~h 5 from" Table 1 "arc as 
follows. 

P.O. BOX 16745 -1898 TEHRAN IRAN FAX. 98 21 777107 
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-==============..'. 
I 

.. C t " = 0.72 BTU /lb . F 

" C :z " = 0.67 BTU /lb . F 

I! .. c J .. = 0.93 BTU /lb . f 

" C ~ " = 0.9 BTU/ lb . F 

" C 5 " = 0.999 BTU / lh . F 

.. CM .. = For milk= 0.93 BTC /lb. F 

Average Product Weight per Pound. 

\V 1 = 5 lb ~1cct and Fish 

W ~ = 2 lb Butter and cheese 

WJ = 4 lb Veg~table (mixed) and lettuce 

I, W4 = 4 lb fn&:t of any kind 

Ws = 4 lb Water 

\\' 6 = 4 lb Mille 

QP1u = 5 x 0.72 x ( 82.4 -41 ) = 149 BTU 

Qriu :: :! x 0.67 x ( SO --t l l = 12 BTl7 

QPRJ = 4 x 0.93 x ( 59 -41 > = 66.96 BTl7 

QPR~ = 4 x 0.90 x « 59 -..$ 1 ) = 6..i.8 BTL' 

QPiu = 4 x 0.999 x ( 50 - 41 l = 35.96 BTl' 

Q~R6 = ..$ x 0.93 x ( 50 · -H I = JJ.48 BTF 
P.O. BOX 16745 -1898 TEHRAN IRAN 
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QP1t = QPlll + QPtu + QPu + QP1tc + QP~ + QPll6 

QPR= 149 +12 + 66.96 + 64.8 + 35.96 + 33.48 

QPR = 362.2 BTIJ 

PAGE 25 
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2 . ~QPF l = Heat removed from products to freeze product from initial temperature 
to freezing point . 

QPF 1 = W x C x ~t 

I - Fish ~ lbs 

2- ~feet 5 lbs 

J - Water 5 lbs 

~t = ( lpi - tpF ) 

4 - ~llfi"' = 50 - 28 = 22 F "C"=0.9 BTU/lb F 

5 - ~t1._ = 8'.!.4 - 29 = 53.4 F " C .. = 0.7::! BTU /lb F 

6 - ~llwater = 50 -3 2 = 18 F " C " = 0. 999 BTF /lb F 

7 - QPFlfi"' = 2 x 0.9 x 22 = 36.6 HTl' 

8 - QPF lmeer = 5 x 0.7:! x 53.4 = 195.24 BTU 

9 - QPFlwa1er= 5 x 0.999 x 18 = 89.91 BTV 

11 ~QPFl = QPFl r.~ + QPFl- + QPFl•m• = 39.6 + 195.~4 + 89.91=3~4.75 en· 

I 
~QPF I = 32~.75 BTl' 
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1 3 - ~QPF2 = Heat removed from freezing point to final tcmcraturc below freezing . 

11 

QPF2 = \\" x C x ( lI - h > 

1 - Fish 2 lbs 

::!- Meet 5 Jbs 

3 - Ice 5 lbs 

4 - .'.1tlfoh = 28 - 10.4 = 17 .6 F " Cifiill " = 0.49 BTl' /lb F 

5 - ~llmm = 29- 10.4 = 18.6 F " Ci- .. = O . .t2 BTU /lb F 

6 - ~llicc = )::! - 10.4 = 21.6 f .. c j ICC .. = 1 BTl' / lb F 

7 - QPF1fis11 = 2 x 0.49 x 17 .6 = 17 .:!48 BTU 

8 - QPF2~ = 5 x 0.42 x 18.6 = 39.06 BTP 

9 - QPF2ic~ = S x l x 21.6 = 108 BTU 

~QPF2 = QPF'2 r.,h + QPF~,,_, + QP~~.c .. = 17.2~8 + J0.06 + 108 = 164.31 BTli 

~QPF2 = 16+.31 BTF 

I 

11 
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4 - ~QLF = P:at removal to frccz.c product 

QLF = W X }Lt 
\\"HERE 

1 - Weight of product per pound 

2 - Latent beat per BTU / lb 

3 - Fish 
, lbs 

4 - Meet 5 lbs 

5- kc 5 lbs 

QLFr.~ = 2 x 95 = 190 BTC 

QLF~ = 5 x 85.8 = 429. l 6 BTU 

I. QLFice = 5 x 143.5 = 717.5 BTU 

QLF = QLFri,h+QLF~+ QLf;ce 

QLF = 190.66 +429.16 + 717.5 = 1336.66 BTl" 

QLF = 1336 .66 BTU 

LQPT = 362.2 + 324.75 + 164.31+1336.66 = 2187.9~ BTl." 

QPT = 2187.92 BTU 

P.O. BOX 16745 -1898 TEHRAN IRAN FAX. 98 21 777107 
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C. Total heat gain througi1 Refrigerator and Evaporator and Products are calculated as 
follows. 

QT = QTR + QTE + QTP = QTC +QTP 

Qn = 111.56 BTU I Hr 

Qn = 47.7 BTU /Hr 

QTc = Qn + Qn = l l l.5t. + 47.7 = 159.26 BTl' I Hr 

QTp = 2187.9:! BTC per 24 hours 

~ote . Desired Compressor Operating Time = 16 Hours Daily 

QTp/Hr = 2187.92I16 =136.745 BTli/Hr 

QT= 159.26 + 136.745 = 296 BTU I ~Ir 

QGT = QT + 10 % Qr= 296 + 29.6 = 3::!6.6 BTlr I Hr 

QGT = 325.6 BTF I Hr 
'I 

Qur =· _i~5.6 x 0.2931 = 95.43 Watts 

Qcrr 95.43 Wans /Hr 

P.O. BOX 16745 -1898 TEHRAN l~.N FAX. 98 21 777107 
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D . Compressor selection for Model AR06 

'I i' 
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The comt'rcssor sckction for ~fodcl AR06 is based on avaible or existing 
Compressor ~fodels iu Iranian ~f:arket at present which are as follows. Compressor 
power is to be 1/8 Hp. in all co::l1pressor ty~s from different manufacturers -

~anufacturer ~ amc Modd Capacity .\\/ans 

D~'\"FCS TLSG 115 

~'ECCHI cTR4H 89 

AS PERA BP1084Z 103 

GOLD STAR NF45 103 

SI COM AZ133YS 95 

From the above figures the nearest possibl::: (.:ompressor ~ap.acity which are 
compatible to our Energy Requirements for \Iodcl AR.06 , co;tld be ~it.her comp. 
Model AZI33YS from SICOM with 95 Wam Capacity .or ~!ode! LfFAH from 
?\l:CCIIl with comp. capacity of 89 wans . the other Compressor models .:ou.Jd ~ 
considered as alternatives due to the Laboratory test Malysis . 

Note 1 . 10 % additional load bas been considered for Fridge air repiacxment and 

infiltration during the day . 

Note 2 . For other equipment selection such as condenser . evaporator and drier 
refrr to Section IV . 

c,._Jira /..,le ,·.,,,er ~d;,,... = o. 76' ,., .. , 

~ · ./u:; ~vslr::Yl'1 1-.tc:-rn~/t/.:;/u,ne = 
"-¥~'!] e-roc.. ....., / 
r~; Jfa,,d {vbt! 1~a1.;, = ~~-o C¥Vl 

e v~crroJc,, S vrfou : ) ::,- I 0 cY1... ~ t/.'7'.l rn e -= 1.~-. f?. /, /. 

T,;f-/ Vo /,_., .. e .: 
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SECTION VII 

REFRIGERATOR MODEL AROB REFRIGERATION LOAD 
CALCULATION 

A . Heat gain by conduction 

I . Total heat gain by conduction in refrigerator compartment . 

QTA = Cn. An. j,ta 

QTA = C°Tit. ATR. ( T. - Tr) 

I 

UTR.a"C = ----------------------------------
x1 I k! + 11 ! le + X) ! b 

x1 = Carbon stcd thickness = 0.6 mm = 0.00197 ft. 

x1 = Foamthickness(ave.) = 35mm(aversge} =0.1145ft(avc., 

u = Inner liot'r ABS thickness = ~mm = 0.00656 ft 

k1 = Stec] thcnnal conductivity = 31.2 BTU j Hr. ft . F 

b = Foam thermal conductivity = 0.0104 BTt: i Hr. ft. F 

kJ = Plastic thr.rmaJ conductivity = 0.09 BTl'. I HR .ft . F 

A 1'1. = A1 +Al + Al + A• + ~ 

Al = A2 & A3 = A4 

11 P.O. BOX 16745·1898 TEHRAN IRAN FAX. 98 21 777107 
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A TR = 2( 500 x 871 ) + 2( 534 x 871 ) + ( 500 x 534 ) 

A TR = 871000 + 9302::!.8 + 267000 = ::!068228 sq.nun = 22.262 sq.ft 

I I 

Un = ----------------------·-------------
O.OCXX>63 + 11.001 + 0.07::!9 11.07395189 

Un = 0.090 BTt; I Hr . F . sq.ft 

l1nax = 43 C = 109.4 F 

tr = 5+-2 C = -H +- 4 F 

C ta - tr>= 109.4 - 41 = 68.4 F 

Qn = 0.090 x 22.262 x 68.4 = 137.046 BTl7 I Hr 

QTR = 137.046 BTU/Hr 

P.O. BOX 16745 • 1998 TEHRAN IRAN FAX. 98 21 777107 
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., . Total heat gain by conduction in Evaporator com~nt. 

QTE = QE1 + QEi + QEJ 

QTe = Un . A Te . .1te 

QTE = Un:. ATE. ( T. - TE) 

T. = 109...t F 

TE= IOA F 

I 
UTElaYC" = --------------------------------------------------

x1 = Carbon steel thickness = 0.6 mm = 0.00197 ft 

~ = Foam thickness (ave.) = 35 mm (average) = 0.1145 ft (ave.) 

XJ = Inner liner ABS thickness = 2 mm = 0.00656 ft 

X• = Air thickness betwwn Ref. wall and Evaporator = 44.S mm = 0.146 ft 

X5 = Evaporator thickness= 1.5 mm= 0.005 fr 

X•u= Lppcr Evaporator ft.Ir thickness =10 rr.m = 0.033 Ft 

k: = Steel thenmi· -:-onductivity = 31.~ eru /Hr. ft F 

k: = F.Jam thermal conrluctivity = 0.0104 eru / Hr. tt. 
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lo = Plastic thermal conductivity = o.~ BTU /HR .ft. F 

k' = Tbennal conducti\ity for air at Atmospheric pressure and 10.4 F 

k, = 0.0IJS BTl7 I Hr. Ft F 

ks =Thermal conducti,ity for Aluminium = 117 BTt: I Hr. Ft F 

At = 500 x 534 = 267000 sq.rrun = 2.87-t sq.Ft 

XI I k1 = 0.000063 

X:! /k1 = 0.123 /0.01()..t = 11.798 

u I lo = 0.0729 

x, /k4 = 0.033 /0.0135 = 2.44 

X'.\ I~ = 0.005 / 117 = O.OQOO.t 

1 1 

llrE1 = ·--·-····-·---·----------··------------------------------·=--··----····--·· 

0.000063+ l l.798-t-0.0729~'.!.44t0.00004 l-l.311~08 

UTu = 0.0698 BTF I Hr. sq.ft. F 

t. mu = 43 C = 109 . ..J F Room Temp. 

tEl =- 10.4 F 

~T-:1 = ( t. · t£ ) = 109 . ..J • 10...J = 99 F 

Ii P.O. BOX 16745 • 1898 TEHRAN !RAN FP..X. 98 21 777107 
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QE1 = U t _ A1 _ ~Tt 

QE1=0.0698 x-2.874 x 99 = 19.88 BTC /Hr 

QE.l = UE:. AE2. ~T2 

A.E2 = AEl = 2.87-l sq. Ft 

1 
Urr2= 

Xt I kt + X2 I ki + Xl I 'Pu 

XI I kt = 0.016 /0.09 = 0.1778 

x: I k: = 0.18 /0.0135 = 13.366 

x l i kl = 0.()()()()4 

1 

UTEi = --------------------------------------
0.1778 + 13.366 + 0.00004 

UTE.:? = 0.0738 BTC I Hr . sq.Ft .F 

J.TE.:? =TR -TE =-ll. 10.4 = 30.6 F 

QE.:! · = 0.0738 x :!.874 x30.6 = 6.493 BTIJ I Hr 
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I 
QE1 = u I. A1. ~T1 

QE1 = 0.0698 x.2.874 X 99 = 19.88 BTlr I Hr 

AE2 = AEl = ::!.87-1 sq. Ft 

l 
lJ1E2 == ----------------------------

X1 I k1 + X1 I ki + XJ I tu 

XI I k1 = 0.016 /0.09 = 0.1778 

I. "'/k:: = 0.18 /0.0IJS = 13.366 

XJ I kJ = 0.00004 

I 

UTE2 = --------------------------------------
0.1778 + 13.366 + 0.00004 

UTE1 = 0.07 38 BTC I Hr . sq.Ft .F 

~TE1 =TR TE = -H. 10.4 = 30.6 F 

Qu . = 0.0738 x 2.874 x30.6 = 6.493 BTir I Hr 

! I 
I 

,
1
,

1

1.:_. -----------~:-_~,__·-~~~745 - 189&--TEHRAN.-lRAN--~~~--~~-~i±_U-_~0~_!:_-_-=..-._-_-.. ,'

1 

.. ---,,-- .. 

: ..:...1 :'..ii .. ' I " ~ ~: ; l· ; ; l ~:; I ~ ~ Ii 
·-- ..... . . -- - ·- --- .. -·-·· 



I 

II 
I 
I 

I 
i 

I 

I 

11 

--------------·--- - ---- --------i ·.. ! i ---------- -----·-- -i l 

,~, -"'-"''' ~JC.l>Ol> ;Ir Ii AZMAYESH INDUSTRIA~,_-,. I! t 

~ - ~. ,-! ' C:.: ___ ,, i I FACTORIES COMPANY 1 I======: "'=-.~=-;J=)=IA.:.= 

====================-=== 

. 4: ...!.: =..: 
-. L. 

PAGE 36 

I 
UTEJ = --------------------------------------------------

X1 I k1 + X2 I k2 + XJ /tu + x. I k. +Xs I ks 

Xl I ki = 0.000063 

~ /k: = 0.ll.t5 /0.0104 = ll.001 

X1 I k.J = 0.0656 I 0.09 = 0.07~9 

X4 / k4 = 0.146 /0.0135 = 10.814 

:u I ks = 0.0049 I 117 = O.OQOO.t 

I 
UTEJ = --------------------------------------------------

0.000063+11.00li-0.0729+i0.814+0.00004 

UTE3 = 0.0.U BTU I Hr . sq.Ft . F 

A.E3 = 220 x 500 = llCXX>Osq.mm = 1.184 sq.fr 

Af4 = 220x 534 = 117480 sq.mm= 1.264 sq.ft 

AEJT = 2 ( l.184 + 1.264) -= 4.897 sq.fl 

~TEl =Ta - TE = 109.4 - 10 . ..l = 99 F 

QE:s = 0.()..g X 4-.897 x 99 = 21.332 BTl" I Hr 

QTE = QE1 + QE2 + QE;, 

QTE = 19.881+6.493+21.332 = 47.7 BTt.r /Hr 

1
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B . PRODUCT LOAD CALCu1..ATIO~ 

QPT = ~Qn + ~QpF + ~Qu + ~QF 

l. ~Qr1 = Heat removed from products above freezing point 

\VHERE 

1 _ ti= For red and white fresh me~t ( Ave. ) = 82A F 

'.! . t1 =For butter and cheese (...\.ve.) = 50 F 

3 _ ti = For mixed vegetables (Ave.) = 59 F 

4 . ti= For fruits of any kind (Ave. ) =SQ F 

5 . 11 = For water = 50 F 

6. ti=Forbread=75 F 

7 . t~ = For all above products = (Ave. l ~ I F 

j,tR.1 ·I = 41.4 F 

.1tR1 -2 = 9 F 

J.tR1 .J = 18 F 

~tR I-' = 18 F 

~tR1 s = 9 F 

l 

I 
!1 
I 
I 
I 
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I 

I! . I 

L\CR.1 -6 = 34 F 

Average sum of "C .. s~cif1c beat for above products from Table 1 arc as follows. 

" C 1 " = OT!. BTC /lb . F 

,. C ~ .. = 0.67 BTl- /lb _.f 

., C J " = 0. 9 3 BTC /lb . F 

" C , .. = 0. 9 BTl~ /lb . F 

" C s .. = 0 999 BTC /lb _ F 

" CA .• = Q_ 70 BTl7 /lb . F 

"C1 .. = For milk= 0.93 BTC /lb. F 

A veragc Product Weight ~r Pound . 

W i = 5 lb Meet and Fish 

V·/ 2 = ~ lb Butter and cheese 

\\~3 = 4 lb Ve~ctablc (mixed) and knucc 

\\'• = 4 It:> Fruit of any kind 

Ws = 4 lb Water 

Vv-6 = 2 lb Bread 

W1 = 4 lb Milk 

QPR1 = 5 x 0.7:! x ( 8:!.-l -41 ) = 149 BTl' 

QP~ = ~ x 0.67 x ( 50 -41 ) = 1 ~ BTl'. 

QPRJ = -l x 0.93 x < 59 -·H I = 66.96 BTl' 
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QP1u = .t x 0.90 x ( 59 -41 ) = 64.8 BTF 

QPRS = 4 x 0.999 x ( 50 - 41) = 35.96 BTU 

QPRD = ::! x 0.70 x ( 75 -41 ) = 47 .6 BTl: 

QPR7 = 4 x 0.93 x. ( 50 - 41 > = 33.48 BTl~ 

QPa = QPR: + Qriu + QPR.J + QPu + QPR5 + Q?R:i. QPR7 

QPR= 178.85 + L~.06+66.96t-129.6 + 71-93 +47.6 + 33...t8 

QPR = 540.48 BTU 

: -- - ..... ¥ ........ ·-C?.r-S~-~67~-~-- _1~~:-!_~A~ lRAM:-.--~~- -·~-8 ~-~!-~10~- ____ _I, 
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2 . ~QPF l = Heat removed from products to freeze product from initial temperature 
to frerriog point above frcezin point . 

QPF 1 = W x C x ~ t 

\\'eight of products are as follows 

I - Fish 2 lbs 

2- :\feet 5 lbs 

3 - Water 5 lbs 

..1f = ( tpi - lpF ) 

4 - ~llr;"' :: 50 - 28 = 22 F "C .. = 0.9 BTU /lb F 

5 - ~t1~1 = 8'.!.4 - 29 = 53.4 F .• C .. = 0.7~ BTl1 /lb F 

6 - .1li•airr = 50 -3 2 = 18 f " C " = 0. 99'> BTl~ I lb F 

7 - QF'"" = '.! x 0.9 x 22 = 39.6 BTl. 

8 - QF~ = 5 x 0.72 x 53 . .i = 195.24 BTU 

11 
11 9- QFwa1~r=5x0.999x18 = 89.91 BTC 

i Q 
! ~QPF l = PF 1 (1$11 + QPF 1 • ._, -i QPF lw11rr = 39.6 + 195.~4 + 89.91 ::: .J~-1 75 BTl" 

LQPFl = 324.75 BTU 

. P.O. BOX 16745 - 1898 TEHRAN IRAN FAX. 98 21 777107 
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3 - ~QPF'2 = Heat removed from freezing point to final temerature below freezing . 

QPF:?. = W X C. X ( lt - b ) 

I - fi!>'i 2 lbs 

2- ~:feet 5 lbs 

3 - Ice .:> lbs 

4 - ~llr.\h = 28 - 10.4 = 17.6 F " Cifi.i. " = 0.49 BTL /lb F 

5 - ~t1,,_, = 29 - 10.4 = 18.6 F "Ci~"= 0.42 BTU/ 1b F 

6 - ~llice = 32 - 10.4 = 21.6 F " C i re•" ::.: 1 BTG / lb F 

7 - QPFui,h = 2 x 0.49 x 17 .6 = 17 .248 BTL' 

8 - QPF2mre1 = 5 x 0.42 x 18.6 = 39.06 BTU 

O - QPF2icr = 5 7. 1 x 21.6 = 108 BTtT 

~QPF2 = QPF2 foh + QPF~rrttr + QPF2icr = 17.248 + 39.06 + !08 = 16.-1.31 BTC 

LQPF~ = 164.31 BTI_· 
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11 

4 - ~Qu: = Heat removal to freeze product 

QLF = W X h.t 
WHERE 

QLF = Heat removal by latent beat 

\\: = Weight of product 

hit = Latent heat per BTt.: /lb 

I - Weight of product per pound 

2 - Latent beat per BTC ! lb 

II 
3 - Fish 2 lbs · 

5 4 - Meet lbs 

5 - kc 5 lbs 

QLFlil = 2 x 95 = 190 BTU 

QLF,_ = 5 x 85.8 = 4'.!9.1 6 BTU 

QLFice = 5 x 143.5 = 717 .5 BTC 

QLF = QLf ri~ll + QLF n-1 + QLFocr 

QLF = 190.66 + 4:'!9.16 + 717 .5 = 1336.66 BTll 

QLF = 1336 .66 BTti 

i, ;l:-c -: -c _P .0 .. BO: 1~745 ~ ~ ~9-~ T~~~~RA~ - ... F-~~~~. _)2t __ :._._=~=~--: ;.~:--)~~- 111,, : ..,:.,r ..:=~ : .; t---"'..:. ~ c~; u _--
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I l LQPT = 540.48 + 324.75 + 164.31+1336.66 = 2187.92 BTU 

i 

I!:.: QPT =·2366.2 BTVio~4hours 

QPThr = 2366.2 / 16 = 147.9 btu j Hr. 

Note . Compressor operating time = 16 hours daily 

P.O. BOX 16745 -1898 TEHRAN IRAN FAX. 98 21 777107 I ------·----------------------! 
..... ···--------- -· -· -----·- ·--·- ·-- - ·----- --- . - - ---- ------ -------·-

I!_ --· __ _'. ~'_;:~~ ~-;.L-_ _......,· ! t_:uli 11 _____ : ~-l-. ___ -__ .:,:;(~;Li 11 



----------- ----- --------------

1 ~; ~"'~" -~~~~ ,~ i \ ":!~';;:i~s·~~~::~ --~-·1 :-= ==== =~ =~=-.=.~=~=-
... . 

11 

PAGE 44 

C . Total heat gain through Refrigerator and Evaporator and Products arc calculated as 
follows. 

QT = QrR + QTE + QTP = QTC +QTP 
Where 

Qrc =Total heat gain by conduction 

Qn = Total beat remoocd from products 

Qn. = 137 .046 BTl: I Hr 

QrE = 47.7 BTU I Hr 

QTC = Qn + QrE = 137 .046 + 47.7 = 184.746 BTL~ /I-Ir 

QTp = 2366.2 BTU per 24 hours 

Note. Desired Compressor Operating Time = 16 Hours Daily 

QTp I Hr = ::!366.2 I 16 = 147.9 BTU I Hr 

QT= 184.746 + 147.9 = 33'.2.65 BTC /Hr 

Qcrr = QT + 10 % QT= 332.65 + 33.26 = 365.9} BTU I Hr 

Qcrr = 365.91 BTU /Hr 

Qvr = 365.91 X 0.2931 - 107.:!5 Wans 

Qvr = 107.25 Wans/Hr 
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D . Compressor selection for Model AROS 

The compressor selection for Model AR08 is based on avaiblc or existing 
Compressor Model-; in Iranian ~farket at present which arc as follows . Compressor 
power is to be 1/8 Hp , in all compressor types from different !!'..!!!!11faCTUrers . 

Manufacturer Name Model Capaci ry . \\"ans 

DA .. '-:FCS TLSG 115 

~cCCHI ETR-tH 89 

A SPERA BP1084Z 103 

GOLD STAR :\r .:ts i03 

SI COM AZI33YS 95 

From the above figures the nearest possible Compressor Capacity which arc 
compatible 10 our Energy Require~nts for Model A.R.08, ce:i.1.ld he e!ther COf;!p. 

Model TLSG from DANFUS \\<ith 115 Wans Capacity .or Model ~F 45 from GOLD 
STAR \\<ith comp. capacity of 103 wans. the other Compressor n.odcls could be 
considered as alternati vcs due to the Laboratory tesr analysis . 

Note l . 10 % additional load bas been considered for Fridge air replacement and 
infiltration during toe day . 

N otc 2 . For other equipment ~election such as condenser . evaporator and drier 
refi:r lo Section IV . 
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SECTION VIII 
REFRIGERATOR MODEL ARIORErRIGERATION LOAD 

CALCULATION 

A . Heat gain by conduction 

l . Total heat gaia by conduction in refrigerator compartment . 

QTA = Fn . .-\ n - .:ltJ.. 

QTA :- Un. An. ( T. - Tr) 

1 

lJ~.-e = ----------------------------------
XI I k1 + X1 I k1 + :'..J ;" b 

x1 ::-:. Carbon steel thick.nec;s = 0.6 mm = 0.({)l 91 ft. 

x: = Fcamthic·:.ness(avc.) = 35rru:1(averagc) =0.ii45fl\·-lve.l 

XJ = Inner liner ABS thickness = 2 mm = 0.0Gu56 ft 

k1 = Stcclthennalconduct?vity = 31.2 BTT_T/Hr.ft.F 

lo = Foam tbenr.d.l conductivity = 0.0104 BTU I Hr. ft. F 

k..i = PLastic thennal rnnductivity = 0.0Q BTT_' ! If~ .. ft F 

Al =A:! & A 1 :: A4 
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ATR =2A1+2A1+A5 

A TR -= 2( 500 x 990 ) + ::!( 534 x 990 > + ( 495 x 990 ) 

ATR = 1029600 + 980100 +~57400 = '!.267100 sq.11'm=24.4sq.ft 

l 

{Jlll = ------------------------------------ = -----------------
O.CXXX>63 + l l.001 + 0.0729 11.07395189 

Un = 0.090 BTlI I Hr . F . sq.ft 

la.nu = 43 C = 109.4 F 

tr = 5+-2 C = 41 +- 4 F 

(ta - tr)= 109.4 - 41 = 68.4 F 

Qlll = 0.090 x 24.-1 x 68.4 = 150.22 BTC I Hr 

QTR = 150.22 BTU /Hr 

.I-----~-~~ BOX 16745 -1898 TEHRAN IR.A.N FAX. sa 21 77710'/ 
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2 . Total heat gain by conduction in Evaporator compartme•lt. 

QTE = UTE. ATE. ~tE 

QTE = Un . ATE . ( T. - TE ) 

T. = 109A F 

Ti::= 10.4 F 

1 
UTE!avr = --------------------------------------------------

x1 = Carbon steel thickness = 0.6 nun = 0.00197 ft. 

X1 = FoamthickI:e-ss(ave.) = 35nun(average) =0.ll-!5ft(ave.) 

u = Inner liner ABS thickness = 2 mm = 0.00656 ft 

X• = Air thickness betwwn Ref. waU and Evaporator= 44.5 nun = 0.146 ft 

Xl = Evaporator thickness= 1.5 mm= 0.005 ft 

X•u =upper Evaporator llir thickness :::10 mm = 0.033 Ft 

k1 = Steel thermal conductivity = 3L? BTU /Hr. tt. F 

kl= FCJamthcrma!conducti\ity =· 0.0104 BTU/Hr.rt. 
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I 

I k.i = Plastic thennal conductivity = 0.09 eru t HR .n. F 

k .. = Thermal conductivity for air at Atmospheric pressure and 10.4 F 

k .. = ·o.0135 BTU I Hr. Ft F 

ks= Thermal conductivity for AJwninium = 117 BTU/ Hr. Ft F 

Ai = 528 x 465 = 261350 sq.nun= 2.81 sq.Ft 

XI I k1 = 0.000063 

x~ I 'tc. = 0-123 /0.0104 = 11.798 

XJ / lo = 0.07:!9 

X.t I k4 = 0.033 I 0.0135 = 2.44 

XS / lu = 0.005 / 117 = 0.00004 

1 I 
UTE 1 = -------------- -- ------- ---- --------- ----------------- -----=------------ -- --

0.000063+1 l .798-t-0.07~9+:!.44-t-0.00004 l.t.311 

UTE1 - 0.064 BTU I Hr. sq.ft. F 

u .,.. = 43 C = 109.4 F Room Temp. 

tEJ = 10.4 F 

tlT!!I ::: ( ta - l! ) = 109.4 - 10.4 = 99 F 

P.O. BOX 16745 • 1898 TEHRAN IRAN FAX. 98 21 777107 
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QE1 = U1 . A1. !l.T1 

QE1=0.064x2.81X99 = 17.8 BTU /Hr 

AE:! = AEl = 2.81 sq. Ft 

1 
UTE~ = ----------------------------

X1 I k1 + Xi I k2 + XJ / lu 

XI I k1 = 0.016 /0.09 = 0.1778 

xi/ le = 0.213 /0.0134 -= 15.91 

u I kJ = O.'.XJOJ4 

I 

l.Ji'El = --------------------------------------
0.1778 + 15.91 + O.()(XX)4 

l.Ji'~ = 0.062 BTV I Hr . sq.Ft .F 

~T1:2 =Tl-Ti:. =41-10.4 =30.6 F 

QF.:.i = 0.064 x 2.81 x30.6 ::-: 5.3 BTU I Hr 

QE. - UE· A 'C'.- AT. , - , • l"'~l...)I • i...l .I. , 
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I 

lJTEJ :: --------------------------------------------------

X1 I k1 + Xl I k2 + XJ I k3 + x. I k· +X5 I k5 

Xl I k1 = 0.000063 

X1 I kl = 0.1145 /0.0104 = 11.798 

u I b = 0.0656 ! 0.09 = 0.0729 

X4 I k4 = 0.1 !o /0.0135 = 10.81.t 

:u I ks = 0.0049 / 117 = 0.00004 

1 
lJTEJ == --------------------------------------------------

0.CXXX>63+ 11. 798-t-0.0729+10.814+0.()0()04 

UTEJ - 0.044 BTU I Hr . sq.Ft . F 

A.EJT = 2.Au + :!Al" 

AEJ = 250 x 495 = 1:!3750sq.nun = 1.33 sq.ft 

AF.4 = 250 x 528 = 132000 sq.mm= 1.4~ sq.ft 

A!!JT = 2 ( 1.33 + 1.42) = 5.5 sq.ft 

~TEJ = r. - TE = 109.4 - 10.4 = 99 F 

QE:~ - 0.044 x 5.5 X 99 = 23.98 BTC i Hr 

QTE = 19.17+5.27+23.98 - 48.42 BTU /Hr 

P.O. BOX 16745 -1898 TEHRAN IRAN f AX. 98 21 777107 
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B. PRODl:'CT LOAD CALCL"LATION 

QPT = ~QPR + l:QPF + ~Qu= + ~QF 

1. ~QPR = Heat removed from products above freezing point 

\\'HERE 

1 . ti = For red and white fresh meet ( Ave. ) = 82.-t F 

2 . h =For butter and cheese (Ave.) = 50 F 

3 ti= For mixed vegetables (Ave.) = 59 F 

4 . ti= For fruits of any kind (Ave.">= 59 F 

5 . ti = For water = 50 F 

6. t1=Forbread=75 F 

7 . ti= For all above products = (Ave.) 41 F 

~tR.1 ·I = 41.4 F 

~tR1 -2 = 9 F 

~tR.1.J = 18F 

~tR1 ~ = 18 F 

.~t~, .~ = 9 F 
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~t:R.1-6 = 34 F 

Average swn of "C ··specific heat for above products from Table 1 arc as follows . 

"C i " = 0.7:! BTU/ lb . F 

"C2 .. = 0.67 BTU /lb .·F 

" C 1 " = 0.93 BTU /lb . F 

" C , " = 0.9 BTU /lb . F 

"Cs .. = 0.999 BTU /lb . F 

.. Co" = 0.70 BTU /lb. F 

" C1 " = For milk = 0. 93 BTU /lb . F 

Average Product Weight per Pound . 

W i = 8 lb Meet and Fish 

W 2 = 2 lb Butter and cheese 

W1 = 6 lb Vegetable (mixed) and lettuce 

v.;-, = 1::? lb Fruit of any kind 

Ws = 10 lb Water 

W6 = 5 lb Bread 

v .. ; 1 = 6 lb Milk 

QP11.1 = 8 x 0.7:? x .( 82.4 -41 > = :?38.4 BTtr 

QPiu = 2 x 0.67 x ( SO -41 ) = 12 BTU 

0PtJ = 6 x 0.93 x < 59 -41 ) = 100.M BTC 

I 
I 
I 

I 
I 
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QJ>a• = 12 x 0.90 x ( 59 -41 ) = 194.4 BTU 

QPiu = 10 x 0.999 x ( 50 - 41 ) = 89.91 BTU 

QPll6 = 5 x 0 70 x ( 7 5 -41 ) = 11. 9 BTU 

QP1t1 = 6 x 0.93 x ( 50 - 41 ) = 50.22 BTV 

QPa. = QP1u + QPiu + QPu + QPR• + QPll5 + QPR6 • QP1t1 

QP11. = 238.4 + 12.06 +100 . .W + 194.4 + 89.91 + 11.9 + 50.22 

QPR = 697 .3 BTU 

P.O. BOX 16745 • 1898 TEHRAN IRAN FAX. 98 21 777107 
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~ . ~QPF l = Heat removed from products to freeze product from initial temperature 
to freezing point above freezin point . 

QPF 1 = W x C x .1 t 

Wei!tltt of products arc as follows 

I - Fish 4 lbs 

~- Meet 7 lbs 

3 . Water 5 lbs 

.11 = ( lpi - lpF ) 

4 - ~tlfis11 = 50 - 28 = 22 F " C " = 0. 9 BTU /lb F 

5 - ..\t l"-' = 82.4 - 29 = 53.4 F "C" = 0.7~ BTP /lb F 

6 · ~ll.-a1~r = 50 -3 ~ = 18 F " C .. = 0.999 BTU/ lb F 

7 - QPF lns11 = 4 x 0.Q x 22 = 79.2 BTU 

8 - QPF lmeet = 7 x 0.7"! x s:; t = 269.14 BTl~ 

I 9 · QPF lwa1~r = 5 X 0.999 X 18 = 89.91 BTU 

I! ~QPFl = QPFl Ci.it + Q.PFlmtti + QPFl•·a1er = 79."!. + "!.69.1..i + 89.91=438.34 BTl: 

i:QPFl = 438.34 BTU 
P.O. BOX 16745·1898 TEHRAN !RAN FAX. 98 21 777107 
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3 - rQPF:! = H~at removed from freezing point to final tcmcraturc below freezing . 

QPF2 = W X Ci X ( tr - h ) 

1 - Fish ~ lbs 

:!- ~lcet 7 lbs 

3 - Ice 5 lbs 

4 - ~tlr1S11 = 28 - 10.4 = 17 .6 F " Cifi~ " = 0.49 BTU /lb F 

S - ~t1,._, = '.29 - 10..t = 18.6 F " Ci"-' " = 0.4:! BTu /lb F 

6 - ~tlice = 3:! - 10 . ..t = 21.6 F .. C i ;er" = 1 BTU /lb F 

7 - QPF~r.i.11 = 4 x 0.49 x 17 .6 = 34.5 BTP 

8 - QPF2mee1 = 7 x 0.42 x 18.6 = 54.68 BTl7 

9 - QPF2icc = 5 x 1 x 21.6 = 108 BTl' 

~QPF~ = QPF2 r.511 + QPF2,,_1 + QPF2ic~ = _,4.5 + 54.68 + 108 = 197 .18 BTC 

. ~QPF~ = 197 .18 BTl" 
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4 - ~QLF = Heat removal to freeze product 

I • QLF=Wxha 
\\'HERE 

QLF = Heat removal by latent beat 

W = Weight of product 

hit = Latent heat per BTC /lb 

l - Weight of product per pound 

2 - Latent heat per BTU /lb 

3 - Fish 5 lbs 

..i - 'Meet 7 lbs 

5 - Ice 5 lbs 

QLFn~ = 5 x 95 = 380 BTU 

Qu~"-' = 7 x 85.8 = 600.6 BTtT 

QLF.ci: = 5 x l·H.5 = 717.5 BTL' 

QLF = QLFthh+QLF"-'+ QLF1ti: 

QLF = .'\80 + 600.6 + 7 J 7 .5 = 1698.1 BTl. 

QLF = 1698.1 BTT_: 

P.O. BOX 16745 - 189~ TEHRAN IRAN FAX. 98 21 777107 
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LQPT = 697.3 +438.34 + 197.18 + 1698.1 = 3030.94 Bl lT 

QPT = -3030.94 BTliin24bours 

QPThr = 3030.94 / 16 = 189.43 BTU/ 
llr. 

Note . Compressor operating time = 16 hours daily 
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C. Total beat gain through Refrigerator and Evaporator &.'ld beat removed fr001 
Products are calculated as follows . 

QT = Qrn + QTE + QTP = QTC +QTP 
Where 

Qrc = Total heat gain tty cooductioo 

Qn = Total beat rcmoocd from products 

Qa= 150.2 BTC /Hr 

~ = -18 -1~ Brt.· .'Hr 

Q-rc = Qn + Qre = J 50. ~ -t -18.-12 = 1 C}g_6~ BTL' I Hr 

Q7p = 3030.94 BTC per 2-i hours 

~ore. Desired Compressor Operating Time = 16 Hours Daily 

QTp I Hr = 3030.94 I 16 = 189.43 BTU I Hr 

QT:: 198.61 + 189.43 = 388. ! BTC I Hr 

Qcrr = QT + 10 % Qr= 388.1+38.81 = 426.91 BTU I Hr 

Ocrr = 426.91 BTU /Hr 

Qcrr = 426.91:X0.2931 - 125.12 Watts 

QGr = 125.12 Wans/Hr 
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D. Comprcsso1 ~Jection for Model ARIO 

The compressor scJcctioo for Model AR.10 is based on avaiblc or existing 
Compressor Models in Iranian Market at present which arc as follows. Compressor 
power is to be 1/6 Hp. in all compressor types from different manufacturers. 

Manufacturer Name Model Capacity ,\Vans 

DA.'ffUS TLS5F 130 

~~ccm ETR5.5H 1::!3 

AS PERA BPllllZ 125 

GOLD STAR ~"F 51 135 

SI COM AZ1345YS 120 

From the above figures the nearest possible Compressor Capacity which arc 
compatible to our Energy Requirements for Model ARIO. could be either comp. 
Model TLSSF from DANFUS with 130 Watts Capacity .or Modci BPi ii iz from 
ASPERA with comp. capacity of 125 watts or compressor Model NF 52 from GOLD 
ST AR. the other Compressor models could be considered as alternatives due to the 
Lacoratory test analysis . 

Note 1 . 10 % additional load bas been considered for Fridge air replacement and 

infiltration during the day . 

Note 2 . For other equipment selection such as condenser . evaporator and drier 
rtf cr to Section IV . 
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SECTION IX 
REFRIGERATOR MODEL ARJ2REFRJGERAT/ON LOAD 

CALCULATION 

A .. Heat gain by conduction 

1 . Total beat gain by cocduction in refrigerator compartment . 

QTA = Fn . A TR. . .1lR. 

QTA = Un. An. (Ta - Tr> 

l 

lJ~a~ = ----------------------------------
Xl I ki + Xl I k2 + X3 i io 

x1 = Carbon steel thickness = 0.6 mm = 0.00197 ft. 

xz =.: Foam thickness (ave.) = JS mm (avcragd = G.il45 ft (ave.) 

u = Inner liner ABS thickness = :! IIUil = 0.00656 ft 

k1 = Steel tbcnnal couductivity = 31.~ BTU I Hr. ft. F 

kl = Foam thermal conductivity = 0.0104 BTU I Hr. ft. F 

lo = Plastic thermal conductivity = 0.09 BTU I HR .ft F 

A 1 = A2 & A3 = A4 
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ATR =:!Ai+ :!Al +As 

A 1ll = 2( 528 x 1115 1 + 2(495 x 1115 > + < 528 x 495, 

A 1ll = 11774-fO + 1103850 + 261360 = 2542650 sq.mm= 27.37 sq.ft 

1 

Un = ------------------------------------ = -·----·----------
O.cx:ro63 + 1 LOOI + 0.07~9 l L07395rn9 

Un = 0.090 BTU I Hr . F . sq.ft 

Llnut = -0 C = 1C9...t F 

lr = 5+-2 C = 41 +- 4 F 

(ta - tr>= 109.4 -41 =68.4F 

Qn = o.@x 27.37 x 68.4 = 168.48 Brr /Hr 

QTR = 168.48 BTli I Hr 

P.O. BOX 16745 • 1898 TEHRAN IRAN FAX. 98 21 777107 
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., . Total heat gain by conduction in Evaporator compartment. 

QTE - UT?. ATi. ~IJ! 

QTE = UTE . ATE . ( T. - T!!) 

T. = 109...i F 

TE= 10...i F 

1 
UTE1a~ = --------------------------------------------------

xi = Carbon steel thickness = 0.6 nun = 0.CXH 97 ft. 

x: = Foam thickness (ave.) = 35 mm (average) = 0.1145 ft ~ave.) 

XJ = Inner liner ABS thickness = 2 nun = 0.00656 fi. 

x' = Air thickness bctwwn Ref. walJ and Evaporator= 44.S nun = 0.146 ft 

x.s = Evaporator thickness = 1.5 nun = 0.005 ft 

x'" = Cppcr Evaporator air thickness =10 mm -= 0.033 Ft 

k1 = Stccltbcnnafconducthity = 31.::? BTU /Hr. tr. F 

le = Foam thennal conductivity = 0.0104 EJTU /Ht. ft. 

P.O. BOX 16745 • 1898 TEHR~N IRAN FAX. 98 21 777107 
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lo = Plastic thennal conductivity = 0.09 BTU /HR .ft. F 

k1 =Thermal conductivity for air at Atmospheric pressure and 10.4 F 

k' =·0.0135 BTU I Hr. Ft F 

ks =Thermal conductivity for Aluminium = 117 BTU I Hr. Ft F 

A1 = 528 x 465 = 261350 sq.mm = 2.81 sq.Ft 

Xl I k1 = 0.000063 

~ /k1 = 0.123 /0.0104 = 11.798 

X3 /lo = 0.07:!9 

X4 /k4 = 0.0492 /0.0135 = 3.645 

XS I k5 = 0.005 / 117 = 0.00004 

I 1 
l.JTE 1 = ---------------- -----------· ·------------------ ------- -- --=-------- ·-------

0.000063+ 11.798+0.0729+ 3.645-t-0.00004 15.51 

Uru = 0.064 BTU I Hr . sq.ft. F 

t. rra = 43 C = 109.4 F Room Temp. 

tEI = 10.4 F 

~T21 = ( ta - t! ) = 109.4 - 10.4 = 99 F 
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QE1 = U1. A1. ~Ta 

QEi = 0.064 X 2.81X99=17.8 BTl' /Hr 

AE:! = AEl = 2.81 sq. Ft 

1 
lTTE~ = ----------------------------

X1 I k1 + ~ I k1 + Xl I k:; 

x1/k1 = 0.016/0.09=0.1778 

c I kl = 0.213 /0.0134 = 15.91 

X3 /lo = 0.00004 

1 

UTE:? = --------------------------------------
0.1778 + 15.91 + 0.00004 

UTE:? = 0.06~ BTV I Hr. «J.Ft .F 

1Tl!2 = TR -TE = 41 - 10.4 = 30.6 F 

QI!:? · = 0.064 x 2.8 l x30.6 = 5.3 BTU I Hr 

QEJ = UEJ. AEJT . .1T3 
P.O. BOX 16745 -1898 TEHRAN IRAN FAX. 98 21 777107 
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1 
lJTEJ :: --------------------------------------------------

X1 I k1 + X:.! I ki + Xl I lu + x .. I k .. +X5 I ks 

Xl I k1 = 0.000063 

:c I k:!. = 0.11-15 /0.0104 = 11.798 

u / lo = 0.0656 I 0.09 = 0.0729 

X<t / k4 = 0.146 /Q.0135 = 10.81-1 

XS I ks = 0.0049 / 117 = 0.00004 

I 

lJTE3 :: --------------------------------------------------
O.CXXl063+ l I. 798+0.0729+ 10.814+0.<XXX>4 

lJTEJ = 0.044 BTIJ .' Hr . sq.Ft . F 

. .\fJ = 325 x 495 = 160875sq.mm = 1.73 sq.ft 

. .\!.c = 325 x 5:!8 = 171600 sq.mm= 1.85 sq.ft 

AEJr = 2 ( 1.73 + 1.85) = 7.16 sq.ft 

Sf El= TJ . TE = 109.4 - 10.-1 = 99 F 

QE1 = 0.C»4 x 7.16 x 99 = 31.18 BTl" I Hr 

Q-ra = QB1 + QBz + QEs 

Orn= 17.8+5.33+31.18 = 54.31 BTU /Hr 
P.O. BOX 16745·1898 TEHRAN IRAN FAX. 98 21 777107 
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B. PRODUCT LOAD CALCl~ATION FOR~fODEL ARI:! 

QPT = !:Qr1t + I:Qrr + rQu + ~QF 

l. ~Qr1. = Heat Kmoved from products above fKczing point 

Qr1. = \Vr. Cr. ~ht = \\'~. CP. ( h - l:?) 

WHERE 

1 . h = For red and white fresh meet ( Ave. ) = 8:!A F 

:! . ti =For butter and cheese (Ave.:) = 50 F 

3 . h =For mixed vegetables (Ave.) = 59 F 

4 . t1 = For fruits of any kind ( Ave . .l = 59 F 

5 . ti = For water = 50 F 

6 . ti = For bread= 75 F 

7 . t2 =For all above products = (Ave. l 41 F 

LltR.1 ·I = 41.4 F 

.1t:R1 -2 = 9 F 

i.ltR1 .3 = 18 F 

~tR1 -4 = 18 F 

LltR.1.5 = 9 F 
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Average swn of ·• C "specific heat for above products from Table 1 arc as follows. 

"c I .. = 0.7:! BTU /lb. F 

"C 2" = 0.67 BTV /lb .. F 

"Cl" = 0.93 BTU /lb . F 

" C • .. = 0. 9 BTC /lb . F 

"Cs" = 0.999 BTl~ ilb. F 

., Co .. = 0.70 BTU /lb. F 

.. C1 .• = For milk = 0.93 BTC /lb . F 

Average Product Weight per Pound. 

\V 1 = 10 lb Meet and Fish 

Vv'2 = 4 lb Butter and cbee~ 

WJ = 10 lb Ve@etable (mixed) and lettuce 

'\\'4 = 16 lb Fruit of any kind 

Ws = 10 lb Water 

\V6 = 6 lbBread 

\V1 = 8 lb Milk 

QPl1 = 10 x 0.7:! X: ( 8:?.-1 -41 ) = '.!98 BTU 

QPa.i = 4 x 0.67 x ( 50 -41 > = 24.1 BTU 

QPv = 10 x 0.93 x ( 59 -41 ) = 167.-1 BTl' 
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QPR'= 16 x 0.90 x ( 59 -41 ) = 259.2 BTU 

Q?llS = 10 x 0.999 x ( 50 - 41 l = 89.91 BTU 

QPR6 = 6 x 0.70 x ( 75 -41 ) = 142.8 BTU 

QP1.1 = 8 x 0. 93 x ( 50 - 41 > = 67 BTU 

QPit = Q?R! + Q?P~ + QPRJ + QPR.a + QPP.3 + QPR.6 • Q?R1 

QPR= ::!98 + :!4.1 +167.4 + 259.2 + 89.91 + 14::!.8 + 67 

QPR = 1048.5 BTU 
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2 . ~Qrr1 = Heat removed from products to ftt~z.c produd from icitial temperature to 
fttezing point above freezin point _ 

QPF 1 = W x C x ~ t 

\\.eight of products are as follows 

1 - Fish 6 lbs 

:! . Water 12 lbs 

3 - ~leer IO lbs 
t>. t = ( tpi - lpF ) 

4 - ~ tms11 = SO - 28 = 22 F " C " = 0. 9 BTl' /lb f 

5 - ~ti~ = 8::!.4 - :!9 = 53.4 F .. C .. = 0.72 BTt: ! lb F 

6 - ~ h•a1u = 50 -3 :! = 18 f .. C .. = 0. 999 BTl' / lb f 

9 - QPF1n.ii = 6 x 0.9 x 2~ = 118.8 BTU 

10 - QPF 1.-= 12 x 0.72 x 53.4 = 461.3 BTt; 

11 · QPF h·••t-r = 5 x 0.999 ~ 18 = 90 BTL' 

~C".l: f 1 = I 18. 8 + ~61. 3 + 90 

P.O. BOX 16745 -1898 TEHRAN IRAN FAX. 98 21 777107 
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LQPFl - 670.1 BTU -

11 

3 - ~QPF:! = Heat removed from freezing point to final tcmcraturc below freezing . 

QPF:! = W X (, X ( lt - u ) 

I - Fish 6 lbs 

2- Meet 12 lbs 

3 - kc 5 lbs 

4 - ~tli;sta = :!8 - 10.4 = 17 6 F " GWla " = 0.49 BTU/ lb F 

5 - .1t1..- :; ::?9 - 10 . .i = 18.6 F " c;,,_ " = 0.4~ BTV / lb F 

6 - ~li.ace -= 32 - 10 . ...\ = .:?1.6 F .. c i ace" = 1 BTt: /lb F 

7- QPF~r.sta = 6 ~ 0.-19 x 17.6 = 51.7 BTl' 

8 - QPF2nwt = 12 x 0.4~ x 18.6 = 93.7 BTll 

9 - 0PF~.u = 5 x 1 x .:?16 = 108 BTl' 
P.O. Sox 16745 -1898 TEHRAN IRAN FAX. 98 21 777107 
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~QPF 2 = QPF 2fis11 + QPF2mttt + QPF2xc = 51.7 + 93.7i + 108 = :!53.4 BTC 

LQPF = 253.4 BTU 

4 - ~QLF = Heat removal to freeze product 

QLF = W X The 
WHERE 

QLF = Heat removal by latent heat 

W = Weight of product 

hit = Latent heal per BTU / lb 

l - Weight of product per pound 

2 - Latent beat per BTU /lb 

3 - Fish 6 lbs 

1 :2 lbs 

5 · Ice 5 lbs 

QLFfi• = 6 x 95 = 570 BTU 

QLFmm = 12 '.\ 85.8 = 10:29 BTll 

P.O. BOX 16745 • 1898 TEHRAN IRAN FAX. 98 21 777107 
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QLFicr = 5 x 143.5 = 717.5 BTU 

QLF = QLFfilll + QLF~ + QLFu 

QLF = 570+10::!9 + 717.5 = ::!316.5 BTl' 

QLF = 2316.5 BTC 
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LQPT = 1048.5 + 670.1+253.4+2316.5 - 4288.5 BTU 

QPT = 4288.5 BTl~ in 24 hours 

QPThr = 4288.5 / 16 = 268 BTU I Hr. 

Note . Compressor operating time = 16 hours daily 
' 
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C. Total beat gain throu@h Refrigerator and Evaporator and beat removed from 
Products arc calculated as follows . 

Where 
Qr = QTR + QTE + QTP = QTC +QTP 

. 
QTc = Tota! h('.at gain by conduction 

Qn = T otaJ beat rcmoned from products 

Qn = 168..t8 BTF I Hr 

Qn = 54.31 BTC /Hr 

QTc = Qnt -t Qn = 168...t8+ 54.31 = 22'2.79 BTl. i Hr 

QTp = 4:!88.5 BTU per 24 hours 

~ote. Desired Compressor Operating Time = 16 Hours Daily 

QTp I Hr = 4288.5 I 16 = 268 BTli I Hr 

QT= :!2:!.79 + :!~ = 490.79 BTC I Hr 

Qcrr = QT + 10 % QT= 490.79 + 49.08 = 540.59 BTl: I Hr 

Qar = 540.59 BTl' /Hr 

Qcrr = 540.59 X 0.2931 - 158.45 Wans 

Qcrr = 158.45 Wans /Hr 
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D . Compressor scJection for Model ARI 2 

The compressor selection for ~fodcl ARI:! is based on avaible or existing 
Compressor ~.fodcls in iranian Market at present which arc as follows. Compressor 
power is to be 1/5 Hp. in all compressor types from different manufacturers. 

Manufacturer ~amc Model Capacity .WJtts 

DA .. ~rCS ---·-·- - - --

~'ECCID ESC8H 170 

AS PERA BPI112Z 152 

GOLD STAR NF62 156 

SICOM AEl360YS 158 

From the above figures the nearest possible Compressor Capacity which are 
compatible ·o our Energy Rcquircmenls for Model AR.12. could be e!!her comp. 
!\fodcl AEI360YS from SICOM with comp. capacity of 158 wans or compressor 
Modi ~'F 6:! from GOLD ST AR. 156 Wans. the other Compressor models could~ 
considcrct . .JS alternatives due tc. the Laboratory test analysi5 

Note 1 10 % additional load bas been considered for Fri<l(!e ai1 repiact:ment and 
infiltration during the day . 

Note 2 . for other equipment selection such as condenser. evaporator and drier 
ref er to Section IV . 

~ ----------------------------·---------·---
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SECTION X 
REFRIGERATOR ANDFREEZER MODELARF2 LOAD 

CALCULATION I 

I A. He21 tcain by con<iuction . 

1 . Total heat ~ain by conduction in refrigerator compartment . 

QTA = Un. An. jtR 

QTA = Ca. An. (Ta - Tr; 

I 

UTR..~ = ----------------------------------
x1 I k1 + X1 I k:! + X3 i b 

x1 = Carbon steel thickness = 0.6 nun = 0.00197 ft. 

I X1-1 = Foam thickness (ave.) for fridge= 35 nun (average; = 0.1145 ft (ave.) 

X1-1 =Foam thickness (Ave.) for freezer= 53 mm (Ave.; = O.i73 fi (Ave.) 

u = Inner liner ABS thid•ness = ::! mm = O.CX''656 ft 

k1 = Stul thermal conductivity = 31.2 BTU I Hr . ft . F 

k: - Foam thermal cooductiviry = 0.01~ BT'-7 I Hr. ft . F 

lo = PLastic tbcnnal conductivity = 0.09 BTl: I HR .ft . F 

a-1 Heat ~~n by conduction through Fridge compartm(nt . 

ATP. =Ai+~ +Al+A,+A.5 

A I = A~ & A3 = A4 
P.O. BOX 16745 -1898 TEHRAN IRAN FAX. 98 21 777107 _, ______________________________________ ! 
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A I = A2 & A3 = A4 

ATR = 2A1+2AJ+A5 

A TR = ::!( 1060 x 495 ) + 2(5:!0 x 1060 ) + ( 520 x -l95 ) 

I 1 A TR = 524700 + 551 :!06 + 257 400 = 2409161.6 sq.mm = 25.932 sq.fl 

I I 

Un = ------------------------------------ = -----------------
0.000063 + 11.001 + 0.0729 

Un = 0.090 BTP I Hr . F . sq.ft 

~" = 43 C = 109.4 F 

lr = 5+-2 C = 41 +- 4 F 

( r. - tr>= 109.4 - 41 = 68.4 F 

1 1 l"\"7'">1'\C •on 
11.V/J,JlO, 

Qn = 0.090 x 25.932 x 68.4 = 159.64 BTl1 I Hr 

QTR = 159.64 BT'l' iHr 

P.O. BOX 16745 -1898 TEHRAN IRAN FAX. 98 21 777107 
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a-2 . Total heat gain by conduction in Freezer compart~nt. 

QTF = UTF . A TF . ~ ll' 

QTF = Un . ATF . ( T. - TF ) 

Ta= 109.4 f 

TF=0.4 F 

.:l tF = 109.4 - 0.4 = 109 F 

1 

UTF:1~ = ------------------------------

x1 = Carbon steel thickness = 0.6 mm = 0.001 Q7 ft. 

xi = Foam thick.Des~ (ave.> = 53 mm (average) = 0. J 7 4 ft {ave.) 

XJ = Inner liner ABS thickness = 2 nun = 0.00656 f 

k1 = Steel tbem1al conductivity = 31.2 BTU /Hr. ii. r: 

Jc = Foa.111 them1al conductivity = 0.0104 aru i Hr. it. 

1u = Plastic thennaJ conductivity = 0.09 BTU! H?. J! ~ 

AJ's =Ai+ k + r\J +A .. 
P.O. BOX 16745 -1898 TEHRAN IRAN FAX. 98 21 777107 
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A1·1 :.. A1 I A! t AJ I A1 

:\I . :\.: & AJ - A-1 

A1 _._ .Sl'i<> ~ 1'>5 .: 178560 s(p11m = 1.9~ sq.Ft 

AJ - 505 l -195 .;; ~-19975 sq.nun= ~.69 sq.Ff 

'I I k I - <HXXX)()j 

A! /k:. 0.17-f /0.Ql():I :.. 16.J_! 

~J I k.1 (J 07 ~CJ 

I I 
1rrEl--

().(XXJ06.\ I I,-,_ 7 ~ t0.07::?9 16.79:?96~\ 

UTt1 = 0.059 DTU I Ile . S<t.ft. F 

b ..... ·: .1J C ~ 109.-1 f Ruum Tcn1p. 

\T1·1 -· ( 1. 11-) - IOC) .. I · 0.4 - 109 r: 

Qtia = 0.059 X 9.22 x 109 = 59.3 BTU /Ile 

P.O. 80.X 16745 • 1898 TEHRAN IRAN FAX. 98 21 777107 
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QFi = Ur2. Ar::?. ,_\T: 

AF2 = AFI = 228160s<1.mm = 2.<156 Stl- Fl 

l 
{ J1r-2 = ---------4

------------------

x 1 I k1 + x2 I ki + x~ I k_, 

x I I k1 = O.CXJCX)(jJ 

:<! I k-:. ·:. 18.93 

u I kJ = 0.0729 

UTr. = -------- .. 
O.O<XX>6J 118.93 I 0.07~9 

l lTF2 :: 0.052 BTU I Hr. ~•1.f-1 .F 

L\T P'l ::: TR -Tl' = 111 . OA = '10.6 r-

Qn = 0.052 x 2.456 X 40.6 = 13.92 BTtl / llr 

Ui:., = 0.052 BTU I I Ir sq.fl . F 
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lJTn = 0.052 BTl I I I Ir. sq.Fl . i: 

QP1 = 0.052 X 2.456 :< 40.6 = 5.185 BTl 1 /fir 

QTF = 59.3+ 13.92+5.185 = 78.4 BlV / llr 
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B. PRODl"CT LOADC.U.Cll..ATIO~ FOR~ODEL ARF~ 

l. ~QPR. = Heat removed from products above freezing point 

QPtt = Wp . CP . .lb =Wt. Cr . ( 11 - f1 ) 

WHERE 

l . ti = For red and white fresh meet ( .\ vc. 1 = 32.-l F 

, 
t; =For buncr and cheese (Ave.) = 50 F 

' .) ti =For mixed vegetables (Ave. I = 59 f 

-t ti = For fruits of any kind ( .-\ vc. ) ::.: 59 F 

5 . ti = For water = SO F 

6 . h = For bread = 7 5 F 

7 t:! = For all above produca = L\ vc. l -H F 

~CR1 ·I = -H.~ F 

~t'<: . .: = 9 F 

~CR.; , = 18 F 

~IR.1 l = 9 F 

P.O. BOX 16745 -1898 TEHRAN IRAN FAX. 98 21 777107 
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.1tR1 -6 = 34 F 

Average swn of "C" specific beat for above product$ from Table 1 arc as follows. 

" c I .. = 0. 7'.:! BTU /lb . F 

.. C l " = 0. 93 BTU /lb . F 

" C ' " = 0. 9 BTU /lb . F 

"Cs" = 0.999 BTl; /lb_ F 

.. C6 .. = 0.70 BTt; /lb. F 

.• C1 .. = For milk= 0.93 BTU/ lb. F 

Average Product Weight per Pound. 

W1 = 10 lb Meet and Fish 

\\"2 = 4 lb Butter and cheese 

W1 = 10 lb Vegetable (mixed) and lettuce 

w. = 16 lb Fruit of any kind 

Ws = 10 lb Water 

W6 = 6 lb Bread 

Vt~ 1 = 8 lb ~lilk 

QPa1 = 10 x 0.7:! x· ( 8:!.4 -·H ) = '.:!98 BTU 

QPRJ = 4 x 0.67 x (SO -41 l = 24.1 BTU 

QPRJ = 10 x 0.93 x ( 59 .,.i1 l = 167.4 BTl! 
P.O. BOX 16745 -1898 TEHRAN IRAN FAX. 98 21 777107 
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QPR4 = 16 x 0.90 x ( 59 -41 ) = 2~9.2 BTV 

QJ>a5 = lO x 0.999 x ( 50 - 41 l = 89.91 BTU 

QPM = 6 x 0.70 x ( 75 -41) = 142.8 BTU 

QPu= 8x0.93x(50-4l> = 67BTU 

QP1. = QPlll + Q?R.: + QPRJ + QPa.4 + QPau + QP1t6. QP1.1 

QPR= 298 + 24.1+167.4+259.2 + 89.91 + 142.8 + 67 

QP1. = 1048.5 BTU 

P.O. BOX 16745 - 1898 TEHRAN IRAN FAX. 98 21 777107 
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2 . LQPF 1 = Heat removed from products to frcctt product from initial temperature 

to freezing point above frcezin point . 

QPF l = W x ( :< ~ t 

Weight of products are as follows 

1 - Fish 6 lbs 

2- V cgctablcs 8 lbs 

3 · Water 8 lbs 

4 - Meet 10 lbs 
il t = ( tp; - tpr ) 

5 - ~ lrns11 == 50 - 28 = ::~ F " C " = 0. 9 BTli /lb F 

6 - .3 ti._ = 82.4 - 29 = 53.4 F ., C" = 0.72 BTU /lb F 

7 - ~ l1...ccr = 50-3 2 = 18 F .. c .. - "000 BTT' llh i:: - v."".,,,"" " I .au • 

8 - ~ lives. = 59 - 30 = 29 F "C" =0.93 BTU /lb F 

9 . QPF 1 GsJI = 6 :t 0. 9 x ::!::! = 118.8 BTU 

IO· QPF l"-' = 10 ;1; 0.72 x 53.4 = 38-i.~8 BTl" 

11 - QPFiwateT= 8 X 0.999 X 18 = 143.85 BTU 

12 - QPFhea. = 8 x 0.93 x 29 = 21.5.76 BTU 
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LQPFl = QFFl f".ISll + QPFlrneet + QPFl..rcr + QPFlwq. 

LQPFl = l 18.8 + 215.76 + 384.48 + 143.85 

I 
L:QPFl = 826.9 BTU 

3 - ~QPF2 = Heat removed from freezing point to final tcmcranuc below freezing . 

QPF2 = W X Ci X ( tr - lJ ) 

1 - Fish 6 lbs 

2- Meet 10 lbs 

3 - Ice 8 lbs 

4 - Vcgctabic 8 !~ 

5 - ~t2r.s11 = 28 - 10.4 = 17.6 F .. Cins11 .. = 0.49 BTU I lb F 

6 - ~t:rru! = 29 - 10.4 = 18.6 F "Ci-"= 0.42 BTU /lb F 

7 - ilt2ice = 32 - 10.4 = 21.6 F 

8 - .1 lzve1 = 30 - 0.4 = 29.6 F " C i Ve1 " = 0.45 BTU /lb 

P.O. BOX 16745 -1899 TEHRAN IRAN 
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9- QPF~ = 6 x 0.49 x 27.6 = 81.14 BTU 

8 - QPF21Net = 10 x C.4-'J x 28.6 = 114.4 BTU 

9 - QPF2icc= 8 x 1.t31.6 = 251.2 BTU 

I 10- QPF::'rel = 8 x 0.45 x 29.6 = 106.56 BTU 

l:QPF2 = 81.14 + 114.4 + 251.2 + 106.56 

LQ?F = 553.3 BTL 

4 - !:Qu = Heat removal to f rcc:zc product 

QLF = W xlw 
WHERE 

QLF = Heat removal by latent beat 

W = Weight of product 

bit = Latent beat per BTU/ lb 

1 - Weight of product per pound 

2 - Latent hcllt per BTU /lb 

P.O. BOX 16745 - 1898 TEHRAN IRAN FAX. 98 21 777107 

··------
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4 - Meet IO lbs 

5 - Ice 8 lbs 

6 - Vegetable 8 

. 
QLFris = 6 x. 95 = 570 BTU 

QLF~ = IO x 85.8 = 858 BTt; 

QLFic~ = 8 x 143.5 = 1148 BTC 

QLFic~ = 8 x 130 = 1040 BTU 

Qu =Qu~+Q~-+Qu~.Qu~ 

Qu = 510 + sss + 1148 + 1040 = 3796 ere.; 

QLF = 3796 BTU 

LQPT = 1048.5 + 862.9 + 553.3 + 37% - 6361 BTe 

QPT = 6361 BTU in 24 hours 

QPThr = 6361I16 = 397.56 BTU I 
Hr. 

Note . Compressor operating time = 16 hours daily 

P.O. BOX 16745 -1898 TEHRAN IRAN FAX. 99 21 777107 
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C . T oral heat gain through Refrigcraior end Ev!porator and beat removed from 
Products arc calculated as follows . 

QT = QTR + QTE + QTP = QTC +QTP 

QTc =Total heat gain by ~ooductioo 

Qn = Total heat remoncd from products 

Qn. = 159.64 BTl~ I Hr 

QTF = 78.~ BTU I Hr 

QTc = Qn + Qn = 159.64+ 78.4 = 238.04 BTt: I Hr 

QTp = 6361 BTU per 24 hours 

Note. Desired Compressor Operating Time = 16 Hours Daily 

QTp I Hr = 6361 I 16 = 396.56 BTU I Hr 

QT = 238.04 + 397 .56. = 635.6 BTU I Hr 

Qar = QT + IQ% QT= 635.6 + 63.56 = 699.16 BTL" /Hr 

Qc,r = 699.16 atu /Hr 

Qm = 699.16 X 0.2931 - 204.92 Wans 

Qm = 204.92 \Vatts /Hr 

P.O. BOX 16745 - 1898 TEHRAN IRAN FAX. 98 21 777107 
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D . Compressor selection for Model ARF2 

The compressor scl~ction for Model ARF2 is based on a·J'aiblc or existing I 
Com~«bcMlode/5 Hpls in_Iranian Market at prcsenfit which arc as foll~~~. Compressor _ 
power is to • m all compressor types rom different manw.actuRrs . 

I 

. 

:\lanufactmcr Name ~fodcl Capacity • \Vans 

Dk~"FVS ------- ----

NECCIIl ESC9HK 203 

AS PERA BP1116Z 207 

GOLD STAR VF75 205 

SICOM AEI370YS 186 

From the above figures the nearest possible Compressor Capacity which arc 
compatible to OW' Energy Requirements for Model ARF2 • couid be either comp. 
Model ESC 9HK from NECCHI wit'1 comp. capacity of 203 watt.s or compressor 
Modl BKI l 16z from ASPERA. 207 Watts • the other Compressor models couJd be 
considered as alternatives due to tbc Liiboratory test analysis . 

Note 1 . 10 % additional load bas been considered for Fridge air rc:placancot and 
icliltration during the day. 

Note 2 . For other equipment selection such as coodensc:r , evaporator and drier 
ref er to Section IV . 

P.O. BOX 16745 -1898 TEHRAN IRAN FAX. 98 21 777107 
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PROGRJ;SS REPORT # 2 

P ROTOTI.PE TEST RFSDI TS AlVAL JSIS 

\Vith respect to contract No. 94/097 "ith ~lDO Para 2.09 a , 

Azmayesh C. .. :npany is hounered here \Vith to present the ScCOilU 

progress report regarding IT'.aking prototypes as well as accomplishing 

necessarv modifications and optimization "ith regard to energy 

consumption . 

This report contains the Analyisis of 5 Azmayesh Refrigerator 

anu Ref-Freezer }.J1ouels AR06, AR08, ARIO ,AR12 and ARF2, 

Rl 3-la prot~)types perfonnance test in comparison "ith application 

refrigerant Rl 2, in order to reach a reasonable result for selecting 

Rl 34a refrigerant as well as trying all possible ways of opitimizing the 

: refrigeration syst\!m for obtainging the required energy consumption . 

This report will discuss the following subjects . 

I - Products spcciticatiuns 

2 - \\i·l)rking performance chara··touistics ot 5 tvlodels of 

A.1.mav~sh R\!tri~crator anJ Rcf-Fr\!~zers 

--
~ 

: 
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u 
3 - Determination of CoGStant " C " in order to detennine actual 

.. heat resistance coeticient factor and also actual sum of heat transfer 

. inWATI. 

4 - Selection of HFC l 34a compatible components like 

compressor anJ drier . It should be noticed that through our 

experiences ~e\·aporator , condenser and capillary tu~e \\ill not be 

changed , but a :noditication on refrigerator water drainage tray 

under freezer compartment will be accomplished . 

5 - Re"ie\\ing, Analyzing , Evaluating and Comparing test 

results of Refrigerator and Ref - Rreezer models AR06 AR08 , 

ARIO, AR12 and ARF2. 

6 - Preparation of " Storage T ernpreature Test Procedure " 

in accordance with , ISO 7371 , ISO 8187 and DIN 8950 for 

Calssification Code " T " under ambient t~mperature -B , 3 2 and 18 

degree centigrade . 

7 - Preparation of " Energy Consumption Test Procedure " 

under ambient temperature of 18 degree centigrade in accordance 'hith 

ISO 7173 , and ISO 8187. 

~ I -··...... ,'9\..,, 
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}lODEL . .\R06 TECJ-[\lCA.L SPECIFIC_;\ TIO\ 

STAR CODE TWO STAR 

EGG SHELVES ! :'\l"\IBER OF EGGS I I 9 

Bl TIER A.;"\D CHEESE CO.\IPART.\!E~T 

. !:V.>TT!...E SHEL \"ES .1 "t "\IRER r)f RnTTLE I : .! 

Y:\R!ABLE HEIGi-IT STAGE 

~IE.-\ T TR.-\ Y 

FRlTf CO\fPART.\[['.\I 

VOLl"T\IE LIT. 180 

COOL~G WA TT CAPACITY WATT 95 

E~ERGY CO~Sl"\1PTIO~ KW /24 HRS. lJ 

C0~1PRESSOR SIZE ( C Cm .$J 

EVAPORATOR TYPE ROLLBO~D 

VOLTA(iE RA;..;GE 165-~JOVOLT 

DI~tE'.':510~ 98 x 60 x~o 

NET WEIG 1-fr 

9'tt ,, .nF. - ~u no.tn rn. no1 ll:lflli - -tm ll!RRM . '""'" • ro. on ?I 11111n . r.u oo z1 mm~ 
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P~1GE I - 2 

}}()DEL AR08 TECI-I\IC . .\L SPECIFIC.-\ TIO\ 

STAR CODE TWO STAR 

EGG SHELVES I \"C~fBER OF EGGS 1 ! 9 

BLTTER A.\iD CHEESE CO\lP . ..\.RT\lE).T I 

BOTTLE SHELVES /'l"\IBER OF BOTTLE : 10 

VARIABLE HE!GITT ST.-\GE j 

\lEAT TRAY l 

FR CIT CO~CPART\CE'.\T I 

VOLl'\IE LIT. 230 

COOLING WATT C.-\PACITY WAIT 108 

E='1ERGY CO~Sl:~lPTIO~ KW/ 24 HRS. 1.5 

COMPRESSOR SIZE ( C.Cm. l -l.J 

EVAPORATOR TYPE ROLLBOl'iD 

VOLT AGE RA.NGE 165-2JOVOLT 

DIMENSION 119 x 60 x 59 

~ET WEIGHr K~. 45 

··--. ,: . .. 
~ 

·-~ 

.. .. 

.c". 12. Anft - .tu nn,.n rn. no1 11:Jftr. - 0;1 111ffnNf. IRA.•. nu. oo !• 1i:im. t'U !JI'• 1;, ···• 



AIMAYltll INDUnltlAl fA~TOltRI ~OMPANY 
ili4 Cf :11·~~ I e'J·lJ~.J JJJ't/'~f Jli!-C.J~ 

PROGRESS REPORT I 2 
PROll!G .. NO. lllP I IRA IM I 408 OO!'t'IRAG .. P«> ••• 'ocn 

}lODEL A.RlO TE·CH\ICAl SPECIFIC:-\ TIO\ 

STAR CODE T\VO STAR 

EGG SHELVES I ~l-~IBER OF EGGS '2 I I 8 

Bl TTER A.SD CHEESE CO\IPART\fE~T .., 
-

Br)TTI F <\HEI.\"ES : ~l-\tBER OF BOTTLE ~; iO 

\":\RlABLE HEIGJ.ff STAGE ~ . 

\!EAT TR..-\ Y 1 

FRL"IT CO\lP.-\RT.\fE~T I 

VOLL~!\1E LIT. :!80 

COOLI~G WA TT CAPACITY WATT 1 ~5 
_. 

E:--.:ERGY CO~SC\tPTJO;-.; KW I :!4 HRS. 1.85 

CO~fPRESSOR SIZE ( C.Cm. l 5.2 

EV APOR:\ TOR TYPE ROLLBO'.'iD 

VOLTr\GE RA~GE 165-::!JOVOLT 

Dl\1E~SIO~ 141 x 60 x 59 

NET WEIGf-IT K~. 57.2 

HH . ll • """ • ,• . ,· m rn. not !l:N'i - -t173 DRRM. '""'"'. nt1. 11n z1 nmn. r.u 111 ?I 1nm:; 
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}IODEL :~~12 TECI-L\IC~-U SPECIFIC£\ TIO\ I 
STAR CODE 

EGG SHELVES /~CMBER OF EGGS 

Bl TIER .-\>D CHEESE CO\lPART\lE~1 

BOTILE SHELVES / ~l ""\tBER OF BOITLE 

\lE.-\ T TR.-\ Y 

FRLTf CO\CPART~iE~T 

VOLL"\lE LIT. 

COOLI);G \VATT CAI'ACITY W . .\TT 

E~cRGY CON5l,'}..1PTION KW/ 24 HRS. 

CO\fi>RESSOR SIZE ( C.Cm. ) 

EV,\PGRATOR TYPE 

VOLTAGE RA.'iGE 

DI\fE~SIO~ 

NET WEIGHf 

TWO ST.-\R 

:. f lS 

2, 10 

J.lO 

158 

:.. 25 

6.6 

ROLLBO'.\'D 

165-230 VOLT 

164 x 60 x 59 

60 

~ 

'"~.'.I.' .1.-•.u.:..~Xl~:r.t' ... "'IU!:..!!..~?°,..:'~ .!.~":. .. _,!Ii.~.- J?._~~·J":!~."' 
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}H)DEL A.RF2 TECH~lC.i\L SPECIF~.f~-~TJi)~\-

STAR CODE THREE ST:\R 

EGG SHELVES I :'-iCMBER OF EGGS l i q 

BtTIER A .. '\;D CHEESE CO\lP.-\RT\lE~1 I 

BOTTLE SHELVES i ='l"\ll3ER UF BOlTLE .:: . l'J 

V.-\RL-\BLE HElGHT ST.-\GE ' _, 

FRl TI CO\.IP.-\RT~lE:\1 i 

TOTALVOLL"\[E LIT. 310 

FREEZER VOLl-~lE LIT. /~ 

cooLr.--;G WAIT CAPACITY WATT :05 

E:"'ERGY CO~SC:\IPTION KW /24 HRS. J 

.SL-~1BER Or EV APORATOT , -

EVAPORATOR TYPE ROll9r:~C1T'3E 

VOLT AGE RA~GE 165-230 VOLT 

Dl:VIE:-.iS ION 164 x 60 x 59 

NET WEIGHT Kg. 61 

NJt . 1z . ,vn1 - Ml nn.tn rn. nn1 n:Ms - -tm nmn,vr . mM . m. er " mun . ru 111 21 mm5 
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WORI\l~G FERFORMA. 'iCE CHARACTER1Sil<:5 
MODEL ARC6 

REFRIGERA.'\'T Rl2 

THERMOSTAT TYPE 

COOLL'iG CAP A CITY 95WATI 

AMBIE:'.\1 TE\IPERATt"RE 43 c 

E~1:RGY CO!'fSl ~IPTIO~ Kw :!4 /Hrs 1.3 

THER:\IOSTAT O~ POSITIO:\ TL\fE 6'50" 

THERYiOSTAT OFF POSITION 4' 50" 

FREEZER MEA .. ""i TEMPERATURE -12 c 

CAB~1ET MEA. 'I TE~IPERA TVRE +5C 

CELLAR MEA;.'i TEMPERATURE + 10 c 
EVAPORATINGTEMPER~TullE - 18 c 
St:CTION TEMPERATL"RE +45 c 
CONDENSER INLET TEMPERATURE +65 c 
CONDENSEROu'TLETTEMPERATURE +51 c 
CO~IPRESSOR SHELL +65 c 
SUB-COOLING TE~IPERATL "RE +3~ c 
REFRIGERA\iT \\:EIGITT 110 Gr. 

ICE ~lAKL'iG CAPACITY 2 Kg I Hr 

COMPRESSOR RL~~{.';G TIW: LESS THA.\; 75 '1 

,. ................ .. 

.. . 
~ 
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"9;.-0!?~,G PERFOR~A .. 'iCE CP-R...\CTER!STICS 
MODFLAR08 

REFRIGER.-\.' 1 Rl2 

THER~IOST AT TYPE POSll 80TTOH DE'aOST 

COOL NG CAP :\CITY 108 WAIT 

A~ffiIE~ 1 TE~IPEP..A TCRE 43 c 

E~cRGY CO~Sl~IPTIO~ Kwan I 24 Hrs l.5 

THER~rOSTA To~ POSITION TIME 6'50 .. 

THER~IOSTAT OFF POSITIOS 4' 50 .. 

FREEZER :-.CEA.'\; TEMPERA: CRE -1:! c 

CABIXET \CE.\~ TE:\fi>ERATl'RE +SC 

< .:ELLAR ~IEA. '\; TE~IPERATURE + 10 c 
EVAPORAT!:'G TE~ERATL'RE - IS C 

SCCTION TEMPERA TlllE +45 c 

CONDENSER INLET TEMPERATURE +65 c 
CO~DE~SER OLTLET TEMPERATCRE + 51 c 

CO\-!PRESSOR SHELL -f 65 c 
ST.:B-COOLL'iG TE\ifPERATCRE + 32 c 
REFRIGER.\..'1 \\clGHf 110 Gr. 

!CE ~L'\X~G CAPACITY :! Kg.' Hr 

COl\-IPRESSOR RCNNING TUvlE LESS THA."\i 75 ~ 

.. A'"f• ~"W I .,.., -·· ...... ,.,, ............. . 

--
... 
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PAGE 2-3 

WORKl~G PERFOR.'1A .. ~CE CHARACTERlSfICS 
MODEL AfilO 

REFRIGERA°"! Rl2 

THER~lOST AT TYPE POSH aarto~ 

COOLING CAPACITY 125 WATT 

A!vlBIE~! TE.MP ERA TCRE 32 c 
E~""ERGY COSSL~lPTIO~ Kwan 24/Hrs 1.85 

THER~lOSTAT ON POSITIOS TI~lE 3' 

THER~fOST AT OFF POSITION 5' 30" 

FREEZER MEA.~ TE~lPERATL"RE -10 c 

CABL'l:T !vlEA." TE~ERATL"RE +2.5 c 

CELLAR .MEA. 'i TE:\-lPERATVRE +6 c 
EV APO RA TL'iG TE!vlPERATl'RE - 21 c 
SUCTION TEMPERA TCRE +32 c 
CONDE~SER fl\4"LET TE~lPERA TURE +48 c 
CONDE~SER OCTLET TE~IPERATURE +38 c 
CO\IPRESSOR SHELL +58 c 
SFB-COOLINGTE~IPERATL"RE +32 c 

REFRIGER,\.'! \\'EIGl-IT 140 Gr. 

ICE MAK~G CAPACITY l Kg /Hr 

CO~IPRESSOR Rl~";·H~';G Tl~fE LESS THA.'i 75 % 

. 
" .. 

" . 

.' 
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PAGE 2-4 

WORKING PERFORMA~CE CHRACTERISflC:S 
MODEL AR12 

REFRIGERA.Vf Rl2 

. ... ... ~ 

THERMOSTAT TYPE PU5R IOTIOIC DUaOSr 

COOLL"G CAP A CITY 158 WAIT 

A:\IBIE\ ! TE:\IPERA TL 'RE 32 c 

E~"ERG y co~s L !.IPTIO~ Kwan /24 Hrs 2.25 

THER~lOSTAT O~ POSITION TI~IE 2'50" 

THER.\IOST AT OFF POSITIOl' 4' 50" 

FREEZER MEA..'f TE~IPERATL1lE -12 c 
CAB~"ET MEA..~ TE~lPERATLli +4.25 c 

CELLAR ME~~ TEMPERATURE +7 c 

EVAPORATING TEW'ERATl:RE - 18 c 
St:CTION TEMPERATURE +33 c 
CONDENSER ~1.ET TEMPERATURE +SOC 

CO~DEXSER OCTLET TE~lPERATL'RE +40 c 
COMPRESSOR SHELL +64C 

ST_f'8-COOLING TEMPERATl'.RE +32 c 

REFRIGERA.'1 WEIGITT 150 Gr. 

ICE ~KING CAPACITY 1 Kg /Hr 

COMPRES30R R UN!'iL'iG Tl!vlE LESS THA.\i 75 % 

..... I? .. VJR - ,UJ RO.\n ""· 001 ll:Jifl!i - -iTi.J nnRA'V ' lff,\."f • TPJ. 'II ,., - .,,. 
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\\"ORK:~G FER~cR;t\_"iCE Cr::..~t?A~R!s:!CS 

\JODEL ARF2 

REFRiGERA.. '8 "T Rl:! 

THERMOSTAT TYPE Pl."'SH 3C-:"rOS DEFR.OS& 

COOLING CAPACITY ~WATT 

A:\IBIE).i TE:\lPER.\ Tl"RE 32 c 

E~cRGY CO~SL""\lPTIO'\ Kwatt / 24 Hrs 3 

THER~IOSTAT ON POSITIO.\ TI:\lE 1s· 

THER:\lOSTXi OFF POSITIO~ 16' 

!=REEZER \IE.\... "\i TE\lPERA Tl m: - 24 c 

CAB.[}.i"ET \fE.~'i TEMPERATl'RE +JC 

CELLAR \IE • .\.\; TE~lPERATt"RE +4 c 

EVAPORATING TE~IPERA Tt"RE - '27 c 

strcr10N TEMPERA Tl 1{E +33 c 

COXDE:'\SER !!\LET TE:\IPERATl.JRE + 55 c 
CONDE~SER OL'TLET TE~ERA TTJRE +42 c 

COMPRESSOR SHELL +59 c 
SL 13-COOLr.-.;'G TE~lPER. \ Tt:RE +32 c 
REFRIGERA.';T WEIGHT ~~o Gr. 

ICE \1AKf!\iG CAPACITY I Kg I Hr 

CO~U'RESSOR RL~");I.'\G TD.IE LESS THA.'.; 75 % 

"'- ""'" .... , ..... 

.. 
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HFC 134a CHARACTERISTICS 

CFC 12 I CCl2F2 

F 

I 
F - C - Cl 

I 
Cl 

I c1~H I Q 

HFC 134· cH2Fci=a· 
• •,! j,. '• •• ·, •'t. •., ·.,!I I• .,).. ·,.: .·u...:..:Jl~''-.!A~' 

F F 

I I 
I' 

F - c - c - H 

I I 
F H 

• ODP(Ozone Depletion Potentl•I) la 
HFC 134a has I Zero. 

no chlorine. I • Poor mlsclblllty with exlatlnC oll. 
(Mlneral/Alk,t benzene) 

HFC134a's 

specific 

volume of 

gas phase is 

greater than 

CFC 12's. 

• Eater-base oll ts neceaury. 

.Q. 
e High Hygroscopicity 
e Chemical Reaction 

• No metal chloride coat formation on 
bearing metal surfecea. 

Dr 
I • Poor Lubricity ] 

• Maee fl~w rate Is reduced. 

D 
I • Poor Cooling Capacity J 
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One of the most impor.ant means to reduce the energy 

consumption and refrigeration system optimization is 

determination of actual Constant " C " , constant C figure has 2 

r parameters : 

a. Insulation :Vlaterial 

b . Watt energy 

1 - Finding the Insulation Material Thermal Conductivitv 

Finding the insulation Matreial Thermal Conductivity is 

actually impractical because of the mixture of three different 

types of chemical substances . So tltis measurement should 

be performed either repeativly by Measuring De'1ices through 

. sampling procedures or detennination of Constant " C " bv 

achiving steps 3 through 9 , We blieve that determination of '' C '' 

constant in our factory is not repeativly practical , because we 

have an accurate measuring de'1ice which could easyly measure 

the actual foam constant" K" factor! but for determination of WA TT 

~ncr~y required to be transforcd and also calculatin exact swn of 
1.-...... ,.._ ...-. 

l:! .. vni - UJ R1: .~" "· 
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. area of cooling and freezing compartment \Vhich transfer heat . 

2 - Assumption of WA TT energy 

For energy transfered by heat in WA TT . we measure constant 

''C " by accomplishing steps 3 through 9 as follows . 

3 - Determination of the Cabinet Constant " C " 

3 - I The refrigerator is kept in test room at ( ta ) . 

3 - 2 Installation of electrical heater of ( P ) inside the refugerator 

cabinet for getting inside temperature ( ti ) 

3 - 3 The defference ( ti - ta) should be equal - 20 k 

p 
Cabinet Constant " C " = ---· 

( ti - ta ), 

P in Watt 

( ti- ta) in k 

.. -. , .. ., ·"'-''....._. .. 

... 
•. 

. . 
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3 - 4 For model AR08 Refrigerator 

P = 20 Watt 

t1 = 37.86 c 
ta = 25-43 c 

p 20 watt 

l'AGI! J-J 

c -
( ti - ta ) 

----- = 1.61 Wik 
36.86-25A3 

"C" = 1.61 WIK 

3 - 5 the cabinet constant C of refrigerator Model . .i\R.08 is 1.61 W 

IK 

3 - 6 The practical overall Heat Transfer Coefficient ( K) can be 

found from " C " as follows : 

K = CI A Units for C in WIK and A in square inch . 

A= Effective Heat Transmission Arca 

3 - 7 Simple derivation for seperate cabinet constant of freezer 

c~)mpartment and refrigerator compartment (cooling 

compartment) enclosing cellar compartment can be found as 

.,,~ ...... 

."\. \ 
\:t 

t: . 
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SELECT/OiY OF Rl:J4.2 COJ/~4 TIBLE 
COJI PO?rE)~TS 

The theorical assessment of refri2erator cvcle for use of refri2er3Jlt 
~ . ~ 

r- R l34a will only lead us to select major components like compressor . 

which we essentialy rely on Compressor Manufacturer Technicai Data 

. and Specifications . The selection of other components like Capillary tube . 

Evaporator. Condenser will be discussed in the following paragraphs. 

1 - Compressor 

The compressor is the heart of refrigeration system . The 

compressor insufficiencies are motor losses , suction gas heating , 

bearing losses, suction and discharge port pressure drops, and 

non-isothermal compression . A direct means of reducing 

. compressor losses is to improve the electric motor efficiency , 

lubricants and reduce suction gas heating which is beyond the scope 

of our progress report . The amount of most of these losses are 

related to the pressure ratio across the compressor . 

.,. ..... 
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In our case , the consept is using refrigerant R l 34a , we 

are not much flexible in designing and selecting compressors , so 

we are seriously depend on Manufacturer Compressor Capability , 

Capacity , Compatibilty , Efficiency and Energy consumption ratio • 

-· which for each manufacturer the above factors are largely 

different. For instance , the factor for converting DA~FOSS 

Compressor characteristics from CECOMAF Standard to 

. ASHRAE Standard ( with consideration of sub - cooling 

incoporation), we have to multiply Watt Capacity in CECOMAF 

condition by Constant value of 1.231 plus consideration of almost 

4.1 Watt I Degree for - 23.3 C evaporating temperature. This 

condition for ZANVSSI compressor is completly different, it 

means that for converting CECOMAF Standard t.o ASHRAE 

Standards we have to use Constant factor 1.18 or less . 

Therefore these facts tell us , not to rely only on 

COPMRESSOR "MANUF ACTIJRER technical specifications 

but relv mostlv on our Laboratorv test results as well as those . . . 
figures that could lead us to select a suitable compressor . 

Tahle 1 shows the variety of compressor selection and Watt 
'" ... , ....... ··-

.. 
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capacity . More than ten major Compressor manufacturers and 

suppliers ( listed below )are supplying so many defferent kinds of 

Compressors with different prices and characteristics as well as 

two domestic large Compressor Manufacturers which shall 

· produce more than two milion units per year in the near future . 

In order to have better understanding about Hermetic 

Compressors using ESTER OIL and Refrigerant R134a it will 

be very usefull to enclose an analytical investigation report prepared 

by GOLD STAR Co . in this regard . 

The following Compressor Manufacturers are offering their 

products to Iranian household Refrigerator manufacturer . 

COMPRESSOR MANUFACTITRER 

1 - MATSUSHITA (NATIONAL) 

2 - 7.ANUSSI ( ELECTROLUX ) 

3- DANFOSS 

4-NECCIB 

5-GOLDSTAR 
~- . "'.,~.,.... .?! ... , ........ ....., ··~ ..... 
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,. 6-SAMSUNG 

7-ASPERA 

8 - ELECTROLUX 

9-SICOM 

10-TECUMSEH 

According to the above discussion the following parameters 

are considered: 

1 - Our refrigerator cooling capacities are as follows 

AR06 

AR08 

ARIO 

AR12 

ARF2 

95 WAIT 

108 WAIT 

125 WAIT 

158 WAIT 

205 WAIT 

2-ASHRAE TESTSTANDARD 

Evaporating temp . - 23.3 

+ 55 Condensing temp. 

1.: 
l: 

"· . ... 
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Sub - Cooling temp . 

Suction temp. 

Ambient temp . 

+32 

+32 

+32 

3 - Nlinimum Compressor power ratio . 

~ - Laboratory Performance test approval . 

5 - Reasonable and price . 

,,tt:z ' -.s 

c 
c 
c 

6 - Compatibility of compressor with our refrigeration system 

components . 

2 - Evaporator and condenser 

Efficiency losses in evaporator and condenser are associated 

with finite k1nperature differences between the refrig~rator and air 

, with pressure drop, and with reduction in heat transfer due to oil 

circulation with refrigerants . Ma.ximization of heat transfer along 

with minimization of pressure drop is largdy a matter of 

performance - cost tradeoff s . 

d~sig.ning cornpact ~vaporators and condenser could be an art , 

specially with th~ space constraints 
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,. and Freezer volume and standard size . 

In our Rl2 into Rl34a Models conversion programme, 

through laboratory tests and also recommendation from most large 

refrigerator and houshold manufacturer and also restriction 

imposed due to design of refrigerators , we did not consider any 

changes or modifications on evapoarator and condenser , Azmayesh 

Co . has planned to change its tube and plate type of condenser and 

rollbond type of evaporator into wire tube evaporator and condenser 

in the near future after investigation of their efficiency on our 

products and engineering assessment aLJ research . 

But up to now , we found it unnecessary to change evaporator 

and condenser design . 

3 - Capilary tube 

The refrigerant expansion m a capillary rube is a non

reversible proc~ss . It has a potential for \Vork , but requires a 

niechanism "' ..... h as a miniature turbine to extract work. Such a 

mechanism will unlikly to be implemented due to the cost 

consideration . 
' . 
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AZMAYESH NON CF=C Re=RIGERATOR TRIAL PRODUCTION COMPRESSOR SELECTION FORM 
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Rl34e COMPRESSOR MODa.S 

MANUFAcn.JRER 

7ANUSSI DANFOSS NECCJll 001.DSTAR MA TSUSHrrA ASPERA 

w"rr "'"TT Yl"'T "'"rt WAn' "'""' MODEL l'OW!!R QTY MODFL FOWl!R QTY MODF.I. •lwt'R Ql'l MODEL l'0"'9 Qn MODEL POWl'.P on MODEL rownt Qn -- ---- ---- --- -· - ·- -
1111' MOCft_ APO! RIP MOOa. Allot All' lll)Cft. AlllJ6 lllP MOClL Ma ltl!I' MODll..AIO ll!P MCU!L AlllJ6 

·------ 9S OL40AH 
OR ·1L4G SS VS361~AEG 8'1 S48CIOKAXO 9.5 BP1048Z22 108 GL40M 94 
·-· ---- - - -- . - - --- ·-- ---- -· ··-----·-- --

llJPMCXW . ...- RIP MOOll. Allllll -MOCP.1-~ 
""' MOal.. Alllll ... loC>CllL AllOI IUP. MOOILAllllll 

------- - ------- ,_ ______ . 
·-- ------·-

Gl.4SA.H ! IB S4'SCI 3KAX5 
OR lLSG ESC51 l OR 110 
GL4SM 106 107 NR45LAEG 108 QA.SIC II RAX.5 BP1048Z22 108 

- _U.2 --~ -------- -- - -
:19 MOaL All)() lllP MOlll!l. NUv ltlP MOCPL AAIO Rl!P Meal. AIUO ... MODl!I. AlllO RIP. MOl:a. All10 

·------- ---
GL50AH 129 
OR 
GL50M 128 11..SSF 128 NRS8LAEG 124 QA .57C 1 JRAXj 122 BPllllZ 125 ------ - -·--

ll1F MOal. AJll 1 ""' MOlll!l. Allll 
ltlP MOCl'l.. AAI 1 lll!l'MCCB.Alln RB'. MOCll. ~1 llB'MCCa.Nm 

-------- -- - >-
Gl.(l)AH 1.5.5 

OA?1C/jlMXS OR 
GL60M 154 

"ILS7F 167 ESC8H 172 NR62LABG 11'~ ·D66CISRAX$ 1'1 Bll16Z I.SS 
. - ·- - ·- -
UfP M0(9..~ llJP MOOll. Alllf"I ltlP Meal.4""'1 11111" . CllA. MIJl'1 w... MODll. ,,,,, !UP MOila. ."'1 

- ------ -----·-- --- -------<II llJAJ I 204 
c.,,iA 'IJCJIJA.'All 

Of{ 

Cll.80M 201 
FRIOG 189 ESC911 ll~- V7.SLAEG 194 091 C21RAJU 227 Bll 18Z 204 

---- --- --- ..__._. - -·· .. ·-· . -

I 
lT...ST CONDITTON ASHRAF.. RVAP. n:MP. = 1J J ('.AMR. TI!MP.: n c. C0"'1>. TBMP.:. ~ OR " c. SUCTIOl'f TI!MP. n c . SUllCOOUl'fG TIMP. 31 c 
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The insertion of capillary tube into the suction line will creat a 

better heat transfer in order to get Sub-Cooling temperature of 32 

degree cen:igrade . 

For determination of length of capillary tube we tested our 

,.. prototyJK!S in two conditions . 

a) With reducing 10% weight of refrigerant without 

changing the changing length of capillary tube . 

b ) With reducing I O'l1 weight of refrigerant and also 

increasjng 10% length of capillary tube . 

Th~ results of laboratory tests show that there is uot 

much difference between these two conditions , but the correct 

amount of refrigerant will guide us to an optimized condition .For 

this reason we are not going to increase the length of capillary 

tube unless in optintizing programme if we could see a remarkable 

energy saving and also compresc;or selection consideration . 

so tht! optimiL'ltion programme in this regard will nt:l!d a long. 

tt!nn period progranunl! which Azmay~sh Co . is planning to achiv~ ..... , ....... ........ .-
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COMPRESSOR ?!:::?!=O~~-~A.~CE 

• NEU/ 7::) "= f'', \ ' 
v~ • • ,_...., ... "·""·~.r-~~.~~~~ :-# .. :,-:-7 .. =rt·-::'IM -"~!C'=' '-''-'•••• .......... ......,.....; .... • -•\i.• Ur\, •1-C..i• ... ( 

_..,. ,. ~ , .... ; - ""' .. - - .... f"\ a.~\ 
::, I /"4w\. !J re. ..... : ..., ., ,;:,. ; ~ ::,,, • J ~ I 

EER 
(Btu/ 
WHr) 

4.5; 
I 

4.0 i 

3.5-; 
I 

I :l 1 

3.0 --1 ; I -

? _J : ;,. f - . I 

.... 5 : ~.7 (T- c:-- ,....C" 'r"' ........ '"'N) I I ..ii ~ I ;::. ~ • \.._, • ,..;, I 1Ul - l 
? Q-. . ,, I 
.._ • ' ..... ! . c .. ...,., ~~. I 

~ 4 

II 
.).~ ..J J 

~& 

iii 
a 

~ ~ 

-~.., 

. ' '-"lil· .,...,1 • ..1 \.... • 

? t- ------; ~~r,.;. ~- ~~.4.~ --· .. 
1 

.• - j ---- --- -· - - -----------~A~ --- . 
._40-1 1'1,;l..,1f,\,.,~.> 3~~ L ____ ,lt>ulllJ I ''"1 'I . 1 : . ._,.:. ..,;.) 32~ ..... - ·-· . ':.!'.. : I 

Cooling 210- L_~!~c;cn1 ____ · --~~~ t ____ , __ ~ 1:i~i,:J ! 
184 

~:_:s i !. , ! ~~8 
Capacity ' I ' ' .1l:S't ' ' • 

180-l 1 i r- 1 . ::i·6 . r·-. · 1: 

(kcal/rlr) I \ 1~2 le: I I: \1.~3 '. ~ ~ i : \ ! l 
150 -i ' 134 I ' i : I ~. I : I : ' I I I I 

I ,-. ': '.!l> ... ... I I ~ I , : 
1 ? 0 J ! 11ti , : I It; [ . r I I · , ·I, : ! 1 ·1 

1 
. .... [. . I ! .. I I ' I I I I I • ! I l . I I I I 

90 ~ 62 t', 1~ i 1
1· i"! I i I I I l I i I I I l i i i ! l I I 1 

~ ~43 rn 
1
, 1 i , I 1 

[ 1 i 11 J 1 r1 1 l I I I · 1 1 . . • I I I I ' : .----'-- .... ]~ _ ·-··-
1 

-·- L ____ _L, 1 __ , •• _, 
VSF VSF I NF NF , .. , . 

D(isp
1
1acem) en: I 24 \ 28 ::.:. l-~~--i- 52 . _*_~? ____ ) ___ ~~-- 11~~9----~~--11 _ _:~~-~_:_~~-

cm rev. I 2.42 i 2.84 ' 3.58 ; 4.50 , 520 1 :,. 73 l 6.22 6. so 1 7 .45 s. 1 o ~.SJ 

Note : * Under development l- Sa:r.ple avallab!e from .!an, 1994 
- Production av~!!~b!e from July, 1994 

It 
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• COMPRESSOR LI:=::: T~ST STATUS 
--------------------------------------------.. --, 

S .. "' , .. •T "\• ,,~ I ·;·C'CLJI TC 1' TE . ..,Oi\.),. ,,,1, ,.:, . · ·~..., ...... 

TEST -- ----·----- i - : --u1L - i - r.~~l:(;,i- --,-CJi:;;.f<(SS:::.~ CARTS J 
cFc ~ 21 MINER4- ! ,. ,r.c : ~,,/t:s n:R i c:0Lo1~1 -1.1~-N-: ~iiP-01· 11-iNs~; .. A11cN"~ v Af.vEs I ·,vE.AR 

I I I t 

----r-Ps-,r-.,-!-,= 1/:14(1\g/ .. r.i'C.)--!

1 

~-~.~ -:~~--.. i,j~--·i----i~----1 -- :--- --r--- -i---··--· 
'1 I I ~ : 

1 

I · l ii I oi I . 1014 ~ l U. !.J U.(; I . r-t'1 SlllCl!'.l! 
HI ;..QAD TES'! i An.tl1ent .!3t· I .::;·,. . II i CJ.K O.K I , . ,\c:..,::;1 wear 

. '1 . ·-1.~ I ·-o.c;s. ii ( £)u1ic L.;i) I : o--6t. 
' D..:r.Jt1(w, 48 H:s :.,8 H:s I I I I 

---:,_-----~-p---.p ---1-' -1~---/-.-_-)- ·1-~ ., ~--. -:-G' I ---·-·-1-- --· ··1---i--- -----1-----1,----- ---~ 
i c.:r.tmx:.;..'!'. i s/ l: '"" -' !J 'KG ,:; .. u ' ' , . ' "!.'.' .-1.. ·' j 
! I I I · L:m.t: i011 
;Run Ai11l>1ent ~3~ I 43l: I L 0.5 C.10 I No $!:;:1•c 
l O.K O.K . , . A.::tueil WtHlr 
I "ur--t1·n""'"''1'r· .,...,,..,f,t'rc ...... 1,5 -o.o' 1(B;;:li1·L;;;) t....• 11.I v ~, .... vv r .:> I •. , ... ,.,,. 1 .. , 1 

I ' .: .. :uo I Ir,. I - -- . "' --
: 0-- ~.,, 

l If [ I - --- - ___ J ---··-·· --- ------ . --- ----------
Ps /Pd'-' 1/1 !'..(Kg /cru' C) I 1 ·1-,\Kg/ .. a'L) 1 

! L 0.5 I C.O 1 

r- ·-
1 

! 
I 

! Ambient 43-C 

I 
TEST; On/O~f 

i 
! On 5 m1;../0f~ Srr .. r .. 
I 

43'C 

5 111:n .,' ~ n~:.~L -1.5 
I O.K 0.K 

-0.051 I 
I I 

I 

I 
D1..orat1on 3J,C.)J Cycle~ J:,.! :JJ C ye lt1 :. 

+ Actual wear with HFC !34a/Es!er applicatio:i shows 
level compa:-ec to C~C12's. 

... :-· •':Ii .......... 

No S:L~!LL: 
· L1m1t: 10;1 

( g~::d. ~~-,) 
· A.:t;.J! we;:ir 

: o-GJ' 

e:mc \·.·~::: 
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REFRIGERATOR LIFE TEST STATUS 

QUANTITY 
TEST PLACE TEST COND:TIONS TEST PERIOD 

(unit) 

e Ambtent Around March. '90 

15t/43'C 100 ..... Dec. '92 

TEST ROOM 
(Night/Day) 

units 

I e Cycllnc Run --
120 May. '9J 

e Auto Defrost 
units ........ 

·--
Around May. '92 e Home Use 

200 -
units 

FIELD 
Around May. '93 

3,000 -
units 

RESULTS 

e No caplllary blockaee 

• Capl-tube flow rate decrease : 4%-8% 

:::> Con9'dered •lloWllble 

e Compressor •n•lr&I• 1howed rellable rHulta 

e No problem has been found 

e No clalm has been reoel"'9d 

e No clalm has been recelwd 
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TECHNICAL TASKS 
FOR HFC 134a/ESTER COMPRESSOR DEVLOPMENT 

"•I :""" 

~I 
• HFC 1348'1 speclflc ~lume lncreftse 

:-) 37% lncrea.e compared to CFC12'L 

(-30'-~/GAS) 
- .. --

• HFC 134a has no chlortne. 
+ HFC 1348 hm hleher compn 11'on ratio. 

=> 28% lncreaM compared to CFC12'•· 
(Ewi. -23.3"C/Cond. 54.4't~) 

Effect · wear Increase 
Effect ·Cooling capacity reduced · Noise/Vibration Increase 

by around 15% 
---· 

Counter- ·Gas passage imprQ\.ement 

Counter· · An ti· Wear coat for bearln g 
measure surfaces 

·'Near mechanism Improvement 

measure ·Displacement increase · Higher viscosity oil [ 15-+22Cst 
22-+32Cst 

·Motor torque optimization · Muffler I Suspension l"'prove-
ment 

• Chlorinated detergent regulation 
+ Ester oll ha• high hyaroscoplclty. 

=> Moisture absorption leads to acid 
1.1.1-TCE formation In oll and deterloretH 

CFC 113 metals and organic matertal1. 

Effect · lmpurties may incrensc if 

!.-··-· 

Effect · Sludge( Metallic soap) and extr-
actions results In capillary tube 

there's no adequate blockage 
substitues Counter· · Powerful dehydration system 

- measure · Process control( Moisture preve· 
Counter· · Powenul substitues ntlon) 
measure development · Special dryer should be needed 

· Washing system imrrov- · Charging machines should be 
ement for Ester only 
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•NEW OIL 

°'I 
~! + TYPE : Pol)OI Ester 

~ 
\.:> 

~ 
• MAKER 

f KYODO Oil -JAPAN(Approved) 

l 
SUN OIL -JAPAN(Approved) 

ICI - U.K(Under Testing) 

LUBRIZOHL - U.S.,\( Under Testing) 

+ VISCOSITY RANGE 

10/15/22/32 Cst @) 40"c 

• CHARACTERISTICS(KYODO) 

· Color 

· T. A. N 

· Pour Point 

· Phase Separation 

Resistivity 

Additives 

: l O.S(ASTM) 

: 0.01(mgKOH/g) 

-sot below 

-43l: below 

: 10' (O·cm ~)25"c) 

: Oxidation Inhibitor 

Acid Scavenger 

I 

(HYGROSCOPIC I TY) 

------- OIL ESTER MINERAL 

ITEM --------------- OIL OIL 

SATURATED WATER CONTENTS 

AT 25t (ppm) 
1500 53 

HYGROSCOPIC TEST 0 min. 23 21 

WATER CONTENTS 10 min. 56 25 

(ppm) 30 min. 165 30 

1 hr. 198 43 

2 hr. 296 47 

4 hr. 479 49 

8 hr. 744 50 

24 hr. 1007 52 
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ESTER OIL CHARACTERISTICS 

• TARGETS OF NEW OILS FOR HFC 134a 

TARGET 

Reslsti\'fty I INSULATION .. }-,\ 

> 10u (O·cm) 
p - . 

;1 MISCIBILITY] 

\ 

As low as 

posslble 
1 HYGROSCOPICITY r---( REFR\..;ERATING )-1 LUBRICITY HJ 

As small as 

possible 

EFFECTO~ 
ORGANICM~~ 

OIL 

STABILITY 

TARGET 

Mlsclble range below -40'C 

Falex Test: Wear better than 

R-12/Mlneral 

Chemical Stablllty: 
Stable at Sealed Glass 
Tube Teat 
@ 175'C x 14 Days(ASTM) 

H )ldrolytlc Stablllty: 
Stable at Bomb Test 
@ 175'C x 14 Da:ys 



.... .... 
COMPRESSOR LIFE TEST RESULTS 

~1 • RELIABILITY DESIGN POINTS 

~ 
~I DESCRIPTIONS 

---
1. Refrigerating Oil 

2. Motor lnsl lations 

- Insulation film 

- Sleeve( plastic) 

-Winding Coat 

3. Material 

(Bearing Parts) 

4. Parts Cleaning 

5. Dehydration 

SPECIFICATION 
--- ------

CONVENTIONAL (CFC 12) IMPROVED (HFC 134a) 
-- . ·-· ------ -------·-

Mineral Ester ( t Mdltivds) 
·------- ----

·PET · Improved PET 

· PBT · Improved PBT 

· Enamel Coat + ·No Wax 

Paraffinic Wax (Self Lubricating Wire) 
---- --

· Mild Steel · Iii -- carbon Steel 

· Surf ace Coat 
-

· Alkaline Wnsh · Improved Alkaline Wash 

· 1. 1. I - TCE Degrease 
-------· -· 

· Drying System · Evacuation System 

(Open shell status) 

IMPROVEMENT POINTS 

· Compatible to HFC l 34a ap~llcatton 

· Lower ollgomer extracUon/Hlgher the""al 
resistivity 

· Lower oligomer extraction 

· Lower sludge formation 

· Higher wear resisltivf ty 

· Substitute for chlorine detergent 

· Higher parts cleanness level 

-
· More effective moisture removal 
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CHAPTER 5 

AZMAYESH INDUSTRIAL FACTORIES COMPANY 

MAY 1995 

., ....... 
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~ • AIMAYSllf INDUn.IAt FA~TORRI ~OMPANY :~ 
:- JM:e:i flJrGIJi~ I ~iflil JJIP1J1a!IJi1rC~~ :..· 

t~· ~ PROGRESS REPORT I 2 ~ 
w PROffiG'I NO • JllP I IRA I ff I 4oa GO~G'f NO • 94 t 09'7 . 

rAGll! J-1 

1 - In this chapter we are going to Review, Analyze, Evaluate 

and compare breifly test results of refrigerator ~md ref-freezer Models 

AR06, AR:J8, ARIO, AR12 and ARF2 using refriger3nt RU-l-a in 

their refrigerJtion cycle, in comparison with previous R12 test reults . 

1 - Azmayesh Industrial Factories Company is using Iranian Test 

Standards for its laboratory test procedure , so far . It seems that it 

would almost impr~ctical to compare two different standards in 

defferent conditions , so it is reasonable to consider only some 

importam data from our previous test results to compare with R 134a . 

3 - To compare the application of refrigerant R 1: and R l 34a we 

basicly consider the perfonnance of the refrigerator at the same 

ambient temperature usually 32 degree centigrJde or 43 degree 

centigrade , since we perfom our laboratory test in 47 degree : 

centigra<l~ to comptly with Iranian standards , for some Models we 

have compared 43 and 47 degree centigrade . 

. . . - . . ,. .. ,• 
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.. ROGRESS REPORT # Z 
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GO~G,. l'rl). 94 I OA7 

;c ••• ~, ... •~·· .:w; 

...... ·····-................... : . 
4'1Uo'~~~--

-l. - (n this evaluation we arc not 2ciin2 to Jiscuss the atlv:tnt~ute ... - ~ 

and disadvantage of use of refriger~mt R i341 . b\!cause these evaluation 

has been done previously by most f;:unous 3niJ large Compress<..'r 3rh.l 

RefrigerJCor Manuf;:icrurer such JS Danfoss . GoldstJr . Leibherr, AEG 

and etc. 

5 - Our bbor:ttcy rec;t results ,;;ho\,. rh;it at ~lln10c;t the same te'\t 

condition we can get the following rc~ults. ln this review we h~1ve 

neglected the compressor defferent manuf~cturer . TI1e compressor 

effect<; in this reirnrd have discussed bv mJnufacturer in their 
~ . 

respective repcrts to their ..:ust0111ers . 

KJt . I! • itn'I - .UI RfJi1D p n. 001 ll:M5 - .U73 n1111Nt . IRMf . TIU. 111 ?I TTTI01 • , ,u ?~ :•: m '"~ 
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AIMAYllH INl>UITIUAl FAf!TORlll ~OMPANY 
J.J.,.! C'f:.•J-CJJJ, I :.!i·l'a'1.J JIJ.'J'~/.11"9 C.J.J 

l'ROGRESS REPORT I % 
F'ROIBG'I' NO • MP I IRA I 94 I 401' 

GOlla"lllAfO'I ~) . 84 I 08'1 

······-···-·· ... 
P.1!)/f __ 5 ~_} 

MODELS AR06 and AR08 

De5rriotion RJ.JJ.:-7 !fl~) 

Freezer ,'v/c:~n Tc:mpc.-rJrurc.· c -:o . , 
- J, -

Freezer Bulb Temper:irurc c .. ~ - !."? - --

Refrigerator Compartment ,'vfean Temp. C ' +J +5 

Suction Temper3rure c +.JS + ./5 

Condenser Inlet Temper3lure c +65 +65 

Condenser Outlet Temperature c ' +50 +51 I 

: 

Compressor Runnin.~ Time c:;. 65c; 5 .. c;, - r 

I 

' 
Ambient Temperature c I .l) , .. 

-.J 

NOTE : For Models AR06 and AR08 we use the same 

Refrigeration system 

NJI . IZ • ,\m~ • AU ROAD , n. "''' 113'111 • .f773 111nn,\lf . IRNf . TP.r. 111 !I m11r7 P.U llfl ?I 1n111ri 
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f(~ AZMAYHlf INllUITlllAl FAl!TOlllU l!OMPANY <. i~j 
r~ '4!" JM C'i :1:1 (;,11,j. / JlllllM J1J· )';,/"'.., a.: ~;.:! 

l 1ROGRE~S Hlil'ORT II 2 . 
P9U>l'l!G'T NO • ~ f IRA I 94 I 408 

......... _ s re..: 

MODELAR10 

! 

Dc.--;cn>Jtion ]?_ 7 •) ·' Rl·J I 
.. 

.J.. ._)-f £ J ,__._ ~ -~ 

i: 

Freezer .Wc:in Tcmpcr:iturc c - 13 
, ., g .. - , _ 

::! 
f: 

Frr:ezer Bulb Temper3ture c ,.. ... 
19 

I - -- - . - I 
I 

Refrigeraror Ccmpanment JY!ean Temp. C -i· 6 +3.6 : 

Suction Ternperaturc c +45 +44 .. 
' I 

Condenser Inlet Temperature c +75 +6] ' ' 

Cvnde:1ser Outlet Temperawre c : 
+50 i : +44 

: i 

Compre.55or Running Time q. 56 co 55q, 
i 

! i 
Arnhient Temper;1ture c -n I -13 

~ 

... 
~.::1~~.}!_ rP~UT't7;-t -.J:il.J!.."'.J.iJ >IL' ·r.1 • .... _ ....... T.iE:r' _

1
, , .. ~ -·=" 

KM . I~ ' NJR - ,,u RfMfJ rn 001 lt:MI. ~m 11!RRM • JllM' • m. 90 %1 Trnrr1. r,u IJfl %1 mmr. 
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~ : 

!: l'ROGRESS REPORT t 2 ; 
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GO~nA.;'l !'ii) • 94 / fJP'? 

MODELAR12 

D .. t"·11T;·,•-,Jr -- . -i .... '"" ( -' 
T) 7 •;i ., 

J 1..i.·) :H~ 
Tf :- > 

J --"·~ 

Frc-czer ,\.lc.w Trm11erawre ( 
~ 

- IS - r: 

Freezer Bulb Tcmper3ture c - :.J - !S 

Refrigerator Compa.r1.IT1ent /1,fe:m Temp. C +.J +.../.J 

Suction Tempem1ure c f- 3../ +33 

' 
Condenser Inlet Temperature c +65 .,.. f)j 

ConJr:nser Outlet Tcmpcr.1ture c +53 +50 

Compressor Running Time <;c .JI r;,_, 37 cc 

Ambient TemperJture c ... ., , 
)_ ' 

KJt . 1% • """ • AU RfMn r.n. Df):f ll:M~ .. HT.I ll!RRM . ,,. •.'f • T?.J. 00 %1 T711fJ7 • , ..u 00 %1 m111r, 



AZMAYSllf INOUtTIUAl fA~TOIUll rOMPANY 
.J~!. Ci:/.lCJJJ. I JJ@ru.J JIJ':J'-1/J/.,J·LJ.JJ 

t•ROGRE!YS REPORT I 2 
OON'TRAG"I' NO . ta4 I 00'7 

MODEL ARF2 

De:Jcr1[Jliun 
R7·) ., 

J.·J·-Je:7 
j~' ) L,..... 

Frcc?cr :\Ie:m Tempt'T:irurc c , - , ~ 
- ! _) - -· 

, 

freezer Bulb Temperawre c - /l -.7 
- - I 

R etngerator Companment /vi ean ~-ernp. C · +I + ; 

Suction Temperature c + ./5 +39 

Cendens('r Inlet Temper:iture c +90 + 61 

Condenser Outlet Temperature c +50 + ./S 

Compressor Running Time r; 7.J c;. r; 1: 

' I 

Amt :~nt T emperatvt c 43 ~7 

KJt . I! • "'"~ • A.JI RfJAD PJ). "'~' 'l:Jll~ • itT73 l?,RR.41' . fRNf . m. 90 21 111107 • p,u 00 21 mum 
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AZMAYSlll INOUl1'1UAl FAf!tOIUlt (!OMPANY 
JJ,.._l.C'i!.'JCJIJ, I :}J../JJJJ..!. JJJ'J'-1/Jl:J·C.J.J 

l'ROGRE.SS REPORT I 2 
oo ""'uu;T ~IJ . 04 r n1n 

..................... • ............ ~ .... - ..•.•.. : ... ~· ·-· . ..,... ·····-•1•·'"'•·-··· ... ................. ! ............. . 

5 -1- Fnm1 the t~st results figure of our refriger:itor . we foH.1 out 

that the freeza mt::;.m tt.·mpl'.rJturc ior R 13-+a is bl'.tta th~.111 R 12 ~mJ 

condenser outlet Jnd inlet temper=-tture are Jlmost the s~me , it me:ins 

that it is not necessary to modify our evaporator ~md condenser 

assemblv. 

5 - Ccrnprt:ss0r running tin!e is Jlso ~K-::epubk bt::c.'.luc.;t:: rht:y an.: 

below 80«7c Jnd cl'mparing wiih R 12 it is somct imes much less . S0 . 

we cc..'nclude rh~t Rl34J compressor types .. ire more dTictl:ll£ rh.m i<.!2 

compressor on our refrigerarors . 

-· 

EL 
~-

~: 

I• ..... ..., Ro"n rn. no1 n:JM - -tm TI!RRM. IRM . ..,.. .. !IP 21 n11rn. r.u !11 21 rnm5 NJI • 4 , (VU) • IV A 
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AIMA'RIH INDUnlllAl fA,TORRI 'OMPANY 
JMC:JJiUJt!:. I ~~l.t tilJIP1.JJli11CJ:J 

PROGRESS REPORT ~ 2 
GOFftRAG'I' NO. e• / 09'7 

--···---~:: .. :. ~ . ._. .. -~ 
7 - Suction temperature is almost the same and it me:ms that our 

Refrigeration cycle is suitable for R l 34a . 

8 - The evaporating temperature varys from -2:! to -24 degre.! 

centigrJde using Rl34a refrigerJnt , these figures show that our test 

·· condition could be ASHRAE Standard and by Optimizing the 

refrigerant wei2ht and suitable air distribution in fresh food .... -
con1partment we can easyly get -23.3 degree centigrade evaporating 

.. tempewture . 

9 - The suction temperature is around 33 degree C for 32 degree 

C ambient temperature and 43 to 45 degree C for 43 C ambient 

temperatur\!, these two figures are acceptabk it shows that our test 

condition comply with ASHRAE standard. 

10 - As previously mentioned, through these test and evaluation 

we found out that our products has a minor problem in distributing cold 

· air inside fresh food compartmt.nt , in order to get a unified and stabk 

air temperature we have modified our water drain tray under evapor3tor 

• compartment to zec mean temper::Hure of + 5 ··c " in fresh food 

compartment . 

This deff'.!ct has no relation with sdectior oi refrige;:ram R l 34a 

and design failure of internal part existed before even with R l 2 . 

...... ,., Ir I . " .... , . . . .. . 
.. -. . '· TI, •.• ,. N . . . r '!. ,. .. 

~ 



.-\Z\lA. '(ESi-I L\DCSTRL\L F:\CTOk.IES C<). 

R 12 PROTOTYPE TEs1· SHEET 

FOR~I ~O 0001 DA TE . .\PR!L 199:' 

-~ DESCRiPTION DE~ ..=RIF': ;u~ ~ 
----~ 

PRODUCT NAME : REFRIGERATOR MODEL: AR06 

SERIAL NUMBER : PROTOTYPE NUMBER : NON 
--~----~----~----+---------~----------# 

CLASSIFICATION. TEST CONDITION • T • 

COMPRESSOR ~AME : ZANUSSI MODEL : G4SAW 

~ 

-,.. 
.-;r-------- ---~--~-----tf------------~-------: 

WATT. CN'ACITY: 95 W.\TT 

VOLT220 AMP ER HRTZ.50 

INSULATION TYPE : POL 'rURITI-ilNE 

THERMOSTAT TYPE 

Fr£EZEr Air Temp. t . 

FrEEZEr Air T Emp . t 7! c 

FreE2er Air Temp _ t :J c 

POweR CONSUMPTION - WATT 1!4 Hrw 

RIF~i:iERANT """4EIGHT GR :I() 

REF. INSIDE vo--UME UT - 180 

"""E """C ~.. ~r-"'loe 

--
~ .. 

~~~ ......... ~~~--"-

------- ------· 
f's 

~ 
(I 

~ .. 
------------1------~lf-----~ 

FreEzer MEan Temp t m, !! - l] 

Freezer Bulb Temp _ t • ,_ . r3 

----· -----+----
Refrigerator Comp. Temp . t ~ •) 

Refrigerator Comp. Temp. t 6 . ' • s 

RefrigErator Co .fOI lO 
----- -----

R•frlg•rator Comp. M•an Tl5mp t ~ • 5 • 5 

Cttspcr Comp. Tcmc:- . t • •10 • lO 

Compr•ssor Sh•ft T ""'P· 64 M 
----

Cond•n!l4r lnl.t T•mp !7 .SS 

ConCIEnSEr Out1n T•mp . ,5 51 

-----------
4J 45 

-RSVIARKS 

CO~fPRESSOR OPERA TING Tr\fF 52 I':(. 



AZ~1A YESii INDUSTRIAL FACTORIES CO. 

Rl2 PROTOTYPE TEST SHEET 

FORM NO. 0002 

DESCRIPTION 

PRODUCT NAME : REFRIGERATOR 

SERIAL NUNSER : 

CUl551FKAT10Ni"TeST CONDTION • T • 

COMPRESSOR N.tME : ZANUSSI 

WATT. UPN:ITY: IOB W/4.TT ----
VOLT 220 NJFC:R HRTZ..50 

INSULATION TYPE : POL YURITHNE 

TI-fERNIOSTAT TYPE 

Fr~EZe ~Jr TEmp. t , c 

Fr~E:z&r Air T anp . t 2 c 

FrftZ• Nr Tenp . t 11 c 

FrffZu M6an T 5f11P • i m , 

FrHZ& Bulb Temp . t " 

PAGE 5-10 
DATE: APRIL 1995 

DESCRIPTION 

MODEL : MOB 

PROTO"":YPE NJMBER : NON 

MODEL : G45AW 

P0¥111!R COf&l.MPTION. WATT,'iil!4 Hrw 

~ Wl!lliHT CiR 110 

I 
-111 

• 18 : 
' ___________________ __. _ __.__~---

Comp. Tm p . t • 
I 

0 . 
I 

0 

REfrlgEr.dcx Co +!Oi 10 \ 
---- -------------~---+---~-:....· -

+ s i Comp. Mm•n Temp . t ma + S I 

t. + 10 i 

64i 6..51 

·---··------------
47 65 

4S , 51 ! 
-----------·------ .. ·--- _____________ ,. __ -+--

SuctJon Temp. 43 i . s i 

i------------------------·------------------------_... .............. , ..... .._~ REMARKS 

COMPRESSOR OPERATING TIMI:: 52 % 



:\Z:\L\ YESI r l:\DL~STRL\L F1\CTORlES C(). 

R l~ PROTOT.t:1'E TEST SHEET 
P,1\GE 5 - 11 

FOR~l ~O CO)} DATE . APR[L 1995 

---~- ..... ~ -•- . -· -=- _ ... '"=°,; • ... P.!."- -- ~--- .. " ... 7C'af ., ~::'\ ••"-..•••a--~: •R. -

PRODUCT NAME : REFRIGERATOR MODEL: ARIO 
-----

SERIAL NUMBER : PROTOTYPE NUMBER : NON 

CLAS5rF'CAT10N, T"EST CONOCTION • N • All.elENT TEM'>EqAT\JRE : 32 C 
t------------------~-

COMPRESSOR NAME: MAT'5USHITA MODEL : t=NSIOllG 
·-----------------.---~---------------. 

WATT. CAPACITY: 125 WATT PCWER CONSUMPTION . WATT 24 H,. 
--~ 

VOLT220 NJIPER HRTZ.50 RIFR!GERANT WEIGHT GR. 140 ~ 
~ ---·-

~ INSULATION TYPE : POL YURITHINE REF_ ll''SIDE VOLUME UT .285 
-------------------------- ----------------- -- --------

.i n-iERMOSTAT TYPE -r: _______________ ----
... Freezer AJr TEmp. t I : 

~· 

FrEE2Er Air T Emp . t ,. c 

--~ 

FrEEZEr Air TEmp. t I c 

FrEEZEr MEan Temp . t m r -6 . 10 

----·------·----
Freezer Bulb Temp . t .. 17 

--------; 

REfngerator Comp. Temp . ts 

REfrloerator Comp. TEmp. t 6 

_.~s-----------·-·- - - ----------------1t-----+----
Refrigerator Co 

R6fTiguatnr Comp. Mr;an Tr;mp 

Crlspu Comp. T4'imp . t • 

Compresso< Sh•ll Temp. 

Condenser Out1ct Temp . 

Suction T&mp. 

= -· 
REMARKS CO'.\!PRESSOR OPERA YL':G TI'.\1E 35 "<-

,, . ., 

.-6; 
I 

:. 5 

55 

36 : 



:\Z.\L\ YESl ! I:\DL~STRL\L F.-\CT()RIES C(J. 

R 12 PROTOTYPE TEST SHEET 

FOR.\.f ~O. 1))(\.1 

DESCRIPTION 

----"-P.;;_.;.-\{i_II._~_-__I_~ 
DATE APRIL l995 

___ :.:~..:..=.-: ----~- ..... --· 

DESCRIPTIUl\ .... -------------------·--·-. ---·· 
PRODUCT NAME : REFRIGERATOR 

SERIAL NUMBER : 

MODEL: ARl2 

PROTOTYPE NUMBER: NON 

-... 

--- -----------------~-
CLASSIFICATION.· TeST CCNOIT!ON • N • AMBIENT TEll.PERATIJRE 32 C 

-
COMPRESSOR NAME: MATSUSHITA MODEL : FNSICllG -

-----------------.------------- -- ----·- -

WATT. CAPACITY: 158 WATT POWER CON"iUMPTIQ,\I. WATT 24 '"<r• 

F 
VOLT 220 AMP ER ~RTZ. 50 RIFRIGERANT VI/EIGHT GR •SO -

~------------------~ 

INSUL.\TION TYPE POL YURITHINE REF. INSIDE VOLUME UT .340 

TYPE 
-- ---------------- --- ')".~-~~=--- - -:-: ___ ""'?_; 

FrEEZH Air Temp. t , 
·~ --- --- ------------- ------- - - ----------- .. 

Fr"EZ£r Air TEmp . t <> r 

---- ------------·-+--

... 
;; 

----~ 

Free:tEo Ail Temp . t J c ~ 

-------- ---- ------ ------- --
FrEEZEr MEan T Emp . t m r ,, 

' -
----------------..----

Freezer Bulb TEmp . t • -i 5 . 18 

REfrigerator Comp. Temp . t • 

··-----------------
Refrigerator Comp. Temp. t 6 

----------------+------~-- -------· 
Refrigerator Co 

. ------ ------
R•fllq•rator Comp 'Vlsan T"'mp t ma 4. 3 4 J 

Crlspt;r Com". T1;mp. t • ,.7 -t-;' 

-----
Compr11ssor Sh•ll Temp. fl) 1)4 

-·--·---
.«) ~ 

CondEnSEr Out1Et TEmP . Yl 

J} J) 

RSVIARKS 
CO~fPRESSOR OPER.\ YING TI~1E J7 'O 



.~\Z:tv1A YESH INDUSTRIAL FACTC>RIES CO. 

RC PROTOTYPE TEST SHEET 
PAGE 5- 13 

FORM ~O. 000.5 DATE: APRIL 1995 

DESCRIPTION DESCRIPTION 

PRODUCT NNJIE : REFRIGERATOR MODEL: ARF2 

~ SERIAL NUMBER : PROTOTYPE NUMBER : NON 

CLASSlf'ICATION-.. Tl:ST CO!l.'OITION • N • 

COMPRESSOR NNJIE: MATSUSHITA MODEL : FN77GIBG 

WATT. CAP.~ITY: 205 WATT POW'ER CO"-.'SUIVIP'TlON . WATT, 24 Hrs 

. VOLT 220 AMP ER HRTZ.50 R1FRIGER.ANT \NEIGHT GR. 2~ 

TYPE : PC'L YURITiilNE REF. INSiDE VOLUME UT .310 

-- THERMOSTAT TYPE i - FrE£zer Ajr Temp. t , c 

f ~-------------------
FrHZEr Air Tf'mp . t ~ c 

----------------- ____ ... __ _ 
Fruzer Air Te:np . t J c 

FrffZEr MEan T Emp . t m , . 18 -~----------------- --------
~ 

-- FrE£2Er Bulb TEmp . t 4 .:o 

-1 Re~rigerator Comp. Temp . t s 

Re~~ligerator Comp Temp. t ,i; ~I 

------------------------

R,i;frtgu<11tor Comp. Mum Tsmp. t m.,. 4.J 

C.rtsp"r Comp. TEmp . t. 

CornprEssor Sh.:n Temp. 

Condc;n~cr lnl51 T,i;mp 

- ----- - --------~---- ---
Condf"ns~r Outt4rt Temp . 

----·-+---
Suction Tsmp. ~ _\ I 

RSVIARKS co':-.·tPRESSOR OPERA YP.\G TI:\fE 5~i ':'( 

~ - ... 



... 4 .. ___:..:... . .::. -.-:si-..---..... ---- ---- . - . 
..... -

AZfvlA YESH INDUSTRIAL FACTORIES CO. 

R l3•ta PROTOTYPE TEST SI IEET 
)_11 

FOR~ No_ --- DATE --3--5ep 95 

~~~·.-.·:-~~·~&.· .. -~\M.;...;~:\~~l?~·u-~-h- .-_.'-!:.--•::~-- ·-.:·.··~:-~·~~~~-!!-i":!•-~..;-~~·!:'~::.!.!:·!"_.:..J.~!• .. ::.:-~!~:~.~=: 

DESCRIPTION DE.SCP U7 rlON • 

PROOUCT NAME A. R MOO EL AR06 
~~~~~~~~~~~~~~~ ~~~~~~~~~~-~~~~-i 

SERIAL NUMBER 

COl\itPRESSOR NAME Goldstar 

w WATT. CAPAC.ITV 95 

ttt VOLT 220 A.MPER -- HRTZ. 50 

l 
~ ~ INSULATION TYPE C. F. C. R FCQ.;\! 

; 4 TI-tERMOSTAT TYPE 

FrEEZE1 AJr Terr.p_ t , 

Freezer AJr Temp . t z 

FrEEZEr AJr Temp . t , 

FreezEr Mean Temp . t m , 

FrEEzer Bulb Temp . t 4 

REfrl~Erator Comp. Telilp . 

Refrlguator Comp_ TEmp_ t 5 

REf:lgErator Comp. TEmp t 7 

REfrlgErator Comp. Mean Temp . 

Cr:~per (,,mp. Temp . t a 

Compressor Shell Temp. 

Condenser Inlet Temp . 

Condenser Out1Et Tem" . 

Suction Temp. 

PROTOTYPE NUMBER i' -O 
1 

MOOE\.. NR~S LAEG 

POW'ER COl'J5UMPT1CN _ WATT 24 H~ 

110 

REF. INSIDE VOLUllJE LIT_ !80 

:; .. 

. 
< .. 

- O!.:_~_ ~~~-;: 

t mz 

-10' -15~ : 
I I -

-Ill -161 
-161 -12 

-l6i 
-20 i 

-11 

·9' -1 I 
-2 -3 

2 

4 2 

1 0 

._, -4 

20 .)0 

20 28 

22 

20 

. 
;.; 

.,. , . 
";, -
~ ... 
I 

~-

.; 
1 

:t 
: • 

19 i 
-191 

~~R~E~M ...... AR_....K_,,S~~W~o~;~k~~~~~~-~-~~e-,~-~~:-~-ta-·g-·~~ .... ~·-.. -~5-~-.. ~._..,,,~.-.-..-.....-~ ..... -,,.;,.,,,.._""'-" ........ ~, 
.a. 
" .. 
~ 
1 . ... 
~ 



J\Zivl1\ YESI-1 INDUSTRIAL FACTORIES CO . 

Rl34a PROTOTYPE TEST SHEET 

fORMNO. __ _ 
5"-15 

DATE. 3. Sep . ..li 

~ :~:,.~,;. ... f~;~~~•--:..ap'-.:•·..;~)~~~-":.i..•-•~:;;~~~~?·~---?~\, --':..~·•-i-·••-".~~·~~~ ~-!\\tf!~;~!:a!:---~~-~:-~~~~:~~-.a.t~·-, rs DESCRlPTlON _ DE~CRfIYf _!_ON ____ ~ 
~ i..: PRCOUCT NAME A. R MODEL AR06 • 

' '; L~U • _.,,, ~ 
f~j SERtAL NUMBffi -- PROTOTYPE NUMBER Illa• ~ 1 ~ 
~--~~~~~~~~~~~~~~~-~~~~~~~~~~~~-~ 

~· -~; CLASSIFICATION TEST CONOIT!ON ~fodera te AA':BleNT TEPAPER..\TURe 32 c i 
~i~ COMPRESSOR NAME Goldstar MODEL ~R lS LAEG ;. 

~
~ ~: WATT. CM'ACfTY 95 ~C'A'ER CON5~MPTic:?N. w~rr 24 H" ~ 

~ .·~ VOLT 220 M'IPER -- HRT7. :;o RIFRIGERANT Y.'EIGHT GR )J.Q__ 7 .. ~ ~ 
'~ INSULATION rtr-E C. F .C. J:! FQ;\~f REF. INS10E VOLUME LIT. 180 

i ~ THERMOSTAT TYPE 
"-:.,·•::;·.·r ~~- ·n -------·i 

:1· . --· 
: f.; Freezer AJr Terr.p. t , 

t z 

~- FrF.lZa Alr Tn1p . t :1 

r-,; 
t -.. ' Fruzt:r M£dn T~mp. t m, 
ti: 
it 
; I'. 
:1. 
'·I:. !r-(., 
~ ·' . ~. 
'fl 
t '# 

FrEEzer Bulb Temp. t ... 

Rdrlgerator Comp. Temp. 

REfrlgErator Cornp. Temp. 

Refr1gerator Cor:ip. Temp 

t 5 

t .. 

t '1 

-11: 

' 
-12: 

I 

-1 J' -21 ! 
! 

I 
I 

I 
I 
I 

·1~ 

l'1··~ I 
~ .., Crlc;per Comp. Temp . t a , 

Refrigerator Comp. Mean Temp . 

ii· .· 

,-
; 
.. 
' 

J 
:: ( ,i I 

1i~ Compmsor Shell Temp. l t 

~; Condenser Inlet Temp . 1

1 

~-·;; w !-

1
, Condenser Out1Et Temp . 33 ) t.2 l · 

L~ . ~ 

~:i-... 5 ... u ... d-io"'n-T-Em ..... p_. ___ .................. "!"I ....... _,....,,............,.,.,._,._,....,.. ... ~~~. ::.1.~. J~ .. L~ 
i ~ REMARKS 
I~ 

WorKing percenta~e = 3.3~ x 
f . .. 

y~ 

;l· · ... I' ,, ~~~"":;-"'::'!"R":",V',1 ... ~:!'i!il_·~·ltJ•.~Y~;;::· ~:;r.-~·':"j.t.tlfPQ\;;.;nr,;;-~ .. 1Vii1t( ;,~ 
I : •• ... _,,,, 



AZNLL\ YES I-I INDUSTRl1\L FACTORIES CO . 

R IJ4a PROTOTYPE TEST Sf lEET 
!)_16 

f-"ORM NO. __ _ 

~t _ ....... ....-.i~ ..::-"'.-..: •• -...;at....:......:.i:..•.-"'-.a·cL..·\· .... -._ . .._.~dJ'-···_...;.,_.,..._......:-9'·•- :•. ~ •• ,· .. "; .-:w.;~_'=n~~rr...a"!CJ."'::; 
; -- . .. ..... .. - -·--· - . -- - - ··-- - - .. ... ----- ·--·-- ------- ... 

j DESCRIJYf ION DESCRIPTION 

~ 

.1 
Ci 
•• 
;' 
~ 

. 
• 
; 
i 

~ 

PRODUCT NAME A.R 

SERIAL NUMBER -

CLAS51FICATION/TE5T CONOfTION TrcpicJ.l 

COMPF\ESSOR l'IAME Golds:ar 

WATT. CAPACITY 95 

MODEL AR06 

PROTOTYPE NUMBER Rb-~1 

N.l'SIENT TEMPERATU~ !J c -
MODEL ~R 45 L.\EG 

PO,,._"ER COl'JSUMPTION . WATT· 24 Hrw ----- ---· ---- ---- -----

. . 
-.. 
~ -
]. 

I. 

... .. 
1 VOl.T 220 AMPER -- HRTZ. so RIFR'GER.Al'IT WE'GtiT GF! 110 
,_. --
i INSULATIOl'J TYPE C • F. C . R F~~I REF. INSIDE VOLUME UT. 180 
- -- -~~------------------=---------=---=-=-=--=-=--=-----·===-=-=-'i"-=----------~=--==-=-=~~;:_ 

~:J THERMOSTAT TYPE "~" .. ;:;:~-'.:=--·•! 
: H------------ -------· ----------· 
•.;~i FreezEr AJr Tern~. t , 
;i· 
} Frnzer Air Temp . t z 

1}· Fr£EZ£r Alr Tt:mp. t J 

ii 
;f. FrEEZEr MEan Tt0mp _ t m 1 

rt. 
.f 
; ,· 
•• 
;~. 
:? 
I·. 
r' . 
" ••• 

FrEEZEr Bulb T Emp • 

P.Efrlguator Comp. TEmp . t 5 

R.:frfgErator Comp. Temp. t 5 

; i Refrrg.:rator Comp. Temp t ,. 

'·"· 
~j. Rdrl~Erator Comp. MEan TEmp. 
: .. 

:1 '! 
~i J Crlc;per Comp. Temp . 

~~ ComprEssor Shell Temp. 

lll CondEnser lnlEt Temp. 

t 8 

-------- ----

t mz 

10 ! 
I 

ll I 
I 

9 I 
-10 I 

141 
I 

-1 I 

! 
-8 I 

.3 I 

.-6 

-S 

60 

LS 

Lt. ij! Conden<er OuHet Temp . 

~J Sudion Temp. l3 I 
r-REMAR1<S 0 ""w~;~;·~; ·p:·rc::, ~ ;. : ... ;~~ ... -~---.. --~ 
ii 
~J-
: t 
~, --~-' ·-

=~~ ",,(J ·.; 
--- --------

-15 
I 

-!6! 

-'4' . I 

-151 
i 

-20• 
! 

-1 

-3 

-' 

_g 

-~ 
I.) 

iO 

60 

Lt. 

. 
•. 

.-
~ 

1 
. 
:. 

--· .. 

7 .. 
"' i 
.. 
"' 

• 
.i 
~-----



.l\Z~L.\ YESI-f I~DUSTRIAL FACTORIES CO. 

R lJ.fa PROTOTYPE TEST SHEET f-17 
Do...fe - 4 )ep 11?5" 

. 
DESCRIPfION 

PRODUCr NAME : REFRIGERATOR MOOE\.. : Aito 6 

SERIAL NUMBER : NON PROTOTYPE NUMBER : .(''-02 

•. CUSSiFICATION! Te5T COllDTION • T" 

• COMPRESSOR NAME : f;o/,/j /.o.. r MODEL : NR ~5 LAEG 

VOLT 220 AMPER HRTZ.50 

INSULATION TYPE : POL YURITI-flNE REF. INSIDE VOLUME UT . ff 0 

THERMOSTAT TYPE 

FrEEZer AJr Temp. t , c -10 -15 

Fr"z&r Air TfilTIP • t 2 c -ff -16 

FrEE2Ef AJr TEmp • t J ' -9 -/~ 

-I/ -16 

FrHZ& Bulb Temp . t .. -If''. -22. 
I 

REfnguator Comp. Temp. t • ti ! +t 
' 

R&frlg&rator Comp. T enp. t G ti~ .,g ' 

REfrlguator Co....p. t 7- 1-f. +f 

t m~ 
... 11 +S 

Cttspu Comp. TfimP . t • 'ff +fl: 
----·--

6c I :;.3 

'Is', 
I 

;"f.O 

Cond.onsflr Outtct Temp . v~-: {,O 

Suction Temp. ({j I (/ff 

REMARKS COMPRESSOR OPERA YING TIME % 7-~ 

-. 
'!. 



.AZ~IA YESH INDUSTRIAL FACTORIES CO . 

Rl3-h PROTOTYPE TEST SHEET 

MODEL: tiR06 

SERIAL NUMBER : NON PROTOTYPE MJMBER: ,f{,-03 

CUSSiACATIONt 'i'EST CON:111'10N • T. 

COMPRESSOR NAME: Ne.uA; MODEL: ES C 'IH 

WATT. CAPK.fTY: '/5 WATT POW!eA CONSUMPOON. WATTii!4 Hrs 
-~-~~~~------~~--it---~ 

VOLT 220 IMPER HRTZ..50 Rlf"RIGERANT' \M!IGHT GR , C 0 

INSULATION nPE : POL YURITHINE REF. INSIDE ~LUME UT. :I/'/) 

THERMOSTAT TYPE 

FrEEZer Ail Temp. t, c -f() 

Frszw Air T &mp • t z c -1.2 -Ii' 

FrHZEr NI Ttmp . t • c -/() _!ft 

Fr"2tir ~ T'mp . t m , Jt. -16 

FrffZV Bulb T.np. t"' -Is: -2'{ 

REfngErator Comp. Temp. t • +K +9 
R6fnguator Comp. Tanp. t & +~; ... g 

REfrlguator Co~. e; ++· +6 
t m• +:J.' +5 

·· Crtspu Comp. T4imp. t • +f +8' 
--·--· 

Comp,.ssor Shel T•mp. 65" fO· 

Cond.ns• lni.t T..-np. so: 7) 

1{5, /,0 

r;1: so 
REMARKS COMPRESSOR OPERA YING TIME % 7 {) 



.A.Z~L.\. YESH I~DlJSTRIAL FACTORIES CO. 

R lJ-k! PROTOT'{PE TEST SHEET 

PRODUCT N.-Me : REFRIGERATOR 

• SERIAL. NUMBER : NON 

CUSSiFICATlONt TeST CONDITION • T. 

cow:>ResSOR NAME: D"""'/oss 

VOLT 220 AMPER HRTZ. so 

INSULATION TYPE : POl. YURITI-flNE 

THERMOSTAT TYPE 

FrEEZEr Ail Temp. t, c 

Frffz&r IW T .omp . t z c 

Fr"2s MGn T~mp. t m 1 

Frff%8 Bult> Tenp . t .. 

RE'fngErator Comp. Temp. t • 

Rffn~rator Comp. Tsnp. t 6 

REfrlgErator Co~p. t; 

DESCRIPTION 

MODE\.: AR06 

PROTOTYPE NUMBER : If 6 - 0 ~ 

MODEL: TL~G 

All'"AIGERANT \WIGHT GR ~ ()0 

REF. INSIDE VOLUME UT . ~ J' 0 

.::... ~- ---
-? -IS 

-II -lb 

-10 -13 

-10 -IS 

-is; -2i 

+K +! 

+8 r8 

-t-7 +~ 

Refrigerator Comp. Mean Temp . t ma ... ~· +r 
Crispu Comp. T4imp. t • +f r8 

-------------···. -----------t-----+ 
CompHSSor SMll Temp. 60: 7-) 

S'"S' ~ 6s 

s-o 65 
• Suction T•mp. jg. tt5' 

REMARKS COMPRESSOR OPERA YING TL\-iE % 65 

~--~ .... 

... :"'. 

.. 
... 
w 



AZM,\ YESH lNDUSTRl1\L FACTORIES CO. 

RlJ-la PROTOTYPE TEST SHEET 
5.:10 

FORMNQ. __ _ DATE ___ _ 

.. 
PRODUCT NAME A~ MODEL l\!'?OS 

.:.. .. 
:: 

SERIAL NUMBER - - PROTOTYPE NUMBER K-8-1 
~ ... 

-~ 

CLASSIFICATI'JN, T~~T COtK."TIQN I( 

COMPRESSOR ~J, ... J'~lE 1\~rJ·~' \ MODEL f.n 10L8 l 22 
,; 

WATT. CAPPC.ITY i.t.:J II. PO'lr.:R CONSUMPTION . WATT. i!4 H.w 
!! 
1 

VOLT 220 M1PER HRTZ. )) FllFRIGERIWf Vll'EIGHT GR 100 /(_ 
~ 
-__ :a 

INSULATION TYPE CJ .C re.? :i REF. INSIDE VOLUME UT. 2~0 

THERMOSTAT TYPE 
-------------- -~I "'°- ~-

-~~I ~-
FrEEZEf /JJr TeTp. t, 

FrEEZEf AJr Temp . t z 

FrEEZEr /JJr Temp. t 1 

Frffzs Mean Temp. t m, 

't Frffn.r Bulb T~inp. t .e 

R~frlguator Comp. Temp. t, 

Rtfrlguator Coinp. Temp. t 5 

ti REfrlgcrator Comp. TEmp t 1 

._.. REh1gErator Comp. MtEan TEmp. 

rJ. CrlspEr Comp. TEmp. t 1 

.y_ Comp"ssor Shell Temp. 

~CondEnsu lnld Temp. 

"'Cond£nsEr OuHet T Emp . 

-,.. Suction T~mp. 

t ma 

-121 , 
-t:d 

I 

-12 

-li 

-15 

-1 

... .. 
+~ 

+l 

+~ 

/.() 

-lo· 
-i5 

-1:: 
-21 -
-1 "! 

~· 

l 
i .. 
4 .. .. 

·:-:! : .. ,_ 

+l :!; 

+4 ~ 
.;~· 

~ 
!.4 i . 

~ 



AZM1\ YESI-l INDUS'fRl1\L f f\CTORIES CO. 

Rl34a PROTOTYPE TEST SllEET 

FORM NO. __ _ 

PROOUCT NAME ,\ ~ 
•.:tr------------

SERIAL NUMBER --

ClASSIFICATION.· re;r CONCITIO~I 

COMPRESSOR NM/IE AS::>en 

WATT. CAPACITY W~ 

VOLT 220 ,~1..~PER HRTZ.. 50 

DATE ___ _ 

MODEL :\;:!Qj 

PROTOTYPE NUMBER ~-f 

MODEL Ji:> 1N3 l 2.2 

PO'.·.~ CON5l.'!'APT:ON . WATT 24 H,. 

RIF~~ERf-NT 1/J!;!':itfl' GR l CO 
.. 
' 

-~-------~---------- -------------·--•· 
INSULATION TYPE C. ,: • : ~. l-" OJ :.1 REF. INSIDE VOLUME UT. 130 

lliERMOSTAT TYPE 
-- _C!"~ ~~-:. 

FraZEr AJr Tur.p. t I 

Frenu AJr Temp. t z 

-121 -1~ I ;. , 
I --lJ I -11.> I : 
I I 

FrEnEr AJr Tur.p . t J 

Freuf:r f,,,,an TE:np. tm. 

FrEEur Bulb Tu:ip . t ' 

l ~ I -1:; 
.• 

- " I ' . 
i ' -121 -15 

-lS l -21 
R•fr'guator Comp. TE1~p . i s 

-2 -3 
R1frl~!rator Ccr.p. TF.mp. t c ·7. +1 

REfrlguator Comp. T e:np t 7 +3 +2 

REfrlgEriltor Comp. Mean TEmp. t mz +l 0 

Crfspu Comp. Te:np . t 1 +/, +3 ~ 
4· 
tr • . 

:,5 GO :· ComprEssor Sh~ll TF.mp. 

CondcnsEr lrlEt Temp. .:,u ~5 

Condenser OuttEt TEmp . +19 .30 

Suction T Emp. w 19 

REMARKS 



AZivL\ YESI-I INDUSTRlf\L FACTORIES CD 

RlJ4a PROTOTYPE TEST SHEET "'l 
PAGE 5 - #o-

FORI'vt NO. <'OlB DAT~4~ 
1 ~~·~~t:ru:1~•.1;11.~~~~.-...:'?i.u:r~~'"~!~~~- :.·.tt03:i.'nl1;tc1•t\ll!~!!.-.~l~""l1~! 

DESCRiPrlUN DLSCRll'rtON :a. 

PROt'UCT NAME A. R MODEL AR08 

. .. • 
SERIAL NUMBER /JD/{ PROTOTYPE NUMBERf8-i l 

-.1---~~---------~-----~--------~----a· 

••1--C_L_AS_s_1_FtC_An_o_Nl_Te_s_T_c_o_NC1_T_10_N_T_ro_p;,_1_· c_a_1_, __ MIE_•_ENT __ TE_MP!!_RA_TI..Jne ___ 4J_' _____ t 
COMPRESSOR NAME l'.spera MODEL or ll)t.3 l 22 f~ 
WATT. CAPl<JTY 108 POWER CONSUMPTION. WATT/i!4 Hn. s· 

~~~~--~~~~~~-i 

VOLT 2;:0 AMPER HRTZ. 50 111FniGeRNIT WEIGHT GR. : CO . 
INSULATION "TYPE ~: . F . :: . P. F·:' ,\ ~-f 

THERMOSTAT TYPE 
-~L-~- 2~~i-~-:r 

FrEEZEr AJr TEmp. t I 

FrEEZer AJr TEmp . t It 

FrEEZEr AJr TEmp. t ' 

Fr"z~r MEan T4rmp. t m I 

-10 I -2e1 
: 
;4.. •. 

I i 

, . ' -111 -.-.1' 

-10 -20 
I 

-10 -2 - _ .... 

FrKzu Bulb TEtnp. t .. -1 l. -22 .-
R~fr1guator Comp. TEmp. \ s +J +2 

RtfrlQtrator Comp. Temp. t • +l. +J 

REfrlguator Comp. TEmp t 7 
+5 +l. 

t mz 
,,.,,..-

•l. +.3; ;' REfrlgErator Comp. MEan T Emp • 
---

CrlspEr Comp. T Emp . t • +7 +G 

Compffssor 5hEll T Emp. 70 75 

45 '· 65 ) 
./'-

) / 

45 so 

CondensEr lnlEt TEmp . 

CondEnser Outlet Temp. 

,,.,,--
) 41. 45 

Sudlon T&mp. 

.. .._ _______ ....,, .... I cue 0 5 '" Ai • SOUOUUDUiCI 

REMARKS Working percentage ~% 



.AZ~L~ YESH INDUSTRIAL FACTORIES CO. 

R 13..t.J PROTOTYPE TEST SHEET 5_13 

PRODUCT N.-ME : REFRIGERATOR 

NON 

CUISSiFICATION, TeST CONITlON • T· 
-

COMPRESSOR NAME: Z~ 

WATT. CJJrrPKJTY: !Pf WATT 

VOLT 220 /llNPER 1-RTZ. 50 

INSULATION rtPE : POLYURITiilNE 

THERMOSTAT TYPE 

FrEEZer Nr Temp. t, c 

FrHzs Alr T•mp. t 2 c 

FrEEZ& /ltJr TEmp . t J c 

FrH~a Mean T.omp . t m , 

Ffff2V Bulb Tanp . t • 

REfngErator Comp. Temp . t • 

R&fri~rator Comp. Tsnp. t 6 

REfrlgErator co,..f. t 1-

AefrlgerAtor Comp. Milan Temp . 

Cr~p4ir t:omp. T4imp . t • 

Compressor SMll T.mp. 

Suction 'Temp. 

D a-/ e /o f'fac:i f':,

DESCRIPf ION 

MODEL = /.J~o K 
PROTOl'YPE NUMBER: Kf-o.2 

POWleR CONSUMPT10N. W.ATT1i!4 ttr. 

Rll'nlGeRNVT Wll9iHT CiR. ~ tt:J 0 

REF. INSIDE VOLUME UT. 2 3 0 

-10 -.lo 

_,, -22 

-lb -2( 

-10 -.1/ 

-If -2y 

+J t-2 

1"5 ,.3 

-1-S- ~' 
t ma -rf +5 

-t "7 +& 
--··-

1S ~ 

(/~ 67 

(fS so 
lf O ff 

REMARKS COMPRESSOR OPERA Y1NG TIME % b S" 



.A.Ztv1A YESH I~DUSTRIAL FACTORIES CO. 

R 13...:.1 PROTOTYPE TEST SHEET 
5-1~ 

e>o,/e: 10 //laa f-;,-

~=-====-~--.. =---=-~llllmll~ 
DESCRIPTION DESCRIPTION 

MODEL : ARD g 

• SERIAL NUMBER : NON PROTOTYPE NUMBER: R J'-0.3 

CUSSIFKATIONiTeST COMXTION ° 1" 

MODEL : ES CS J-1 

VOLT220 AMPER HRTZ.50 Rlt=RIGERANT' \'Vll!IGHT GR. 11 /) 

INSULATION rtPE : POL YURITI-flNE REF. INSIDE VOLUME UT. ~3 0 

THERMOSTAT TYPE 

Frffzs All Temp. t , c -IP -If 
~~~~~~~~-~~--~~--

FrE&Ztil' AK T 1tmp . t z c -17 

FrEEZa Ntr T~mp . t 1 c -If 

FrHZs MEan T'mp . t m • -!/'. 

FrMZu Bulb Tanp . t .. -21. 

REfngErator Comp. Tsnp . t • .,.. J' 

REfrtgErator Co ""('. t ~ 

... Crisp4ir Comp. T4imP • t • 

Compressor StMll Temp. go 

{,S 
Condens«r Outf•t Temp • ;o. 
Suction Temp. 

REMARKS COMPRESSOR OPERA YING TIME 



.:\Zi\fA YESH I~DlJST~IAL FACTORIES CO. 

RlJ.!:.l PROTOTYFE TEST SHEET 5_15 
"DcJ.e ·. f o ftl~ 1~-

- ~-----DESCRIPrION 

· · PRODUCT NAME : REFRIGERATOR MOOEl.. : A~O K 

SER!AL NUMBER : NON PROTOTYPE NUMBER: Rf- 0 9 
CUSSiACAT10N- TeST CONIJTION ° r• 

COMPRESSOR NAME : {)am o5S MODEL: TLsG 

WATT .CN'N:Irv: 1oiwATT 

VOLT 220 AMPER HRTZ. 50 

INSULATION TYPE : POL YURITHINE REF. INSIDE VOLUME UT . .23 0 

THERMOSTAT TYPE 

FrEEZer NI TEmp. t , c -// -2.D 

FrHz&r IW T&mp . t z c -11 -1i 

FrEEZ& Nr Temp . t .1 c -/() -1.I 

Frsza Mon T&mp • t m , -//' -:11: 
I 

-IS. -2s 
I 

FrffZ& Bulb Tanp . t 4 

REfngErator Comp. Tenp. t 1 +,-: ~j' 

+{,: 
I 

R&fnguator Comp. Tenp. t 6 

REfrigErator Co '"P t;. .,.:,.. +3· 
t m.w 4-6' t} 

Crtsp<lir Comp. T<!imp . t • ff ri' 
- -----. 

Comi..,cssor SMll Temp. 'S: 80 
Cond6"· .,. lni.t T.mp . 5'$": 6!i 

~p I 95. 
•• Suction Temp. f(() : fS 

REMARKS COMPRESSOR OPERA YING TIME % 6 S 



~Z' i A,_,::-""'-_; T'~DT l'STRT ..\ { l= ... C7 0RTES co ... -~-- ... ,_. .. ~ ...... ~~~ ·-" v & a. .... -.~ .... :... ..:.. J... .. • 

~E-!~ PROTOTYP!: TEST S!-J..E!:.T 

:.:;.. ;wu~___......_-=-=--:.::.•.t' a ea . a c _,~·~~~;:-~.- . .:-iii,l\oli:c;.~~~Q6Y" 
-.: -~~_..a&~~~.:~•-:t-·. . ~:~~;.-_.:~........---. ...... -..:.:· ~-,;;,,;.::....._ . - - . ·..::...~-=-~· 

t.~ '"'c~cn.r·:,. ........ ,. · '°"'.:-~c;•nr~--,- . 
- - .Va.-~ •'-.a• a. aV&'t ' ._,,._v •'-'• a. a.'J&..._ 

: -
! .: . •• I MC::>e-: ;:J,f/,P ~ 
. •.. ---------1.-; ..r, 

~ SERI~ l\:t.;: .. ::~ : r..;~:\I PROTOTYPE t."U:-..:=c.~ : /( /!)- -/ 
t1~----------------------1--------
~ N ~J (,.. cu:;~P.c.:.r.cNi-r.:~ cc.-..;:r.10r.o • • ~-r ~M?\;R.\"-"'~ : / t• ::. _. ,: --------------------.,.--------------=-------
'.i""." COw;>RE~S.:.~ r-.;~ .. ~;:;,: : C.o/J s./Q.' MOCEL : lh~ 5 8 .t.~;:_C, _______ ! 

.. : 

~ 
-~. 4 

POV.ieR c~~"MPT'.W:\; • v:;.77;;:..; t-1.-.. 
fl.""-"""------~------------~t----

h1 V~T~O HRTZ.50 -----------------------t---------------------- ~-~ 
~..., .......... .._.._ __ ....,._....__..._ __ ..-....,-..--------------•·•·.._-__, ....... _______________ ~-....... ---~--~.-r.-.."...-_____ •_---;t: 

THER~!.OST.~T TYPE 

Frcccr ;.,;,; T cm.,. t , c 

Freaa Cwl:J Tor.;; _ t • 

t m~ 

Cltspu Comp. T~mp • t • 

Comprcs;sor StMi:I T <imp. 

Cond6.nso..r ir.i..t 'i'..mp . 

Conc:Scn:acr Outt4't T6lmp • 

_ ... , . "' 
-l~ 

-)b 

-1 

+Z.. 

-t]. 

+1 

+ft 
(/0 

29: 

ti! 
t/i, 

J.... ,,, !.· . 

" ... 

~--------------------------------------------------------..-------~ ·'~ REM~S co~~R.ESSOR OPERA YP.\G TL\!E % ~ t) -· 
\ 

: 

.... ,._. .. ,. 



1\Z~t\ YESH I~D(jSTRIAL FACT<)RIES CO. 

RIJ-tl PROTOTYPE TEST SHEET 
5_'17 

·.! PRODUCT NAME: REFRIGERATOR MODe..: At'IO 
~-------------------~ 

. SERIAL NUMBER : NON PROTOTYPE MJMBER : J? 10 - f --·--CUSSlFICA'!lON· TeST COflDTION • Y 0 

--yo--~.__ ________ ~ 

COMPRESSOR NAME : 60/rJ J a r MOOEl. : µf 5 8 L II EG 
------ ---------------------------

WAlT. CAP/ICJTY: /2. .,- WATT POWleR CON5UMP'110N • WATT. i!4 Hrs 
---· 

VOLT 220 AMPER HRTZ.50 Alf'Rlt""aERANT \WliHT GR / ~ 5° 
------------~--l.-------- -------

INSULATION TYPE : POL YURITHINE REF. INSIDE VOLUME UT. 2 j'~-

niERMOSTAT TYPE 
Olli ..c o-

-fl -15 
--------

FrEEzer Ail TEm!). t 1 c 

~------ -·-----------·---- ----
FrKZ&r Air T &mp . t ~ c -12 -11 

•::::--------- ---·. --·--- --- ~-----------....--
FrEEZEf Nr TEmp - t J ' -13 -lb 
FrffZe ~an T~mp . t m , -12. -/{, 

: 

-f~I -23 Fr.aer Bulb Tenp. t. 

REfngErator Comp. Temp. t • + 2' -I l 
----------

R~fnguator Comp. T flnP. t 6 +J: 
I 

+f 

co~p i~ .,., . .,. z. 
--- -

tJ .,..i 

t-'I +] 
---------- ·----- ----··· 

5''-) ' ,0 
Condans•r lnln Temp 

Jc,-! V> ----------------- - -----
J..o . JO 

. ------- - -- ..... --- - ·------ --- ~--- ----
•• ~". ~.mp. 2s 1.6 

REMARKS CO~fPRF.SSOR OPERA YING TIME % J ~ 



AZ:tvt1\ YESI-1 INDUSTRIAL F1-\CTORIES CO. 

R 134a PROTOTYPE TEST S HEl:."T 
PAGE 5- l.1 

FORM NO. t:JO /6 DATE l'f4 Y l'/f:J 

mr.u;r..~ta~l!t···~~~~~\"~~~1o~\~~~·,~-.~·o,~SZ:1Mi:o-;••&'il!~~fl-~.&~"'1~•i; 

DlSCRil7 1"lUN OESCRll7rtON ~ 
:t 

PRODUCT NAME A . ll MOOEL ,\ ll I 0 f. 

SERIAL NUM9ER /tH)/V PROTOTYPE NUMBERR/O-/ f 
f----~---~----------- ---------~~~--~-~-&• 

& ... ,_c_l._AS_s_1F1C_A_:no_ .. _'-'_Te_s_T_C'_l')f'_. _D_T_IO_N_T_r_o~p_i_c_a_l ,_Nlf!Jf __ ENT __ re_MPE __ RA_ru_Re ___ 1._.J_c ____ ~ 

COMPRESSOR NAME Goldstar i 
1
_M_oo_EL __ N_R_S_3_L_A_E_G _______ _,.: 

WATT. OtPACITY 125 POWeA CONSUMPTION • WATT, 24 HI• 

VOLT 2:0 AMPER HRTZ_ 50 RllFR\GERN'IT Vlle!GHT GR. 125 
-- ·--------------~ 

INSULATION TYPE C.F .C. FO.\M REF. INSIDE VOLUME LIT. 28~ 

THERMOSTAT TYPE 
CN' NO. O~· 'VO T --- ··-1-- ~-·-;; 

-t) ~a • -, ~ 

.. 

~ 

FrEEzu >Jr T Emp . t • -12 -19 J 
FriEEZEr IJr T Emp . t 1 -lJI -ZO 

-1.1 -20 
FrHur Bulb TEmp • t .c -16 -2.J 
Rtfrlouator Comp. TEmp . t s 

+J +2 
Rdrkjtrator Comp. TEmp. t • +5 +I. 

Rdrlou:ator C"mp. Temp t 7 +7 +G 

REfrl9uator Comp. Mtan Temp • t ma +S +4 

Crlspu Comp. TEmp. t • +7 •G 

ComprEssor ShEll T Emp. 80 85 

CondEn~m lnlEt T fmp . 45 GO 

CondEnsu Ou&t T tmp • 45 98 

S•Jdlon T ""P· 44 1.5 

REMARKS 
Working peLcentage = GS % 



1\ZtvlA YESI-l lNDUSTi~li\L f1\CTORIES C<) . 

RlJ4a PROTOTYPE TEST SIIEET 

FORMNO. ooa DATE tlAy /?fs 

tn!#4AU.srnu~r. mnmn11uitl:-.'~•-l.I\ u.,"4u;1 ~ .... : !"' • lT ~;..'"! .. , ~~;--.-~,. ,1._ .... _ ,L(~c.::•u:, ,;,.h~! 1;' I!:'~'•~~"' , , . = 

DESCRlVrl(JN DESCRIPTION 2 · 

PRODUCT NAME .\. R 

SERIAL NUMBER fl~N 

--------------:· 
MODEL 1,R 10 

PROTOTYPE NUMBERi'P- .'< 

;&; 
T. 

------------------ ---------------~! 
ct.AS~IF!CAnoN.1Tesr coNCITION T rep i ca I JWIBIENT TEMPERATune !,J i 
COMPRESSOR NMllE 1\spera MODEL OP l ! 11 /.: f __________ ___:. ____ ---------------->· 
WAIT. CAPACITY l ..,r; ..__,, 

VOLT no AMPER HRTZ. 50 

INSULATION TYPE 1:.F.C.R - FC\\ M 

POwen CONSUMPTION. WATT•24 Hn1 
:t 

1 
i 

RIFnlGERJ\NT WEIGlfT Git r z~ ~ ---------------i 
REF. INSIDE VOLUME UT. 28'; [ 

~I=-=======================-=========================;===============~ 
TI-iERMOSTAT TYPE 

FrEEZEr Air TE mp. t I 

FreEzer AJr Temp . t z 

Fre.::zer Air TEmp. t I 

Fr"ZEr MEan T.;rnp. tm1 

Frffzu Bulb Temp. t .. 

RtfrhJerator Comp. TEmp. t' 

REfrlguator Comp. TEmp. t • 

. REfrlgerator Comp. Mean TEmp. t mz 

Crisper Comp. Temp. t I 

Compu;ssor Shell Temp. 

Condenser lnfEt Temp . 

CondensEr Out1et Temp . 

Sudlon Tfimp. 

REMARKS Working percentage "' 56 % 

"'r"l'l---------llll:z .. - ··~-~"""····· 

- ) : 
. - ' 

~ I 
-0 

-9 

-16 

+5 

~7 

80 

44 

7_:,_~-: 
- .. 

- .t. .~· II .r . 

- ! ~ ! ~ 
I 



AZ:tvt~ YESH INDUSTRIAL FACTORIES CO. 

Rl3-l.l PROTOTYPE TEST SHEET 5_30 

uCk--L:= : I)- /la.(1 fs-

PRODUCT NAME : REFRIGERATOR MODEL : A If I{) 

. . SERIAL NUMBER : NON PROTOTYPE NUMBER : R //)- 03 

.. CUSSIFtCAl10Nll&T CONDITlON "T" MelENT' TI!M'EAAT\JAI! : 3 "c. 
COMPRESSOR NAME: 2~ MODEL: (,l 6 t> All 

WATT. C>iPPC.fTY: { 2S' WATT POV\leR CON5llaFT10N. WATT/~ Hrs 
f--~~~~~--=:...:.:.=.~~~~~-+~~ 

VOLT220 AMPER HRTZ. 50 Rlt"AIGeUNT we&HT GR I 2 ~ 
~~~~~~~~~~~~~---tr--

INSULATION TYPE : POL YURllHINE REF. INSIDE VOLUME UT . 2. 8 ':>-

lliERMOSTAT TYPE 
QN lllC. a-

FrEEZer NI TEmp. t. c -II/: -If 

FrH2&r IW T&mp. t z c -a -If 

_,,: -20 
I 

-12. : -It 
FrHZ8' Bulb Tenp . t 4 I 

-/6 i -2]. 

REfngErator Comp. Tsnp . t • -tJ t 1-2. 

R~fr!Q&rator Comp. Tanp. t' t6; +s· 
REfrlguator Co"" p t ~ 6'. +4 

t m. +5" i +'I 
-tf. 1-1- ' 

Compr.ssor 5tMll Temp. lo I ts 
Cond~n•• lna.t Temp . s-ol 65 

qo: o~ 

qo1 f) 

REMARKS COl\-fPRESSOR OPERA YING TIME % t 0 



i\ZwlA YESH I~DUSTRIAL FACTORIES CO. 

RlJ..!J PROTOTYPE TEST SHEET 
li-31 

Do...ie: '5" tla.a r~ 

PROOUCT NAME : REFRIGERATOR 

SERIAL NUMBER : NON 

CLASSiFlCATlONiTEST CONDITION "T • 

COMPRESSOR NAME : "Do.41.5S 

MODEL : /IR//) 

PROTOTYPE Nl:MBER: R/IJ-tJV 

MODE\.. : /:" R 7- r 6 

WATT. CAPN:ITY: /2 '$WATT PO\NeA CONSUMPTlON. WATT,-i!4 Hr. 
--~----'----=;..._~------t--~ 

AlflRIGERANT Wl!lliHT GR f 2 .) VOLT 220 AMPER HRTZ. 50 

INSULATION TYPE : POL YURITHINE REF. INSIDE VOLUME UT - l j' S 

Tl-lERMOSTAT TYPE 

FrEEzer NI Temp. t 1 c -16 
------- --------------------

Fr&Zlif Air T Emp - t z c -12. -Jg 

FrEEZer ~ Temp . t J ' -}() -17 

Fr"zs MAR T'mp . t m , -I~ _, 1: 

FrHZv Bulb Tanp . t • -If -.2.l. 

~fnguator Comp. Temp . t 1 t'I. t3 

R6frJQUator Comp. 1 M1p. t .. t.6 ; .,. ') 

tS t) 

+r +'I 
Crispu Comp. T4imp • t • t9 t-f -- -----

f b IS 
)(), 60 

(/()I 'II 
Suction Temp. 31· rs-
REMARKS COMPRFSSCR OPERA YING TIME % 7-0 

--



AZ!vl1\ YESl-I lNDUSTRl1\L FACTORIES CO. 

RI J4a PROTOTYPE TEST S HEE-T Pl\GH 5 - 3l. 

FORM NO. e>e,o9 DATE llPR/L ?s 

~ . tllft'l~fttJitt:filtLCC!\f':\1f;.1~i\~~~~:?\••t'l'!~~·~!~~~~---;.·niQ1:;N::o_<u\IA~~~f;l~'?I!'-'! 

VESCRll'TIUN lJESCIUl11"10N ~ 

PROOUCT NAME A.R MODEL t\Rl2 

SERtAL NUMBER PROTOTYPE NUMBER.(Q-2 

••'--C-~M!S_s_1F_K_A_TI_O_Nl_Te_S_T_c_o_N_~_T_~_N _____ , __ N.Je __ ,e_NT __ n:_MP@ ___ A_A_Tunt! __ ~1_8_c ____ t 
COMPRESSOR NMnE Dan fos s MODEL FR 8. S G t 
WATT. CAPACITY 158 POW'EA CONSUMPTION . WATTi24 Hrs 

VOLT 220 AMPER HRTZ. 50 RIFRIGenN'ff wetGtfT GR. 150 i 
-----------'-----~~ .. 

it INSULATION TYPE C.F.C.R FC'AM REF. INSIDE VOLUllJ1E T . ~1.0 

THERMOSTAT TYPE 
&i1---------------------- --- -~~ Ol'r'!_~-~I 

FrHzEr AJr TEmp. t I -i3 -14 i: 
FrEEZEr AJr Temp . t. 

Fr1;€zEr AJr TEmp • t I 

-lll -15 

"' -IJ -14 
l*: 

FrffZEr Mc:an "'lt<mp. t m I -IJ -14 

FrHztr Bulb TEmp. t .. -lS 
R6frlQ~rator Comp. TEmp . t s .. 2 

RefrlQerator Comp. TEmp. t • +2 

R•frlguator Comp. Temp t, . ..j 

REfrlguator Comp. MEan TEmp . t mz ... 2 

CrlspEr Comp. TEmp. t • 5 

ComprEssor ShEll T Emp. JO 

-., ·- '-CondEnsEr lnlEt T Emp . 

Cond1nsu OUH&t Temp • 20 

Suction T ""P· 18 

REMARJ<S Working percentage = 17 % 



1\Zivt1\ YESI-1 INDUSTH.IAL f1\CT<)RIES CO. 

FORM NO . .:20/5 

R lJ4a PROTOTYPE TEST SI l!:ET,__--=-P.:.--=-:tqE 5 -3.3 

DATE 111.f '¥} 

~a~urnruu-:~c•M~lm~'!F-••l\~~:u\ ........... -~ .. ·'Z?'~ .. ,.~~~!•:Jo- ;.•,tt:~1:;t\.l.1,'~"''Q~~~~~~~-~!~'.! 

DE.SCRllTIUN DtSCRIPTIUN ~ 

PROOUCT NJ\ME :\ . R MODEL :\ :l I :: 

SERIAL NUMBER !#JN PROTOTYPE NUMBER ~ /:l-Y 

. CLASSIFICATION n:5T CCNOITION 

COMPRESSOR NAME 1\c;pera MODEL 0 ll lG Z 

WATT, CAPACITY ! ~'3 POWER CC!lr.>UMPTION. WATT, 24 Hnt 

INSULATION TYPE 1: _ F _(. !l - FOAM REF. INSIDE VOLUME LIT . .]t.0 

THERMOSTAT TYPE 
.;'!,--------------··-------

FrnzEr AJr TEmp_ t, 

FrEEZEr Air T Emp _ t z 

FrEEZEr Air TEmp _ t 1 

FrffZEJ Mt<an T Emp . t m , 

FrffZEf Bulb TErnp. t .. 

REfrlQuator Comp. TEmp • t s 

Refrl9uator Comp. TEmp. t • 

REfrigu :ator Comp. TEmp t 7 

REfrlgErator Comp. MEan TEmp . t ma 

C1lspu Comp. TEmp. t. 

Compu;ssor 5hEll Temp. 

CondEnSEJ Inlet TEmp. 

CondEnsE: Outh;t TEmp . 

Sudlon Temp. 

REMARKS Working percentage = 20 3 

-l~ 

' -!.l 

-17 

2 

J 
., 
l. 

5 

26 

21 

20 

18 

-17 

-10 

-l7 

-17 

... ' -L._. 

G 

2 

5 

32 

22 

19 

.: 
! :!: I 

I ·.i 

I ~ 
i ·-
I :i: I 
I 
I 



AZMA YESI-1 INDUSTRIAL FA.CTOR.IES CO. 

R lJ4a PROTOTYPE TEST SI IEE I 
PAGE 5 -3t 

FORM NO. aQLf 

n:t• ~11~:·-·~ ~i'~l~oe.;_,..~!· .. ~·~ .. ~·!·~•;.-..:!.i\h-_:<"-~C.::t'l.lo,,,rrn~u~~~~!~1! 

VESCRll7 rt<JN Ul_:~CRII'rl()N :a. 

PRODUCT NMAE A. R MODEL AR12 

SERIAL NUMBER /./~,¥ PROTOTYPE NUMBER~ /:J-:{ t 
f------~--------~ ------------~ ---~ 

~-CLASSIFICATION/TEST CONDTION Mc<li'!r:i !-e .MllJIENT TeMPERATum! J2 ..:: -
·------------'"-------~ 

MODEL FR 8.5 G j~ 
IHlf---~-~-----~---- --------------~·· 

COMPRESSOR NAIVIE Danfoss 

WATT. CAPACITY l )8 POWeR CONSUMPTION. WATT!i!4 Hrw .. f---------~------ -------
VOLT 220 NAPER - HRTZ. Si.' RIFRIGeAANT wetGHT GR. lJ-o -

-~f---------------'---1----------..;;,.=.-"------~ 
~ 

INSULATION n'PE C.F .C.R F0A~1 REF.1NSIOE VOLUME LIT. ; 1:0 t 
··~~r.-:-3·,. 'l£•• ·1! 

r----.,..----- -11-iERMOSTAT TYPE 

FrEEZEr IJr Ttmp. t 1 

FrEEZEr Ak TEmp . t • -ll. -ll. 

FrEEZEf AJr TEmp . t 1 -14 15 
FrffZCf Mcoan TEmp. t m • 

-14 15 
FrHze Bulb TEmp. t • 

-15 -20 
R5frlouator Comp. TEmp . t s 

+4 1-J 
Refrlo"rator Comp. Temp. t • +5 i-4 

Rtfrlouator Comp. TEmp t 7 +6 .. 5 

REfrlgErator Comp. Mun TEmp. t ma +S i-4 

CrlspEr Comp. TEmp. t • 6 ) 

ComprEssor Shell T Emp. St. 58 

Condenser lnld Ttmp . .39 55 

Cond1ns«r OuH1t T imp . .35 19 

Sudron Temp. 
.32 f.13 

REM~KS Working percentaqe = 40 % 



AZivl1\ YESl l INDUSTRl1\L F1\Crr<)RIES CO. 

R l34a PROTOTYPE TEST SI IEET---=P'-=-A~GfJ __ 5 ~$$ 

f-ORM NO. oo/r.,r 

nit.time. • ~ _ •t:rcettr,~:C!.li. t .. f\:.n.:~l!\:.-""':!\•"t..T~~~ ....... i..~ ~i\u.- .•"' nc~1:.;tu~:•·1•,,Q,~ft;:~"•''~: 

OLSLIHPll<;N Dt:SCl{Il'rlUN :a 
---------------~ 

PROOUCT NAME 1\ . it MODEL ,\ il ! ::. 
J; 

SERtAL NUMBER wcri PROTOT1 .-'E NUMBER t.., 11- f' 
,_ 
~ ._ ': ----

COMPRESSOR NN\llE .\:.p~~'l MOO EL 

WATT. CAPACITY l ";.3 POweR CONSUMPTION. WATT C!d Hnl 
.. 1----------------- ------- 1 

i: 
VOL r 220 AMPER HRTZ. 50 

-
_Rl_F_Rl_G_E_R_llNT __ ~_-_1G_HT __ G_~--~ ~-~ ::_. ------~· ---------- . 

INSULATION TYPE •::: . F . ::: . I? -

THERMOSTAT TYPE 

FrEEZEr /IJr TEmp. t I 

Fr£eur /!Jr Temp . t ii! 

FrE1£ZEr /\Jr TEmp. t • 

Fr"ZEr MEan TEmp. t "1 I 

Frffzu Bulb TEmp. t .. 

REfrl~uator Comp. TEmp. t ' 

Rtfrl9uator Comp. TEmp. t • 

REfrl~u~tor Comp. TEmp t 7 

REfrlguator Comp. Mean TEmp . 

Crlspa Comp. Temp. t. 

Compressor Shell Temp. 

Condenser lnlEt TEmp . 

Condensu OuUEt Temp . 

Sudlon Temp. 

. 
REF. INS10E VOLUME UT . ~ 1 ,i) F·~t\ ~-f 

t mz 

- ...: ..,. ·~,. "', "'="" •.• •! 

..-.----.--~-· 
~ ~· - -----·-

• r, 

.. 4 

56 

J7 

JJ 

JJ 

er,,., "VO 1' --·--·-
I ~· 

-:6 I 
I 

. q I -Li 
-I '_I : 

~~~ 
~1 

;-) 
:,_:.;: .,,,,· 

'I 
SJ / 

·, J8 J 

4 

REMARKS Working percenlage = 1.1 ~ 



AZtvlA YESI-1 INDUSTRlf\L FACTORIES CO. 

R lJ•la PROTOTYPE TEST S l IL;ET PAGE 5 - 36 

FORM NO. 0008 DATE llP~1<. ?\-

PRODUCT NAME f\. R MOOEL f\R 12 

SERIAL NUMBER ~/\/ PROTOTYPE NUMBER (J'J., -i 

C\.NiSIFICATlON/TEST CONDITION Tropic a l AMBIEl\rr TEMPE RI\ nm@ I.. J 

COMPRESSOR NAME Goldstar MODEL NI~ 62 LAF. G 

WAIT. CAPACITY I j8 PO~"'Eq CONSUMPTION. WATT/24 H111 ---------------i 
VOLT 220 AMPER HRTZ. 50 RIFRIGERANT INEIGHT GR. l 25 ·• 
--------------~--------------~i ii 

INSULATION TYPE (. F . C. R - F01\ M REF. INSIDE VOLUME LIT . .~!.() i 
1111----------_,.------------------....i.--------_,;c=----=..--=-=-=-= ...... -~ 

THERMOSTAT TYPE 
~u~~·or:~"'l\r '4!"'"'•~1!' 

_T 

-~I NO o~~-~ 

I 
I ~ Fruzu ~ TEmp. t I -7 -'.? I 11. 

t FrEEZEJ AJr TEmP . t. -8 -lO ... 
Fruze Nr TErnp . f I -9 - l l 

:=rffzg Miiian TEmp. t m I -8 -10 

FrffUJ Bulb TEmp. t • -lJ -18 

R~frlocrator Comp. Tenp • t' +t. +4 

R1frlgtrator Comp. TEmp. t. +5 +5 
REfrtgcrator Comp. TEmp t 7 +6 ... 6 

REfrlguator CofnJ-. MEan T tmp . t ma +5 +5 

C1~u Comp. Temp. t. 10 10 

ComprESSOf ShEll T Emp. 73 78 

CondEnse lnlft T anp . '.)O iG 

CondEnsu Outt.t T1mp . 45 51 

Sudlon Temp. t.4 45 

REMARJ<S Working Percentage s 55 OI .o 



AZ.tvlA YESH lNDUSTRl1\L Pf\CTORIES CO. 

R lJ4a PROTOTYPE TEST SI IEET ___ /!AG_E 5 :..~J 

FORM NO. ~a~o __ 0 t\ TE APR/!. ?.:,-

r ~-~'sftl; ... t::'CltUUl'\ 11 t~&,l..i\•~ ~tt~~.-....;.~o"t~~;J ...c.~;u;.;s!_.t '"- :..~,,...,~cu 1, .;tuhC\•fil~~f ~~-'"' 1tt i 
OESCRIPTlUN 01'.SCRll'rION :.. 

:'i· 
PRODUCT NNv1E A. R MOOEl. !\ R i 2 

~S_E_Rl_A_L_N_U_MB_E_R ___ //C_N _____ ,_P_R_O_T_O_TY_P_E_N_U_M_B_E_R_~_/._~_:z ___ = 
CLAS51FlCATION/TE5T COM)TICN T rep i c 3 J _NJfEJ_r_e_NT_n:_M_Pll!; ___ nA_T_U_Rt! __ ~_J _____ , 

COMPRESSOR NPME Danfoss 

WATT. CAPACITY 158 

VOLT ZZO AMPER -- HRTZ. 50 

INSULATION TYPE c . 1~ • -= . R !-Q,\M 

TI-f ERMOST AT TYPE 

FrEEzEr Air Ttmp. l I 

Frener Air Temp . t z 

Frt:Ezer Air TEmp. t • 

Fr.:czer Mnn TEmp. f m I 

FrHz~r Bulb TEmp. t 4 

R~frlgEralor Comp. TEmp. ls 

Refrigerator Comp. Ttmp. t • 

REfrlgcralor Comp. TEmp t, 

MOO EL FR 8.5 G i 
POVll'ER CON5U'IAPTION. WATT, 24 Hr• 

R!flllGERPNT 'J','E!GKT GR. 1';0 . ___ ii 

REF. INSIOc VOLUME LIT. _;,:J f 
••• -:.., .. _ ... ;3-,...· ~~-- "•! .. 
-~~ 

1-1 - )I 
-ul 
-ll 

'. -lu 

-lG 

+-7 

~a 

+-9 

':'f""'[-~_% 

-16 I = 

-44 i 
-15 

-15 

-20 

·6 

•7 

·8 

REfrlguator Comp. Mean TEmp. t ma ~s ... 7 

Crlspu Comp. TEmp. t • ~ 11 • 10 

Corr.pr1ssor ShEll T unp. 75 80 

CondEnsu lnld TEmp. 52 ~·o 

CondEnsEr Outld TEmp. 45 50 

Sudlon T &mp. 43 ;.4 

REMARKS Work 1 ng p~rcenr age = 64 3 



~..Z~L.\'YESI-l INDUSTRIA.L F;-\CTORIES CO. 

Rl34a PROTOTYPE TEST SHEET B 
PAGE 5-3 

FORM ~O. 0019 DA TE : APRIL 1995 

DESCRIPTION DESCRIPTION 

PROOUCTN.AME:REF~GERATOR MOOEL: ARt2 

SERIAL NUMBER : NON PROTOTYPE MJMBER :Rl2 - 2 

CLA551FfCAllON'l'E5T CONDITION • N • 

COMPRESSOR NAME : DANFOSS MOOEL : FR B.S G 

WATT • C/JJP/1£.JTY: 158 WATT PO~A CONSUMPTION • WATT:C!4 Hr9 

VOLT 220 AMPER HRTZ.. 50 RIFRGEA.MIT' YolelGHT GR Iii:> 

INSULATION TYPE : POI_ YURITHINE REF. INSIDE VOLUME UT .340 

TYPE 

t I ~ 

FrEEZEr AJr Tenp . t 2 c 

FrHzEr AJr T Emp . t 1 c 

Fruzt:r MEan Tt:mp. t m 1 -iO' -11/- i 
! 

FrHZEr Bulb Tanp . t .. -ts: -.20 i 
' REfrigErator Comp. TEmp . t • 1 o: 

Rdrfoeaeor Comp. T~p. t 6 8 71 
E\ a1 

I I 
t ma I 

Si 5.6! 
I 

13 I /.2 I 
I 

Ctlsp« CGrnp. T6mp • t • 

CompHssor Stwl T •r1wp. 80i 
I 

ts! 
ss 1 ;i;I 

I 

¥s: ss\ 
' 

~? ~ 
I 

.J ! Y')L ! Suction T-.np. 
---------,--------------·---1~- -----

REMARKS COMPRESSOR OPERA '\Th'.G TL'.fE 68li 



AZtvl1\ YESI-l INDUSTl{l1-\L f1\Cl-l)RIES CO. 

R IJ4a PROTOTYPE TEST SI lLE l 
PAGE 5-3' 

r-oRrvt No. Po/ :l DA TE l'Vl,Y t.21' S 

t !;G4cnc.111iuu.it:miu,m1i:arr.r:-C'!t··•i.J\:.l1!'4n·•~---:-?~ .. t·.~~a.·ll.-J~ .iv+-:" n.,..;.:.;n.u ,,ru&\l:\'n~~mf~a~ . ..u '"': 
DlSCRlPTlUN IJ!}iCRll'rlUN ~-

·-------------• . 
PROOUCT NNAE t\. R. MOOEL AR12 

SERIAL NUMBER PROTOTYPE NUMBER Kl-fl.-3 

.. 

.i. 
T. 

~ 
~ 

CLA551FtCATION1TE5T CONOTICN T rep 1 ca I AMB•El'IT TeMP!:rtATUl'll! t.J ~· 
·----------------~ 

COMPRESSOR NPME Tecamseh MOOEL A E JG1J K 3 56 l 

WATT. CAPl\CITY ~JC POWER CONSUMPTION. WATT. 24 Hni 1 
ii; 

VOLT 221J AMPER HRTZ. SC RIFRIGER.oNT WEIGHT GR. !JO ' .,.__ _______________ , ________________ f 
ii ·• 
.t INSULATION TYPE c. F .c. R - FOAM REF_ INSIDE v0Lur .. 1e LIT. J!.O 

THERMOSTAT TYPE 
':""t ·.o er,... ""'° 't" --·-- ---- j I .- ; 

-'.'.I 
- ....... ' .L. 

I I -' 
•-IGI -.. ..) ~ 

FrEEZEr Nr Terrp. t, 

Freezu Air Temp . t z 
I 

[•I ...,.., ' f - .. -1..:..; 

t ! 

-15 -22 i 
-15 -22, 

Fr£Ezer Air Tt:mp . t , 

Fr"zer M.;an T Emp . t m 1 

Frffnr Bulb T Emp • t .. 

REfrloerator Comp. TEmp . t , •i. •3 i 
REfrlgerator Comp. Temp. t • ·6 +5 
REfrl9er3tor Comp. Temp t 7 +8 +7 

REfrlgErator Comp. Mean TEmp. t ma 6 •5 

Crlspu Comp. Temp . t • +8 +6 

ComprEssor ShEll Temp. 52 73 

Condensu Inf.rt Ternp . 50 68 

Condenser OutfEt T Emp . t.6 55 

Sudlon T ~mp. 44 I 4 'j 

REMARl<S Worl<1ng percentage ~ GJ 3 



1\Zivl1\ YESH INDUS1,Rlf\L f 1\Cl'<)RIES CO . 

R IJ4a PROTOTYPE TEST S l IEL f 
PAG£ 5- 40 

FORM NO. 0013 DATE .IJ..A)~-_li 

1"m:s"l&it;ftli\1Al: t:rl'Jtl'..rtcl U;r:"t•l• :•·l\·h~n;'\~_;"".•••• .T ~:.; "''" _.~ :.-...o~ ~•:Ill • .-•·. 1\U?r.l;n.\ 1. 1t1•i•C1~~~! t~~~ ~' • ~ 
OlSCRll 1 r!UN Dl~SCRll'TION :a 

:; 
PRODUCT NAME ". R . _M_o_o_e_L __ A_R_1 _2 _________ f; 

1.: 
SERtAL NUMBER f'HH PROTOTYPE NUMBER~&~l_2_--~---i 

CLAS51FICATlONiTE5T t:ONOITION T rl~ pi c ,, I M.181E!llT TeM~MTUn@ /,J ~ 
COW?RESSOR NPME 1\~pera MOOR 0 l l 16 i:; ': ----t 
WATT. CAPACITY l'.)8 POWER COl\r.iUMPTlON. WAfT,24 Hn1 • 

i 
VOLT 220 AMPER HRTZ. 50 R!FqtGER.ANT IM:IGHT GR !J5 

INSULATION TYPE C. F .C. ll - FO.l\M REF. INSl:JE VOLUME LIT. ]W 

THERMOSTAT TYPE 
~I~ 

. --·-· 

-23 ~ 

_:zJ 
-i ;: 

I 
-l6i 

FrEEZEr AJr Tn1p. t , 

FrEEZU /\Ir Temp . t z . ! 

-2) ! Fr.;€%Er Nr Temp . t , -I8i 
I 

Fruzg MEan TEmp. t m c -17 ". -4:... 

1- -2l. -·I FrEEZEr 3ulb TEmp . t • 

.. 7 ·G 
Refrigerator Comp. TEmp. t • .. s +- 7 

REfrlguator Comp. TEmp t 1 .. G +-l. 

t m2 .. 7 
, 

+-\) REfflguator Comp. MEan Ttmp. 

CrlspEr Comp. Ttmp. t • 13 13 

Comprn5or ShEll T Emp. 70 80 

Condm5u ln!Et TEmp. 50 75 

CondEnst:r OuttEt T Emp . t.8 55 

Sudlon T~mp. 
t. 7 t.8 

REMARl<S 
Working percentage "' Gl % 

I 

~-

' it 



~~Z~IA YESI-I I~Dl;STRIAL FACTORIES CO. 

R!J-l:1 PROTOTYPE TEST SHEET 

. 
DESCRIPTION DESCRIPTION --...-..--------------

PRODUCT NAME : REFRIGERATOR 

NON 

COMPRESSOR NAME : Asp~rtA 

WATT • CJl!t,PACJTY: lo'+ WATT 

VOLT 220 AMPER HRTZ-50 

INSULATION TYPE : POL YURlllilNE 

THERMOSTAT TYPE 

MODEL: ARf"Z. 

PROTOTYPE NJMBER : R~ J. -f 

MoBENT TeaFERAl\JAI! : I f t1 C. 

MODEL: 8 fffl Z. 

POWl!R CONSUMP110N . WATT. i!4 Hrw 

AIFAGERMrr Wl!ICiHT GR I KO 

REF. INSIDE VOLUME UT . 3 l/ 0 

-----------
Frffzer All TEmp. t • r: -/~ -21 
FrHZ&J AJr T Emp . t ~ c -lb -ZD 

-------------+---
FrHZEr NI TEmp. t .1 c -II/ -1.0 

-15 -lo 

FrHZ& Bulb Tenp . t • -11: -41 
REfnguatm Comp. Temp. t 1 tr t~ 

R~tr19uator Comp. Tenp. t 6 +~ .. 3 

REfrlgErator Co~p f 1 rf tJ 
A frlgeratof Comp. Mean Temp . t m~ t'f tJ 

t. 
+E t' ------------------ - ------· --·-·· 

ss' '1s-____________________________________ 
'~: )~ ----------------
3 z, 3)' 

----------~---- -----
•• Suction T•mp. 33, 3q 

REMARKS COMPRESSOR OPERA YING TIME 



:\Zrvf,\ YESI-I INDUSTRIAL FACTORIES CO. 

RU-k1 PROTOTYPE TEST SHEET 
5- 'f-J_ 

-··!'!,. -

DESCRIPTIO~ DESCRIPTION -----
PRODUCT NAME : REFRIGERATOR MODEL: IJRFZ 

me--~---~------+-------------

SERIAL NUMBER : NON PROTOTYPE NUMBER: R~l - I 
CU&5'f9CAllONileiT CUNDITION • N • 

COMPRESSOR NAME : A~ tr9. MODEL: 8 fl{f Z __ _ 

WA~ CAPK.!fY: to L/WA_:rr __ _ POWl!R CON5UMP'T10N. WATT, i!4 tft 

_,,...._V_OL_ T 220 AM_PER ___ ~--5~--~- WIEGHT __ ~~---.!.R_t> _____ ~ 
INSULATION TYPE : POL YURlililNE REF. INSIDE VOLUME UT . ] St t:) 

THERMOSTAT TYPE 
+------------------- ::ll'O 'IC ::-

FrEEzer NI TEmp. t • c -If -18 

-If -19 
-t] -16 

FrHZs MGln T&mp . t m , 
I~ -If 

FrHZ8 Bulb Tanp. t • -Ii -2~ 

REfnguator Comp. Tsnp . t • t' t~ 
·-· ---------

~fna-rator Comp. Tenp. t 6 +c; t-1 
t) f3 -------- ---

Aefl"19tratof Comp. Mean Temp. t ~ tf' t3 
--

Crtsp~r Comp. T6mp . t • +{ t-i --- --------·-- ·-----· ----··. 

S-3 ,0 
-- . - -- ---~-

3~ ~~ 
--------

Con~ns•r Outfcr Temp . 1l 31 
Ji J'I 

REMARKS COMPRESSOR OPERAYIN'GTIME % Y'~-



AZivli\ YESH lNDUSTRII\L F1\CTORIES CO. 

Rl34a PROTOTYPE TEST SllEET 
PAGE 5 -':t-3 

FORM NO. 0006 DA TE AfR1L fs 

DROOUCT NM1E A. R. F. MODEL ft. ll F 2 

SERIAL NUMBER "'4'N PROTOTYPE NUMBER/f P.2 -/ 

CLAS51FICATION/Te5T CONOITION Trcpic~l A.omreNT TeMPERATUR'! l.J 

COMPRESSOR NPME 1\spera MODEL 13 l l 13 Z 

POW'ERCONSUMPTICN.WATTl24H~ WATT. CftPN:..:TY zc~ ,. 
a: 

VOl T Z '.:0 AMP ER HRTZ. : i~ RIF~GERANT V'.1'.:tGHT GR. l ~0 .i 
~~~~~~--~~~~~~~~ ~~~~~~~~~~~~~~~~ 

INSULATION TYPE C. f .C. R FOMA REF. INSIDE VOLUME UT . ,1i,O f 
·~ ..... ========·-=""""'======;;s;:==--===~=-'==---============~==:oi==========:i~ 

lliERMOSTAT TYPE '=""' •#(,.' ':,...,. -v:: ~ 

-·--, - -1-·- •' 
-G I -ls I ~ 

_-: I -1 t. ! 
FrEEZU AJr TEmp. t r 

FrEEZ£f AJr Tt:mp . t z 

FrEEZt:r AJr Tt:mp . t 1 -6 -IS 
Fr"zEr MEan T'mp. t m 1 -6 -15 

frffZEf Bulb Temp. t 4 
~ l. -ll 

R~frlQuator Comp. Temp. t ., 
•5 10 

Refrigerator Comp. TEmp. t • +6 d 

Refrlgucator Comp. Tf:mp t 7 ~i ~z 

REfrlgErator Comp. Mean TEmp. t ma ~6 ~1 

C1lspu Comp. Temp. t • +5 ~1 

Compressor ShEll Temp. 75 5 

50 0 
Condenser Inlet Temp . 

CondensEr Outlet Temp . 45 )0 

l.4 
,.. 

•) 

REMARJ<S Working percenlage .,. 1lf% 



I 

J 
I 
1 

AZ~1IA YESH INDUSTRl1\L f 1\CTORIES CO. 

Rl34a PROTOTYPE TEST S!lEET __ PA<iE 5 -t't 

I 
FORM NO. ooo 7 DATE BP/t!IL 'ls 

,flasin;iotcntt. :cr.nmnnitm~'!'l:. ;.111.~~iu~.~-""?•"~..-•• u~···~~~ tu- _"A' l'U?S::nu; "''ll"•;i·~~~.\\11"~ 

DESCRll1 rlON OESCRll'rlON :i. 

I PRODUCT NM1E /\ . R . F MODEL AFR2 

I SERIAL NUMBER ~N 

CLAS51FICAT10N/Te5T CONCITIOll.I T ro p i ca I MmtENT TeMP!RATUm! l.J j. ______ i 

I i .. MODEL V75 L1\EG COMPRESSOR NM1E Goldstor 

WATT. CAPACITY 204 PO~A CONSUMPTION. WATT;i?4 Hrw 

I 
INSULATION TYPE c.r.c.r r':' :\\I REF. INSIDE VOLUME LIT . 

1 THERMOSTAT TYPE CN; NO c,..,., """° 2 

I 

I 

I 

FrEEzer ~r TEmp. ti 

Freezu AJr Temp . t z 

FrEEZEr AJr TEmp • t I 

Freezer Mean Temp. t m I 

FrffzEr Bulb TEmp. t • 

--
=~-1-

----- : I 

-1) I ;L -I ~ - I I - l J I 
I -

-7 -U, 

--7 I -15 

+J -12 

R~frlQErator Comp. TEmp . t ' +6 +J 

I Refrlge1ator Comp; TEmp. t • +7 ~z 

I 
~s 'l. 

t ma +G ~J 

REfrlgcr~tor Comp. Temp t 7 

REfrlguator Comp. MEan TEmp . 

I Crisper Comp. TEmp . t • +6 +J 

ComprES50f Shell Temp. 50 92 

I CondE:nsEr lnld TEmp . so 90 

I Condenser OuttEt Tc.mp. 48 60 

I 
44 45 Sudlon Temp. 

REMARJ<S Working percentclge - · 8 'b/. 
I 

I 



. ..\Z~1A YESH I~DUSTRIAL FACTORIES CO. 

RlJ.!J PROTOTYPE TEST SHEET 5_46 

~oJeJ(Su\'\~ 1-) 
c.,• -

DESCRIPTION DESCRIPTION 

PRODUCT NAME : REFRIGERATOR MODEL : llRF-% 

.. SERIAL NUMBER : NON PROTOTYPE MJMBER: R,:'-03 

CUISSiFICATlONiTI:ST CONaTION • T• ~ TE-..eAATIJRe : fT .)" C 
-------------~---------------------------- ------------------------~~ 

• COMPRESSOR NAME : ~' 

WATT .CAPPC.ITY: 2 WATT POWl!R C~N. WA1Ti24 tb 
-----------------------__._-----------------~ 

VOLT 220 AMPER HRTZ.5~ RIFRIGERANT \\EIGHT GR ,2,. t:J 0 -----------------
INSULATION TYPE : POL YURllHINE REF. INSIDE VOLUME UT. 1~0 

THERMOSTAT TYPE 

Ff"EEZer IW Temp. t 1 c -S -//. 

Fr5'<Ztil Air T Emp . t 2 c -f -If 
FrEEZer I« Temp. t ~ c -+ -2D 

Fr&ZQ Mean T&mp . t m , -7 -13: 
FrHZa Bulb Tanp . t • -IS" -'"! 
REinguator Comp. Tanp . t • -rr· •J 
R~tng~rator Comp. T snp. t 6 t:J..; +/,' 

REfrlgerator Co"" p t 7 .,_g 1-6 
t ,.,. +-+ . ,.~ 

Crtsp•r Comp. T4imP • t • -+o .,5 

'10 !C;,-

~-0 as 
(/~ >0 

:J.1' 'IJ 

REMARKS COMPRESSOR OPERA YING TIME % f. !>-



.t\ZivfA YESH I~DlJSTRIAL FACTORIES CO. 

R IJ .. fa PROTOTYPE TEST SHEET 

Do--te 

PRODUCT NAME : REFRIGERATOR MODEL : AR F.2 

SERIAL NUMBER : NON PROTOTYPE MJMBER : II J.--0 ~ 

CUllSSiACAl10N-~ CONCmON • T. 

MODEL : E5C ~ # 

WAlT. UiPK.ITY: ).Of/WATT POWl!R CON5laPT1CN. WATT, 24 His 
~------~~~~~--~----~t"---~ 

VOLT 220 AMPER HRTZ.50 

INSULATION TYPE : POL YURITHINE REF. INSIDE VOLUME UT. 3 p O 

11-fERMOSTAT TYPE 
3" 'IC c-

FrEEzs N6 Temp. ti c 
_, 

-I{ 

Fr'HZtir ,.. Tmtp . t z c -7-
_,, 

F<ffZEr N6 Temp . t ~ c -i' -ZI 

-:,,. -20· 

F<HZ& Bulb Tanp . t • -I~: -lJ 

REfngErator Comp. Temp . t • t' . t'I 
R&fr1QUator Comp. Tenp. t 6 -t'f +'f 

REfrigErator Co +:J t). 

t mz 1-{, 1-'I . 
Crtspu Comp. T4imp . t • f ... ~ 

75" 85' 

s~': 10 
I so '13' 

Cond4Mcr Outlet Temp . 

• Suction Temp. 38· r~-

REMARKS COMPRESSOR OPERA YING TIME % 7 {) 



CHAPTER 6 

1!,1}Jpf,f{JJ1~Jj{£, 1t::J1 

pJt{!J{;ttJ~JRt 

AZMAYESH INDUSTRIAL FACTORIES COMPANY 

MAY 1995 
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Tcmpt~ral~.!_e Test Procedure 

Model : AR06. AR 08. :\ R to. :\R l 2. and .--\RF~ 

Ref rigcranl : RI .~-ti cl;l"sificllion T 

Publication NO. : AL.-\ 13-95-PO l 

Revision No.: 

Date of Issue: April-1995 

Change No . : 0 

1- Subject : ll1is procedure explains the methods or laborJtory test i11 

Azmayesh Industrial Factories Company labor~tory dcpJrtm~nt in 

desired condicions for detennination of product storJge cemperJrure. 

2 - Scope : This procedure dcscrihcs the methods of lab0ra1ory test fl)r 

~.......... .. 
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• ARIO. ARl2, and ARF2 

3 - Reference: 150 73"71. ISO SUH, DIN 8951) . 

4 - Instruction : 

4 -1- This procedure shall cornply with the above mentioned 

standards 

4 -2- Prepration of hot room . 

4 -2-1-The hol room Air tempcreture should be kept steady .:md equal 

within the hot room space. 

4 -2-2-Maximum ~ Appliances could be put in hot roum a1 lhe same 

time for the purpose of test . 

. ""'"-·,~-· 
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4 -2-3- All other objects which are not to be used for test shall be 

evacuated_ 

4-2-4- Reletive humidity of hot room shall be adjusted in accordence 

with desired calssification test ( T ) tropical . 

4-2-5- .-\II Record and temper~uure sensors shall be checked ixrior w 

test run 

4-2-6- Assure that all Recorders are properly checked and calibraced. 

4-2-7- Assure that all measuring Instruments ~e properly fitted and 

calibrated . 

4-2-8- 01eck all measuring devices for calibration due date 

4-2-9- Check hot room for cleanness and free of any obstruction 

during test . 

' 4-2-10- Check for equality of tt!mperature of hot room before starting 
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the! appliances for prefonnancc test . 

4-2-11- Consider anJ make sure that all prc-c:mtion set-fort!: by 

compressor manufacture:; 3rc applied to appliances prior 3Ud ~~fter the 

test . 

4-3- Prcpration of the appliance . 

4-3-1 Each appliance 'ihall be placed on a wooden Slide lop plJlform 

in dull black colour , open for free air circulation under the pbtfonn , 

the top of tht. platf onn shall be 30 centimer.cr above the test room . 

floor and c;hall exrend at least 30 centimeter but not more than 0.6 m . 

heyond all sides of the appliance except at the rear where it shall 

exrcnJ to the vcnic1l p~rtitiom. 

4-3-2 Circulation of air about the appliance shall be restricted by 

c;urrounding fhc appliance hv three vertic~l partitions. r~:nred dull 

black. 

\ .. 
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4-3-3 One vertic:il part it ion shall be pbce<l parJlld the rear of the 

appliance. againsr the srops or al the <lisrance of 5 centimeter frt'm 

corn.knser tube veri.ic.1i surface . 

4-3-4- Two vertical partitions shall be placed par:illd tu the side of 

cabinet Jn<l shall he fixed on the platform 0.3 m. frt'rn tht: side-; or the 

cabmt:t 

4-3-5 ll1e (WO side rartifiOtlS -;hall be 0 . .3 rll. widt: . 

4-3-6-ll1c vertical partitions shall present no disc0ntiruiry they shall 

be such a height that they extend at least 0.3 m. ::ibove the top of tile 

appl i~mce . 

4-3-7- 111e Jppli•rnce shall be placed or shielded as to prevent direct 

raoiation to or from the S!Jace cooling or heating equipment in the 

tesc room. 

4-3-8- 111e appliance shall be placed for enough away from Jll other 

objects in tht: test room to eliminatate any possibillity of Jny point in 

........ 

\ ·. 
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the spJce in which it is situated ht!ing at ~ temperature olht;r than 

ambient. 

4-3-9- Air tempereture in test room sh3ll be such th:tt the specified 

Jmbient temreraturc are ohtamed within the limits of the specified 

tolerances. 

4-3-10- :\void from Air currenl fvdocity above 0.25m/s in test room. 

4-3- I 1- The air circulation in the rest room shall not imerfere wirh rhe 

normal air circulation created by the appliance . 

5- Test Procedure for Storage Temperature_ 

5-1- 111e evaporator shall be defrosted if necessary and the intemall 

walls ~md components of the appliance dried. 

5-2- All doors and me~ms of access shall kept closed during tests. 

5-3- TI1c .:ippliancc shall be fully operational an<l in service • and shall 

... 
4°'" - , ... .... ,, .. ,,"" .... " 
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be 0per1tionally checked by Q.C department prior to test run . 

5-3-1 Ail internal fittings such JS ice trays shall be put i11r0 pesu iL'fl , 

except Model ARF2 . 

5-4- TI1ennostar position ~hall be in norn1al setting or between 3 1'r .l 

grade. 

5-5- TI1e ernpry appli~mce sh31[ be opcr~Hed Jt k:1-;t f<."'r 2J !tr<:. to n.:~H.:h 

e4uilibriurn. 

5-6- TI1e food freezer compartment and frozen food storage 

comparcmenc shall be equipped with test packages. 

6- Class (D Temperature Condition. 

6-1- Storage temperature 18 degree C and 43 dcgrceC . 

6-2- Energy consumption 32 degreeC . 

... -
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6-3 ll1e tempcr.'.lture Jt each me:i.suremenr r0inr sil~~ll be kept Cl111Sl~UH 

within + - 5 de2ree k of the nominal Jmhient temrer:lture beth durine - . -
the periods required for 0btJini11g stabk L'reraLng conJitil'11 JnJ 

during the r~sts . 

1- Hwnidily 

Ret~rive hurniJiry shail be kept betwc~n 45% and 75% 

8- Test pack.ages 

8- l The tests shall be carried out with tes~ p3ckJges loJded in tile form 

of parr3iklt!pipeds. 

8-2- Test packages shall be prepared m accordance with ISO 8187 

para 8.2 . 

9- Measuring procedure . 

9 - l - Temperature shall be measured with temperature probe . the 

.... 
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sensors of which are inserted in test packJges . 

9 - 2- The accuracy of measuring Instrument shall be within +-0.3 K 

9 - 4 - The temperature ti,t~,tJ and tCi,tC~ shall be measured in copper 

or brass cylinders suspended and located at temperature sensing poim 

as shown in figure l half way bet ween the rear internal wJ!l of the 

appliance and rhe internal w3ll of close door. 

9-5-The mean Incemal temperatures ,tm and lcm shall then be calculared 

as an average of the mean temperatures of t1,t1,tJ and tc1and tc1 

9-10- The sensors surfaces shall be separeted from :my neat 

conducting surface by at leJst ::?.5mm of air space. 

10- Test period 

The tesr. period.shall be at le;:ast 2-t.hr after stable. operating cond~tions 

have been ateJincd. 

' . 
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11- Storage plan 

11-1 The food freezer compartment shall be filled with as many 

tesl package as chey can hold . 

11-2 The test package temperature shall have been previously brought 

to approximately equal to the classification temperature of the 

compartment. 

11-3- Test packages having a base of 100 x 200 mm shall be made 

using lkg package (50xl00x200)mm laid flat 

11-4- Free air space!> of 15mm mJiimum as far as possible equal shall 

be left between adjacent stacks of test packages. 

11-5 Door shelves and compartments shall be loaded with as many 

packages as possible, free air spaces shall be maintained between the 

packages and the inner surface of the door . 
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12- Temperature measurement . 

12-1- For ambient temperature of -B Jcgrcc C for dass (T) tcsl . ll1c 

thermostat shall be ady1sted , as necessary , to posit ion which to get 

storJge temperatures as follows . after stable opcrJting conditions h.1vl.! 

been ~Ht~1ined . 

Note: For stJble conditic111 Reffl.!r t0 pJr:l 3.-L~ l.S.') 81~7 

12-2- Applianc~ shJll be c.1pable of maintaining simulcancously ,the 

required storage temperature in the Jiff erent compartments as fellows. 

12-3- TI1e temperature of -12 degree C for Models AR06 , AROS . 

AR I() Jnd AR i 2 ~mci -18 degree C for Model ARF2 sh.111 he 

m~intJined in the Evaporator and Freezer Compartment. 

12-4- For class T stroage temperacure in ambient cemperacure + 18 

degree C to 43 degree C for Model AR06. AR08 . AR 10. AR 12 

an<l ARF2 in fresh food compartment tile t1, t1 , u shall be betwee11 0 

degree C and+ 10 degree C and tm max should be +5 ,+ - 0.5 degree C 

.. ,. .. ,....,. "·" ·~' .. ,, . 
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12-5- km in i.:dl~r l:ompartment for class T sh<."Uh.l be between + 8 

degree C and +14 degree C. 

12- 6- t·n in free::er c0mpartrnenr .shall ht: -12 degree(=- for \lodds 

AR06 . AROS .. -\R i !J • :\K l 2 .111J ARF: . 

l:!- 7 tm in Freezer C0mp:trtmenc fer Y10dd :\Rf2 ~ll~ll be - I~ C +-

0.5 

12- 8 For remperature measurement , the stable opt:rJting ~ondition 

are deemed to be re:lched when the temperature at ;ill coressponding 

points during successive operating cycle agree within +- 0.5 C and no 

marked trend from th~ mean temperature happen during aperiod of 24 

Hrs. 

13 - Percentage running time "R " 

The percentage running time shall not exc:eed 80% 
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Azmayesh refrigeration and Ref - Freezer Energy 
Consumption Test Procedure 

Model: AR06, AR08, ARlO, AR12 and ARF2 

Refrigerant : R 13-ta 

Classification : " T " 

Publication No . : ALAB - 95 - Pa! 

Revision No . : 

Change No.: 0 

Date of Issue : April 1995 

1 - Subject: 

This procedure describes the methods of checking the energy 

consumption of Azmayesh Products under specified test condition . 

2 - Scope: 

This procedure describes the methods of bboratory test for 

. , 

determination of energy comsumption of Azrnayesh products Modd ·. 

AR06, AR08, ARIO, ARl~ and ARF:! . 

............... 
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5 - 3 - 2 In the G1se of cyclic operJlion . the !nici.:tl .:tnd fin~II values 

shall be read immi<liatdv after the therm0stac cuts '-"'Ul _ 

5 - 3 - 3 ll1e me:isurcmcnc of energy consumpc i011 4'h:til be carried out 

under scorJge conditions , JS f oliow-; . 

5 - 3 - 3 - l TI1e energy consumpticn currespon•is to lht: temp'-=:-:nun.: 

tm =+ 5 degree C ~m<l Jn1bient rem~er1rure <.:'f 32 degree C . 

5 - 3 - 3 - 2 TI1e energy consumprion could Jlso bt: l:Orresporn.lin!! !L' 

one cf the followillg temperJture condition _ 

a ) Either tm = + 5 degree C , with t 1 , t:. and tJ bcrw1.:c11 <) 

dc1uee C :m<l + 10 desuec C and simullaneouslv the rnt.nimurn ... .. -
temperature of warmest test par·kages colder or equ:tl to - 12 degree C 

for Models AR06, AR08. AR10,AR12Jnd- l8degreeforARF~ 

OR, 

b ) TI1e rnax.imutn temperature of the w:irrncq test cqu:il t0 - 12 

degree C for Model AR06 , AR08 , AR 1 ()and AR 12 Jnd - 18 dc!!rce C 

... , .... .. ,, 
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3 - References 

ISO 7371 • ISO 8187 and DIN 8950 

4 - Instruction : 

ll1is procedure shJll ~t'mply with ~lh"'vt: mentiom:d S1.md.trd..; 

.1m.l Put:Ecaticn :--;o . :\~:\B - 05 - pr)l .1S necessary _ 

5 - Precedure 

5 - 1 Ambient temperature 

32 degree C for class" T" 

5 - 2 Appliance shall he prepared in acccrdarn.:e with Azmayesh 

Publication No. ALAB - 95 - PO l Dated April 1995 . Para . 4 - 2 

through ~ - 3 . 

5 - 3 Measurement 

5 - 3 - I ·me value of the energy consumption sh::ill be calcubted ~md 

measured for a period of exactly 24 Hrs . 

'I I ._,., 
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A.RF: ;,md simultaneously tm bdwecn O degree C .md + 5 de2ree C 

\\'ith t 1 , t2 and t3 bet ween 0 ancl l O de!!ree C 

5 - 3 - 3 - 3 The energy consumption may be t~bt.1im.:d bv 

inter;-obti".m from results , one giving 3 temper~llure above ~md ene 

bdow the specified ternper:uurc l:n = + 5 Jegree C for Ct'rnlition ,\ 1 

5 - 3 - 3 - 4 The temperarure deviation Jbove :md below = 5 dt:gree C 

in condition a ) or abt'Vt! anti bdow the classific:Hien l\.:mpcraturc in 

condition 

b) sn<1ll he within limits of+- 2 K . 
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Refrigerant : RI 34a 

Publication No .~\L:\D - 95 - P03 

Date of hsue : APRIL I 995 

Change No . : 0 

1 - Subject : Refrigerator and Ref - Freezer optimization methoJ . 

2 - purpose : To have a standard method of product optmuzation 

for high etlicicncy low- energy consumtion and proper equipment 

selection with company's policy considera;ion . 

3 - Scope : TI1is publication describes the method of refrigeration 

system optimization for Azma~'esh Refrigerator and Ref - Freezer 

and also F rcezer for detinf·i Models . 
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• ..i - Refrigeration System Optimization . 

.i -1- Since We are limited in the number of Refrigeration System 

~fodules and factors we de"ide. these Modules into twn Svst~ms 

a) Variable components: like , Refrigerant . Capillary tube, Drier, 

compressor and Insulation 

b) Non-Variable components: like Door.cabinet, Evaporator,and 

Condeser 

Note: Evaporator and condenser are considered as 

Non-Variable components due to the Engineering and economical 

situation which we are not prepared to change them . unless , 

Such a modification could affect largely on Refrigeration System 

and limit our Variable components Selection . 

-' - 1 - 1 Variable Components 

Refrigerant 

Since Refrigerant R 12 1s to be phased - out from our 

JOI . 12 .• ~"~ • "' R0.\9 l'D. IJOI 11.lfl?i - -i77:1 lllfJR,\N • IRA.'¥ . T1'J. !JO %1 rrnm . ru !WI ?I T;;"lll~. 
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production line and Refrigerrant RIJ .. Ja has been Selected as an 

OD P Zero Refrigerant we <l iscuss R l 34a in this regards . Due to 

the higher potential of R l 34a in a refrigerant c~·ck . It seems that 

at lea~t I 0°/o Jecrcase of refrigerant weight in comparison with 

RI~ cuulJ gi\·e us the same cooling capactty , but through 1.1ur 

lahratnry test we found out that 1mly 80°·~ of Refrigerator can 

corr~spond to the reduction \_)f Refngeranc weight because of 

Jit1~rent muJels of compressors from different manufacturer. 

ther!~ 're for optimization Of refreger:-tr.l it IS rca~onable to dl~<.:k 

the \\eight of Rcfrigrant and come to the correct amount of wei¢n 

whene\·er we change our compressor unit Due to the ~tarket 

and Design and Economical Restrictior:s so we ~hould take !t into 

our consi<.leration that . printing gas weight in our Serial 

Number plugs must be accomplished just after the unit 

production by declaretion of labratory and not using preprinted 

tv1etal tags on the units . 

Capillarv tubes 

Through our lnbratory test we found out that increase and 

decrease of ca pi llnry tube could '"Je a mt=an of opt ~mization 

programme in some casebut not all the time , and that is when we 

... "'" ....... ..,. ... ~'""' ........... ,. .. ~ .............. ,"' ...... , .. 
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need to reach the Standard test condition , under ASHRAE 

· standard , just \vhen we want to adjust the Evaporating tempreture 

and also Subcooling temprature . In case of RtJ.ia refrigr3.t'1t , at 

the first step we tried to increase the length of capillary length 

in order to have the better Evaporating temperature: and then 

we chose the same length a::; it was before . \Ve found out that 

there is not much defference bet\vem t\vo conditions , so \Ve 

recommend not to increase the length of capiPary rube only in ca~e 

of using Compressor either \\'lth higher cooling capacity than it is 

required or the amount of refrigerant gas can not be regulated by the 

w~ight properly . 

Compressor 

To our idea Compressor Unit is the most t:ffective Variable 

component that could affect the efficiency of Refrigeration S~stem. 

So it is vei;.· important to choose the correct and proper compressor 

in order to achive the desired test condition , the followrng factor 

could be main steps for a correct compressor selection in order to 

optimize Refrigeration system and also make all Refrigeration 

modules compatible to each other . 

. .... . .. 
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It should be noticed that compressor selection is only the 

theoritical step of optimization programme and final selection must 

be achiT.·~d after compressor laboratory operational and ccnformance 

test. 

1 - Cooling Capacity 

For a proper and favarable compressor selection we have to 

know our cooling Re~uinnent first , in order to know our 

requirement we should know the cooling c·Jpacity of appliance that 

is under our opti.rnjzation programrr~e , it is very important because 

wrong cooling capacity leads us w ..;elect the \\'Ton~ compressor. 

2 ·· Syskm Condition 

Tne condition \vhi~h \V~ have c<J lculated for our Refrigeration 

lead is irnportant too , t.~e test condition which we hm·e 

been considered for example There is a slight defference 

belwecn A~HRAE stanJard and CECO~'l.AF s:andard and that is 

higJ1er evaporating temp\!rntur~ an<l higher S'..trJ-cooling 

rot . !Z . ,\IUi - ,\JJ RO.\r rl" .· .. ,,. : . .._, ... ''li\1¥ . nu. OD %1 rrmn . P,U !ID !I r.-;111:; 
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tempreture for CECO~L\F standard , so in this c:ise we \\il! 

1:. n~ed more cooling capacity , For example , for our Refrigerator 

· ~Iodel AR08 \\ith a cooling Requirement of 93 Kcal/hr in 

ASHRAE standard condition \Ve should choose Zanussi compressor 

\fodel GL~SAA \\ith cooling capacity of 92 Kcal/hr but at the 

same condition for CECO)'L\F standard we have to select Zanussi 

Compressor Model GL5DAA the re~son for this defference is 

the difference between COP of compressor in t\vo standard 

condition which for .Nlodel G L-i5AA the COP in ASHRAE 

condition is l _08 and in CECOIW.AF is 0.83 , in using an efficient 

• 

Sub- cooling system by using almost 90 cm of Evaporator Return 

line for cooling the capillary outlet tube we ha\·e to select ASHRAE 

standard condition with Sub- cooling temperature , wh;ch in this 

standard test condition is 32 degree Centigrade. 

3 - Evaporating Tempreature 

EvapGrating temperature is one of the most important factor in 

• detero:iining the desired condition , for example in order to 

reach - 12 ucg.rce centigrade of test package inside evaporator 

comparun~nt we have to know what evaporating temperature we 

need? 

~-· ~ 
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If we e~-pect -25 degree centigrade \\ith Sub- Cooling system , 

then we have to select a compressor \\ ith higher cooling capacity 

· and better COP _ Since most of compressors in among our sources 

uses -23 .3 degree centigrade evaporating tempreture , test condition , 

we consider this figure as an aim to reach and select an 

optimized compressor and then we try to a<l just the amount of 

refrigerant weight and also perf onn minor modification in designing 

of cabinet in order to keep -12 degree centigrade or -23.3 

evaporating temperature in Freezer compartment . 

.i - Sy stem Sizing 

This subject could be considered as a guide to select proper 

compressor ,The following items are in1portant subjects that could 

be taken into our consideration _ 

a - Condenser sizing , ( condensing temperatw-e ) 

b - Heat exchanger suction gas I liquid ( superheat suction gas ) 

c - Evaporator sizing . (evaporating temperature, suction gas temp. ) 

~-·,..,,,.... • ........ ..-. ..... ,, •. ,9\ •• , ...... 
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5 ·Drier 

Filter drier does not have such .: ~cmarkable at1ect in our 

Refrigeration System , unless proper se:~ction and humi<litv 

absorbtion potential . which should be cc~si<lere<l In case or R l 3·fa 

refrigerant Drier XH7 & XH9 \Vith a ~--~her humiJitv absurbtion 

potential arc reconunended . 

6 • Insullation: 

Type of lnsullation could affect the rate of ~nergy consumtion . 

Since changing Insulation type is not a repeatati\·e acti\·ity in 

optimization prograrrune we would rather :.) take this sub.1ect m 

energy consumption pr0granune . 

4 ·1-2 Non· Variable Components. 

1 • Door and Cabinet 

As a matter of optimization de\ ice \\e can not consider th 

interchangeability of Refrigerator and Freezer Cabinetand door . 

unless minor modifications that are practicaly possible , such as 

N.H . IZ . NJR - ,\IJ RfMB P.fJ. nor lllflS • "m 'TRRRAN . IRM • TPJ. 90 ZI 1111111 • p,u !II !I mmr. 
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~ designing or changing small parts to keep inside temperature ~~ 
~ 

stable and in this step , we found out that we have a problem in ~! 

distributing air properly inside evaporator compartment and food 

compartment , so we planned to reinforce and seal the water drain 

tray under evaporator section in order to keep -12 degree centigrade 

air temperature in evaporator section constant . 

2- E\·aporator and Condenser 

Evaporator and Condenser are of those component which 

cou~J hardly be mo<lifit!d especially Evaporator because our ; 

Evaporator is Roll Bond type and we could not simply modif\ it , 

althousili in laboratorv test we folUld out it is not necessarv to ...... 

modify our evaporator . 

The condenser is not considered as a component to a~f ect 

largely our retiigeration syskm , becausse we found out that ~e can 

get temperarure 3 2 degree centigrade in condenser outlet tub~ easyly 

and the temperature defferance of one third of condenser tube 

and midel of tilter drier is not more than 5 degree centigrade . 

. .,,..,. ... ' ... ... 
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1 - Due to the contract No. 94 / 097 with UNIOO we have 

to prepare .:i prototypes for each Model . TJkine: into our 
~ 

consideration that for each Model we have to perform three condition 

tests as follows 

a ) 43 C Cyclic run test 

b ) 32 C Cyclic run test 

c ) 18 C Cyclic run test 

The above mentioned tests are principaly performed in order to 

check the perfom1ance of each refrigerator model in new condition 

using refrigerant R 134a and comparing them with R 12 refrigeranc . 

Determination of energy consumption is another objective in this 

-
' 

project that we have to accomplish it through testing defferent kind of : 

Compressor Models . 

As we mentioned in Sdection of R 13-ki Compatible Component> 

Chapter , we accualy deal with many defferent kinds of compressors 

~ mp 10n r~HIO, or crus rc.'.lson we 

IOI . 12 . Mii • w .. ,,. P.IJ. 001 H:MS - -t773 11lRJIM • IRNI . Till. !IJ %1 mur •. ;1" ~lfl !I :7':111~ 
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which coulJ affect our Energy consumption rJtio. for this rc;:ison we 

have t0 consider the test irn! results of these numerous kind cf 

compressor performance in our Optimizing Progr~munc . 

Tne following compressor models h~we bee~1 test in our 

laboratc•ry so far ~·oc 1.ktem1in~lti8n of R ! 3-fa refrigerJr icn cyck 

perf unn;.m~~ . 

Compressor ~~1.xkl ~bnufJcturcr 

BP 1048 Z :: ASPER.-\ 

B 1118 z ASPER:\ 

B 1116 z ASPER.-\ 

BP 1111 Z A SPERA 

FR 8.5 G DANFOSS --
V 75 LAEG GOLDSTAR 

NR 62 LAEG ; GOLDSTAR 

NR 58 LAEG 
: 

GOLDSTAR ! 
I 

I 

AE 360 KS 561 : TECAMSEH 
! 
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At the time of preparing this report some m~/l ~o'mpressor 

models from Danfoss , Matsushita and Necchi were gning to be tested 

· for detennination of performance characteristics and energy 

consumption . 

2 - Field Test 

Throu11;h defferent catalorues and technical inforrn~nions and ...... ..... 

specifications 1vailable in our company we prepared a spread sheet 

to select at least 30 deff erem Compressor Model from 6 Manuf actrun:r 

From these Compressor Models after appropriate test in our 

laboratory we are going to install following Compressors on our 

Refrigerator Cnits for a quantity of 50 to 100 Units for the purpose of 

field test , then we are going to collect ~lll external failure which could 

happen during field test evaluation and rry to achive necessary 

modification and also suirabk component selection . In this respect we 

are planning to train our servicemen all around Iran in order to give us 

correct and desireable technical information regarding technical , 

desitm ~md manufacturin2 deffects . 
~ ~ 
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