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Synoysis 
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The government of Islamic Republic of Iran has 

requested Unido to provide assistance in conversion of 

domestic refrigerator and freezer production facility 

at Bahman co. to phase out CFC 11 and 12. 

The aim of the contract beeing tQ design, calculate and 

draft for model redefinition, prototype making and 

testing for operation and performance of 4 model 

refrigerators, and one freezer, so that they could run 

on 134a instead of ODP active CFC12. 

The first progress report submitted on 25 ,July '95 

contained physical specifications, insulation and unit 

component details, working performance and consumption 

and selection of new components. 

The second progress report submitted on 6 th. August 

'95, covered details about necessary changes in 

refrigeration of 4 prototypes per model and testing 

them for functionality and performance. 

This is the final report in this connection and covers 

the summation of all what ha0 been done so far, and is 

the final evalu.::ition of the project. 

Regl~lert·cl Capital: Rls J,000.000,000 fully p1ld 
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Introauction 
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Bahman has altogether five different models working on 

CFC12. Three of them are single door upright 

refrigerators in different sizes, one is a upright 

freezer. The original design of these was obtained from 

Phico USA. and ]atJ~r from Merloni Italia. 

Under the UNIDO contract, the main task was to 

eliminate the use of CFC12 from the production line use 

in the Bahman factory Tehran. 

This invoJv~d the following major tasks: 

1) Definition of present models. 

2) Calculation for using R134a instead of CFC12. 

3) Making of prototype samples. 

4) Testing thes~ prototypes under ISO standard 

conditions. 

5) Evaluation of the results and do any 

modificati0ns necessary. 

6) Make sugestions for future optimization plan. 

All of the above has now been accornpljshed. 

Fortunately since good guidance and technica] 

assistance was provided by UNIDO right from the 

beginning, the work was channelled very smoothly. 

Registered C:apilal: Rls 3,000,000,000 fully p•ld 
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The system design calculations were so accurate that 

little of any modification was necessary in the 

original component selection saving great amount of 

time and effort. 

Guiaance from international agencies and component 

manufacturers was al~o very helpful. Hence a good 

balanced design has been obtained whi:h in practice 

works far better in performance compared to the old 

unaltered design. 

During the project work, a lot of testing equipment was 

made available to keep the accuracy and repeatability 

of the tests. In component selection field, due 

consideration was made to those items, which are more 

easily procurable in the market, and require minimal 

changes to the existing f oclory equipment available for 

production. This helped keep the present and future 

expected costs to a lnw accP-ptable value. 

During the implementio~ of the project, step by st8p 

the work done and reports created were checked by lThIDO 

and utmost attention has been paid to UNIDO guidance 

and operational instructions to prod11ce work of 

~easonably good standard. 
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Project background 

in Bahman Mfg. co. 

Tel: (021)348011-8 

Tix : 223657 BAHM IR 

Fax: (021) 340722 

Bahman company was established in 1965 under the 

licensing agreement with Philco USA. Complete technical 

assisstance was provided by Philco at that time. 

Recently the company Merloni .Erom Italy has been 

involved in changing the design and production 

facilities at Bahman by intrc lucing totally new and 

modern concept in terms of quality of units made and 

revolutionary changes in production methods. 

The company produces 200,000 units per year in five 

different models. The axisting refrigerant used is 

CFC12, and the project with Unido will enable to 

eliminate this ODS refrigerant and replace it by R134a. 

Four models of refrigerators (3 single door and one 

double door ref1iqe1ator-freezer) and a upright freezer 

arq involved in thi~ ctRnge. All models use 

polyurethane foam as insulation. 

A progranune has already been implemented so that the 

250 different servj_ce centres throughout the country 

get training in the use of R134a and the retrofitting 

process of old CFC12 models, when necessary. 

Registered Capital: Rls 3,000,000,000 fully p1ld 
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While designing for Ri34a, and redef ination of the 

existing models, it has been kept in view that as far 

as possible the existing machinery jigs and fixtures be 

used to keep investment costs low. 

Even when the components had to be changed, standard 

design exiting on the international market was adopted 

to keep component availability in good proportion. 

For example four different compressor suppliers and 

their design of compressors were used, to gain larger 

experience and ensure accuracy of calculations. 

The project has helped to raise the standard of the 

testing laboratories, since noticable amount of 

iPstruments and recorders and other ~quipment was 

installGd there, due to requirements of the project. 

This will now be available for future R134a us~ in the 

factory. 

Most of the highly trained staff of the company was 

involved in on& way or other to accomplish the project, 

and this has helped to further raise the technical 

standard of the company staff. 
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Activites 

The complete pr·oject was implemented with the following 

basic activities. 

l)Understand~ ":'lh?-l is involved. 

Detailed discussions with UNIDO officials helped the 

general information about the project and clearqd all 

details involved. 

2)Plan of work 

very urgently snit<'lh]e people were selected, duties 

were explained <ind <1;;.siqned to them and strict 

supervioion and control of project started. 

J)training 

members of project staff were sent for successful 

technical training abroad and in Iran, with well 

renowned firms f.r) plPf><lle them for the taSk in hand. 

4) Design calcul_<:!~) _ _<':?_~E.·. 

with the knowlnd9~ obtained, complete design and 

redefination of project was done,R134a being a totally 

new substRnce, great care had to be taken in all 

aspects of est j in a t i on s an rl d At a (~val u at ion . 

ReglstP.r'-'d C:;1pital: Air, J.000.000,000 fully p1ld · 
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5)Standards 
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Iso standards were studied and facilities provided for 

the testing necessary for inplementation of the project 

requirements. Instruments and equipment was purchased. 

6)Component purchasing~ 

As a result of the calculations made, component 

selection was made and necessary component and material 

was purchased. 

?)Prototype 

With production line facilily available prototype 

making was done using the new couponents and Rl34a gas 

obtained. Minimum four prototypes per model were made 

to cater for any possible future f ~ilures, which 

fortunately did not happen. The major part of the 

prototype making was the existing model and only the 

refrigerating circuit was changed. 

8) Test ~~-9. 

prototypes were tested according to the iso standards 

involved. Very helpful was the fact that even the very 

first pr~totypes gave encouraging results hence very 

little change or modifications were required. 

Registered r:apital: Air, 3,000,000,000 fully p1ld 

Pn~tal Address: 799 fngh,.lab Av,. Tf'llran. Iran Factory: 777 Pirouzl Ave. Tehran· lrtn 13 
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9)Evaluation. 
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ihe testing results showed good and consistance 

collaboration and a design much more efficient than 

before is now in hand. 

lO)Optimizattion. 

An optimization programme has been foreseen for future 

develpenent on the lines of less energy consumption, 

and further reduction in charge, keeping good 

temperatures of food preservation. 

Register('<! Capital: Ale; J,000.000,000 fully p1ld · 
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TASKS 

Tasks are many and varied and covers duration of 

project and the time ahead. 

The most important has been to find different 

procurement sources of components for future businesss 

dealings. 

The other has been in training the staff in the concept 

and production methods of R134a. 

In future lies ahead the main task of changing the 

complete production facilities of Bahman factory from 

CFC12 to R134a. 

New conponents and raw material must be procured before 

the above production change can be implemented. 

Because of special hygroscopic nature of R134a a new 

way of thinking in cleanliness of the component, from 

dust and moisture, ~reating better vacuum in the 

refrigerating circuit, and keep away from moisture is 

required. 

Last but not the le~st is the training of after sales 

service staff to make them ready for the new technical 

revolution in the field of better living environrr.cnts. 

Registered Capital: Ric; J,000 000,000 fully ptld 
rnc;tal Address. 799 Fngh~lab Avr T,.tiren. Iran Factory: 777 Pirouzi Ave. Tehran· Iran 16 



h 
~~f~fi 

·::~~~t~tp=:::·· 

IN Tit£ NAM£ or \.CO 

BAHM AN 
Manu far. tu r i lllJ Company 

Tel: (021)348091-8 

Tix : 223657 BAttM m 
Fax: (021) 340722 

····~"::~·~wn?:•i~tfttwffilt~f.wttr..wlfr-;;wir:r7''~··;'•'t.rJ%.qf{;q~:~l~\. 

·'.k 
_/;: 

17-



.. .. . 

BAH MIN 

Ref: 

-- D•I~: 

PROTC·TYPES EVALUATION 

AND ANALYSIS. 
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It will be noticed that all of the five models under 

consideration are existing in production, using CFC12 

as the refrigercmt with quite good performance in its 

own context. 

Because of montreal protocol req11lations and the UNIDn 

contract requirements, when it was decided to take 

procedures to eliminate the use of CFC12 from the 

Bahman production line, and as a consequence, redesion 

and the prototype making was started, it was alr~ady 

kept in mind tfiat th8 protntypes should have some new 

useful charachteristics which were not present in the 

older type. 

l)Less energy r::onsumrtion. 

2) Less charye qu.:=int ity. 

3)Less noise level. 

4 ) Be t t e r s lo r. a (J e Lempe r a L 11 r 3 s . 

5) Less man1.!facturing cost . 

P~glslerecf C.;ipilal: Rls J.000.000,000 fully p1ld , 

rnstal J\c'f<frPS!I: 799 Fnqhrl;th Avf' Tf'hran. """ Fadory: 717 Pirouzl Ave. Tehran - lren I \ '8, 
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6)Better quality standard. 

Tel: (021)348091-8 

T Ix : 223657 BAHM IR 

Fax: (021) 340722 

Keeping the above six points in mind, the design 

parameters were selected, and work started. 

Now that the prototype making has been completed and 

all of these s;:imp)P::o; h;:iv'? gone string~nt t~st~ 

succesfully, the achievement of above goals has become 

a re;:i 1 ity. 

Further details of the steps taken in each instance is 

described below. 

l)Energy consumption. 

1-1 compressor selection was made of a better design 

which uses less energy for same Kcal/HR. capacity. 

1-2 polyurethane fonm density was adjusted to give 

improv0ment on the in~!Jlation K--factor. 

1-3 Instead of Ple~trical dew point heater, the gas 

heated pipe W<'\S 11.sPd as the ant j condensation device <lt 

the cabin edge to prevent moisture condensation on th0 

outside of the cabin. 

2)Charge of refrigerant. 

Var..:.ous tests showAd the minimum and correct quantity 

of char1e of R134a r~friqerant.In CFC12 it was ab0ut 

125 gr.:ims, ai.d with H134a, it is only 65 GMS. 

Registered Capital: Rf<; J.Ofl0.000,000 fully paid 

Poslal Acfdrttss: 799 Fnghrlab Ave Trhran. Iran Factory: 777 Pirouzl lave. Tehran - Iran 11 , 
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3)Noise level 

Tel: (021)348011-8 

1 Ix : 223657 BAHM IR 

Fu: (021) 340722 

Noise could be reduced because all unclamped piping 

moving under vibration was fixed by metal brackets and 

better rubber grommets for compressor footing was 

selected. 

4)Storage temperatures. 

mentioned above and using ABS liners which have less 

heat leakage. 

5)Manufacturing cost. 

As for as possible, it was endeavoured to keep and use 

components whose manufacturing cost were reasonable and 

the factory already had the possibility of its 

manufacture. For instance the condenser design was kept 

same as wh;:it was 11ndAr prod11r:tion already.!")imi.larly 

capillary of O.?Jmm Jnlernal diameter was selected as 

it is readily avaiJahJ.y at a lower cost . 

Registered Capital: RI!; J,000.000,000 fully p•ld 

Po~tal flrfc'fresss: 799 Fngh,.lab li.vr Trtiran. Iran Factory: 717 Pirouzl Ave. Tehran - Iran 
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6)Quality standard. 

Due to the sensitive natut·e of Rl34a to humidity, not 

only extra precautions to stop ingress of moisture were 

taken a bigger molec11lar sieve drier (10 gms instead of 

7 gms) was int:roduc~d in the design. 

Other step was to use extremely good dry air for inside 

any possible moisture present. 

Reglstert'ri r:apital: RI-; J,OOC.000,000 fully paid 

P1..;lal Aclrlrf'S!I: 79~ Fngtl,.lab fl.vr Tf'tiran. lrAn Factory: 7 77 Pirouzl Ave. TP.hrAn ·Iran 
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Generally speaking the compressor temperature at 

discharge outlet was slightly lower in case of Rl34a 

compared to R12. Similarly the volumetric refrigerating 

effect is about 10% lower specially at lower 

evaporating temperature in c~se of Rl34a. 

The point to note is that by circuit optimization, the 

erw rgy con;,11mr•t inn i;, nnt riny hi qhP r whPn rnmp;:i rPrl t n 

R12. 

The cooling capacity of refrigerant R134a and R12 are 

more or less in the same region. How ever bacause of 

R134a molecule being smaller, to keep the flow rate 

same in both case the compressor displacement has to be 

slightly bigger. 

Kcal I Hr Power Necchi GS. 

115 1/6 Hp ETR5.5 NR52 LAEG 

135 1/5 Hp ESC8 NH62 J.l\F:G 

195 114 Hp Frei-: ,J,,, J.. V"/5 Ll\EG 

Registered Capital: Al5 J,OIJ0,000,000 fully p1ld 
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For 134a usa~following levels are required: 

l)Vacuum level must be below 100 micron. 

2)System cleanliness should be better than that 

required for R12. 

3) Moisture level must not exceed 150 mq. 

4) Equalized pressure when the refrigeration 

system j.s snnkerl ;it rtn ;:imhient of 41 °c .sho11ld be 

kept lower than 6 Kg/cm2. 

This willprovide a favourable starting condition 

for the compressor. /\n interval of 5 minutes 

before restarting has been forseen. 

5) Last 1/3 condenser and dryer have no 

temperature difference showing that good vacuum 

has been obtained. 

6) suction line temperature is slightly colder 

(about 2 degree) than the ambient showing Rl34~ 

charge is correct . 

Reglsterl'.'d r:apilttl: Ats 3,000.000,000 fully p•ld 

l'or.tal Aclrfress: 799 Fnghrlah fl.vr Trhran. Iran Factory: T77 Pirouzl Ave. Tehran - lfln l 
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Test sheet evaluation R134a compared to R12. 

1} R134a system requires much less charge of 

refrigerant compares to R12. 

2) For same cooling capacity the length of 

capillary was about 80 ems longer (45% of R12 

system) . 

3) Special dryer XH-7 must be used compared to 

XH-5 for R12 system. 

4) Pressu~e eqalized times are slightly lonqer for 

134a system. 

5) Discharge temperature of compressor in 134a 

system is about 10 °c lower. 

6) Thermodynamic efficiency was not any 

significantly different. 

7) Dryer size is bigger in 134a, because of higher 

hygroscopicity . 

Reglsterr.cf Capital: Ric; J,000,000,000 fully p1ld 
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Tel: (021)341091-8 

BAHMIN I 111 : 223857 BAHM IR 

Fax: (021) 340722 

Ref: 

RECOMMENDATIONS. 
--------·-----

As mentioned in the previeous chapter 1mder pt·ototype 

evaluation, even t hnugh thP ;::tcin•::lards set in the 

beginning for performance, cost, and energy consumption 

have been ar:h inv0d, f11rth1=>r .:-;t "f'.S mnst he tnkPn t0 

better optimize the product and also the production 

methrJds. Th8 .st Pfl~ which wi 1 J bP. t rlken are ~uqqest.·~d 1 ri 

detail below. 

1) Refrigerant charge reduction. 

A further reduction can be made posible by using 

tube on plate condenser. ~1e to the reduced length of 

tubing, and as a ronsequence the reduction in the 

condenser internal v0l11me, less charge will be 

required. 

2) Consnmpt i 0n n f Pne rqy. 

Compressor manufacturer::; will be contacted to 

i o int l y in VA st i q ri h~ for inc r ~ ri s j n q the wo r k in q 

efficiency of thR compressor. 

At tlie same time tlw r~uAlity of hi::-;:it transmission nf 

the polyuretl1nll8 frJAm can be incu~a.sed by using better 

mixir.<J ;:it the inj0.-::tjrm herid, and <ii.so hy f11rth~r 

increasing the insulatJon thickness. 

Registered Capital: Al<; J.ono.000,000 fully paid 

Pnr.tal flrl<lrP!>9 799 Fnqh,.lah Av1· Trh:~n. lritn Factory: 7 77 Pirouzl Ave. Tehran· Iran l 
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3) Door gasket desiqn. 

Tri: (021)348091-8 

fix : 223857 BAHM 1R 

Fax: (021) 340722 

This plays a very important role in not allowing 

the hot and humid outside air to ingress inside the 

refrigerator or fre~zer. A special desiqn crossection 

reduce hot air ingress to a very low value. 

4) E:vopnr,1t11r Pffirierwy. 

This can be incrR<1Sed by n~ducing the plastic ABS 

food 1 ine r th i r:- kn°~~ .it- h<1r~k, wh8 rP t_ hP food liner 

cooling tubing is riltached from the other side. 

This will help t:he rn]d t_nmsmi.s.sion from th8 co0Jin9 

aluminium tubes to the insJde of the refrigerator food 

liner, and colder t-<?mp8rritures will be achieved and 

maintained quickly. 

R~glstert'ri Capital: Rlr. J.ono.000.000 fully peld 

Pnr.titl fl<lrirf'~s: 79~ Fnqh,.l11b Av" T"tiran - Iran raclory · 717 Pirouzl A.vi!. Tt!hran • lrtn 
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'l<•df' I nm 3-10 

---

Thf' rmns I n I I YI"' 1·nus I nu I cut.- in 

----

Comprrssn r· l''•h·'" ,. I I :i 11 p ---- NH62I.,\Fr. 

- -·----

Thf'rmostftt I'"<.; i I I 1>11 Sho1·ted 

Motor wind in~ I '·mp . I 18 l" 

\"ol ts I Amt"', . ..,. 220 \. I I • I 7 A 

- ------ -
FrPrzrr a i r -27 c 

Cabinet mPan t.('mp. I • 5 c 

Me::tt tray f Pmp. -3 c 

Veg. crisprr I !'mp. I c 

ComprC'ssor· 
' I) I' 80 c 

C:11mp 1·r s sn r •". i I R:l ,. 

rondr11s(• r mi drl I" :11 (' 

-------------·------------ ----- --- ------- -----

CondPnsrr f> •; i I :l 3 (' 

H I :l ,t J\ chn r·i;t,. 6 !) GMS 

---- - -

Remnrks: 
24 hours A.fl.f>r p11 I I down 



·-

1-fodel Tiff J J;) 

ThP1·mostnt I YI''' Const ant. c•1t-in 

Compregsor po WP r I I 1 lip -·--- V75LAF.G 

Thc-rmostat posi I i Oil Shortf'd 

~h)t.01· windinl{ I ""'I'. I 17 (' 

\'olts /Ampen~ 220 \. I I • 1 5 A 

FrPc-zc-r :-\Ir -28.5 c 

Cabinet me::in IPmp. 2 c 

Me::tt trAy f,pr.ip. -2 ,. 

Veg. er ispf'r IE"'mp. 2. 5 c 

--
Compressor I o I' 81 c 

Cnmprf'ssnr· "~; i I R 1 ,. 

-
1·011dcnsf'r middl<' :rn. 5 c 

------ ---· -~. -- ---·--------·- -

CondE"'nse 1· ('X i I :1 f) c 

--------
Rt:HA char·~" fi 5 GMS 

-·------------·--------· ··--·-- ----·--·· 

RemArks: 
2 ,. ho11 rs nftPr p11I I down 



:l2 l" .\ml1irnl ,·,.r;t i1111n11s n111 pPr·formnncp 

Model Tt!P 285 

ThPrmost nt i YP'-. w i I.It a In r·m ennt.nct.s 

r·ompressu1· 111_)\'\"Pl" I I ·I lip ---- \' 7;) LAEG 

--

Tiu~ rmo st. at. J'OS j f j ('II Shr) rt.Pd 

Mo I or· w i 1111 i Ill! I Pffil'. llR.:, ,. 

\'olts I <\mp",.,_ 220 \" I I. 05 /\ 

--·- >-· 

Freezer air -28.5 c 

Cabinet mE>1\n t i:'mp. 29.7 c 

--·-

I '-IN\ t. t. rny fr>mp. -----

----
\·eg. c r i spE> r trmp. -----

Compressor t op fU c 

<'omp•·pssor "': ; I R fi c 

f'ondPnsPr mi 1ld Ir 3R c 

·-~----·-·--------
Cnnrlrnsf>r r x i I 35 c 

Rl31A chAr~"' 80 GHS 

-
Remnrl<s: 

2" hours nft,.r pu I I dnw11 
- -



:~2 , c ,\mh i"ri! 1·n11I i 1111n11s r-1111 pl'rformnnc-1" 

ModE:'l F;i I 1 3 

Th"t·moslnl I YP" 1'11 sh button defrost 

Compressor prn,·,:- r· I I !i lip ---- NR62LAF.G 

Thermo!'"tat. posit j O II Short.eel 

I 
Motor· ""inding I rml'. 120 ' (" 

\'olt.s I i\mprr'' 220 v I I • 1 5 A 

Freezer 11 i ,. -15 1C 

Cnbinet mean t.ernp. 2.2 .c 

"feat tray l.C'ffiJ'. -7 .c 

Vrg. crisper l<'rnp. :l .c 

Compressor top fl.4 •C 

c:omprr!':!':or r x i I 8 ;l • I' 

Condensc:r middlr 42 .c 

-· 

Conr1£>ns<'r r '< i I :Hi ' c 

-
Rl :14A chn rgP 127 GMf> 

RPmarks: 
24 hon rs nftf'r.· p11 I I dowr1 



32 , c Amii i rnt cont i n11011s run pPrform:u1cp 

Morlel Fal 11 

Th,,.rmnstat t. y I"' Push h11 t. t.on riPfrost 

Compressor powPr 1/6 Hp ---- NR52LAEG 

Thermostat posi I inn Shorted 

Molar wind in~ I i:-mp. 119 c 

Volts /Ampere 220 v I 1. 05 ;\ 

-
Freezer air -14 c 

Cabinet menn t.Pmp. 2 c 

Meat tray Lemp. -5 c i 

Veg. crisper temp. 3.5 c 

Compressor lop 1H c 

C:omprPssor r x i I 87 (' 

Condern:ier mi<idle 40 c 

.. 

Condf'nser (' x i t. :-15 c 

HI HA rhflr~P 137 GMS 

·-
Remnrks: 
24 hours nf ter pu I J down 
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R~f: 

l)ISO R91G Te:.=:t_i11;i t(~friqeratin9 systems. 

Tel: (021~348091-8 

Tix: 223657 BAHM IR 

Fax: (021) 340722 

J;Danfos.s cr_:mprPSS<lrs: Hl?tmaLic systems for RlJ4 

{II. nn. Bl. I)~~ U.:infn.s.:.1990). 

4)Matsushjt;:i u:;f. ,.,, P~frir;A.r<lting systems 

(f1-H11ciF: f't)/~-F:-1 r~9_l). 

5)Daewoo techni.~;11 l•t inf. (!r .. i;:it-10-1993). 

6}Electrolux arplir·rit_inn q11irJlinA.(LBP application}. 

7)134a design: ~)har:f :111iv•-'rsity Tehran paper 1';9J. 

8}DKK-Foron ~i::>mir1<1r nn rl.:->siqn 1qq~,_ 

9 ) UN D p p re p <l r ;:} t i ( ' I I (\ f r r l r) • r n v . ,'.'; t_ l I d i e s l g q L • 

lO)ISO 7371 RAf. rnr-f0rmancA 1985. 

ll)Sanyo appLi~:;:i:_i,_111 :-:t;u1d;:irds 1988. 

l))LAm;if-jr-F.vr1r1nr<1trq· 11:-:0 p1i~.sibiJit_y 1991. 

14) N~r:-ch i, r_l7.r1r1r~ fr· i 0r1d l y 1 qq_1. 

JS)Armco, static c~(inr:Jens8rs ]994. 

1 7 ) Go 1 d .s t a r - M f' i-1 ' • r 1 \i i r r ' nrn ~: ri t 1 9 g t1 • 

1~3)SynrJp:>is nn 1-~ 1'L1 d~:">i<111-·~1,rnpar~d tr' R17.-~~h1r·if 

u11iver~::ily 199~. 

Reglsterc>r1 r.;ip1l<1I: Rh 3.000.000,000 fully ptld 
f'nr,tal flrl<frr!'ls: 799 Fng'1t>lah flvr Trtiran. Iran ractory: 717 Pirouzl Av~. Tehran· lr1n 



.. ... . 

-·1 ... ···•· 

BAHMAN 
Tel: (021)348991-8 

.. l•···· _.,. 
T Ix : 223657 BAHM IA 

Fax: (021) 340722 

R~f: 

20) ASHRAE di ff P r·on t I r->pr If t .--: 199)-1995. 

21)150 8187 Perfnrmaric0 nf refriCJerator-freezerss 1991. 

22)0fficinr-' ga.l.i lt:>r,-Hi 1;h volume and refrigeration 

industry 1990. 

23)Conde11s81.s fr>1 '"ft iqn1.-lt inn rippJiances D<lnfoss 

CF.88./\1.22. 

24)Evoporator fnr 1· 0 f. unit:s D/\nfp:=;s CN.8?..00.07 1987. 

25) ICI. Thennndyr1ami ,. pr·opet lies of HF 134a -1989. 

26)Gaico,Belgi11m.H0f1 i•1i:>rant· r1°1r1s-(S/nrl)7209/1991. 

27)Afeas-Paft F.r1v.i.1c)nment;~l acceptibility study 1993. 

28)Leybold-Hera8s V;.v·111ir11 ti:>r·hnoJnqy 1992. 

29)UNEP-Protect~_r19 the?. Ozone layer vol.1 Refrigerant 

1994. 
30)Refprop REfriq~r;itor properties database Mclinden 

Aug '93. 

3?.)L unit HermPtir~uo 0rwironmentAl rr-:Jtect.ion 1993 . 

3·g Registered Capital: Rls 3,000.000,000 ful'y Plld , 

Pnolal Address: 79~ Engh•lab AV' fotu1n. tr1n factory: 777 Pirouzl Av._ Tehran· lr1n I 
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BAHMAN 
Tel: (021)348091-8 

Tix : 223657 BAHM IR 

Fn: (021) 340722 

Ref: 

-- Oet•: 

33) Ofticine r_;alil"'' 

High vc:v111irn and tefri•_Jo.tation inriustry. 

34) Leybold-H~L~~-1!~ 

Vacuum ti:>cltnology, its foundations formulae and 

t Ab l P .<: II V 1 r • _ ' - .:. A•~ f i n n If - H • 

35) Danfoss 

CN. 8). 00. n,: 

36) Asper~ 

Capillary t11bes: function-selection tech. 

37) Danfoss 

Dess.~.<:nnt~s 111 Hermetic refrigeration systems. 

38) Danfoss 

Thermostnt nppli~Atinn. 

3 9) Showa al_ ~~l !~j:.~J-~1_ C:<? ~1!_~-2_~-a f~_J-9-!! 

40) /\tmco 

Static wirPd r.ondesArs. 

41) Dena 

Dryers f0r refrigerators. 

31 
Registered C;ipilal: Rf-; J,000.000,000 fully paid , 
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Tel: (021)348091-8 

Tix : 223657 BAHM IR 

Fax: (021) 340722 

R~f: 

42) Gold stat 

4.3) Necchi 

compressori etmetici per refrioerazione e 

4 4) ISO 8187 

H0f:i.-i0r :11 ••t -·fr0r>;::01 

Characterisrics :1nd test methods. 

4 5) ISO 7 371 

Performarv-e of hr)r1sehold refrigerating 

appliancP..s. 

4 n) Smn.sung 

Compressor test methods. 

47) Danfoss 

Compressnr dPsiqn, mech;rnic<'t] nnd electri.r:al 

CF.10.02.o·-: 

48) Chemical iDdustries of Northern Gre~ce ------------------. - --------- ···-- - -----·- ----· .... -·--~-- ··-··· 

F'orane 1J4A 

.19) fE~~~ .P!_Q_c~1 _1c t: s_ . J-.~_b?_~ ~_!:? !..Y 

Com~'.3lal1i lily of elastomf'?rs with HJJ4a. 

50) Hoechst chemicals 
----------------- . --- -----

RefrigEHant. L34ri jncludinq cyclLng concf>pt. 

1,0 
R~glst~red Capital: Rio; J,nno 000,000 fully raid \ 

Pno;tal l\ddrf'SS: 79~ fngtu•lah /\vr Tr-ttr11n. lr1n f"actory: 771 Pirouzl Ave. Tehr•n ·Iran 
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R~f: 

51) Merloni proge~_t_i 

Balancjncr method~. 

52} Sharif universi~ Tehran 

Ref r ige r.-a t ion seminar pr,~>ceedings. 

') J ) ~~,-~po~!-

Tel: (021)341091-1 

T Ix : 223657 BAHM IR 

Fax: (021) 340722 

H FC 134a, f.•t·-•pert ies storage and handling. 

Hermetic ~ompressor and cycle. 

55) ~1atsushi ta ~'?_f_t)g~!::-~_!J9T!__~om~~_y 

CFC elimin<ttion programme D-BOOEF02-E. 

56) Electrolux 

R 1J4a apµli~ation guidline(LBP). 

57) Da8woo 

HFC-134a refrjgeration (DWAR-10). 

S8) ElActroJux 

HeplacemenL of CFC-12, in domestir: 

refri0~rati0n systems. 

S9) Danfoss 

60) Danfosc-_; 

nl) J\ r.Jl) 1 l a rH~ c~ 
- _J;: - --------- - -

V;:uio11;; 1:->011es nf r~c:~nt m;:iqaz.1nes. 

Registered C;ipil&I: Al-; 3,000.000.000 fully paid 
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6-2) ASHRAE j ou t~~1~1 

Di f f ~ re n f. p 11 bl i ca t ion 1 9 9 :2 - 1 9 9 5 . 

6.3) ISIRI 248~~ ( rran ,;,t;rndard) 

Tel: (021)341091-8 

T Ix : 223657 BAHM In 

Fax: (021) 340722 

PerL 1 trn:rn.·0 11f i1·)11sehold freez~rs and frozen 

6 4 ) I S I R I 2 5 4 ( I r ;rn :" t: a n d ;i JrJ) 

65) DI<K- FOR OH 

Seminnr Mnrch '?CJ 

CFC eJjmin;.itic•n technoJoqy. 

6 6) Gene r a l El e c t _ t i ~ 

6 I I 

68) 

69) 

70) 

71) 

Motor perfnrmanr:e. 

Galco Belg_~_Uf'! 

R l 3 4 ;:i a pp 1 i r: a t_ i on • 

Th0rmo<~ynamic pn,perties of Hf"/\ J34a. 

L~!!Ja t_ic_ <;Je nna_n y 

Tube evaporators compared to roll bond t:ype. 

UNEP 

VoltJme 1 r··~rri<J8nrnts. 

~ ' ~1 ~ j_t e .l!~ En•_~ t .i_ ']1 J_e_ 

n~~w n~ fr iqe :. an t-9 re en l i.ne. 

Registered Capital: Rio; J,P00.000.000 fully p1ld 

Pn~tal J\d<lrPss: 799 Frighrlab fl.vr Trhran. lr11n Factory: 7 77 Pirouzl Ave. Tehran - lr•n ) 
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I Ix : 223857 BAHM IR 

Fax: (021) 340722 

LAa 1 ~ rJ 0 .. t.P __ ,_·t I-"rl ~'l.:~tom-:.r-- r_ '- . .:> J ~ - to.• • 

7 3) P/\FT 

Programm'? fr.Jt- c=illet-native 134a toxicity 

75) l<'obi::? unive!.-sit'· .Jat;art --·----------- -·· .... l --- _ ... ___ -

7 6) Io_wa -~t~l~_ 1:-!n i v~_rs it y _ U_~~-~ 

Comp~ri~ion of heat transfer coefficients of 

H FC 1 J 4 a and C rr: 1 ~ . 

77) TJHEF 

I Edu.st: ry arid environmer1t. 

7 A ) l\ FF.J\S 

Enviror1mA11lc1! ar:c~ptabiJ ity study. 

79) R.~f_rAge_r-at ion and l\/C 

/\lthou;,~- Turn .. r.:i::;t - Brac:1:ianc G00.JhAart_

Wilc0x . 

81) Heat tran::if~r 

.J.P.fh1rnrin - M«qrnwhj 11. 

Rf!glslf!red C:apilal: RI"- 3,000.000,000 fully p•ld 
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Tel: (021)348091-R 

BARMAN Tix: 27.36!>7 RJ\llM m 
M1mufar.l11rlnq f"n11111:111y Fax: (021) 3110721 

1. Vescrlpllon of l-l/=C-13411 (Cll1F--cr-~. 1,2,2,2- 7rtrrtflrmm ~rlrttn,) 

( 1) tuxlclty 

llt=C:-1 :J4s Is A chlotltle-free fluorlnatetl non-ozone depleHng 

refrigerant. 

It Is non-toxic. non-flammable. and tmn explosive. 

lls AEL(AcceplalJIR Exposure llmlli level Is 1000 1111m. 

(2) t'urlly 

lhnre rm1y Im lrnfHJrltl99 In the llt=C-134n a~ tho rosldues In tho 

manurr1cturlng process(ntM. nttlfa. nt21f. elc.). Tho main concern 

of these lmpurlllos ls the effect of chlorlnatod residues on the c~p!llary 

tul.Je. 1 here fore mote than 99.95% of purity must be securod. 

(3) I lyyroscoplcliy 
llt=C-13411 I~ more hyyroscoplsllc than ere I~- The solubility of 

water In llt=C-134iJ 19 ,.BOOppm Al 290.15K whllP- In CFCI?. I~ 90 

""'"· 
(4) Mlsclblllly wllh ~uhtltHIMl 

It Is deslrable lhAI lhn telrlgarnnl nml lubrlca11I mo cornplnlP.ly 

rnlsclblo over lhe ratige of exf)ecled oper~tlng ptessure-l'Jmperature 

condillo1rn for Iha safe oil-return from condenser to compressor. 

Minernl oils mA not sullable A'l lubrlc:ml with llFC-134 n rJ11n to 

lnsuflldent mlsclblllly atld lubtlclly. 

Polyol osier Is mlsclbl~ With ll~C-13411 althouyh not all ewe~ tho 

rnglon bul within th& ot'etntlnu ~oMdllloMs. 

Fig. I shows typical miscibility dlagrAm of polyol ester with 4G 
llFC-13411. 
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IAHMAN 
M:11111f:'lcl11t 11111 1:nm11any 

R•f : ...................... . 

D•le: ..................... . 

(5) t; tablllty 

hi: (021)348091-8 

Tix : 223657 DAltM In 

F~x: (021) 340722 

the stablllly of llrt:-1 :J411 with metals and lubricant Is evaluated 

by the sealed gle99 tube tests. 

tests were CotldUcled et thn t 75 t conditions fot 2 I days with tho 

presence of steel. coppet, aluminum. end 

were Analyzed by QA9 chtomatogrsphy 

l/FC-13411 decomposition was observed. 

(6) Cornpellblllty with lJe!tlctanl 

XH-7 or XH-9 Is tecotnmended. 

llFG- I 34a may be proceeded. 

ester oils. G~s snmplos 

nnd no lmllcnllon uf 

If not. decomposition of 

~--·-·----- - --··---------
negltth!ted Capllal: Alt :J,000,000,000 fully p11ld ~ 

roolol Addro .. ' 799 Engh•l•b Av•. hhron ·Iron f 1clory' 1n r1rouzl A••· Tohr•n · 11111 

1
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! Ix . 11:1657 DAtlM IJ, 
M:11111f :11 1 ·rr • ··•; 1 "· r· ,. ro: 1021) J-10722 

1 :J'-la in Hennetic Applications 
Heat Transfer Coefficients For R134a & R 12 

• Single Phase Heat Transfer 

- Dlttus .. Boelter & Petukhov .. Popov 
correlations show that 

- R134a > R12 by 30-40% 
-

• Evaporntlve Hent Transfer 

- R134a > R12 by 28-34o/o 

• Condensntlon Heat Trnnsfer 

- R134a > R1.2 by 35 .. 4·1 o/o 
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134a In Hermetic Applications 

Perforn1ance Conclusions 

- v1fth reasonable value {30W) 
assurne.d for superheat, R134a 
COP is cornparable to R12 COP 

- to optimise syst•lm perforn1ance, 
roduce the superheat 

- with no superheat, R12 Is more 
efficient ·than :A134a 

- tor equnl coorrn.u duty, mass 
flowrt1te. ls lower for ·R1.34a than 

·t.or ~Rt2 

I 
4~ 



IN TllE NAME or nno 

BAHMAN 
M11nuhr=turl11y ro111pAny 

Tri: (0:71)HR09t -It 

llx : 22'.1657 RAllM m 
Fax: (021) J4on2 

------------------
Performance of R12 and R134a 

In hermetic appllcatlons 
(equal coollng duty 100W) 

Coefficient of Performance 
3 ---~~~~~~~~~~~~~~~--~~~~~ 

2.5 -

2 : 
I 

I ') I 

r I 'i 

Zero 
Superheat 

30 Watts 

R12 f !lJ R134a 

, I 

Su 
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Description of llFC-134a nefrigerator 

( 1) Evaporator-Condenser-Pipe 

ll"I: (021)348011-1 

T Ix : 223857 BAUM :n 
Fu: (02f) 340722 

II Is generally coPcluded that tire size of evaporator anu 

conuens~r can be the same as those w;ecJ for n 12. Sometimes. Io 

- 15% Increase of condenser size Is recommended. Mineral oil or 

similar proces9 oil coaled on the Inside of rtpa must be clAanocJ prior 

lo use. 

(2) Jlefrigerani charge size 

The rerrigerant chmge size of n t :l4n refriyeralion system Is 

about f o- 20% less than that of R 12 syslern . 

Excessive charge may cause mechanical failure during flooded start 
cone.Ji lion. 

Exact clrnrya size rnusl ue determined through laboralory lest. 

Fig. 3 shows pressure - solub:iiiy diagram of llFC- t 34a with POE. 

(3) Coplllary lube 

Generally the length oJ caplllary tube may need lo be adjusted 

through laboratory lest. 

For reference. f 0- f 5% Increase Is recommended. 

··-··--- ··-- ---··- -·-------······---. -- ·- ··· ----- ·--- ·R";~1;i·;,;·;,-c-~-~i~~R"i~-j~ooo 000.000 tu11v P•ld 

f'o~tal flddff"I!! 79q Fr1y'1P.leh Avr Tl'.'l111rn. lr11n raclory 717 Pl1ouzl AvP. hhrirn ·Iran 
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Rtf : ............ . 

(4) Dryer 

XH-7 or XJ 1-9 Is recommended as described In 1-(6). 

(5) Process Material 

ll'I: (021)348091-8 

Tix: 223857 BAHM In 

Fax: (021) 340722 

Residues of mineral oll based process malarial which Is Insoluble 

with POE!J may co11tarnlnC1le lho cnplllmy tube and chlorlnalotl 

substances ere not edmllled. 

The compalibllily of each process material must be checked through 
saaled tube test 

(6) Fterrigerant Charge 

The R 1348 relriyerant must lie charged wrth n t 34a charging 

machine. Sealing malarial must be compatible with n 134a. If the 

charging process be done with Fl 12 system. R 12 residues remained In 

lhe scrnlinq mnlerlnl r,1;iy permlralrJ Into lhn II t :un refrigeration system 

lo be a unacceptable chlorinated Impurity. 

(7) VaGuurn and Leak lielectlon 

/\s tlie molncule siu~ or 11134n Is srnnller llmn Iha! of n12. flt34a 

will lond lo lcnk rnoro 0~1!>ily than n 12. Additional care Is needed Is 

pipa wrifr.lin~ tAnxi11111111 11cc"plnhln c;ynlem moisfure is I 00 mg. 
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J Ix : '23957 BAUM In 
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Evacuation fu a.1 -· 0.5 mmllR Is recornrnem.led. Leak doleclion must 

be done Wl!h proper 11I3411 leak deleclfon aqulprnenl. 

POE Is hydrolyzed al very high lernperalure wilh the presence of 

moislure and air. Especially, the effect of air Is remarkable. 

Table 1 shows the effect of moisture and air on the hydrolysis of 

POE. 

TF..bla t Jlydrolysls of POE 

r
. ----- ·····- ... .........__ 

............ __ 
........._ -

----------- - .. :.-~ 

' t.A.N 
- ·--·· ·---- ---- - .. 

with air with Ni with 1113411 

0.20 0.03 0.03 

"t.Ml · 1blnl k.ld M1m1V!r [m1lVll!1) 

lest condillon : 130 t x 10 days 

moisture level : I 000 ppm 

..... --- - -·--·-···--·--- -·- . 
......._ _________ , __ _ 

Regllllflf~d r:11pltal: nl": J,000,000,000 fully f'lld ) 

1, ••I •I A''"' ... : to• F ngh•fob A" T '""" . tro.1 r oclo1y : 111 r houd Av•. hh• In • '"" i -
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\ CAPILLARY TUms 

FUllCTIOfi - AllVA:rrA.r;r.s - DISADVAlTfAUES - SF.LEC.'TIO!l 

rt iR •1onet1tiRl, fot· " c"rrP.rt r-,.fri~rA.lin~ c_vcle, to control the 
refrirrnr:i.r;t flo;1 '?llt<?r-i"F. lh1> evl\porRtor. Th" e:xact function cf A. 

contr0l devic<?, in A rnfriP,"rAlinp.; ~yst~n, in thnt of producin~ !\ 

T"'llri•:lit•r1, hn11•:r•" 1·r-<'~"'""" •llfT1>1·1>t1<:1> 1 l·etwl'nll hip;h pr1>110111-,. nlrlri 

~r~ low preRnurc nld~. 

Among the mor~ common ~Jpnneion deviceR employed on 9mRller eiz~ 
ho•1ro,.h0lrl r1>friP."r"tnrr; :lrd 1111lhry room 'lir corvHtioner~ th'-! cnpi.!_ 
lnr.1 t•1l~ :'lchi,,·:e•I :t r:t11irt l "I i 11cr-•'lning pop11lari ty in th'? rr~,.nt 

years. 

1'h'l c<\pl l l11r.:r opr>ri\ler. on the principle that R fluid in the liquid 
dnta 1':1•:!:r·r, th1'1'1p;h it ·1qr:h more readily thiln in the g;lfleoas P.t!.\te, 

·11irl r;c~!l'."i••t!' nf" I\ fl'n:-ill rli:t!1"tl?J' li11P. or l'\dP.•f•J:itP. length connP.rJting 
I.hi" •y:t IP.t rJf th" r:ri!:·l,.r:!=t>r lo th~ inll?t of the evaporator, The URI! 

rif :i r::-ip1 I l1r,: t•it:~ i!: 1·rn•1ry11tly t~ing f'dend'!d to nystP.riS in eizen 
•1p t•J 10 t011!1 C::\pnr,i t::, 

l'hP. pr"•l0·1ir"rnl ;\'1•1:\/1t:11,., inhr>rP.rit tn cn1llhr.'.l tul-1? in FJimplicity, 
which i'"1dir·n "" ltn t l!r: ~-1•·h ln~1>r C'Jfll~ in r.1Jfllpttrino11 \tlth th'J 

olht!r expnnnlon tlFJvicitn. 

Tha mRin f11ncttonr1 of cApi llary tubftlJ sr41 fl) to fet!ld th" evapor1itor 

with the rir.ht M1011nt of rnfrlgP.rRnt in accordanr.e with deAlgn condition"; 
b) to Rl low fl rrillil,y prnnRure hfllllnce st compreRnor nlop. 

·-.... __ ---··· ···---···--------- ···--· ------- ·-... 
n~gl,trrr:I f'.1pllftl: Rlr. J,noo.oofl,000 fully f"tld \ 

J'nr.IAI l\cltlrf>!U: 799 Fnqhr.l .. h f\vr Trhr•n. """ r llCfory: 117 J'lro11zl Av•. Tehrllfl - ''"" l 
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Requirf!llllent ae p~r ~oint A) ie met by employing elth@r & 8hort and 
umall diAJ:1et,.red ~aplll~ry or A longer one h11ving a lRrger diamel~r, 
whereas point b) condi ticm mRy more e119ily be eatiefi~d through a 
longer and 111rg~r diAmetPr"d c11pillary tub9. 

Naturally the lftngth / di8.llleler o~mbln~llcn will &lRo depend upon 
rft<Iuired evaporating lPmperature. 

During ehutdown periodn! the capillary continue& to paea refrig~rant 
from th~ high elde to th9 low Ride until preeeureR are eqUlllized 
And th" motor r.omrr~n"nr ~"" th111n hi! on" 11t low nl11rting torqu111. 

Thi'! ftmploym,rnt Qr " r.l\pi llllry tub~ off'!rff l\r.othqr RdvnntAgo: th" lf11id 
r~celver ~limln11tion on circ11lt high prnrumre Ride, which involven, 
b9RidPn R noti~Pllbl-. RlmJ'I ific1t.lbn in th!'I nynte:n etructure, & ;_n.,er 

refriP,""rant d1"lrp;~. In thl A C"-!H! hcwev,.r, it i o nP.CllnR1lry tc forP.r.,.., 

A condP.nnir>r ;.,hone int,.rnnl volu:nA mcty bn Rll"'h to recnlvA th!! wholn 
rRfrig1n·1tnt chA.rg" in c'ln"' oi A capillary clogging. 

It must be noted, anyway, that cA.pill&ry tube le a..~ e~ra.nsion devic' 
with fixed charactP.rinlif·n: LB. it ie not adjuetab19 to changing 
losd condi tlons. 

In fact, leavin~ tor s moment the ph,rnical ccmditionR ~f th! fluid 
out of conF1irlP.ratlon, it m:ty bl! elA.tArl thitt th.1 fluid rate iteolf 
excl11niv"lY rl"penr1n on thq pr1!88Urf!R down1Jtrel!m flnC: upRtrP!Vll the tubA. 
Specifir.Ally, the flow r1tte through the tube ie directly proportional 
to conrl1rnn'!r prn.nRurn f\nri invernel,r proportion"-'! to evspor1ttor 

rr,."R11f"'l. 011 th1> r.r111trAr.y, the TPfrlp,Pr,.nt C\rCllll\tl'ld h_y thP, COFnJlT"nnt:.r 

l11r:r·""""" ''""" lo A rl'•l•wtlnn 111 ron1l,.11nl11p; pr111n"11rn n.ntl I\ rJnl'I In 
l!Vllpo rll ting pr An eur~. 

Then it mny Wl!ll b"t 11nrlP.retood how th" nynt"m iA bal!lncf!r! for only 

one 1uHI Wf!ll dlltP.nni Mrl lolld condi lion. 

Any load vftri&tion - from fit~d conditionn - cau~ea a reduction in 
the whole eyetnm efficiffnoy • 

·- --- .. --·-·- ·----------··---· -- ----------·---·--------· ------------------ -· ·,~ 

nti?glsl~n~ri C;tpilal: RI!; J,000,000,000 fully fUtld \ 

f'nr.t:.11\rlrlrt~!I: 79~ Fnghl'lllh r.vr Trhr1tn. lrlln r11clory: 777 Jllrnuzl Av,. T•hr1tn - Iran ~ 
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An import&nt novelty ln the field of r~frig~ration equirment 8 , sfter 
the introduction of the halogenated fluids, 1a given by the he~t 
exohang~re between the cool gas coming cut from the evaporator "nd 
the hot liquid flowing to it. This leads to noticeable incr~AP•" In 
compreesor refrt~et3tlng capacity hP.eloee Implying other advantAg~n 
in installation building. 

As fsr R& Refrl~erant '2 11 conceM"P.d th'! ~~vanta~g iR PxtrP.rn~ly 
rPfl!arkable while for Refrigerant 22 hae a minor importance. Th~ low~r 
the evapoMlting tPmp'!ratur~ le the mor" conRpir.uoun thin ftr:lvl\nhF,A 

done rneult And vioftverwa. It iR to h~ tftmnmbnr~d thnl, ~htln A 

comprenaor refrlgarating capacity increasee eubcoolJng the liquid, 
comrressor P.nnrgy c~neumption i a kept almo~l et eRd,y. 

A refrigeration 1y1tem detign it achieved throu~h ~n adP.qua.te 
ORpillRry eelectlon ~e thiB device in r~nponnibte for euction prl?neure 
or temperature Rml, then, for refrigf!ra.ting ca.pllcl ly. 

Capilla.ry tube eelection is Rtill to be rP.gRrded BB a delicatP. 
opPMltion - marked RR it in by a cP.rtain ~mpiricinm - nince therP. in 

not yet ll deP.p knowhdp,e or the influence, originating in n•.1mberleen 

caueen, which may Rff P.ct refrigerBting nyetem Minning. 

An expansion devlol!t 11h&ll llUHtl 11ome requlrl!menh which vary according 

to the application& where it ia u&ed &a well ae &cc0rding to working 
conditionn. In fRot cit~illAry flow rA.te in function both of evaporA.t
lng temperature and or condenelng temperllture. 

Oth~r fa.ctorn equally &ffnot C&plllRry definition AO that CRpillRry Rf!lf!ct 
Inn l•l\nnrl on lhl\ Rlrlcl llf'pltcl\~lon of ,._ fnnn11)1t wnnlrl h"' "111,,r,. I J i11'."!lon. 

111 1•rl\dlt!n lh,.11 tha det!lininntion of llfl KrlP.rtu1ttn r.l\plllllry luhn In 

gPn~rAlly ba~od on P.~perience and, in moet canee, in the renult of 
Lnhorl\tory t11!ltR directly performed on the RpplicA.tion itnelf. 

In nplte of thin, thnrn le k number or m~thodn of wi~inR ~ c&plll1try, 
&nm" 1,,u,,,d on ,.mpl rtclll ~quat ion11 And oth'!r" which sprly th~ 
prl nc 1 pl '!B of flu id dynnmlcs 1 but the p1·ob 1 em growe morft compl1>t 

whPn ~nplll1try lo attn~h@d to 11u~tion tub~ BB 1t BotuRlly h~pp~nn in 
l\lmont Rl 1 ho11nohold rf'frig(lrl\ting nyfltl?mA. 

---------·--- --------·--------· ---·- ----·----· --· 
nt!glelt?rr.d Capltlll: nlo; J,000,000,000 fully fUtld \ 

l'n<l>I A <Id•••' . 1 •o F nql,.loh A" T ''"on . '"" r ulmy . '11 •' ''""'' Av• f •h"" . '"" 1-
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Since the calculation of A ~RpillAry h~n .. ~ on thP. prlnclpl~e of fluid 
d,ynMlice ie mor,. wid,.11rr,."ti r.m11r-"r'!d w1 t.h olh,.r RyAlf!mR, Wff Plrt! ,;oing 

to examinl! it liriefl.v following th.- mPlhodn propoe~d by HOPKIHS, 

COOPER, CHU and DRISKEll. 

If the final objective is to detennine th~ len~h of a capillary tube 
of & certain bore lo reduce the pr~ssur~ of a given maeR flow of 
refrigerant from the condenner preneure to thA evapcralcr presnur,., 
thA nolullon cAn hA Approa~hed In a nl~pvine fashion, analyzir.~ 

succeenive lncr,.mentn of line lengthe (~lemenl~ry ler.~th~). 

Tot~l lPnglh will b" RlV~n by Adding th~ varloun elP.m~ntary lengthn 

round. 

Detennln~tion of the El,.mentary Lengths of a Capillary Tube. 

From the contlnutt7 equallont 

where: 

v - ...!!!__ 
B 

0 • Fluid MAH Rde in Kt,/1ec. 

v • Speoi!io Volum~ in ml/Kg 

S • Tube Seotion m2 

V • Sp11d in a/110 

Applyin~ th~ rrlnolplll or oon11~rvatlon of nnArgyf 

A P • _ oA v _ o 1' t V dL 
' 1 g 2DgS o 

prefixed 

(1) 

(2) 

wh'!rfl!: 
0

6 p
1 

TolAl Pre1111urtt t>rop in the Fir&t F.leml!ntary T'IJbe Len1tth di •• 

g • Aooeleration of Oravlty 

r • Friction Fsolor 

D • Tube Dlsmeter prefixed 

dL • Tube length 
-·----------- - ----------·--------·-··-----·------ - --·. 

n~gl1t~r"rf r11pll1tl: Rio; J,ono.000,000 fully f'•ld \ 
l'no:l~I f11lrfrrr,": 7qq F11gh,.l11h fl.vr Trhr1n. lr111 r11r:lory: 717 Plro111I Av~. T'!ltr11n · lr11n ) 
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ThA. ex8ct RoluUon of r.,.. (2) wt 11 b,. 1H fflr.ul t bS?r.J\URI! of th8 c·:)mplt!x 
VllriRliQn of frlrlinn fR~lor 'f' And VPlor'ly 'V' with lhe l~nglh 'L'. 

In the flret approxtm~tton oaloulAtlon this obetaole le overcome aeeuming, 
for fl':tch l!l"m"ntRry ll"n~lh l)f thA lubP., the m'""" Vil lu" of the two 11bove 
menllonerl 11vmtltiPA lnrllcRt,.d RR 'fm' amt 'Vm'. 

EqWltion (2) in flnteh,.~ t~rme ~ill th~n b,.~ 

0 
A p1 • A - B • f • V • .1 L 
Ll m II I 1 

vhere 'A' Rnd •n• Rr" th11t known t"rmR. 

Th8 frlotion fRctor d"r"nd11 uron th .. REYfll'l.DS numbl!lr. 

Th .. "'llll\tion whirh, h_v ""r"r'""'~"• "'"'mn tr> hi! th ... ll'lor:t ~onv,.ni,.nt in 
thill 1';tr·tic11lar ca.RI\ in: 

r ,.. o, 32 
(R ) 0,7' 

e 

'fm' value le given by th9 mean value of the 1f 1 values calculated ~t 
2 polntr: minimum (lil?P,'lnnlnp, ~\llrl 1>nrl) of "'rtr.h el11tm,,mlRry 1'm~th. 

The BMI'! can be e~id for the merin V8locl ty VAlue rP-ckonerl at two polnlR 
minlm•Jm by E<tuatlon ( 1). 

A11 thnn11 r.l\lr.1111\tlonn l\rfl r!llhtir cnmrt ... , "•pnrtm"ntnl tt\hlnn l\rn ~,.n,.rnl ly 
"m1il11yrrl whlrh '""" mnrln hy Vllrlrrnn lllflnufllr:turrrR. 

Such Arn t.h'? A7:p'!rlm1mtlll tsbl8n of rnr:l)mmPnrfoct r:1tpillllrie11 whfrh Ar" 

l'nel(lr.nd h lh,. Jtrnnl'11l T,.r:l111!rr'1 Jhill11ttn. Th"' tl\h}Pn w"r" mrtrl11 in 
ASl'E!!A !1.p.A.l.aborAlorinR • 

Ohvlo11nly thn 1n11~t rHm19n11lon11 or Cllpl lt11ry tuh~A wl 11 h11v111 to hf! 
ch,.ckrrl in rf1>nlF,n Anrt lnnpn.~tlon nl"gn111 of Urn Rln~le Aynt1?rr.n. 

J'ri<:l:.I fl rlrlr "!:!t . 

. . n;~i~i .. ,,.,, r.~pll:tl: ntr. J.ono.000.000 fully f'•ld \ 

r •• F n•h•l•b A" r •I"'" . '"" r ocln<y · 117 rh nu 11 •• , •. r.lu on • hon l 



mm \. 1ungnezza cap111are - cap111ery length) 
5000 

4750 

4500 

4250 

4000 

3750 

3500 

3250 

3000 

2750 

2500 

2250 

2000 

1750 

1500 

1250 

1000 

750 

500 
1 2 3 4 r. 6 

0 
...[) 

... _prova con uscita libera-taat in outlet free ... 

......... fluido u•ato N - fh1id used N 
. . . . . . . ~ . . . . . -. 

····r-· . .. . :._ .. _,~-.i~•-~di.,,,..•.~ruaure. teat 
.. . .. .. . . . . 5 ~· ~ -~ . ~~. 7tl1 :Ja&;i. 

---~-.. :... . .. ···;]~!;;~:~·<~··· .. ··-··-· ....... ·::.-.. ::}!'. .... mm. 
-~···· •· -- . :-:~:;_~:::-::·; :-:;;;(=: <<r.; . .-:; ...... x ............. . ... . . ·:~~ :s:~:: ::::~~;~];:?:;~ 

9 10 

A· ·OM .. ·· 
a -o.e1. 
C OM 
D Q71 
E 0.79 
F 0.11 

1 1 1 2 
( "".,10 "ow' 

_..;;.. ·- .. -
in. 

~22 ... 
.024 :fr . 
.028 .. ;::: 
.028 ;;::· 

.031 

.031 

... 
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Mnic:flll r inc:iclr I rfriv.r1 :ilinp, 111:id1i11r ~hn11lcl l1r t11:'1111l:?illrcl lirlnw f hr :illowrrl 1111:1111 ily <:11 111:11 111:11 hinr 1 ;111 

ntw·r:rlr· 11·ifl1111rl 1l1111l1lr. llwrd1111· ii ic: i1111w11!;111f In rrm11\'r 111nic:l111r in !hr 1111Krc:c: nf 111;m11f:11 ft11,. :mrl 

;ic:c::rmltlv of p:n I c::. Ami :ill rnl inn c:h1111l1I hr p:1irl !'>n I h:rl mni!'>I 111 r rlnrc: 11111 l'f'trr-1 r :rff' wlrrn 1·11mw1 I i11v. m 

111:1inl:1ini11H 111ad1inr ;if !'>ilr. 

Ami whrn II I-; f• 1111111 I h:rl i11l 11lr-1 ;1l1lr· 1111:1111 ii V nf 11111i•;f 111 r I-: 111111 ;rlrwr I \\'ii lrin r dr iJ!•·r ;II illJ! 111:1lri11r. ii c:lrn11lrl 

frc flll•lllpfly ll'lllfl\Ttf. 

1. Source of molsturn 

·1 hr f111l11wi11v.c: :ru· n•rr~irlr r nl :re: r:r11c:rc: 11f 11111ic:f m,. JK·twlr :rl i1111 irrl11 11·fr i1!rr :rl in1! 111:irl1irw 

(I) l11'>rrffi1 iml ch yin~ whrn t rpai1 inK 111;11 hinr 

C:~l l11:11f,.rp1:rlr "I"'' afi1111 wlwn r 111111rr lirrP. 111 111:1i11f:ii11i111~ 111:11 hirir. 

' (:!) l'rndr:rli1111 11f wd :ri1 1hw 111 lr·:ik:tP.r in l1•w ptr~c:rrrr p:11! 

(.t) l.r·alt;ip,r ;if llw hplr11 p:ul of w;itrr-coolinR r11111lr11c:rr. 

(!i) lnc;11rridr11f dr yinJ? ;1f 111!11 iranl (refri1trr:int oil). 

Hi) l\1nic:l m r in !hr rrf r iJ?rr :1111 110! c;uffirlrntly rltircl. 

(7) Moic:l 111 r rr r:ilril frnm miirl;if i1111 nf hyd111rnrltn11 rnrnt111c;i11v, 1d1 iP.rt:tl inJ! nil 

011 M11ic::t111r nr:rlrrf r111m lhr1111:rl 1lic::c::11l11li1111 11( i11c:11l:rli1111 111:1lrti:rlc: 11f 111nl111. 

2. lnnue11ce of moisture 
M11ic:h11 r in fh(' rrfrlP.f'I rilhtl( mrid1inr ft:iq thr fnllnwing 11:111 rifrd. 

(I) \V;ifrt hlr11 k:11f,. in r ;ipill;uy ln!IC' 11r rJp;111c;i1111 v::lvr. ;inrl C'\':tJw1r;il111 f1rni11P. 

(?,) Crr1111c;i1111 :iml c:lmlv,r 11 r:ili1111 1111 mrlal p:rr lq. 

Pl l>a111:r1ot" nr v:ilve!':. 

( 1) Copprr rnnl htl( 11h«'llOlllC'llA. 

f!i) I lr·l r•rlnr :1!11111 nf 1hr111ln1I p:ttl 'I ""' h :1'1 11111111~1 Inn 111:1tr1 l:;l11. 

---------------·---------------·-------------- - ... -....... 

Regltlered C11r.llal: RI~ 3,000.000,000 fully f'•lrf 
l'o!llal l\dctre~t: 799 Enghf'lab Avt TP.hr1n. lrln Factory: 777 f'lro11zl Av'!. Telu1n - Inn 
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,., TllE NAME or r.n:i 

BAH MAN 
T l'I (021)34~~~ t-11 

M:11111f:trl11r lru1 I 11m11.111y 

I lw nJ6S7 Rl\llM In 

ru: (021) 340722 

Deeslcants In 
Hermetic 
Refrigeration 
Systems 

I ht l:rfc,1 l.tnllrldt:1'rtl 1lr"ln1111 nHtt• 

'l1111lnrur1I nrf. r111lr1•r• II• tr11nrrl• iht 

hlrullnl! •11 hurrnfrrl tltmrnh In lhr 

tdt ll!trrtllmt ",lt·m 11~1 •• :ilrt. :u lrl 11·,l1!11r 

nnrf ufln·t rh·& ""'''"'II inn ruutlnt h 

llnnt"•f'r. l'\f•f'fll"tllr '"""' llml nol :tll 

h rt' ul I rnlilh :n1· nl.lr In n I1IJ,l:nul tin· 

nu·t h1111lrnl lnrlutru t' In 11 It hll!rtnllntt 

'' ,frrn 111:11 lrlnrkl.!JI' In 111111 11111111111 lhr l11h I 

nl lhr rnhh lnr lnhr '""' 0111'1. nltrn 

rnllt'" • 11 '" '' • ur hr:u 111,~ ", m ht rhr 
ll•UIJ'JI ,,nr, 

fJ11.1flh h·'I' "'' tl11 111 "j' "''" f111 lnnt,t· 

f111l1I r1ltl1=•t 1fin11 ,, .. fllll• 11111·'1f fl1•l1 fnt1 

In hul11rl1· fc -.r... ''rii1 Ii'" •111 ff1·1I rfu 

rlt·, ... l1:tnf h:h ,ofli,l1nr m11lt11iit:1I •I 11.ilif' 

r"-~' ~1n('lt th,. rn:tm1f;1' ''",... "' '''''f!lf"frr 

rrlriq!': :tlll'n !y•lrrn• nl :1.,. cfrin•"<fir 

~Pr lor hl'!J:l" lh1?1!' l•nq hrr·• ~ ,.,.,.rf '" 
1111·.,rrr•• "'" n w:ilpr -ncf~r11hr!HJ rfr, ;ir ;1111 

Thi' r11rpn~r nf 11•1' cfl',~ir :tni w;i~ 

p11•n;111ly '" 1rl:i1n :rnrl tiu•rf ihP. wnf Pr 
,,.1,.:1~,.rf rhrrlrrq ,y,lr111 •fl1'111iinr• :ind 

ll•l'•rlrr rrflvl'•ll "'"'"~'"'" ,. 1'lfr1 ·~ 4111" 

~s icP hlor.klno lhl' rr.,fr•r:lnr '"'"' 
1Jnfimf'fy COmfHf'~1nr hrl".1kc1nwrt ftfr: 

Fvrn "' th1t r'"~""' ''"Q" or tnr:hnnlnpy 
wllhl11 11111 r111r1911rntlon 1ruh1•lrv 1111• 
"""ti ~1111 .,,,,,, h11f fhp 11l'r•,,ily ol 

''"~"1r.1"t :inrf •It: h1•t1 '"'fl 1r1 1f1fl' '""1qttrn 
hnr1 "Y~'""' 11:1~ ,,,,w ,,, h" "':1"',,11 ,,,,,,, n 
'"Qhlly rlitfrrrnt v•f"l""Pl'1"" fh;u1 ,,,,.\/IP111'y 

•.•n,~11111" '" :1 ""'""'~'" ~v ... lr1•1 ,-; rh11nr Irr 
1/f'lrf l1y Uit'I ,,., r,. .. , 11 rn •. :irr, ;111,f 

ft•,. :t•n''ll"I "' hrp Y1.ilrr W:l-: rrrvin1111;;ly 

rfpl1•rr•T1r>1·1J 'll;t•rtly fl\ Utft rl•\l't"":": ·lf ll1rt 

• , "''(·••n1·•1'". l11·f,,., .. 1t:"':f'lr•1f•lv f ,,f .,, 

t·!•f•f•, .,, f•\I rft,. 1• "'rr'1t1I;· ( ("111,f•f·r·•~t:: 

TP·r- '.•r•f•>..,.. 1.'\';1trr f' .ernlll!' tJtn1nl) r,~ur1 ff•o 

n1•1f,.., rru;1rl:lfrrlT1 rn:tf,,, 1:if :'l•trl •.\:I": 

r,..1,..:1""=,..,f p:ufly hy :'HJ"'rnq nf fl,~ r•1:il,,1j;if 

·'"" p:1rlly hy "'"' hrnllnQ 11p "' IP:ft 

""''"' '"''"'Q """'"'"'" 
lr1 lh1~ r·rirm('t l1nr1 fhrrP w!1 .. r110·11i,,,, 11r 

,.,.,,,,..r:lr•I :1rf1n11rtl~ nf w:ih"lr h:'lr;ttrf f"rl 

:1 a"~,,,, hfrfi 1rir nf !hn .. yr.I"'"' 

(ll'!'vf"lnnn•rnlr. wflh1n lh~ rr'lr11rr lrnn ,.,, 

rrofr1r1rr:if,,," Pt:ivf'I' hnw,..v,..r lh1n11u'1 fhro 

yr:lr ~ r,.,, In h"fh ~11ppf1rr c:: nf t nr•tpn,.~nfr; 

... nntf "''""'' ,,,._ ,,, ,,,,rl(Jf'?r;'llrr•n c:yf"..lf"n1-; 

,,, :1tf:'lpf IP lhp •Pf:1fi 11~ly hiqf1 rlryr1l'li1;!= 

11'.'•Jtrrrl'ml'"'~ 1'1:tf :irrty in lhis fir•r1 

r11"""'""'''". ,,,.ndy nll (:'""""' ... ~')r!I; fnr 
""~ hr;rnr.h nl th" ,,.lrfgrr:ili.,., i111hr~hy 
hAvl" ~~nU11tfir. 1nll91Jf:'llln11 rnrt!rd:if'S wh,,..h 

h:iv~ rNhr•"l'rl 11;1' :1111c>1rr1f of c:tr,l•Vr:! Wiii"• 
lo A minimum 

1111 :irldili!J"lll rfl!l•io••Alor rfll!vP.lopmPn! 

h:t< :ll~n m,.;inl :in t"~iP.ncr-rf 11rri lc11hcr1 

r:1nq:> !ri• fl1t• ~Y~'"'" ~'l 11•111 1f1MI' n"! 

nnw C)ff":1ln: ?t't'1!'J~':ir:rr~ rf"!"!lli'"" "'"'"' ff)r 

"'" r.n111pr1?~'.rJ• l!n'1 fnr '"" olhl' 

r.c>mp'l ""''• In lhl! <y'l"m 
Thi' rfP<~l,,11111 CA1111of lhP.•r''''" h·! 

,,.,~,,'tfttttf nnfy •111 I'll" (J1f1llf11f'I nf wnl~r 

r,.l,11'11r•Q rm11lrfnrnlln11• .11111 n• lnrr1'11!~11I 

14 ll•P ll~•ll•4ml!n! of lhl! r.:rinrflfl(•M 

wf11r:h will '"'~" rfprlnq lf1~ '",,''''"' or 
lhe 4\ ~l,.m 

llP.11• "'" rflM~ICllnl mu~! hi! chPrnlr.11fly 

~nr1' m,,rh:1r,fr;illy -i!;ihf• """"' Al' ,,nrr:if 

IHl'J t·'1f1rf1f1(•'14t r11rll1"tnlfH" lhf'I tfn-;~1~ n'1f 

mu'I nnt 11rf u II c.111111y1t lor lhl! o1hl'r 

negltlf!r"rl r.~r11111: nlr. J,onn.000.000 fully r111ct 

63 
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IN THE NAME or r.on 

BAH MAN 
M:111ur:1ct11r lniJ t11111p;111 1 

'·11 ' Ath"''r''"" cru,,,v ,,.,,,,,c, 'tJ' l.lotrcrtf1tr S111•rit 

rtrr '" ,..,,, ~"·r• o,., r.,,,., or•!su•• ,,, ",,.,, ,,, '""' Ilg 
Acro•d•~O In U"itln Carll•dt 

11 
z 
u 10 
~ 
~ If 
VI 
0 " .. 
ct 
Ill .. ·~ 
~ 
- 17 

10 

I I :\·-:-· 

~n<:r1nrflfm r.1111n11c1En1s11c'I ron V(llfClltAn SIFVF~ 
Tvri: 4A Mm <;11 WA '1Fl 

t Anrt111 rnf~~''"F' nr ·w«rrn ,,, '"'" "O 

'"': (021)34809'-8 

t 111 : '13857 RJ\llM m 
Fu: (02t) 340722 

------------------------------ - - ------· ----- ·· . ......_ 

Reglsleff'rl r:<1plt1tl: fllr, 3,000,000,000 fully fUlld ~ 

''""'' •:'"'" .. , 1 •• F ogh•l•h Av. r •'","" . "•• r "''°'• · r" r" """ •••. r •""" . '' •• I 
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IPI TllF NAME or 1:nn 

BAH MAN 
H:11111r:.r.t11r 11111 11111111.111v 

;.1emP.nl9 "Nhlch c11n r:11•"11 Ct'mP••!!or 
l111!11l-1fown 

Th'! fu11clion of lh'! r!n!<ir:11nl lnrJ11y ,,,,,., 

hP llJ hinrl Agf!tng pr-:irJorr:I, In fho form 

of 11rrrf rl!<:idu!I~ 11nd olf•P• d"~nmpo,ltion 

prorhrr;I' n' wpll "' Ir:- birid "Irr" ""rl 
r.~pliv!!· waler 

Slllct-gl!I 
f'or many yell•!. Slllc11 g"!I (Slllchrm o•ld'!) 

tless:canl hllS been uspd for hermetic 
rrlrlo•r11llon ~y!lem• Thi• dP~41cilnl he• 
n11ny ~nprf rhn:nr·lrri .. hr -.. hul '"' 

'"'"'"'''r rrlriQttrnllnn ~y~!rm• rl h11• • 
rl·~~·l•1;1•1f .1Q" moichr•11 nrf,llrplinn I~ 

'"''"''' ""r"•Hfonl nn '""'r"•llllH" "v"n 111 
'nw ,,.., .. ,p .... ,:.h11'9 l'!\lrltt Tr) m"rnt1'in 

rr:i-::itn:ihfn hltrr 1Jrf;'\t rfinu•ntti"'"~ 1f Iii 

tl1rrr·ft ,,. rif\r.ru;~nry lr1 J'lnr·~ IJ1n ftltnr 

1 '"' lhta rnfrt ,;il'fP nf t•1~ ~y~f'!rn ~Orm~fl) 

on ti•!' in!<>I ~Id!! Of lh!! e·1Rpl)rAl'lr 

rn~ ~,,.,n,~I ,,.n,nr.~ "J11r:h 11t f'lr:"'''l" 1, ""' 

"""" :ihl<? :in.-f 11 rfl<:l•rir.I """rl lnr ~""""'' 
rlr~"'rnnl wilh hell'!• ch~rnr:l'!ro .. llc:! ll'O'<"! 

Synlhrllc Ztolllh 
111 1111• bl!glnnlng cl '"" 1or,11,_ ,y,,ll•'!li~ 

l"r"•lh d"'l'lc11nl w:i' irifro:111r"rl lo 1111• 
,,,,, •CJl!•11llon 1.id11~try 

T Irr? dr,,-,11;11nl "'"' orlqln11lly d@11r,lop1:•J. 

hy Union Cllrblde In lhl! USA for u'll 

'" "'" 1lPlroch11mic11I l11d11~1ry. hul brr.1111~'! 
"' ''" 1td'lrJ•pllon ch11r11cltrf~tlc1 11 
11•11rl11nlly bec11m1 l•lln1lvtly u11d In 

oll111r l11du11r111. Including ritlrlgtr•llon. 

T "'' lyp11 or deuh:11nt. c'1ottn for 
hrrmf!llC rP.lrlQf!rllllon 'Y'lf!IT'' lor dom11,llc 

""" ·~ known hV 11, tr11rtp ,,~"'" 
'-'"'"nrlllr 511111119 4A 

Ad,orpllon th11r1ct'tl'llc1 

Tri: \021)34'8 ~t-11 

1111 : 11Jf1S7 hl\ltM H1 

ru: (021) 340722 

11.ln!Prul:ir SIP11PS -lA \YA~ r:h'l<""· lir<I :l'lrf 

fn;Pn1n•I. '"' !I~ moi<l•11"! 11r:l~n•rli'1n 
rh:irnr l".'ri<lir:< wturh 1111 l'•t:!'Pd'I l!•':'C" rt 
S1 11rfl·Q"I lor l'•llmpl~ 
riq , ~hrlwt; ~rfti:t')rp!inn t"llt\:P.~ fnr ~ !ic .1 

·QPI Anet Molec:ulRr S•"VP! 4f\ 

fhl! qnorf rh11r11rlrrl~llr~ nr11t dnP 111nrinq 

olhpr thing~. l'J fhp l11ct lh11I If,,. 
dP,!llc11nl c110 b11 mlld8 wl!h conlrnllll!d 

porll) sir'!! 

Type .CA l!I !10-CAlll'd bf!CllU!I• II orily 
11rf~orh~ mnt,.cuh•~ In <17"'1 ur ,.., A ""0· 
~hi\m ('t v 10 1 mml 

rm hl'!lllPllC rPlrlqPrnfirJn •y~l•m~ lhf• 
"'":1"1 lh:tl •11'1•t11nrn~ Ii~" H1n r:i q ,._, 

Cfl, (:I 8 i\I. 111 13 ... !. Plr: hl!r.:tm" 

'"'"'""rl In lhP. d11~~ir;1111 whll" lhn•" fllo·• 

nif nnrl 1Plrlgpr11nl Y.lon<P ~•1• 01 "'"'"~ill'! 
re mnr~ fhRn 4 AnqttlrOm worn n11t 

llrf•orhll!d Oil nrid r!'lriq"•llnl l'i"r"!IC'"' 

fnnlt ttO nl') rorirn iri Th• rf1111tt1I".' ~111 11nl:1t_. 

,,,,, ''f:'f:;" with SiflrA QP.f ,,,, Ov:1mr.l:'I Ttte 

onrf! ~·1~ or ""' d"••;r:11nl 111•0 "'"""' lh~I 
:1'1~01hnd WAl"r wn~ hnun1 lo 11 

•ignlllrnnily h~rrfllr r1":.J'"" nn·f l'l '"'"?•" 
11 'llJl'IUlred corr•npondlngly hlghP.r 
lllmpl!rAIUIP.9 . 

rr,;, hl'lnq !l'J, ""' '"'"' r'rlP.r< h~ll'IQ 
'-.l'lll'c•1l11r Sii!~ ·~ ,,., l'l"Q"• n1t1J•l,.'1 •o h,. 

pl;ic;orl •n e n11rtlc11f11r pQ-,ill.,n In th!' 

rP.lrlq"!•lllilln 'Y'lllm llnrl II n11lur11I ll•llC'.lr'lll 

"""' lo loc11111 the 11118r 111 fhllJ r.ondl!Ml!r 

!lUllP.I Noi or>ly w119 !hi• :t 0•11cllc11I 

R@gl!tt~rr!cl r11plt11I: Rlr. J,001),000,000 fully ,utlrf 

J'nr.l:tl l\ddrri;~ 7!'1l F11qltrl11h fl.vr· fl'lir11n. lr11r. F'1u:lnry: 177 Plfn111I fl.v~. Trhr1tn - lr1111 



I 

\ 

ner: 

1 f j I I! l , • ,, '-~ ! ' l I I : 

BAH MAN 

Description of llFC-134a Compressor 

( 1) Capacity 

Tel : (021 )348091 ·8 

Tix: 223657 RMIM In 

Fax: (021) 340722 

Due lo Ille differences of llierrnodynarnic properlles between 

llFC- 134a and ere 12. flbout I 0- 15% cap(lcity drop Is experienced 

at -23.3't (-10.tt"F). and 20-·30% at -30'\;(-22"F) without any system 

motliflcatlon. 

This C<lp?r.ity drop has been comprmsrited by the improvement of 

compressor design. (Improvement of volumetric efficiency, improvement 

of suction grts passage.) 

(2) Malerial Compatibility 

Tlin cornpnli!Jility of various commercially available motor 

insuialiny film. rnc1ynetic wire, pl;rntic · rnnterials hcts been evaluated and 

only suitable materials are selected. 

The compatibility was estimated b)' the autoclave test. 

Every test piece wa9 Aged Al tho 130 t; - 150 't condillons for 7 -· •10 

t1:iy9 with the presonca ol llFC-134 A 011d ester ull. 

1 tie physical properties of test pl~ce. acidity of lubricant. extraction of 

oligomers wero measurnd aflor the aging 

nr.gl'ltr.r,,c: Capllal RI!! 3.000 n:.>o.ooo fully f>Rld '·, 
Po!:lnl Addrf'~~ F Reio 'Y : 111 I' r. ouzl A••. T tlu '" · I• an I 



RAHMAN 
M 111 ll I :p · l o: ! l r' · 1 I • 1 "l 1' ' r 

(3) Lubricant 

TC'I · (021)348011-8 

Tix: 223657 BAHM In 

Fix: (021) ~40722 

For the past 50 yertr!;, luuricnnt produced from naphthe11fc mid 

paraHinic mineral oil<; hnvo lJee11 used in refriyerntion compressor 

systems. 

Mineral oils were fully t;omp<1tiulo wilh n 12 and satisfied lirn system 

req~Jirernerils or h1briciry. chornical ~l~bilily, materials cornpatiui!ity, 

anoryy f.lflk:lrmcy, olc. 

Unrorltmatoly trac.Jilional rnirioml oil!l cmrnol s;:ifo;fy lheso requiremenls 

in llrC-134n refriyp;fllion ~yslrrn1 dun Ir> lfin chnmicetl diffore11cos 

uelwce11 n12 and nt34l1. 

Mineral oils are not miscil.Jlo with n t 34n.' 

Oil particles separated from the liquefied refrigerant in ttrn Imaginary 

n t 34a - mineral oil refrigeration syr.lem rnr1y sellle at the capillary 

tuuo and evaporator C(ltmino irnpecfance lo' the refrigeranl flow and 

recJuci11y heat transfer efficiency. 

In rnoro severe ca~rn. difficulty of oil relum lo tile compressor rnay 

cause system lJreak-dowr.. 

Thereroro. rnl3ciblP. lubricant must bo wrncl In !hA ll 134R syslArn :ind 

any !:mnll t1mount of lr111nl!1cible lrnp11rlllo!l, suc;li <19 rnlneml oil. rnuql 

IJe avoicJr.c.J for the sysl(Wl elficiency and re 1:ability. 

DAEWOO ~ias been lesllng various kind or synthetic lubrlcant such 

as Poly alkylene glycol. modified PAG. rofyol oster(F3nse oil), Polyol 

ester formulated with addilil/es. 

Fleglster1.'d Capital· Fll; J.r.0'1.f:lOO 000 fully rn1ld 

l'nc;l:il flr!clrr•;9 79Q F11ghl.'l11h llvr Tr•1r11n. 111111 riictrJry 7 !7 fllrouzl Ave. Tehr11n • lrtn 
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BAH MAN 
Te!: (021)348091·8 

T Ix : 223857 BAUM m 
,.. Jlllff )1I1Jf J 't'J I 11•: 

Fax: (021) 340722 

Polyol esler forrnulaled will! nddilives •;howod Iha lrnsl result in view 

of s lal>ility. 

One thing to note is the hygroscopicily of POE(Polyol Ester). 

POEs crir1 absorlJ rnois111rn very quickly from the ambient air. The 

salurnliun level is npprcui11111lely I 000 l'l'"'· compared lo 20-· 100 f'Jmr 

for mineral oils. rig. ?. r.l~ows hyyro~copicily curve of POE and mineml 
oil. 

TholC!frJro II Is lmpernllvn ll1;il comprer;r:rJr. nv;-iporcitor. conc.Jonsgr. and 

other lubes must l>e kepi sealed before Ille set assembly. 

It Is recornme11cJecJ that the rnaxirnurn exposure time Hrnil of 

compressor after opening Iha rubber caps is 1 o minutes under th 

00% relative humidity condilion. 

r1l'yl9tr1,.rl r ap1l<1I rth J.P'"J 000 000 fully f'•ld ...... ·····- -· •.. ·--~ 

!QC\ I ll(jltPIOlh ",. . ~ • Ir 1·•1111 11~11 J :t•.lf.'IY !!1 rrroutl Av!. T!hr1111 • lr•n 



IN lllf NJ\Mf or r.011 

BAH MAN 
M:mur:u-lur '"'' 1"111•1;r;111y 

lei: (011)J4R091-R 

Tix: n:tr.~1 01\llM Ill 

r:u: (021) 3'10122 

Th!! I !fl! tlm~ of II C"l "l'lr!"S!Or !l'l!!rf lo an nrrl i a11n• I~ onl on! y a rr'!cl!!d hv th'! 
d•J•:thilitr of lh!! .. ,,:"!l't;:'lr j~t;nlf, tvrt "'~'"'·!~!"'"''•Jn th!! nr~r:ttinQ (')11'.!itiooo; 
... ht~h :1!" r!"lat!.!rl '.'l l'1~ r!Pt;(!l•\ 11( lh• rdr iV."';11 jpn t;y~t~m~. 

lhlo; lo; to Sll!!ClfY r•1no;irfnratil'n~ lll ol1t.iin rr·!lal:l" O(l'!r:tllon or R-Ilh h'!lml'tic 
r!!rrt~~r;itlon systn~~. 

I) Remar~s on comrr,.~~~r handllnR 

R"rri~"rant oil h• P llh ".hnrrlrl ,,,. h:in•ll ... 1 fl•r11.11?hl folly :inrl rar,.frrlty, 
i.-,.,.~,,~,. of it~.,,..,,,. ·.•hir:h h.:u hiRh h!'Jlrr':•:~11icil» t'.:•Jmp:trl!d with con·1!!nllnnal 
r!!friii'?ranl oil~. 

a) Art!r r!"movlnll th! pluu ''""' comrirBMr t11f·,.~. th!! cc11"1•rl'Bor $hriuln t-!' 
a~~Rmhll'il tn ,,,. ,,.,, IR!!r.:'ltirin !)'~!I'm~ w1!1dr1 HJ mlr111l,.'I, 

bl Rl'I iabl lily t,-~t ~ho11lrl not b!! crwfw:l,.rl 0nr• r•fr IR•n1nt oll I~ rh:!~~'?d. 
which 11olstur'! le·;el Is C'lncerned. 

2) Rll!m<tr~s on reltl~r.ratlon systems 

' 
a ll R-?lrlR!!r.Hiron ~YH"!m! :1r!" l!icclu~lvl'IY u~"!d llnly for R·l:Ha !in:t~.;i~. 

a·2l Pnr.;tu~"! 0( 11nir111'! swoll"!n and l!!~k d1:1r:1-:t'!r!stlo lo th!! rubb~r which 
.:lrr. ll'urh ,, .. =~ ~,.., .. P! th~n when II!:"·' i11 '.on·:11ntlon<1I refriR~r<111t-;, 
"'"r:h~n:r::,1 '":tl!rq l1nrl l0lnt<; ~hnrild 1;~ "~"'Jin ~l'~ll!m!;, but r."t rnhh~r 
and/or O·rinF.. 

b) Rel i abl II tv te1t! 

b-1) ~~terfals frr tett !Qul~~entt 

• !.1:1t!"rlals 11~ .. rf In the ~:tHl!mL Ilk• rr,.Brrr,. rn,:u~. lr'>lle~. v:1h1?0: 
:ind r!!fr:r~·~·il r:;1:!rR• "1•111>m11nt ~hn·rlrl hn ,.,,.f-i~hioly u~erl fnr I? 11b. 
"q·,.•:1;11!,· ;r",'"'" 11~· i::··~ ll~l'd ".h••;ll·i ., ... ,. fr1"n nnn'l•l I, nnn w:it.n1 

r.rl!Hed ll"":~ nr lo be ll!l!d l!q11lv:il11nt q11~llty R:lllR"!~. 

b·2) Rr.1111rkt for refrlRl!rlnt oil 

• P.•frl11erl!n! ..,, I sl1oirld t>t? lfl!ll rur Ir ,,,, ~nr! cnntrnll!!•I mnl~tnr11 levrl 
1 " I ow 2 5 r: - . 

R ·I .1h(tr ,01,r l 

I t ~,, s Corttr'l'. l"!r! value 

Pu r I ~ y ( 'y., ) Ovnr !'~, 9'• 
(Inc. i1f<;110 



"' TllF PIAUE nr (';'1!1 

BAUMAN 
Tel: (021)3·18091-A 

M:u111f:u:t ur I 1111 t 1111tpa11y 

1 Ir : ~nr,r; T ftl\llM lfl 

r:n· (071) J1101n 

~var.rirat!d 
reslrf-1! (%) 

Acl r1 ; ~ y ( % ) 
HIC ~ l 

Mol~hre(%) 

(f c 8: lf(f (( % ) 

Controlled value 
----~-- - ·--- ~ - ·-·--

B@1,, .. n.no1 

B'!low n.0001 

Ri?low 11.01 

• f1~t11ctlon f·ir fjlllll-:lttjll 1'1 tl1'" llr~t·"'~ 1~ ,,.,.,,.,.,"""""''In••~· ··11,.11,,,. 
l,.:il-: rf .. l,.r'·•r· nr 11<t11rf nllrn!("n In ,.,,,,fir•~ !I f"rlrrrtlnn n( :I pr"~~'"" 
:I ( t II r rr" ~ - I· i 1 II i n th" ~ n I • 111 ""f I h n i t r ., R" 11 • 

b-51 V~cuu~ l!vr! 

• 1/:tcuum '"''J"I '"'"'" 0,5 tr.rr !~ rjlr111fr .. ,f .1(1,.r rh11 l'Y,r:tr:lti"n 111 rJi,. 
~1·H,,.m. 

b-6) Sr!l!m cl@a~lln!ss 

• lh11 syst11m :-·1.,,11rrn~nl't must l1he a d"l!f~" ~r r:f,,.anlln11-:s :lnrl 11ri11:1I !"/or 
h'."Uer tl·;i~ •hill 0f R· ! 2 !YStem. 

+ lhl! m~:dir.:111 MrJ(~l.11rl! cnnt11nt In !I l!nrr;,.hnf.I r'!(r IR~1:1tlnn o:r~t11111 ~hnufrl 
''" 150 "'R. 

b-8) erazln1 I" thl! !)'Sl!m 

• Pr:HlnR s!in•"·I lir. dnn11 l'l Avolcl n·tld~t f'l•l. 
(r(: To I!~" ni 1.rrn:•n fln·.v H tir:\7.i111t ~·Jlnl.,.l 

r:·ll ;:,,111ctlor 'l( ,, drter ""!trml! I~ r'!(nmrnl'nd"rl 1.2 tim-.'I or rnnv,.ntln111I 
t YI'!!, 

c·]) nrf!r jh~uf~ b~ l•l~cted lo thAl the hYRro~co~fr ~ercent~"e ll!vl!I o( 
11 rlrl~r I~ ~~:o·N 4 % ~rt!r op1!r:Hln1t lhl? ~yste:n. 

c·O lh~ suffici-.nt c!!!l:ydr1 1!!'.f drier find ~l!'!r. 11101,ture li!vel l:ielow 10 m1t. lo 



1P1 Tllf" PlllP.IF or r.nr• 

Tel: (021)JllR091-R 

BA ff MAN Tix: ;;inr.r,1 Rl\llM IJt 

M:tn11f;11·l11r lm1 I 111111':111y r:n: (0:71) :1110722 

If lh@ c!l!chHr.·~ l" l"'!t[!!!nli.:1r!! ti!'!~. !hn r:r."'~r~~o;l-,n R:lS t•:11p"!r:H1111! ah'J 
ri~ni; :P_ I Um'!·,- ... In ti·" r:t~• d :Jr; ,. . .,,.~~i:1t •lio;r!1:lrR"! lllmrfl'r:tltH'!, thr 
llr1t of th'! re~r•;>'!rV!~i ~,-o;tel'I l•fl't:"•o:"-: ~h·.>rt~r """to carbon dl!M5ils In 
thll v~!v@ ~ech:tni~~. 

lh'!r~ for@, th@ 1i ~...:h:t• At!· 2" ll'l!'r"!r :ll·1r" I 'I 11•11t ,,f q, .. lrnMr l:tnl hr:t.or ': frr 
'""~ll·dly of th" r"fri1r1tril1'1nn ~yor;l~rr;_ r; ••. 1 .. r:i!!;-. !hll disr.h:trP.ll t .. mr .. r:i!11r .. 
7'flh ;'! ~-13h •"'• '='."·:ttlr··• cy;I""' "1:1.- l" I··•~• h· .:1prrr1-:. Jrr ·1: :tc: f'>11r.ir,. 
I·•,, r:. P ~ynr•. i• ~~y , ... ""·•sc;iry r • ' .. ,.,. i• .1~ ,,,.,,,.~. 

flJ f·lotnr wlndir.1 te'l'Pl!rAltJre 

2 lA T) 

71n Tl 

- --·· ---- -- ---··--- - ---- --·------

1!111 ml)tl)r wfr.".llr11 li!"'Cl~rlltnr'! Ill H:thill~'!rf r:rw!l:lrio 'h1:rlrl r.'! lrrpt 
'"'~··r 11.IJ 'COi~ T> fnr '1.()rJanrlflA (,.,; .. ~. 

@ Ccnr.l"!nsln11 t@mr'!r~lUt'! 

lh,. C''l"1Jlr!!SSrH :T>t:H l•'! u•l!·I with cond11 n~:nir rr~~~·rr" ~'>'"llf th;in lh:1t 
r ": • • ~ ro n d I n r;: t ,, r, ~ '1 ( 111 T ) :H c "n l i '" 1 ... 1; r 11 ~ :! n • l 1 .. ~ s l h ;in !i 5 ·c: ( I 0 T l 
;i'. mrJ,,,l!nlH;· r·~· In~ f, du· ing pu( I chvn ,,, lrf!~•in~ dnwn. 

(~l ~'!Ir IR'!rant ch ;r ii(! 

E:-!r.,.Hlv! r!fri1e:~nt chat~I! no~ only c~1:~"~ frnn ;inrl/M rnnl~tur,. "" tl1r. 
~1:rti,,n lfn,. ~·1r(1-.'! 1111~ ~(~,, rl~r:i~ci .. , p, .. ·nl·.,. "'''•!1.:inl~m d11,. t" ~lu~qlni:i. 
In ~ny r.r."1r•r,,;•rq ~r-;1 1 i~nr.·'. ti·~ rl!~rlr~nr;>r-t rh,HR~ ~hri11ld not l'.~cel!•I lhn 
"'!:1thl Khown t-•lov, 

S S!t i r..•. f! ... ,,, ..... 20rJ r. 
Q,O, r 11 I r." t~ r 11! s l::i t.o 5.1 Crn 1 : 11'! ' """ 20rJ ll 

Ov1tr 6.~ ,.'!'.' . n .. 1,,-11 :1r,ri " 
71 



IN TllF NAUF or r.nn 

RAHMAN 
H;11111rarl11 r I 11r1 I tt•Ji:111 Y 

Tel: I071)J11809t-A 

II• : 77 Jf\51 OJ\llM llt 

ru: (021) Hon2 

Thi! "'11Jlllt!cf rr~~~m'" •hr.'1 thl! rl!fr li;~q· j .. ,, ~.,.~rr,.,o; ir; r;,,;,~ .. rl 011~ ;111 :1 

41 ·r:r 110 ·r) .i"' i"n~ t"eor•·r~ture !;1r ... ,:.1 i,,. f ... ,,.~ •h-111 6 h:tr tn obt:t!n a 
rfl'."'1.llhfl! HH•i··;• rnr:rfil_!·•ri hr fl c•i:r·r,.;o:q. 

fiR.2 slrn•! th,. r· .. so;·rrl!·i.·~:iorl!rUuri! r;riluhllfty c11r·1• of a R-134a an!!""• 
?.~•-'!r ol I. .. --·- · -

<f) lnl.l!r'laf for r"· o;•.art fiR.7 

~=17 ~ - -- 11!; ----· 
en .. nf thl! ,,.., .. ,, t 111 t riir. !n: s t'l 

rfl!·!;t:trl I ccnr.r~~~·Jr 11ndl!r ll 

th .. rmryst.llt conlr0l In 3 t~frl~ .. -
ratlnn !Y!ll!rn I! 1 lntl!rval. 

'' .. !. 
:f ·:1 

r·c ----I-I / fl i-; nl'Cfl!Hllry '·" t.111-~ At l•llH 

r, rii:!Ull'• fn!"r"Jll li'lf f J l"•r"r'CI'~ 
r;.1r ~'.:Hts 3R.,' ·. 

<J.1 (nnfir".'1.1tlni c>C rr·,,;.,.:'!'I rfl!friirerant ol! f··q•f 

(T,, c.-:riffrrn ti1,. r . .,·rrr~Hnr '"'ith :I ~(Rh! Rr:lo;~) 

~ r:r:i-!:-1r '! ~~,..r 

4: 
.. 
.. 

~ 
,q 

·• 
l 

/ 

, 

• rn.01 • drrl:Ji I I ty ~·- ,,., .. ar11t.i .. ·11 '·'llf'"C 

:l~W· 1'.:<;•o; ;t l"friR!'r.lltlnn '1i( ·:i~c,,<:i•.y t,., in•:rlO:t'>IO, 

f, I) rull rl1Jv~ ! 1 ~1 ~t :tmH,.rit t~mrl'r~'"'" •d ~1 ·r:(lllJ 'f) nr rrn-!"r 
I: li:ih~~t I' 1 i r:t1n JI t In~. 

•At l:•i·.1.:11 H:1rl It r~~~ 
cr~i:l11·!Jr·:r ~f•.@r d·!lr•>!l) 

:1' ~1.:ihlllrl'rf 

b-2) l'ull do-.~n tl!st It •~bl!!nl l@mp~r:itur'? n( -5 '((23 'F). 
•At fnlr l~J st~rt 

H ~t~hll lzrsd 

c) R~rornm'!ndl!d nl I l~v9f 

•Th'!"" '"'1'!I sh,.,uld b'! kl!rit :1~ f.,.,,, .• frt '1~J11h! fro"' th~''"''·".., 
()(ti•" ;•rr~~OI ~'"f(, Sho·4•jnr, fnl111Nil1Q t3b(P. ~nd f(lf.J,~ . 

s 

r· ., ! '!H ,. i' -~') ! '!r 
'Nithnll ·ill! 

LIOB ofi r·1'lfe 
WI ~h "i: -: .. ,., , ,. , 

O·•r.r 14 
rj.,,.r 7~ 

Over 2 i 
th~ r :1 ir 

. - - -- .. --- --·--- - ----- -

I~ Jn. o I I ct11:1 n t I I y ( m1T1 1 J 

150 
-···- ----·---- - . ····· -· 

ISIJ 
226 

IRO 
756 

·- - . --· ·-· ... ···----- ... -·· - . 

-. ,, 

72 




