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Synopsis

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 to 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
195, 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 has been done so far, and is

»ad

the final evaluation of the project.
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Introduction

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 later 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 involved the following major tasks:

; 1) Definition of present models.

2) Calculation for using R134a instead of CFC12.

3) Making of prototype samples.

4) Testing these prototypes under ISO standard
conditions.

5) Evaluation of the results and do any
modificatinns necessary.

6) Make sugestions for future optimization plan.

All of the above has now been accomplished.

i

Fortunately since good guidance and technical

-~

assistance was provided by UNIDO right from the

‘ beginning, the work was channelled very smoothly.
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The system design calculations were so accurate that
little of any modification was necessary in the
original component selection saving qreat amount of
time and effort.

Guidance from international agencies and component
manufacturers was also 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 faclory equipment available for
production. This helped keep the present and future
expected costs to a low acceptable value.

During the implementicn of the project, step by step
the work done and reports created were checked by UNIDO
and utmost attention has been paid to UNIDO guidance
and operational instructions to prodice work of

reasonably good standard.
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Project background

in Bahman Mfg. co.

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 from 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 existing 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 refrigerator-freezer) and a upright freezer
ar= involved in this chkange. All models use
polyurethane foam as insulation.

A programme has already been implemented so that the
250 different service centres throughout the country

get training in the use of R134a and the retrofitting

L Z¥Y

N

process of old CFC12 models, when necessary.
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While designing for Ri34a, and redefination 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
irstruments and recorders and other equipment was
installed there, due to requirements of the project.
This will now be available for future R134a use in the
factory.

Most of the highly trained staff of the company was
involved in one 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 project was implemented with the following

basic activities.

l)Understanding what is involved.

Detailed discussions with UNIDO cfficials helped the
general information about the project and cleared all
details involved.

2)Plan of work

very urgently snitable people were selected, duties
were explained and assigned to them and strict
supervioion and control of project started.
3)training

members of project staff were sent for successful
technical training abroad and in Iran, with well
renowned firms to prepare them for the tagk in hand.

4)Design calculations.

with the knowledye obtained, complete design and
redefination of project was done,R134a being a totally
new substance, great care had to be taken in all

aspects of estimalions and data evaluation.

Regisiered Capital: Ris 3.000.000,000 fully peid .
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5)Standards

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, compcnent
selection was made and necessary component and material

was purchased.

7)Prototype

With production line facilily available prototype
making was done using the new couponents and R134a gas
obtained. Minimum four prototypes per model were made
to cater for any possible future failures, which
fortunately did not happen. The major part of the
prototype making was the existing model and only the
refrigerating circuit was changed.

8) Testing

prototypes were tested according to the iso standards
involved. Very helpful was the fact that even the very

first prototypes gave encouraging results hence very

little change or modifications were required.

Registercd Capital: Ris 3,000,000,000 fulfy paid _
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9)Evaluation.

The testing results showed goocd and consistance
collaboration and a design much more efficient than
before is now in hand.

10)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.
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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
CFCl12 to Rl134a.

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, creating better vacuum in the
refrigerating circuit, and keep away from moisture is
required.

Last but not the least is the training of after sales
service staff to make them ready for the new technical

revolution in the field of better living environments.
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PROTCTYPES EVALUATION
AND ANALYSIS.

It will be noticed that all of the five models under

consideration are existing in production, using CFC12
as the refrigerant with quite good performance in its
own context.

Because of montreal protocel regulations and the UNIDO
contract requirements, when it was decided to take
procedures to eliminate the use of CFC12 from the
Bahman production line, and as a consequence, redesign
and the prototype making was started, it was already
kept in mind tbat the prototypes should have some new
useful charachteristics which were not present in the
older type.

1)Less energy consumption.

2)Less charge quantity.

3)Less noise level.

4)Better storaye temperatires,

5)Less manufacturing cost.

Registered Capital: RIs 3,000.000,000 fully paid
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6)Better quality standard.

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 samples have gone stringent tests
succesfully, the achievement of above goals has become
a reality.

Further details of the steps taken in each instance is
described below.

1)Energy consumption.

1-1 compressor selection was made of a better desiqgn
which uses less energy for same Kcal/HR. capacity.

1-2 polyurethane foam density was adjusted to give
improvement on the ipsulation K-factor.

1-3 Instead of electrical dew point heater, the gas
heated pipe was used as the anti condensation device at
the cabin edge to prevent moisture condensation on the
outside of the cabin.

2)Charge of refrigerant.

Var.ous tests showed the minimum and correct quantity
of charge of R134a refrigerant.In CFC12 it was about
125 gams, and with R134a, it is only 65 GMS.

Registered Capital: Ris 3.000,000,000 fully pald
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3)Noise level

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.

This has been achicved by belter foam insulat lon, as
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 what was under production already.Similarly
capillary of 0.71mm internal diameter was selected as

it is readily availably at a lower cost.

Registered Capital: Ris 3,000,000,000 fully pald
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6)Quality standard.

Due to the sensitive nature of R134a to humidity, not
only extra precautions to stop ingress of moisture were
taken a bigger moleciilar sieve drier (10 gms instead of
7 gms) was introduced in the design.

Other step was to use extremely good dry air for inside
tube pressure tests and for cleaning purposes to remove

any possible moisture present.

Registered Capital: Rls 3,00C,000,000 fully pald ‘
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Generally speaking the compressor temperature at
discharge outlet was slightly lower in case of R134a
compared to R12. Similarly the volumetric refrigerating
effect is about 10% lower specially at lower
evoporating temperature in case of R134a.

The point to note is that by circuit optimization, the
enerqy consumption is not any higher when compared to
R12.

The cooling capacity of refrigerant R134a and R12 are
more or less in the same region. lMow ever bacause of
R134a mclecule being smaller, to keep the flow rate
same in both case the compressor displacement has to be

slightly bigger.

Kcal / Hr Power Necchi GS.

115 1/6 Hp ETRS5.5 NR52 LAEG
135 1/5 Hp ESCS8 NR62 LAEG
195 1/4 Hp ESC1i Y15 LAEG

MERTYY
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For 134a usage following levels are required:

1)Vacuum level must be below 100 micron.

2)System cleanliness should be better than that
required for R1Z2.

3) Moisture level must not exceed 150 mg.

4) Equalized pressure when the refrigeration
system is soaked at an ambient of 43 °c should be
kept lower than 6 Kg/cmZ2.

This willprovide a favourable starting condition
for the compressor. An 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 R134a

charge is correct.

Registered Capital: Rls 3,000,000,000 fully pald -
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Test sheet evaluation R134a compared to R12.

1) R134a system requires much less charge of
refrigerant compares to R1Z.

2) For same cooling capacity the length of
capillary was about 80 cms longer (45% of R12
system) .

3) Special dryer XH-7 must be used compared to
XH-5 for R12 system.

4) Pressure eqalized times are slightly longer 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.

Registered Capital: Ris 3,000,000,000 fully paid
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RECOMMENDATIONS.

As mentioned in the previeous chapter under prototype
evaluation, even though the standards set in the

beginning for performance, cest, and energy consumption

|
| have been achieved, further steps mist be taken to
better optimize the product and also the production ‘
% methods. The steps which will be taken are sugaestad in ‘
| detail below. ‘
1) Refrigerant charge reduction. ‘
; A furtner reduction can be made posible by using ‘
i tube on plate condenser. Due to the reduced length of
! tubing, and as a consequence the reduction in the
condenser internal vnlume, less charge will be
required.

2) Consumption of enerqy.

Compressor manufacturers will be contacted to
jointly investigate for increasing the working
% efficiency of the compressor.
! At the same time the quality of heat transmission of
| the polyurethane foam can be increased by using better

mixirg at the injestion head, and also by further

increasing the insulation thickness.

Registered Capital: Ris 3,000.000,000 fully peld .
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3) Door gasket design.

This plays a very important role in not allowing
the hot and humid outside ajir to ingress inside the
refrigerator or freezer. A special design crossection
with doubie o1 triple pockets can be used which will
reduce hot air ingress to a very low value.

4) Evoporator efficiency.

This can be increased by reducing the plastic ABS
food liner thickness at hack, where the food liner
cooling tubing is attached from the other side.

This will help the ~ald transmission from the cooling
aluminium tubes to the inside of the refrigerator food
liner, and colder femperatures will be achieved and

maintained quickly.

Registered Capital: Ris 3.000.000,000 fully psid .
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32 ¢ Ambiernt -antinunous run performance

charaw-hteristies

Mode | o ™G 310
Thermostat tyvpe - Constant cut-in
Compressor power o 1/5 Hp ---- NRG62LAFG

Thermostat position ﬁ Shorted
Motor winding temp. 118 ¢
Volts /Ampere 220 vV / 1,17 A
Freezer air o -27 ¢
Cabinet mean temp. 1.5 ¢
Meat tray temp. : -3 c
Veg. crisper temp. 1 ¢
Compressor top - ’ 80 ¢
Compressor oyit 83 «
Condenser middle 7 ¢
© Condenser exit 3 o
RI3IA charge 65 GMS

Remarks:
24 hours aflter pull down

1




12 ¢ Ambient continuou:s ran performance

charachlbeprist poes

Mode) TDF 335
Thermostat type Constant cnut-in
compressor power 1/1 Hp --—- VTS5LAFG
Thermostat position Shorted
Motor winding lemp. 117 ¢
Volts /Ampere 220 vV / 1.15 A
Freezer air h -28.5 ¢
Cabinet mean temp. 2 ¢
Meat tray temp. ; -2 c
Veg. crisper temp. 2.5 ¢
Compressor top ) 81 ¢
Compressor eoxit 81 ¢
Condenser middle 38.5 ¢
Condenser (-x-—i—t—‘._‘ B 36 ¢
R134A charge 65 GMS
Remarks: - o
24 hours after pull down .




12 ¢ Amhient continnous

rvun performance

vcharachterist ies

Model

TUP 285

Thermostat iyp~

With alarm contacts

Compressor power

/4 Hp ---- V73LAEG

Thermostat position

Shorted

Motor winding temp.

118.5 ¢

Volts /Ampere

220 vV / 1.05 A

Freezer air -28.5 ¢
Cabinet mean temp. 29.7 ¢
Meat. tray temp. V. —e—--
Veg. crisper temp. |  e-—=-
Compressor top 83 ¢
Compressor exit 86 ¢
Condenser middle 38 ¢
_ Condenser nxi;ﬁm-m 35 ¢
R134A charge 80 GMS

Remarks:
24 hours after pull down




32 .c Ambien?

o h

arachtepristics

cont inuons run performance

Model

Fal

13

Thormostat type

Push but ton

defrost

Compressor power

l/r) ”[) -—-——

NR62LAEG

Thermostat position

Shorted

Motor winding temp.

12

0 .c

Volts /Ampern

220 vV / 1.15

A

Freezer air

-15 »c

Cabinet mean temp. 2.2 .cC
Meat tray temp. -7 .cC
Veg. crisper temp. 3 .c
?ompressor t.op 1 .c
f'ompressor exit 84 .c
Condenscr middle 42 ¢
Condenser exit ) 36 ¢

R134A charge 127 GMS

Remarks:
24 hours after pull down




32 .¢c Ambiernt continuous run performance
charnchteristics
Model Fal 11
Thermostat type Push button defrost
Compressor power 1/6 Hp ---- NR5S2LAEG
Thermostat position Shorted
Motor winding temp. 119 ¢
Volts /Ampere 220 V. / 1.05 A
Freezer air -14 ¢
Cabinet mean temp. 2 ¢
Meat tray temp. . -5 ¢
Veg. crisper temp. 3.5 ¢
Compressor top 84 ¢
Compressor exitl 87 ¢
Condenser middle 10 ¢
1
Condenser exit 35 ¢
R134A charge 137 GMS
Remarks:
24 hours after pull down
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,. Descr’p"a" Of IIFC',S”H (CH2F - CFy |, 4,2,2,2 - Tetm fluorm ethane)

(1) Toxicity
HFC-134a I3 a chlotine-tree liuorinaled non-ozone depleting
refrigerant.

It Is non-loxle, non-flammable, and non explosive.
its AEL(Acceplable Exposure Limit) level Is 1000 ppm.

(2) Putity

Thare may be Impuriles In the HFC-134a as the tesldues In the
manulacluring process(ii4, Ri14a, R124, elc). The main concemn
of these Impurities le the sflect el chlorinated residues on the caplifary
lube. Therelore mote than 89.95% of purily must be secured.

(3) Hygroscoplcliy
HIFC-1344 13 more hygroscoplistic than CYC12. The solubility ol

water In HFC-134a Is 2800 ppm al 298.15K while In CFC12 is 90

ppm.

(4) Miscibility with Lubticant

It Is desirable thal the telrlgerant and lubricant are complately
miscible over the range of expecled operaling pressure-temperature
conditions for the safe oll-return from condsenser o comprassor.

Mineral oils are not suillable as lubricant with HFC-134a dun to
insullicient miscibility and lubricily.

Polyol esler Is miscible with MFC-134a although not all ovet the
ragion but within tha opsiating conditions.

Fig. 1 shows lyplcal misclhiiity diagram of polyol ester wilh 4G
HFC-134a.
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(5) btabllity

The slabliiy of HFG-134a4 with metals and lubricant Is evaluated
by the sealed glass tubs tests.
Tesls wers conducted et the 175¢C conditions for 21 days with the
presence of steel, coppet, aluminum, and esler olls. Gas samples
were analyzed by gas chromalography and no indicalion ol
HFC-134a decomposition was observed.

(6) Compatibility with Deslccant
XH-7 or XH-9 i3 recommended. I nol, decomposition of
HFG-134a may be proceeded.

k 47
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134ain Hermetic Applications

Heat Transfer Coefficients For R134a & R12
mmm

® Single Phase Heat Transfer

— Dittus-Boelter & Petukhov-Popov
correlations show that
~ R134a > R12 by 30-40%

3

® Evaporative Heat Transfer
~ R134a > R12 by 28-34%
® Condensation Heat Transfer

- R134a >R12 by 35-41%

4€
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134a In Hermetic Applications
Performance Conclusions

= with reasonable value (30W)
assumed for superheat, R1343
COP is comparable to R12 COP

— to optimise system performance,
reduce the superheat

= with no superheat, R12 Is more
efficient than R134a

= for equal cooling duty, mass
flowrdte Is lower for R1343 than

for-R12
| |
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. Performance of R12 and R1344a
| in hermetic applications
(equal cooling duty 100W)

Coefficient of Performance

3

2.5

Superheat

. R12 R134a 50
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1
Description of HFC-134a Refrigerator

(1) Evaporalor-Condenset-Pipe
I It Is generally concluded thal the size of evaporator and |

condenser can be the same as those used for Q12 Somelimes, |0

l ~15% increase ol condenser size Ig recommended. Minsral oll or

lo use.

(2) Retrigerani charge size

' The relrigerant charge size of M134a relrigeration sysiem Is

|

|

i
' similar process oll coaled on the Inslde of pipe musl be cleaned prior
aboul 10~20% less than thal of R12 syslem .

! Excessive charge may cause mechanical failure during flooded start
condition.

Exacl charge size musl be delermined through faboratory test. {

| Flg. 3 shows pressure - solubiiily diagram of HFC-134a wilh POE.

l (3) Capllary tube

Generally the length ol caplllary tube may need lo be adjusted {
’ through laboralory test.

| For reference, 10~ 15% Increass Is recommendsd.

Regls!ev;‘(.l Capitsi: Ris 3,000.000,000 fully pald
Postal Addreas 799 Fnghelab Ave Tehran - lran Factory - 777 Plrouz! Ave. Tehran - lran




1 THE HAME OF )

Tel: (021)3480901-8

BAHMAN Tix: 223657 BAKM IR |
Manulselot iy omg o Fax: (021) 340722
Ref: ............
- Date
4 |
| (4) Dryer

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

(5) Process Malerial

Resldues of mineral ol based process malerial which Is Insoluble
| with  POEs may comtaminale lhe caplifary 1ube and chlorinaled
substances are not admilied. .;

| The compatibllity ol each process malerlal must be chacked through
saaled lube tesl.

(6) Relrigerant Charge
! The R134a reliigerant must bLe charged with R1134a charging
machine. Sealing material must be compalible with R134a. Il the
| charging process be done wilh R12 system, R12 residuss remainad In |

the sealing malerial tiay penetiale Into the 11134a relrigaration syslem
| lo be a unacceptable chiorinated Impurity.

| (7) Vacuum and Leak Detection

{
As the molecule size ol 11134a Is smaller than that of R12, R134a
' will tend lo leak more oasily than R12.  Additional care is needed Is
| pipe welding  Maximum aceeptable system moisture is 100 mg.
| 52
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Evacualion v 2.3--05mmlg Is recommended. Leak delection must

moisture and alr. Especlally, the slfec!

POE.

with alr

* TAN - Tolal Acd Mimiber [mghOH/g ]

lest condilion : 1301, x 10 days
molslure level : 1000 ppm

~ ——— -
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be done with proper 11344 leak detection equipment.

POE Is hydrolyzed at very high temperature with the presence of

ol air Is remarkable.

Table 1 shows the elfect of molslure and alr on the hydrolysis of

Teble 1 Hydrolysls of POE

with N, with 11344

53
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CAPILLARY TURSS

FUNCTION - ADVANTAGES - DISADVANTAGES - SELECTION

It is nnnentinl, for a correct refriperating cycle, to control the
refrigerant flow antering the evaporator, Tha exact function cf a
centrol device, in a refrigerating systen, ia that of producing a
reatriction, heure a precanre djfference, lbetuenan high prennure aidn
and low pressure nride,

Among the more common expanaion devices 2mployed on smaller aize
houerhold refrigerators and unitary room air conditioners the capil
lary tube achieved a rapidly increasing popularity in the re-ent
years,

Thn capllinry operates on the principle that a fluid in the liquid
rtate pasees throagh it uch more readily than in the gasaous state,
el concjatle of a paall diameter line of aderate length connecting
the o:tlet of the corvlepeer to the {nlet of the evapcrator., The use
2f a ecapillary tuke ic prenently being extended to systems in slzen
ap to 10 tens capacity,

Fhe predoairant advantagm Inherent to castllary tute is simplicity,
which J-plien on ftn Lot 7ach Inwer canta in comparison with tha
other expansaion davicen,

The main functions of capillary tubes ars: a) to feed tha evaporator
with the right amount of refrigerant in accordance with design conditionn;
b) to allow a ready pransure balance at compreapor stop.

Reglstered Capital: Rls 3,000,000,000 fully peld \
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Requirement as par point a) is met by employing either a ghort and
small diametered capillary or a longer one having a larger diameter,
whereas point b) condition may more easily be satisfied through a
longer and larger diameterad capillary tuts,

Naturally the langth / diamater ocombinaticn will alsa depend upon
required svaporating temparaturs.

During shutdown periodm, the capillary continues to pass refrigerant
from the high side to the low aide until] pressures are equalized
and the motor comprenanr can than ha one at low starting torqua.

Tha amployment of a capillary tuba offars annther advantage: the 1iguid
raceiver alimination on circuit high prnssure side, which involves,
bariden a noticeabla mimplification in the syatem structure, a lnwer
refrigrrant charge. In this case however, it isg necsanasary to forennra

a condenrer whose internal voluma may ba surh to recelva the whole
refrigarant chargs in cass of a capillary nlogging.

It must be noted, anyway, that capillary tube is an axpansion devics
with fixed characteristics: f.a. it is not adjustabls ta changing
load conditions.

In fact, leaving for a momant the physical corditions cof ths fluid

out of consideration, it may be stated that the fluid rate itself
exclunively depends on tha preesuras downstream anc upatream the tuba,
Specifically, the flow rate through the tubs is directly proportional
to condanaer pressurn and inveramsly proportional to evaporator
prenaura. On the contrary, ths refrigerant cireculatnd by the comprenncr
tneeennen dua to a reduction in condenning pranaura and A rina in

svaporating pransure,

Then it may well ba understood how the ayntem i{s balanoed for only
ona and well datermined load condition.

Any load variation - from fizxed conditions - causes a reduction in
the whole syetem efficiancy.

Negistered Capital: Ris 3,000,000,000 fully paid \
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DO oo
(//” An important novelty in the field of refrigeration equipments, after
the introduction of the halogerated fluids, 1s given by the heat
exchangars between the cool gas coming cut from the evaporator and
the hot liquid flowing to it. This leads to noticeable increapen in

compressor refrigerating capacity besides implring other advantagan
in installation building, '

As far as Refrigerant 12 is concerred tha ndvantaga is extremely
remarrable while for Refrigerant 22 has a minor importance, The lower
the evaporating temparaturs is the mora conapicuous this advantaga
doan result and viceversa, It im to ba remambared that, whils a
comprensor refrigarating capacity increases subcooling the liquid,
compressor energy cconsumption i3 kept almost steady.

A refrigeration system design is achieved through an adequate
oapillary selection as thie device is rssponsible for suction pressuras
or temperature and, then, for refrigerating capacity.

Capillary tubs selection is still to be regarded as a delicate
operation — marked as it is by a certain empiricism - since there is
not yet a deep knowledge of the influence, originating in numberless
causes, which may affect refrigerating system running.

An expansion device shall maet mome requirsments which vary according
to the applications where it is used a3 weil ae acccrding to working
conditiona. In faot capillary fiow rate ie function both of evaporat-
ing temperature and of condensing temperaturas.

Other factors equaliy affeot capillary definition ao that capiliary aslect
fon banad on the atrict application of a farmula wonld ha a mara t1iuaion.
[ practice then the determination of ar adequate ecapillary tuba in
generally basnd on experience and, in most cases, is the result of
Laboratory taats directly performed on the application itmelf,

In spite of this, thera is & number of mathods of mizing a capillary,
snoma haand on empirical equations and others which apply the
principles of fluid dynamics, but the problem grows more complex
when capillary is attached to suction tube asg 1t actually happenn in
Almont all hounahold refrigerating systoms.

57
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/ Since the calculation of a capillary haned on the principles of fluid
dynamics ie more widenpread compared with other ryatems, we are going
to examine it briefly following the methods proposed by HOPKINS,
COOPFER, CHU and BRISKEN.

If the final ovjective is to determine the length of a capillary tube
of a certain bore to reduce the pressura of a given mass flow of
refrigerant from the condenser pressure to the evapcrater pressure,
the aclution can ha approanhed in a atepwiss fashion, analyzinrg
successive incremenis of line lengths (elementary lengths).

Total length will ba glvan by adding the various elementary lengths
found.

Determination of the Elementary Lengths of a Capillary Tube.

From the continuity equationt

v
V-2 (1)

whers: 0 = Fluid Mass Rate in Kg/sec. -  prefixzed
v = Specific Volume in m3/Kg
S = Tube Seotion m®

V = Speed in m/seo

Applying tha prinnipla of nonmarvation of nnargy!

A 1
.Ap'-_ gav _ 0 f £ vdL (2)
4 2Dg8e

where: A P, " Total Pressure Drop in the First Flementary Tube Length diL.
¢

rad

g = Acceleration of Gravity

1 4 « Friction Faotor

D = Tube Diametar - prefixed 5y
dLL = Tube length

Registered Capital: Rls 3,000.000,000 fully pald
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The exact molution of Fr. (2) will be difficult bacauss of the complex
variaticn of friction fartor 'f' and veloctty 'V' with the langth 'L'.

In the first approximation caloulation this obstacls is cvercome assuming,
for each alementary length of the tube, the mean value of the two above
mentioned quantities indicated as 'fm' and 'Vm'.

Equation (2) in finished terms will then be:
- ‘ - B L] V L]

QA P' ' rll m .A L'

where 'A' and 'R' area tiha known tarmn.

The friotion factor depends upon tha AEYNCLDS number.

Tha equation which, by rrpeariance, aseme to be the most rconvenient in
this particnlar cass in:

£ -~ 032

( R.) 0,.25

'fm' value is given by the mean value of ths 'f' values calculated at
2 pointr minimum (beginning and ond) of each elemantary length.

The same can be said for the menn velocity value reckoned at two pointa
minimum by Equation (1),

An thana calculationn are rather complax, axparimantal tablan arm genepnlly
rmployed which are mada by vartoun manufacturers.

Such are tha arparimantal tables of racommended capillaries which ara
enclosed to the prarent Technieal Bullatin, The tablen wera madn in
ASFERA S.p.A.laboratorien,

Ohvionrly the axact dimansionm of capilliary tutes will have to be
checked in denaign and innpaction Aatagan of the aingle ayntemn,

| ml’iégls!nod Capital: Aile 3,.000.000,000 fully pald
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Moisture

Moistire inside refrigerating machine should be maintained helow the allowerd mmantity o that machine cm
opevite withont trouble. Therefore St s ingpotiant 1o remove moishine in the prevess of manufachre aned
assembly of pads. Aned attention should he paid so that moistine dees nol penetrate when comeding o
mainbaining machine al site,

Ard when BB fooned it intoleeable guantity of moishine s contalned withie seliigesting nuhioe, it <lould

e promptly removed.

1. Source of moisture

The llowings e considdered as eonses of moistne peactiation inlo refrigersting machine

(D Insafficient diying when tepaiting macchine

(2 Inaelepide opesation when conmeding or maintaining ou hine,

) Penchiation of wet air due 1o leakage in low |m§.'=-:un‘ pant

() Leakage at the hydio pait of water-conling condenser.

(%) Insufficient diying of lubricant (refrigerant oil).

(6) Moistire in the refiigerant not sufficiently dricd.

() Moisture created from oxidation of hydrocarbon composing refrigerating oil

(R) Maisture created from thermal diseohtion of insnlation materisle of motor.
2. Influence of molsture

Moistine in the refrigetating machine has the following bad eifect.

(1 Water Dlockade in capillay tube or expansion valve, and evapmaton freezing

(2) Corrosion and sludge creation on metal paits.

()) Damage of valves.

(1) Copper conting phienoicnna.
(5) Deterioration of chemieal parta auch aa fnanlation maierisle.
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- Date I Dessicants in

Hermetic

Refrigeration

i e Latest Zeolith-based dessdeant offers
spnificunt adoantages os regneds ihe
blnding af hurenful clements In the
rehiperation costem like water aded resldue
und othee decnnposition prodocs
Howeser, cvperfence shaws that nol ol
tapes ol Zeolith are able to withdand the
wechanlent nflaenves by v sofelpeentlon
sitem ned Ivlm'ldwt b oned weomml the fnlet
ul the restilodor tnbe may occvr, often
followed by <overe hemiboe o in the
[TOUT TSI

Ouatity teste o the deio sts for heae
Teeotod o balpzo s ativen v stemme ovnghir theavy Fors
te i duele focbs which v v tleat tho

dlessfeant hess aotlichont mo boabead ihilins

Oessicant function

Fyrr sinee the manufarhee of heimetir
refrige: ation systems of e dnmestic
serloi hegan thare has hees a nend 1o
mearperale o waler-adsorhing dessicant
The purpose of the dessicant was
primarily to retam and bind ihe water
ielnaced during system perating ane
thriehy prevent unde~inhi e plipcts auch
as ice blocking the resincing Hibe
untimely compresanr hroakdown  ate
Fven nt the prasant a'agn ol iachnningy
within tha rafiigarption industry thig
need allll axiela hut the nersecity ol
rfoedicant and e fuyne L e the retrgeen
inn aysinm has naw to he 2een [inm g
ehghtly different vipwpaint than peevicusly
Maralinnn jn i hnomntee eyntre on e haear Ing
e by e Ieree lien cater and

' raplive waler

The amaunt of rps waler wos previnncly
detereneed mamly by the dvyppes of the
sotepoanente bl acenmbly bl
phlte Dy th veeehily ranihitaae

The roplive witer ¢ ane minly Loy tha
mnter nsulatinn matneial and wa=
teteaced partly by agemg of tha maleriat
vk portly by tha hpating ap nf tha

malne dunng onpepling

In e rannechinn thpre was meatinn nl
nvpected  amounte ol watne hasod nn

a grven lifelitne it thn gyslinm
Davelopments within tha pradae inn nt
tefrigerniors have however theongh the
yeare Teed tn both supphere nf compnnents
and provhye rmrg of rofrigeratinn cyninrme

to adapt 1o the relatively high diynece
renuierments thal apply in this fietd
Furthntmare. noady all comproesnis for
e branehl of tha rofrigeratinn industry
have synihstic inaulalinn mnterinty which
hav_e redieed e amoun| of caphve waleg
lo A minimum

An additional relrigerator development
has alen mrant an exlended appication
1anga !n: thn eycimin g4 that the:s are

now qreate: temnembiare enmigionn anta (o
the cnmprasenr and 1ar the othe
rompaaenia in tha cysinm

The dessicant canngl therefyre b
naanaant nnly an the graunda nl wnater
relating eanaldarationa Juat as important
18 Ihp acansamant of the condilions
which will ariag during tha 1itetime of

the sycinm

Here tha daselcant must he chemicaily
and mechanirally slahle uneder ai’ nprral
g enndiiona Tarlheemors 1ha daeag ant
must nnt act as A catalyst lor the other
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Ad,vmmmn chararteoshcs for Malpcutar Siaves
nee 44 and S:hen gnl

Partig! pressure of miter 11 mm Hg

According to Union Carbrde

ANSHAPTION CHARACTEMSTICS FOR MOLECILAR SIFVES
TYPE 2R AND SNICA BEL
CARTIAY PRESSIINE AOF WARIFI 0 omuen Hig
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etemenis which can causa comprassor
hreakdown

Tha function of the dassicant tngay mnst
be 0 bind ageing produrits in the form

ol acid reciduas and other decnmpositinn
produects as well as In bind “frea  and
caplive” waler

Silics-gel

For many years Shica gei {Siliclim oxida)
dessicant has been used for hermetic
relrigeratinn qystems This dessicAn! hae
many good rhpincieristie s bol Im
hormehe reltigaralion ayalema 1 hay &
aadvantage maicture adeneplinn e
turghhv dlopondant nn temparaturn aven ot
'mw Inperatine layeie Tn maintain
reasonable filier drine dimenginng I ig
theirtorn necessary In place the fjitar

e the o0l sirde ol the eygtam  rormally
on the intal side o the avapnratar

Fo: enynral rangans auch & Incatinn Ig nel
drzieahle and a disbtnct need Ior annther
desairant with bettar chararteriatics arose

Synthellc Zeolith

In the baginning c! the 196ns. synthatic
7rolith dessicanl wasg introdurad 1o tha
tefuqeration industry

The deasicani was ariginally devalopes,
by Uninn Carbide In the UISA for use

i the petrochemical Induetry. hut brcauga
nt its adenrplion charrcleristics it
aradually became extensively used in
othar Industries. Including relrigeration.
This type of dassicant. chosen lor
hermelic refrigeration sysiams for domasiic
uss aq known hy s trarde name
Motecular Siaves 4A

Trl:{021)348 21.8
e : 223857 BAHIM 1IN
Fax: (021) 340722

Adsorptian characterisiics

Motocular Sieves AA was chacnn. firel and
fniemnct Inr 1§ moistyra gdsnrptinn
characleristice which lar exrendy tines ot
Siien-gel o example

Fig 1 ehnws ardenrpting cueves Inr S ticy
-gel and Molecular Sisveg 4A

Tha gnod characierictics are dis Amnng
other things. In the Iact thal tha

dessicanl can bs mads with controlied
pora sizag.

Type 4A is so-callad bacause it only
ndsarhs mnlnculea In cizng yp tn 4 Ang.
Wwdm (4v 10 ' mmy)

For hermetic rolrigainalion cyatasmg (hie
meant that substancas fike 1,00 (78 A)
CM, 128 A). Hy (3 A). ete became
relained In the deasgicant white thnen dike
nil and reliigeranl whoeo gize of mniacijle
1€ mora than 4 Angstrsm. warn nnt
adsarhed Oil and refrigerant therelore
tnnk 1p nn ronm in the desalrant unlike
the racn with Silira gsl Inr svampia The
prre ti7e of the deseicant alen meant that
adanrhnd water wns hound 1o a
significanily hardar degrep anidt 19 ntease
it required correspondingly higher
Iamparatures

This belng ¢, tha filtar rriare hasing
Mnlecular Slaves na langnr nandnd 15 ha
placed !n g naricular positian In the
trelrigeratinn systam and a nalural aulcoma
whs lo locate the fillar at the condangar
oullet Noi orly wase this a practical

f'octal Address : 799 Fnghelab Ave Tehran - lian
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Description of HFC-134a Compressor
| (1) Capacity

Due lo the dillerences ol thermodynamic properlies belween
I HFC-134a and CFCI12, aboul 10~ 15% capacily drop Is experienced
at -23.3TC (-104°F), and 20~30% al -301:(-22°F) without any system

l modificalion.
This capacily drop has been compensaled by the improvement of

, compressor design. {Improvement of volumelric efficiency, improvement

of suclion gas passage.)

(2) Material Compalibility
The compalibility of vanous commercially available  molor
insufaling film. magnelic wire, plastic-malerials has been evaluated and

only suilable malerials are selecled.

The compalibllity was estimaled by the auloclave lest.
! Every tast plece was aged al the 130U ~150C condilions for 7~ 40
days with the presenca ol HFC-134a and esler oll.

' The physical preperties of test piece, acidity of lubricant. exiraction o!

oligomers wero measured alter the aging.

flegistered Capital- Rla 3,000.000.000 fully pald ™
Postal Address 799 Enghelalh Ave. Tehran - lran Faclory : 777 Plrouzl Ave. Tehran - Iran
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(3) Lubricant
For the past 50 years. lubricant produced from naphthenic and
parallinic mineral oils have been used in refrigeration compressor

syslems.

Mineral oils were fully compalible with 12 and salisfied the system
requirements ol lubricity, chemical stability, - materials  compalibility,
enargy slficiancy, elc.

Unlortunately traditional minaral oils cannol salisly thesa requiremenls
in HFEC-134a reliige:ation system due 1o the chamical dillarences
between R12 and R134a.

Mineral oils are not miscible with R134a"

Cil particies separated from the liquelied refrigerant in the imaginary
: R134a - mineral oil refrigeration system may sellle at the capillary
| lube and evaporator causing impedance 10 the refrigerant flow and
reducing heat transler elficiency.

In more severe case, difficulty of oil relurn 1o the compressor may
cause syslem break-dowr.

Therelore. miscible lubricant must be used In tha 11134a system and
any small amount of lmmiscible Impurities, such as mineral oit, musl
be avoided for the syslem elliciency and retability.

DAEWOO has been tesling various kind of synthetic lubricant such
as Poly alkylene glycol. modilied PAG. Polyol ester(Base oil), Polyoi
ester formulated with additives.

Reglistercd Capital: Ris 3.001.000 000 fully paid
Postal Actdress 799 Fnghelab Ave Tetran . 11an Factory - 777 Pirouzl Ave. Tehran - lren
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Polyol ester formulated with addilives showod the best resull in view
of siability.

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

POEs can absorb moisiure very quickly from the ambient air. The
| saluralion level is approdmately 1000 ppm. compared to 20~ 100 ppm
for mineral oils. Fig. 2 shows hygroscopicity curve of POE and mineral
oil.

Therelore It Is Imperative that compressor. evaporator, condanser. and
other tubes musl be kep! sealed before the 56t assembly.

U is recommerded that the maximum exposure time limit of
compressor aller opening the rubber caps is 10 minutes under th

60% relalive humidity condition.
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The [if= time of & cor-pressor used In an arpliance fs not only affmcted by the

darahility of the (nancrs<ar jtealf, hut alzn depend nn the nparating conditions

whith are related *n the desigs of the rafrigeration systems,

This s tn spaclly cansidarations tn ohtain re!lable gparg

ation of R-134a hermntic
relrigaration systo-=,

1) Remarks on comprnssor handliing

Ralrigarant oll fav P 1342 should ba hanedied thaupht fully and carnalully,

becanse of it natare ohich has high hygenicopicitly compaced with conventinnal
refrigorant ofl=.

2) After removing tha plugs (rom compressnr tubas, the compressaor should he
assembiad tn s pafrigarating syeteame within 30 minutasg,

bY Reliabillty tesr should not be coaduzted nnca rafrigarant ofl fs changad,
which molsture level is concerned,

2) Ramar%s on relrizeration systems

a) Cooling parfor-ance test .
a-1) Refrigaration systams are exclusively used only f{or R-134a syslens,

2-2) Because of vniqua swollan and laab chara<teristics to the rubber which
ara ruch a 1o cauacs than when uee! in ronventional refrigecants,

mechanical rraling and folnts should be need in systems, but rnt rubher
and/or O-ring,

)

b) Reliabilitv tasts
b-1) Materfals for tast squipments
¢ Materials vsed In the cygtems, |lha preccars giiges. hnoses, valwes

and ralripneast chargs squipmaat thaolel he rorlasivaly used for R- 1344,

repnclatly creqsiem gaogee used sheailbd coen from pon-oll, non wate;

treated gn P4 a1 to be used equivalant quallty gauges,

b-2) Remarks for releigerant ol

Pelrigerant i} should be well purtf ad and contralled molstura 1ovn}
telow 25 pr-,

b-1) Refeigerant - R-114a(CEF ,0H,F)

* Recommende-l refrigerant parfo-marzes arn ehown below,
floms Contronilmd vajys
Aptrarance Colnr clearnnss igualled gas é?
Putivy (%) Ovrr 69 9%

(Inc, H0C134)
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ftems Lontrolled value_
Evapnrated
rasidae (%) Below 0. ng}
Acidity (%) Balow 0 nony
(HC e
Molet-are(%) Below 000}
CEC & WFC(%) Balow 0,01

b-4) Leakage In the systame

Detaction (or leaabage §a the syctame [« racammrndad 1o ea et frim

foak datar 1™ ap yead nitengen 1o ronfirm 3 treduction nf a pracenen

Altar prag--1-ize ip the syetam wit nitpagen,
b-5) Vacuum favr!

¢ Yacuum lewel inlpw 0.5 tarr LS roquicad altne the evacuatinn in the
System,

b-6) System cleaniiness

¢ [he gyslam camponnnly must have a (agrne ~f cleanliness and mqual ta/n,
hotter than that of R-12 system,

b-7) Molstura |e:al [n the system,

+

* Tha maxieun molsture content in a|

torsehold rafrigavation system showlel
bo 150 mg,

b-8) Brazing i~ tha system

* I'razing sheet) b done tg avold oirdating,
(12 To vee nidrapan [{ax at brazing nolnte,)

c) Selection of tha :Ila,

c- 1) WH-7 or Y19 ara spcommendad to arply avelunlvaly for R-134a system.

-7} Zalaction Al 4 driag volume |8 racommencn| 1.2 timeg of convent fnpnal
type,

c-3) Deler should ba salectad so that the hyproscople parcentags lavel of
adrlae I8 below 4 % afrer oparating Lhe systen,

c-4) Use sulficiant dalydrated driar and Yaap maleture lavel below 10 mg. )ZC)
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2 ) Recomranded conliting at highast loat [n 1he ¢vgtanm

@ Ulischarge-2" tanperature

I the disckacps 77 tomparaiare tiges. the comnreccinn gas temparature alsn

rises al & samn i-a {n the ragm of an arrnncive Jdisrhargs Lemperaturae, the
Tife of the refrionrarion cigtem becnmas shartar «him to carbon depnsite in
the valve mechani=m,

Tharelors, tha diz-harge-2" terperatira (4 nna nf tha fmpartant fartors fer

lnnpgevity of tha rafcigerat jon Systems . Onanrzlly . the discharpe Ytamparature
with a3 2-10a ra' oa:ablen cystom mav ta Powee by appenv, 167

as {nopare
by a Po]) gyeter

way b "ReAgERry by ey (b g3a b i,

4 Discharge-2" terparature

S soring  Dalow 120 Y ( 248 °F)
GD and A carlec - Balow 110 T (20 T)

tig.! : it~ -aacurlrg method ol dlscharpe-2- temparatyes
? seriss O ard DA sories §
Locr o ar e sty gt
— snad e
o \\ IRt
\ -
N3 Croes mont
\.

IR BN -
A ; . 'wyggt’_j . s e
1 BEEHAEIR 8. - ; RS X0 3 mg. -
. \2221H:L ALUUSITR
e I e e ke ta PSRN TS RU

@ Motnr winding tercarature

Tha matnr wirdlrg tamodraturs gt stahilizal candi:

Inn chaitld ha Vepl
below 120 COUE T for 5.9.0 and DA corinsg,

@ Condensing temparaturs

Ihe compressnr =uat ba used with condena!ng pracence

inwar than tha
cor-aepnandine ta R8T (3]

TY at contineens cun and tacs than 65 (149 )
At momentary coac loalds duing pull dovn n [ransing down,

(h Refrigerant chirge

Excesslve reflrigesant charas no only cauess fract and/or molsture nn 1he
surting Jlne srf1-8 hat alen damagsq thn

bn any comprasene apntianc,
waiyght shown belnv,

valb.e rechaniem due tn slugaling,
the reliluriart charge should not excen/| Lhe

S setine o alnw 200 p
QD ani LA eocins Uy 4o 5.7 en': Ralow 200 q 71
Over 6.6 em?: Ralnw A0 g
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® Equalized rressurs

The saqualized rressure whan the tefrlpnracion S7ntems is soaked out ar a
Y00 F) actianm temperatiore shoentd ha Prsrr than 6 bar ta obtaln a
favorable ¢bagrion toneition fay 4 Cmpee sneg |

Fig.2 shows the Frassire-iamparaturs snlubiiity curve of 3 R-134a and nnw
2ster ofl, —ye

’Cr —_—
Fig.?
® Interval for rn-srapy »
Cor ol the frparigne facta: s 1n
re-start a comprigar under a Jo1
thermnstat contrnl In g talrige- 3
ration system (¢ 1 interval, :
v It ig necassary 1o tal-a at J~pqt o
3 --//,.
a) Feazon ¢ Necaccary for procar oll teturg to

<
S minutes Inrargg) b ] ermprae
s
1 rocnregser e
* Poar ~alubility a lom ambisqt tanpag

S oslarts aga’
AlUrs gugeg 3 rrfrigeration | vitcntily tg increaca

.oy
S

sty i) FTegg

@ Conlirmating of rnonimem tefrigerant ol! -]
(Ta confirm the Trreressnr with a sight glage)

b} [act mathas

1Y Pull dovn teey At amhirat Usmparatorn ol AT COHn CF)Y oy uadey
Lighest 1.4 ronditing, )

¢ A Initial atart - &t poak - g stahi|iznd
(Inctilivrs alrag tnlrost)

b-2) Full down test gt ambjent temperatura of -5 C(23 'F).
* At fnitlal start -~ At peak - at clahiliznd

¢) Racommended nll ayal

* Tha nil fayna| should be kept ag tolaw In hatght from the battam

ol tha - rpagny all, shoxing Intinwing table and Flg. 3,4,
Sarjmg 0L lavel{mn) Min, oll auantity (mm?)
S Over 20 150
N le;s ril manlag Dver 18 150

With nlt - 41 Over 24 220
vhoLess ol canfe Qver 24 180
With aii rante, Over 10 750






