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HCFC: Hydrochlorofluorocarbon Ay, ¥, H FISE
HFC: Hydrofluorocarbon YD H S
HP: High pressure 2 4& Q@l
LP: Low pressure AC: Air conditioning u@.ﬂ/’zl:u‘u}l’.d QJ‘;
CFC: Chlorofluorocarbon K 1 S
COz: Carbon dioxide Jr ATy s
CP: Copper Phosphorus g 4[{ QU’
CRP: Constrant Pressure Regulator ;3,{ by 4_5;,5( Q s
DDT: Department of Transportation (USA) £ uﬂ:‘J ,;J, T, ""’;‘L‘j (3(5565
ED: External diameter FusS A 3
EER: Enery efficiency ratio &, u,:é:e‘.' G 8
EN: European Norm ¢ N L’J."d'
GHG: Greenhousegas (emissions) (%,)u:—;f e, S&1G.

GWP: Global warming potential

Jﬁf‘ ;” uﬁ/!;dﬁf

4G

HC: Hydrocarbon B 1L u‘él
MAC: Mobile air conditioning s 27 j-!J/L » u’g_l‘{;

MLF: Multilateral Fund for the Implementation of the
Montreal Protocol

% /‘.J.o"(' S 4d:‘/ JagJL AL

T

MP: Montreal Protocol i i
NCG: Non-condensable gases u:—..‘f ‘}:‘ o ééw
NPT: National Pipe Thread L2 ALY ddey
OD: Outside Parameter Fpieost 137
ODP: Ozone Depletion Potential I ,‘:AJ g_gp;uw' It ol Qu’ 7]
ODS: Ozone Depleting Substances (.;LLI:Z_%ulﬁ/ ol Sl
OFP: Overfill protection J’? ,4}1,,; il
PAG: Polyakene Glycol JF Ky Feid
POE: Polyol Ester Ay i
RAC: Refrigeration and air conditioning LM sl ¥ I Fet
R & R: Recovery and Recycling ._ﬁ:,’{,d S e e ST
RRR: Recovery, Recycling and Reclamation M ) sl LSS ok Vit
TEV: Thermostatic Expansion Valve )|,M|_,@,» - 7 d,dlé
UV: Ultraviolet LR k1Y
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Negative impacts of excessive UB on human health
Acute (symptoms immediately appear) Chronic (symptoms gradually appear)
Sunburn ~Wrinkle, Freckle, Senile plaque
Red inflammation of the skin that appears i Benign tumor
aifew:hours after:UV:exposure Z| Precancerous lesion
Suntan Solar keratosis
Browning of the skin that appears |_ Skin cancer
a few days after UV exposure —
¥ e Cataract
Snow blindness Aidisea o ey e ol nhiohiine
Inflammation of the iris of the eye that occurs crystalline lens of the eye gradually gets cloudy. The
when the eye is exposed to UV in places such vision weakened by cataracts cannot be corrected with
as skiing grounds and marine beaches. The o glasses and severe cases need surgical operation.
white of the eye congests, accompanied by w pterygium
paia:The symplom I8 remadiec In/iz2 days. A disease in which the abnormal growth caused by UV in
) v the tissue of the white (conjunctiva) of the eye gradually
Suppressions of the immune system develop ds the iris (. ). It can be d by
S surgical operations but may recur.

u}TJiJgJ;}'/ﬁ/%/ﬁ‘uyg;’»ﬁmyym/!),:;3/5

ldke care in the sun buy

Staying in CoveringUp  Wear sunglasses Wear a Use sun protection
the shade with 100% UV broad-brim  with at least SPF15
protection hat and UVA 4 stars

Care in the Sun Organization: e—2.}
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DZONE LAYER DEPLETION

OZONE LAYER

. absorption R -
Increased UV
reaching the ground
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Aerosols Alr Conditioners

Commercial refrigeration

Refrigerators

Mobile Air Conditioning
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CFC, HCFCs and HFC are used in our daily life for ...

Heat - pump washer -dryer

Refrigerator

* Contains about 0,15 kg of CFC , HCFC or HFC
(= equivalent to approx. 200 kg of CO,)

Insulation

Automobile air conditioner

* Contains about 0,6 kg of HFC
(:_: equivalent to approx. 800 kg of

LRTJ:);JU‘”/@/KU};<uglg&/}’;cayil.a/l)5:,g/}

}?:4“_[7/‘)//1) J’//(HFCS)M/K)/:@J{QW Kff;d@iml,g:é.uﬁ@’li LJ}VM O ..{luﬁy)..feg_u;uzo 1 6/.5{’1 5
.ﬁ.‘al}f«,;u uﬁa_u G'{,&'éﬁ&fnu!L)[d/u;))!J/;ijﬁédgft_‘at//f/gfvJL’.?;!M)_.«TM‘ Kuebafffq’fojb'd/di/j:{ugfl.

et o g E Ut S e e Suska e v

)'/t‘]}fj"&;;lf"mu’])!

Climate Change Regulations

Paris Accords (2016)

Kyoto Protocol (1997) Montreal Protocol (1987)
| |

Ozone Depletion Requlations

!

Kigali Agreement (2016)

Focuses on reduction of waste byproduct emissions Focuses on reduction of engineered fluorocarbons
of chemicals such as CO2 and methane such as CFCs, HCFCs and HFCs

S S
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(HFOs.s-HFC-23 1»\)HFCsi2: Il s/ F 2 o
HFC-23:Il_+/F. o

ANEX F
GROUP I The substances listed in the
Substance GWP Annex F Group | are
T i produced for specific
HFC-125 3,500 industrial applications such as
HFC-134 1,100 refrigeration, air conditioning,
HFC-134a 1,430
lice 148 355 polyurethane foam, solvents,
HFC-143a 4,470 aerosols, etc.
HFC-152 53
HFC-152a 124
HFC-161 12
:;2;;;*; ;‘;"8 The substance listed in the
o C " .
HFC-236ea 1.370 Annex F Group Il (HFC-23) is
HFC-236fa 9,810 a co-product of the production
:;g;::"' ?qoazo of HCFC-22 (controlled by the
- a MoK
HFC-36Smfc 794 ANEX F Montreal Protocol)_. for that
HFC-43-10mee 1,640 GROUP I reason its production depends
HFC-23 14,800 on this other substance.
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|\ Pressure P2 \
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X \ \ (gas refrigerant)
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Heat output
Total system power input
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Filter / dryer

Refrigerant sight glass with moisture indicator
Thermostatic expansion valve

Evaporator

Servicing valve

Suction accumulator

Servicing valve

Compressor
Servicing valve

0il separator
Condenser
Refrigerant receiver
Servicing valve
Solenoid valve

1
o
5
)
2
5
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Exiting pipe of the condenser — liquid line suction line — low pressure side
N Liquid line

Discharge line — high pressure side (vapour) ﬂ Evaporator inlet pipe — liguid line (low pressure)
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e Bt A2 S RSO A S A e i B

REFRIGERATION
COMPRESSOR

POSITIVE DISPLACEMENT

RECIPROCATING ROTARY

DIAPHRAGM L SCREW
T

Em

(IS 2 A L eI A A
(ScrolD o4 .1

(Screw) gxé 2

(Alternative) J» .3

(Rotary) §s, .4
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(Centrifugal) F454 .

(a) Hermetic scroll compressor working principle of scroll compressor

Refrigeramt

Inlet @ 3 Fixed Scroll

// Orbitang Scroll
L, Compressing
Space

™ Dutlet
Rotation center Rotation center
position 0° pasition 90°
Intake
completed Scroll center
@
Rotation center Rotation center
pasition 270° pasition 180°
(b) Semi hermetic twin screw compressor working principle of twin screw compressor
Discharge

&
&Y

Suction
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(b) Semi hermetic single screw compressor working principle of single screw compressor

Suction Compression Discharge

X

working principle of reciprocating compressor

Refrigerant vapour
Suction valve Discharge valve

Piston

Jr'ILL/(rKZ. A /;“/d/‘u P /;‘B/‘u(d)
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(Centrifugal compresson) < #J#5(e)

Fixed vane
Discharge 74
valve Suction

Cylinder block Roller

High pressure
: section

Housing A

3 ,/’
\ /
\‘\ /

: - / Prerotation
Diffuser ' 1 ' vane

Impeller

IMLIHE S AP
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Compressor
' Volute casing

Impeller

Prerotation Impeller wheel

Impeller

Diffuser plate 5
Refrigerant

intake

Mist
eliminator

Refrigerant
exhaust

Condenser Expansion Flooded Evaporator

s/
)ud)’guﬁ/’ﬁﬂﬁwﬁ;ﬁﬂ/:wrwé’/u@u_&cnuf/ﬂLJ‘&?JAI,J/SKM.Q’wJﬂM/H”ij“jﬂ/gu@“‘ﬂj:!
_§.f Seolos s AT & $:Z ek Jer(Needle Valve Maintenance)” 5’




PGl S A2 i

(Oil Separator) 4z ST
%c@,}J!z;l/?J;éif/chi Z:lef}ldi///(&/u/}lﬁﬁd//./.;{.Lat‘/y}g(f/:J/U)ﬁcC&&j./?.zcu)budide:u?'/.;‘/
-ujé&bﬁ]ﬁgfJITL(:)d)ljwuﬁ(/"]U/‘J’“5-961}/%)W!KJ}./;.‘.’J%&LUQ{.TJLLTJDuﬁfb'/df“,J/c‘-d/;ﬁ(jl%?l

(Condenser) /4

et = Uty B U b e e G2 S L T BRI F e 3
(et /I ifenr§inds/ snbiz
(et /St e s Lci Syt hnd enz pime S St e n ) B m

Water cooled condenser

Air-cooled condenser

(Refrigerant Receiver) s s’ £ 2,
&J@’JLJ%@J!{?M‘/&ﬁ}E/J//J"LCJ.,&jjﬁ’./éﬁbdﬂ/'{b@’v,:_‘at‘lgJuﬁﬁ/dy"jjﬁ’./;v}k/’&}{:
—e Qb LA A ur’fm_g‘_lz;
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(Selenoid Valve) s 474~
4&/’1/51/5//‘45)1,%/}(lp-ujLnL(“’JJI,,'yu:&/
LU py &bV TS L g Soe i 18

Mok gl S iy L g

(Filter — Dryer)/’w—/ﬁ
At # s (Organic) dut AL AL L ‘fd S KSR e e IV Sut sl f;//m?mjs J("’“ S e
—etSioa & oS i (Inorganic)
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(Sight Glass with Humidity Indicator) /:5 xS, /;u;u" s
<o/ 65T P Sy £d;uﬁ¢2j.ﬂ/,-‘¢b‘tgg@t&li La’./gﬁ;w‘f‘f}zm}:véﬁ’m'&ﬂf&u Ju‘f/ft‘«.é_»aj“jﬂ/w){,
_(‘L(r LS ‘Ll,mcju& Y IR ﬁw;u}f‘a/@&o,’k}c’;f.}/ legut ZJE)

(Measuring Device [expansion]) kel ST &
_‘LL"/U)};CCL&VJf)g&/f./?./Lungijbuﬁﬁzgﬂﬁ/f

b3 iSO VTS G d ol st e e Ll ezl sz it T BN A
(Capillary Tube) —£S4 v
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Power Element

Diaphragm
Capitlary Tube, and

Bulb \

Orifice

e zoszs[Dosing device (expansion)] (oédaaSoD) g5 F s ()
-‘Lt.ﬂ{‘bb/”} b"«ﬁéﬁ.u;’.)l(%)&{‘%’,’/;gdgﬂagnf{,(lnlet)

}JI:MW:LMJ:‘/":;%).Q}QI

(Evaporator) .yl
:cL-Cl:.bt“r'/(:ﬁ/?ubdj;'@pu"{//‘au’:mc}J/}Cg.;iﬂm@(&@fmﬁ/ﬁﬂjzl/ﬁjjﬂ/,
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(ed/wd ez einds S sn(cooled ainzy v
(c,&/ _,;ga/ _w!ir_&g)(water cooling).ﬁ/ Ny v

:LLJ“;’@/)(}%)!VQJ(:}?‘JW
(tube in — ) «(shell and tube),a:"mgﬁ5 {brazed plate)z.ky ., )(Dry Evaporator) /”:u;")!&w’—DX v
G /:’ stube)

(Flooded evaporator) fszsi3i6 v

— % R

_— v d
i 4
/
15 S
T Air cooled evaporator

Refrigerant outlet
circuit no. 2 (P1)

Refrigerant outiet
circuit no. 1 (F1) —‘)

Water in (F2
(F2) Refrigerant inket
circuit no. 2 (P3)

Refrigerant inlet
circuit no. 1 (F3)

Water out (F4)

Shell and tube direct expansion evaporator Brazed plate direct expansion evaporator

Flooded Evaporator
refrigesant vapor <7
Sngeran

A&

chilled
water
supply
i »
-

relsm ’w & squidlevel
sensor

_‘L“lf@U/)J)u.l(/;zﬁﬁ./}g.1515/51/?./4:’;"1%\&{//15?{/5!&%:Jﬁ{r‘.’.fd;é
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Gas outlet Liquid outlet

3

(a) Liquid inlet
Water inlet Water outlet —
Gas Russ
outlet :‘ - — g ~ -
E any o B & 3 NG
- - - . - -

Refrigerant feed

(b)

(a) Flooded type evaporator (b) Dry expansion type evaporator

(Suction Accumulator) s+~

S 2 e o S F & e
A AASPL L e
F e bt LA
Lﬁtfd}ﬁ)ﬁfgic‘;&}{yl}!r,ﬁg
Jot L g p A

_‘LO/}/LL}’Z

[Safety devices (safety components)] ad ;,IL?"/ e VT F &
e TF O At § ™ B AR



PGl S A2 i

(Low and high pressure safety switches) f;ré’:‘ Lz /‘?‘.4,;;.)/;1#’

(Differential pressure clearance)” & ﬂ/,,d’? }iﬁ;uft{ g ujé PRd (self—regenerating)/%ia,Ui’u"‘g L’a?é.niui’(""/
s = B ﬁ/ I ﬁ‘/ =7, -w(Mechanical Reset Option)u‘?f:,gd/f:(g

_(u.‘."g%ﬁfd}é)(f’{ﬂ/“glul(%4ﬁfd}{;!)ujé an’{ﬂc«UTd

(Safety switches with J"g ;4‘)-‘? /:‘.5‘)/71)'@,)’&;! v

oil differential protection)

,-g%bﬁcﬂ{,[ﬁgff&{/:’//./:{ﬁ” Kéy/f.4ul
((/f.z:gj/fjl_c‘-t‘/dj@d//ﬁ{.‘flﬂgtgu’/u/;l/”:.{.{d/_{l
K bni 2 /..‘/{,Ln’/;’: 0y y@//}‘ L%jg)b{ 0

(Switch flow switch) &+ 5%

_‘at‘/("géj.c’:ézbﬁfﬁ/z.d.nﬁv {dkéuéﬁjgdl,:_‘ct‘/rgéi JJ’Wd)ngér}l’ﬂ;;:ntfgdb&!dguﬁ/'%./,:;;if!
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(Safety Valve) /s
JW}.(,K{‘L//(LC‘-%Lﬁf(&/ﬁﬂjzl/ﬁﬁ/b)jbW?Llyw‘/a}&/o//(l/’:’./“Qp)(f/J(uﬁk
K2 bnf AL S B B S e B oIt ooy e o
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4’;@;"4u:.@“&&mtﬁ;j&-@&/d&mﬂf&(’“'_,aﬁ?ﬁ,uuuL.ﬁéfdsgﬁ&%ﬂwﬂw;ﬁﬁﬂﬂgﬁ;ﬂ/
Ut e T i

Gosst fiiesmdinl s g s




SR AVy VYA

High pressure
gauge

Low pressure /

gauge

Low side valve High side valve

High pressure hose
connected to high
pressure service valve

Low pressure hose
connected to low
pressure service valve

SerYice hose connected to
vacuum pump / charging
station

-(uﬁ}gl)ﬁfﬁzﬂuji.n&@‘*m&)%}égd:@/»

Service hose connected
to oil supply tank

(51 AN S
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ej;jd/f/.u 79904

LT

- el R4

T

Rubber handle stays
oool and provides

last no-slip grip
Ot trapging Gas Bad /
axhaust/damister

38" & /4" male
flare niets

Recessad or
switch canm
accdentally
Large sightglass tripped

to monitor ol 2 0 ) ——
lnvel z i
A - i
i i

Sasy ac,'c'ess ol
raan with "
tethareod cap \ g
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sk v

*. 0.

(Flaring TooDJsf <& v/

N/

N\

(Reamer and Deburring)f .51, £,(Capillary Tube Cutter) ¥ 2 A4 «Tube Cutter) ¥ . v
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(Bending Tube)Zf%: v
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(Schrader Valve Core Removal TooD) JsUss€usds 2 v/

#BE BTG S b v

(Millimeter digital and electronic automatic range thermometer)
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(Anemometer and Thermometer) 2\ 3 i 42s51 v/

& Nevtronics
Ultima ID Pro
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..é//l.ulﬁé/!fd/ﬁj./:’./ 3.1

Ll s b L 2 2" (Working Fluid) 48 S8\ Te b w65 H 2 8 aie Stbs L Gar 3192 B
el S P TToxicitydep & (- JE At P 118 St 2T 308 b L T8 ok e - e § b
FQow-reactive) gl ot apETws £ 2085 25 Lo B U iAo $ S\ L E ga(Inflammability)
-r(flammability-free ﬂuorochemicals)dé‘f )J}Bu@ PEC ) /f JJ T U P Llisi(low-toxic) gz

e Ererd P dd Ll ndimit s g P T2

8 | 7| e | 5| 4| 3] 2]1]o0 g vsedin
2 refrigerants
1 He
‘ 4,003
3 P 5 10 D uns.table &
2 Li Be B Ne toxic
_6_941 9.0_12 191 2018
1" 12 13 14 15 18 D no
3 Na M Al Si P Ar i
2299 _2_4%1 2698 | 28.09 | 3097 3095 chemistry
|28 [20 [30 [31 [32 [33 |34 36
4 Ni Cu Zn Ga Ge |As Se Kr
(5871 |6355 |e537 6972 | 7250 | 7492 | 7896 838 Bl metals
46 47 48 49 50 51 52 53 54
5 de Ag |Cd |In Sn |Sb Te || Xe
10864 | 1079 |1124 |1148 | 1187 (1218 | 1276 [1269 (1013
' 78 79 80 81 82 83 84 85 86
6 Pt |Au |Hg |TI Pb | Bi Po |At |Rn
| 1951 [1870 |2006 |2044 |2072 (209 |210 |(210) [(222)

et Ul AR
(organic)it v

S I /’L’J(inorganic)gyu Y R4

AR

(ﬂ&!d}‘fcl)‘at‘lggdtﬁvl{,/;bL%ﬁ)ﬂ/dﬁﬁlﬁild‘/‘&ﬁﬁ}ﬂ/:grl

(S QLB U1 b £ oz £ A (Absorption Systems) #~ ¢iie ety
‘amdb&l/,ubi%j}i/uﬁﬁ/ﬁﬂ/’;!éwmém:m

Seoten S SB moes £ 26 2011/2010)us S Gro U b £ e g b gunia§ A &L A TS
oI A RS U A S

et U b L £ 4 196°C Utts 238 w13 A arir P fu k)
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(C°269- C200-) ety b1 b & e g fut A dri P g
(Organic refrigerants) &* £ 20

FeA§udh et pecprgar 1™ HOG AT
J%;,/Z’./(}{'/?HCZZJ?{/’}’&% v

(HC)U:JKJJJ;{‘(U‘J G
HFCsHCFCs:CFCs1 e 2 2.5 ) 26 S 3.0 20 SHF) S ob 5240 s (HCD 4S5 (HCS) K047, P
_uji,ﬁﬁlik.,f’//écﬂ/}l

e g pe O e ine FLCL¥H-atomss 2y AHC e xS 2 2 LHC A6
:LLJT&VJL{“/}‘V&@‘&? s ;é?ugoi % '/:"4!4&/ Chloro-derivativeFlouro-derivative./’

Cl

TOXIC FULLY
‘ HALOGENATED

(long atmospheric life time)

FLAMMABLE

H F

FARHCLbi ke SO
wLn&f/?J’:é’ I BN

Cols 7 S rsdbs ¥-CFC
e s S - ZF 4CLL¥H-atomsolid ZHC
R12 - CF2CI12:J¢é
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(u}LUl}L%uLﬁ}[j u(uﬂﬂ)uf/{u;l;ﬁugu}ﬂ,—HCFC
—FH LI S AL A LEsCLIE T4 L HCS
R22 - CHF2Cl:Jé

(c,Df»u»vlupmedfzmwué_gwuﬁ/j d/uﬂ}l)uizg)/}ﬁ—FC
xS - LFJ¥H-atomse# L HCS
R14-CF4:J¢

(LLCWC}'M“%}.L‘JJV@/DJ%}?WLUl;L.Lf?’;uLég/j UKU)J}')M/()/}ﬁ)//)&{l[—HFC
‘amﬁiingﬁ( G P st K F L LFJo¢H-atoms CHCS U
R134a - C2H2F4: J&
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REFRIGERANTS

SYNTHETIC NATURAL

" NON - FLUORINATED

FLUORINATED

l

=

AMMONIA

SATURATED
UN -
SATURATED
SATURATED
UN -
SATURATED

SATURATED |
UN -
SATURATED

R1233zd R1270 | R744

R1233xf

RI234yf
R1234ze
R1243zf

SN AN

R XYZ Optional Annex

R Refrigerant

XYZ Number of refrigerant
Optional Appendix

a, b, ... - Variation structure
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B1, B2 - Brone content
A, B, C, D, ... - Mixture variation

X XYZ Optional appendix

X=C-1

(¥ = amount of carbon atoms in
molecule minus 1)

¥=H+1

(¥ = amount of hydrogen atoms 8. D, ...
in molecule plus 1) Bl, &2

X=0 [X=C-1)
Base: Methane CHa

Z=F
(Z = amount of fluorine atoms in
molecule)
X=1 (X=C-1) a,b,..
Base: Ethane CoHs 8 ibove B1, B2
X2 (RaC-1) see above
Base: Propane C;Hy
X=3 see above
Base: Butane CsHyo
=4 ¥Z — Blend number
Blend — with temperature glide | Example: ABCD,..
during evaporation and R32/R125/R134a = 07- R407 Blend variation
condensation R143a/R125/R134a = 04 — R404
X=5
Blend — without temperature ¥Z - Blend number ABCD,..

Example:

R125/143a = 07 — R507 Blend variation

glide during evaporation and
condensation

X6 Example:

Butane R&00
Other organic refrigerants lso-butane RE00a

¥Z — molecular weight
=7 Example: Ammonia MHa:
Inorganic refrigerants molecular weight 17

Ammaonia: R717

Examples for X = 0 — Refrigerants based on methane

The chemical formula of the refrigerant is the following:

CHF2Cl

In the refrigerant molecule the atoms are the following:
1 C-atom (carbon)
1 H-atom (hydrogen)

2 F-atoms (fluorine)
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1 Cl- atoms (chlorine)
C (1)H(1)F2 CI(1)
Standard for refrigerant number:
X=C-1 (X = amount of carbon atoms in molecule minus 1)

Y=H+1 (Y = amount of hydrogen atoms in molecule plus 1)

Z=F (2 = amount of fluorine atoms in molecule)
CiyHyF:Cljy
. ""-l-|...|_|_|_|
.

Mot part of the number

=

Vi
2
= R22

o X

Examples for X = 1 - Ethane-based refrigerants

The chemical formula of the refrigerant is given, the number of the latter is sought:

Chemical formula: C2ZH2F4

In the refrigerant molecule, the atoms are as follows:
2 C-atoms (carbon)
2H- atoms (hydrogen)
4 atoms (fluorine)
0 ClI- atom (chlorine)

Standard for refrigerant number: C2H2F4
X = C-1 (X = amount of carbon atoms in the molecule minus 1)
Y = H + 1 (Y = quantity of hydrogen atoms in the molecule plus 1)
Z = F (Z = quantity of fluorine atoms in the molecule)

)2+1 2F4\ —

—
Y
3

R X
1

R 4

= R134

Example of organic refrigerant

Inorganic refrigerants are labeled with the refrigerant number R 7.
The molecular mass will be added to the number 7 to mark the refrigerant correctly.
Exemple:
Ammonia NH;
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Atomic weight of N = 14g/mol Atomic weight H = 1g/mol
w) Hs ~_ /
1x14 + 3x1
=17
NHs; =R717

(GWP.ODP)=t 2L £ 44232
Kl 2L s (Solvents)eizs-(Blowing Agent)esii &k KL il n o1t g4 Mgz i §1551980
§bid £ LJpz-UW b A 198T S E LabBL e 12 L2 Sinsd FLod¥ e Unti-utesies
P Pt e
-t /(ODSs)Ozone Depleting Substancesgz_;l.LuLg;uLaﬁf BN - A (ST PR
:Laéf S AU1eolos S(ODP)Ozone Depletion Potentiall =2 oS- LTSt s

S Ju_;,g:?f AR SR

IS Jbuu%f Uit h§IZR11

‘Luggé-Rl 1 J,';f )/}EJ/JK Jl/‘i)lf(/wf.%'f"d/ dl]. sl stlae 2 7 d/ sl
R11%. set at 1.0% ODS

:‘Lg@/ﬁwUuﬁm;;ﬁ?/jJumrutgﬁfd)é



Ultraviolet
radiation strikes
a CFC molecule...

The chlorine atom collides with

an ozone molecule...

12 NS5 Yyl

and causes a
chlorine
atom to
break away.

and steals an oxygen atom to form
4 chlorine monoxide and leave a
molecule of ordinary oxygen.

«

«'w

5 When a free aton:| of oxygen cofl-ides-
with the chlorine monoxide...

____________ -

5 the two oxygen atoms form a
molecule of oxygen. The

chlorine atom is released and
free to destroy more ozone.

v‘;’.; =

IUJJ“J'@/)J?}./?./:_UJL)LLl;é_%d@/@]})mf@d@d{?b@/yb/u:gfu'bt;/?./u

(%PMJGMJ%}IQJ}S«-J_’J}KJ J)CFCs v
(et Sk oe e P tf S PIHCEC v

e lel? 4 Jo » FHCFCs 5ICFCs

_“L-(.L‘;/'/ f} s Jo /uﬁ; w!éf d:gdkk S A §J4Uk A sz e HCFCssICFCs&5y Lulﬁ;Ll;gﬂ'/ o J sl

_LT&L/%%;’.J&(?:{,/}L"dﬂ;’"LU}JLLU‘L%UW)J/U)J}'J:f/)/&LJ&)JI 990

uf/%ug4—PFC v

et eI ke £ e P (R218) e Ut -t Lk B 2 Gy AP 2, Soud. oS L Lk

b j2—HFE v

ZJe144 LS £ jﬂju:f' W34 D) /‘,4{ - ;ﬁw‘ﬁ/ig.ﬁ’u ZUAY. metatz;éuf;(@/ .fyu/ z.;,f Lgi.,@(f AR

U U I A e So il Dbt sdie (v f 32
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(Saturated and Unsaturated) #.&" stz e"~-HFC v

il ot AA Kot B s BAHFCs stls U SS A T8 S ue 22 D1t 46 P £ f ks HFC
SES Ikl 2 o iod B 2 JER143a,5R125R32R134aut 0 £ 2 HFCL b Sa s f b i
_R507.5R410AR407CRA04A & 25 s ff wossd

[“Greenhouse effect — natural global warming] Bt f#0.5—" B/

- Fend £ UiU(Natural Greenhouse Effect) 510,45 Kfl,qf

-‘a&tgndj K SN (j: )/JI,LW S

e QLGN C 7 o isberst y P S 2 5L e din (T st Bl sy b S92 7320 JB 2 3L 32T S8 K

! ?mf e COSe il 7 skl s AL 0.5 Lu’ﬁ,@f

NP S N7 2 ssbesl g SIS L N7 Yo b S5 U Jytgjségﬁu:g/%muff Ui

b suf ot i Bl ot d 7 2 irbor gt B I 4 A RTS8 K s s S S

Greenhouse gas
absorption: 350

Heat and energy
in the atmosphere

B Greenhouse
] Effect

168 3249

Earth's land and oceansurface
warmed to an average of 14°C

Emnp/

e Gunbotst Fe 598 £ L HFCHCFC.CFCI /% £ 2.0ty 1

e ¥ e f S F £ 2 HFCsHCFC.CFC

e G ien ISUE £ st sz e HFCs HCFCs-CFCSd_isd_sify do Ui

le J-15SSHFC R134aut st

St o §i St 7 3ol Srirr Smb il (:"‘”" VIR g SIS AP P e P e R
e WV P St e i, U v doe i 7 LI AU



12 NS5 Yyl
(GWPIFX g B ff
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_‘LL'LgL'L1/GWPLJU;!LLL,@?‘/,MLuﬁfu”/’b/}g’w’&j@/&;(IPCC)”é‘;.bfjfufdi'vJﬁ'j/f;ﬂ"

SIAL S ARG

S e YRS eI UL S e £
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< Qnt E LN S g AL g DTt E kS5 v
g8 b b g B E L P e (it AT KA S = S LG AR

Climate Change [ ] Ozone Depletion

r—( Halocarbons ) ~
)

g 1ODSs )
PFCs HFCs HCFCs CFCs Halons
‘ Methyl Carbon Methyl
4 chloroform tetrachloride bromide
Atmospheric
Removal

ssions

m
3

Lo e
6- s il

Production

Destruction
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' Easy handling
Health and
safety

TOXICITY COST AND

Non — corrosive ‘ AVALIABILITY
No residues

COMPATIBILITY PERFORMANCE

Thermal High efficiency
Chemical and Lubricants oil
other material ENVIRONMENT miscibility

0=0DP
< GWP

Short
atmospheric
life

Yt J/’u‘uwwg/’tﬁ:ﬁ S £R3.3
e Se S puduikinl F U WSS
(Inflammability) ==t /7T >
(Toxicity) ¢k 27 »

Gﬁlgd;(ff@ E L8 Ut g i Pt S e WL oo ST s & i I e ss§ a5kt §F 9 ot a2 £ 3
(U~ u”ﬁg/f e & ﬁ)J!](-b/'-‘LJl?J SF S (Alphanumeric Characteristic) e éhdwvguﬁdzfiﬂ Ko
L ZASE S S d et "B S et 6 b i A" S Sk e e e U1 et S P Tt S 6

et T d/?‘{ Non-toxicﬁ+uﬁ’i
et b et S TA 3" Bt 6 et ST T2 A 2GS e 1 S e ww‘é“ Bl ST
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S S SBOLAADLE 522 S 5 2 3/ 2" S S5 02 ASHRE 3422010000 £ 55 SUr

Uéf
el S0

A2L | B2L |
/ /

R32 R717 - Ammonia

R143a

R1234yf

R1234ze

_g,af&uf,mﬁfu,;u“/:@' EFSU* £ 2.0 £ ASHRAE 34

Higher flammability
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R22 | R32 | R124 | R125 | R134a | R142b | R143a | R152a | R218 | R1270 | RC318 | R290 | R600a

R401A | 53 34 13
R401B | 61 28 11
raoiC | 33 52 15
R402A | 38 60 2
R402B | 60 38 2
R403A | 75 20 5
R403B | 56 39 5
R405A | 45 5,5 7 425
R40BA | 55 41 4
R407A 20 40 | 40
R407B 10 70 | 20
R4D7D 15 15 | 70
R40BA | 47 7 | 46
R409A | 60 25 15
R409B | 65 25 10
|Ratoa| [so| [sof [ | | [ | [ [ [ |
R4 108 45 55
R411A | 875 11 1,5
R411B | 94 3 3
R412A | 70 25 5
R413A 88 9 3
R416A 39,5 59 1,5
R417A 46 | 50 4
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Refrigerant Fluid A Fluid B Boiling temperature in °C
at pressure of 1 bar

RSO0 26,2% R22 -33,5

R501 -41,5

R502 48,8% R22 -45,5

R503 40,1% R23 -87,9

RS04 -57.2

RS05 | 22%R31 | 29

RS06 55% R31 -12,4

RSO7A 50% R125 50% R143a -46,5

RSOBA 39% R23 61% R116 -85

RGOSB 46% R23 54% R116 -8B
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R22 R134a R290 RADAA RA0TC RA10A R5O7T Re00 REe00a R717 R744
Chemical formula R125/143a/134a | R32/125/134a | R32/125 | R125/143a
CHCIF, | CH,FCF, | CH,CH,CH, ~% | CH,CH,CH,CH, | CHICH,), NH, o,
and composition (44/52/4) (23/25/52) {50/50) (50/50)
Group HCFC HFC HC HFC HFC HFC HFC HC HC Matural Matural
I
Malar mass 865 | 102 44.1 57.6 86.2 726 98.9 58.1 58.1 17 a4
[kg/maoll]
Mormal bailing
temperature in -51.6/- .
o - 408 -26.2 -42.1 - 46.6/-45.7 -43.8/-36.7 _ -A6.7 0 -12 -33 -78
['C], at pressure 515
of 101.3 [kPa]
Critical
el | sez | 1011 96.7 721 86.1 70.2 0.8 150.8 135 133 31
temperature [ C]
Critical pressure
[bar] 49.9 406 42 48 iva 46.3 T1.7 372 349 36.45 106.43 7377
ar|
Ozone depleting
0.055 i 0 o o i} o a o a a
potential (ODP)
Global warming
potential 1810 1430 3 3922 1774 2088 3985 3 3 a 1
(GWE)/100 years
Safety group Al Al A3 Al Al Al Al AJ A3 B2 Al

! Triple point: pressure of 5.18 bar 2nd temperature of -56.6°C.

Sl nge JZ L pUre ST £ jxﬂ,»m;‘*'f A /:u)u‘*'f AA AR 3.5
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At 2 AFS e PES Tt/ U ot (8 F AL T e 1ot S 26t 7t u“/f"/d/ ARSI g
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il g b T e (i 6 A aB LS ST T S B Ul e Gt 80 S o S ST U U e b £ i
e Qo U S KA e st w(Alirtight)
e Qbet S S T 3 e Qlorf i S s SE S e oS i = T E & 5L ST
Loprend LS po’ LU e §ST857 S e ST B2 e (P Uty BL ST ST 0065
:ﬁ;mtg&f ﬁj uﬁg)?"f Sitnetd L3 Gk ST
ST LA
u""f/z'.
e et ST B s
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10 Example:
S ) O 10 R22 und Mineral oil (KM32)
' ! 10% oil and 90% R22 in system
0 circulating
e | From ca. —7°C start of the miscibility
4 | | ! gap — Separation of refrigerant /oil-
10 ] N — mixture into two phases
. 4 i Disturbance of oil returnto
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Lubricanis
Traditional oils New lubricants
- = &0 w o G} =
5 ¢ 8 o HE| § BE & .°
55 8- 528 f5| 35 35 13 £%%
— = = 5 S5 e 3 1=
=2 Z8< =518 P3| &% £% &5 <LLE
(H)CFC o il 4 /A
Service blends / % . /N
7 - 9 7
HFC + blends 7 Y 1 o 7
va || va |l ve || Ve !l Ve 7
Hydrocarbons Ve NG NG VG YD M
- 7777 %
NHg 77 7y
[ ] Good suitability /\ Especially critical with moisture
w4 Application with limitations VG Possible correction of basic viscosity
[__—] Not suitable @ Extended test program
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Pressure Number of particles
20 bar 20x 2.7 x 10*° 54 fois 10 million billion
1.013 bar = 1013 mbar 2.7 x10% 2.7 fois 10 million billion
1mbar 2.7 x 10% 2.7 fois 10000 million
10 mbar 72 7 x 105 2.7 fois 10 billion
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BT L 5
Leakage rate: 0.8 g R134a per year (annum)

Diameter: d =0.63 um Length: =1 mm
Pressure: 21 bar abs.
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d 0.63

Length to Diameter Ratio: l 1000

d=0.63 um

L

| = 1mm = 1000 pm

F 3
k.

Leakage volume <<: V = 0.28x10-6 mm?

Number of particles in the leak: 8x1010 molecule (80 billion).

ZJ”@)J'J;);JIQ/.}QJZ?

Leakage: 0.8 g R134a per year

o o o O 0O OO O O O O O®OO0OoO®OC 0 O
o o o © o 0 Q0 O 0 9 0o 0 0 o 09 o o d=0.63|.ll"l"l

o o o o o o 0 o O O o O o o O O O O

(LSS | = Tmm = 1000 pm
TS

R134a molecule size: max. 6.6x10-4 - um, i.e. 1000 times smaller than d !!!

o0 OODOOOOOOOQ
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Hagen-ii(leakage pouring)Mass ﬂowéﬁig J*Laminar Flow.siusg A Y. .f/‘fg Zuinn st S d/k;/ S ié’
Kol 1A 6K 13 S Je-ikPoiseuille Law

_ - d*- (pi® —pa?) _ R
= _ Ri= ——
256-n s-Ri-T Mpotar
e PGl AUIET I i

There is a quadratic dependence of the leakage pouring (mass flow) on the pressure. o

:The dependence on the material sizes of the following support is valid
Leakage pouring as mass flow depends on dynamic viscosity and molar mass. e

Z‘Lcﬁ@gﬁw4/5£rl/?iffd}é/é&w
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Pressure difference Ap (quadratic)
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Refrigerants or Chemical formular Molar mass in Dynamic viscosity in steps at 20°C
gases g/mol and 1 bar (1 step = 1 Ns/m?)
Helium He 4 1,95 010°
Nitrogen N2 28 1,75 010°
R152a CHF,CHs 66 1,0010°
R134a CFsCH,F 102 1,3010°
R125 CFsCHF; 120 1,5010°
R143b CFsCHs 84 1,14 010°
R717 NHs 17 1,03 010°
R290 CHsCH,CHs 44 0,81010°

ARy
-

.

o

1.2

2 Sefnilf 21 gram of R134alyeary? (o6 22 fost Mo POl dde: g pms s
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4.2 CRITICAL POINTS WHERE REFRIGERANT LEAKAGE OCCURS

Refrigeration and air conditioning service and maintenance technicians can have significant impact on
refrigerant leakage.

M Good service and maintenance reduces current leakages and leakages potential.
X Inadequate service and maintenance can increase the risk of leakage and hence increase the
environmental impact of RAC systems

To make service and maintenance more effective in reducing leaks it helps to know the most common
leak points.

1. Shut off and ball valves

Likely cause Recommendation
» Wear of the packing v' Ensure that the gland is
gland between the valve tightened (but not over-
body and spindle shaft asit tightened)
becomes compacted with v' Wrap the valve with a
age of use damp rag while brazing
» Overheating during v’ Always cap valves —
installation most leaks occur at
» Caps not fitted uncapped valves

2. Servicing (schrader) valves

v" Remove the core
when brazing the

» Valve core damaged fitting in; ensure the
during brazing valve body has cooled
» The core not tightened  before replacing the
correctly during core

replacement v’ Use correct tool to
» Deterioration of internal replace / tighten the
seals over time core

» Caps not fitted or do not v' Ensure the cap is
have O-rings fitted and has seals (in

good condition) in
place




3. Flare joints

4. Mechanical joints
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Likely cause

» Loosening of the flare
nut due to thermal
expansion / contraction due
to a wide temperature
variation, especially those
at the outlet of the
expansion valves

» Poor joint preparation
(causing leakage from initial
installation)

» Over tightening leading
to damage at the cooper
flare face and flare nut

» Under tightening of the
flare

» Incorrectly prepared
joint. Not replaced gasket
» Uneven tightening of
flanges

» Incorrect torque used for
tightening bolts

» Incorrect bolting
procedure

» Wrong materials and
dimensions

Recommendation
Where possible, avoid using
flare connections. If they
cannot be avoided:

v’ Use flare solders (factory
produced flares). Ensure the
cooper seal is located
correctly.

v If you have to make a
flare, cut the pipe work with
pipe cutter and de-burr
using the correct tool. Use
eccentric flaring tool and
ensure the correct length of
pipe is protruding through
your flaring block

v Check the flare size and
that it does not foul the
flare nut on the pipe

v’ Lubricate the flare and
nut the face with a small
amount of refrigerant grade
oil

v Don’t over or under
tighten the flare nut —use a
torque wrench to set the
setting provided by the
manufacturer

v Avoid using PTFE on HFC
refrigerants — use an
appropriate thread sealant
v’ Replace gaskets on
flanges and remove all the
old gasket material before
applying the new one

v' Tighten flanges down
evenly applying the
‘opposite’ rule in 3 gradual
passes until the flange is
seated correctly

v’ Use a torque wrench to
carry out the final
tensioning of the flange
bolts
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5. Pressure relif valves (PRVs) and fusible plugs (over-pressure protection)

6. Shaoft seals {open type compressors)

Likely cause

» Fusible plugs — wide
temperature and / or
pressure variations weaken
the bond between the

solder core and the plug.
» PRVs do not reseat when

the pressure drops after

release and often leak
across the PRV seat during

normal operation

» General wear after time
indicated by an increased
oil loss from the shaft seal
or refrigerant leakage

» Lubrication failure

# Incorrect fitting of a new
shaft

» Excessive crankshaft end
float or bearing damaged

Recommendation
Fusible plugs
v Where possible, avoid
using fusible plugs. If
possible replace them with
a PRV.
¥ Always leak test fusible

plugs

PRVs

v Always leak test the
outiet of PRVs

¥ If a PRV is leaking
replace it with an
equivalent rated device

v Donotcapthe PRVifitis
leaking

v Use a dual PRVs with a
change over valve where
possible

¥ Use a brushing disc in
conjunction with a PRV
where possible. It forms
part of the PRV assembly
and often has a tell-tale
gauge to indicate rupture

¥ Regular observation of
oil leakage rate into shaft
seal collection, vessel to
check oil loss does not
increase

v Leak testing of the shaft

seal with compressor
switched off

v" Using the correct type of
shaft seal and following the
proper procedure when
replacing the shaft seal



7. Condensers

8. Line tap valves
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Likely cause

Shell and tube condensers

» Corrosion of the cooper
and mild steel if the water
circulating in tubes is not
treated correctly. Leaks can
be particularly hard to locate,
as they cannot be seen —
refrigerant might be
detected in the water, but
usually the leak is only
detected by carrying out full
pressure test on the system

Air cooled condensers

» Corrosion due to
aggressive air

» Impact damage due to
foreign bodies in the air
stream

» Vibration causing
premature failure of the tube
bundle

» Poor fitting of the line tap
onto the pipe, or being fitted
to badly formed or flattened
pipe work

» Use of wrong size line tap
» Loosening of the line tap
valve due to movement and
vibration

Recommendation

Shell and tube condensers

v' Ensure adequate corrosion
prevention scheme is in place
e.g. chemical dosing

v Regular inspection to
monitor potential corrosion
level

¥" Regular maintenance and
monitoring. Where a leak has
occurred in the tube bundle it
is often false economy to
replace one tube, as the rest
of the tubes are probably in
similar condition and will fail
v" Depending on the design
tubes may be tested one by
one in series

Air cooled condenser

v' Always position
condensers on a level base

v" Repair or replace out of
balance fans

v Check the fin block for
signs of oil

v" When replacing a
condenser, select it carefully,
especially if it is going into an
aggressive environment e.g.
on the coast

v Ensure the correct size of
tap valve is being used and
read the instructions for its
installation

v Fit a line tap to access a
system, and then braze a
Schrader connector to
replace it — do not leave a
line type valve on the system
v Leak test any line taps
found fitted and replace
them if possible
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9. Pressure switches

Likely cause

» Vibration causing the
pressure coupler to split or
damage the pressure switch
» The pressure coupler
chafing

» Rupture of the switch
bellows due to vibration or
liquid hydraulic action

» Failure of the connection
onto the switch

» Poorly supported or fixed
switch body

» Wear hardening or
flattening, especially when
subjected to extremes of
temperature

» Leakage after retrofitting
because of different reaction
to the new oil

» Wrong material
dimensions

» Chafing due to insecure
fixing

» Leakage where a capillary
tube expansion device
enters/exits the suction line

Recommendation

v Use flexible pressure
couplers where possible
(stainless steel braided type
offer a high degree of
strength and mechanical
protection)

v Make sure pressure
couplers do not rub or chafe
on the other pipes or
vibrating surface

v' Ensure the switch is
correctly supported/ fixed

¥ Use a flare solder
adaptors on the switch where
copper pipe is being used

v Use a dual bellows
switches where possible

v' Connect the switches to
minimize the transfer of
vibration into the switch

v" Always leak test inside
switches (to be aware of the
risk of electric shock)

v Check (for roundness and
flexibility) and change seals
rather than re-using the
existing ones, especially
during a refrigerant retrofit
v" Oil seals before fitting
them

v' Ensure the replacement is
suitable for the system oil
and refrigerant

v" Check capillary tubes are
firmly located and cannot
chafe —correct if necessary
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12. Return bends on evaporators and condensers

13. Condensate tray pipe work

Likely cause

» Corrosion due to chemical
action on the return bends
on coolers or air cooled
condensers. Since the copper
used in these heat
exchangers is thinner than
normal copper pipe work, a
surface pinhole is likely to
result in a leak in a relatively
short period of time
Aggressive environments
(such as a salty or acidic
atmosphere) accelerate
damage hence leakage

» Corrosion of the discharge
line because of contact with
air and water

Thereare additionalfactors that contribute in refrigerants leakage

M system design and the quality of the materials used
M Types of connections (flared and brazed)

M Bending of the pipes and fastend of the pipes

M vibrations during work of the RAC system

M Quality of the pressure test performed during the instalation (or factory pressure test) or upon

the initial charge

Recommendation

v Leak test return bends
carefully especially if the
atmosphere is aggressive
(e.g. in food factories where
salad is washed in chlorine-
treated water; where vinegar
products are made; close to
the sea

v If evaporators and
condensers that are prone to
leaks from return bends are
to be replaced, specify the
materials which are less
susceptible to damage such
as coated or electro plated
heat fin blocks

¥" When chemical cleaners
are used ensure they are
totally washed away

v Always leak test in the
vaporiser tray and check the
condition of the pipe work. If
it is corroded, replace the
pipe work before it fails

v" Where possible replace
the pipe work with a plastic
coated type as this extends
the life dramatically

M Inadequate maintenance and maintenance performed by non-qulified personnel
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Soap and bubble test

The oldest method of leak
detection is the bubble
solution. Basically, a soap
solution is applied at
suspected leak points,

usually with a squeeze
bottle, brush or dauber. Theoretically, the escaping refrigerant will produce bubbles at
the leak sites. However, very small leaks or windy conditions may make this method
ineffective.

Electronic leak detectors
There are four different types of electronic leak detectors

M Corona-supression type. Works by creating a high voltage corona in the sensing tip. When the
corona senses the refrigerant the device will sound an alarm. This type of leak detectors is the oldest
type.

The second type of leak detector is heated diode. This type of detector works by heating the
refrigerant and breaking the molecules apart. When the molecules are broken a positively charged
Chlorine or Fluorine ion will appear. The heated diode will detect these ions and sound the alarm. The
downside of both these type of detectors (heated diode and corona-supression) is that they can be
overwhelmed if the refrigerant leakage is too large. If the area is saturated with refrigerant then these
alarms would not be of much help and one may actually end up damaging the sensor and having to
replace it.

M Infrared detectors work by drawing the air sample across an optical sensor that then analyses
how much infrared radiation there is in a given area. The benefits of this technology is that the sensors
last much longer, they are less " _ K 4 :
prone to false alarms, they

cannot be overloaded in an area saturated with refrigerant, and they are great at finding those small
leaks that other detectors just will not sense. The infrared detectors are premium types of detectors on
the market.

M Now there is a fourth type of detector that has been around for a while, called the ultrasonic
detector. These detectors work not by detecting the refrigerant, but by detecting the noise that the
refrigerant would make when it is beng leaked. When refrigerant is leaking for example out of a unit
orcompressor, it creates an ultrasonic sound that is so high in frequency that a human ear cannot hear.
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The best thing about this type of detector is that it reacts by pressure and not by the volume of the
refrigerant. The downside of this type of detector is that at times it can detect other noises that are
around and that are not coming from the unit being worked on. This could be especially troubling when
in large commercial buildings or plant enviroment with other machinary simultaneously functioning.

Using an ultra violet lamp (fluorescent leak detection)

This method requires adding a fluorescent dye to the RAC system. The
dye then mixes with the lubricant and circulates with the refrigerant
throughout the system. In case a refrigerant leaks out, so does the
dye. When the system is scanned with an ultraviolet (UV) or blue light

lamp, the dye glows a bright yellow-green colour, pinpointing the
location of the leak.

It is important for a contractor to use OEM-approved dye that is
compatible with the system’s lubricant. Be aware that dyes containing

solvents can negatively affect the lubrication qualities of the system’s oil, which can lead to a premature
compressor failure.

Because of this it is highly recommended after using this method of refrigerant leak detection RAC
system should be cleaned and refrigerant and lubricant should be replaced.
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Danger! Harmful skin/eye

contact with refrigerant and oil Danger! Flammable refrigerant Danger! Compressed gas and vessel
Danger! Electricity Danger! Hot surface Danger! Inhalation of harmful gases
(Ban Labels)Jf"";i"

Access restricted to authorized S

Smoking ban personnel only No open fire
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First aid material Emergency eye wash

(et L:un.gi")df“'} PSRN

0@

Wear protective gloves Wear protective goggles Wear safety helmet

®»o

Wear protective clothing Wear safety shoes Wear ear protection
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>/,

Disconnect power supply Disconnect machinery for service Wear mask
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CODE OF PRACTICE FOR RAC SYSTEMS SERVICING (SAFE WORKING WITH A SYSTEM)

DOs

Bl Always apply best practices within a safe
working environment

B Always check for the correct operating pressure
of the refrigerant used. Use gauges to monitor the
system pressure

K Always recover refrigerant before servicing or
scraping a system

BT Ensure that all refrigerant is removed from the
system and the pressure has been brought up to
atmospheric pressure before disassembling a system

B Recycle the refrigerant for reuse whenever
possible

1 Leaks must be identified and repaired before the
system is recharged with refrigerant. Never assume
that only one leak is possible

¥ Improve your handling of refrigerants e.g.
minimize purging refrigerant hoses

Bl Refrigerant oil in a compressor is often very
acidic causing severe burns. Avoid contact with such
oils

B Maintain the best possible and energy —efficient
operational conditions of the RAC system

Fl When soldering, brazing or welding on
refrigerant lines, the lines should be continuously
purged with low-pressure oxygen-free dry nitrogen
(OFDN]).

K Use only oxygen-free dry nitrogen (OFDN) for
pressure test

1 Whenever using nitrogen cylinder, ensure that
the correctly rated regulator is used, and the setting
does not exceed the maximum working pressure of
the system being worked on

Bl Completely empty
cylinders before scraping

i1 Keep record of the service and maintenance and
manage the RAC systems logbook

F Maintain good relations with equipment
operators and inform them about important, general
systems features
M Contaminated refrigerants must be stored
safely prior to destruction

disposable refrigerant

DON'Ts
& If you can’t work safe, don't do it

E A well operated and leak proof system
should not be subjected to retrofit or conversion

B Never vent ODS or refrigerant with high
GWP into the atmosphere

E Mever use OD5 or refrigerant with high GWP
as a cleaning solvent for the system [except
secured in a closed loop), or blowing out the
heat exchanger surface

& Never mix different types of refrigerants in
one recovery cylinder

® Do not top-up the refrigerant charge of RAC
system without knowing the actual, correct
filling amount

B Never use arecovery cylinder (or any other
cylinder) which is not designed, certified or
clearly labelled for the intended purpose

B Mever attempt to work with damaged or
defective tools or equipment, do not use longer
refrigerant transfer hoses than necessary

E Mever use oxygen for performing pressure
test

M A RAC system designed for the use of low
GWP refrigerant (such as HCs) should never be
reverse — retrofitted to the use with HFCs [/
HCFCs or CFCs
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Module for recycling the
refrigerant added to
recovery unit

\\
Filter drier with sight
glass

Oil separator with

Recovery oil-less unit for drainage valve

commercial RAC systems
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Manifold for high
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" Mini reclamation

Control board for choosing unit
refrigerant — it can operate
with three refrigerants

Reclamation unit
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Information about max.
allowable pressure

ed 6.1
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Information about factory

system pressure test

Senal #

Max. Allowable Pressure -Bar (palg) High Side
o
e " Hgh e

Low Sido
s

Full load curren Full load current
BUIPRCR . Volt-Phase-Hertz Voltage Limis @ 400y @ 360v
Ut Power Supply.  [aoaprsonz | [ woae | [ s ] [ st |

Mean Metal Temporature
Min-20 dog C Max120 deq C
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Short Cireult
Interrupting Capacity

S 1 St 4 Uikl L Jedt 2y

¥ Check the maximum allowable pressure of the system components on the high and low pressure

side

v If leakage is noticed at start of the pressure test, the test should be stopped and the leakage
should be repaired. Once those steps have been taken accordingly, then the test can commence from

the beginning.
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v" Components and connection should be cleared and oil-free
v Always use pressure reducer for controlling the pressure
¥ se only oxygen-free dry nitrogen (OFDN) for pressure test. Never use oxygen for pressure test!
Below is presented the scheme for connection of the oxygen-free dry nitrogen cylinder.
v Connect with manifolds the
pressure reducer on the OFDN cylinder
, v Connect the manifolds with the
~ servicing valves on high and low pressure
side
v Adjust the pressure of the OFDN
cylinder. Always take in consideration the
manufacturer's recommendation about
maximum allowable pressure. Maximum

pressure of 10 bars is
recommended if there is

no information about the
dllowable pressure

v Close the pressure
regulator

v" Leave the system under pressure at
least one hour for smaller
systems, and up to 24
hours for system with
higher refrigerant charge =
¥ When the systemis |
under pressure perform |
soap bubble test on critical

leakage points to check
the system for leakage, or with electronic

leak detector sensitive to nitrogen.
¥ Monitor the pressure change during

-

.". 3

.I.|" i

this period.
¥ Prepare report for performed test, describing the procedure and outcomes of performed tests

After the completion of a successful pressure test, the next step would be evacuation (system
VaCUuUming).
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v Connect the vacuum pump to the
manifold gauge

v Switch on the vacuum pump

v When satisfactory vacuum has
been reached, close the valves on the
manifold and stop the vacuum pump

v Leave it for an appropriate length
of time (about half an hour for small
hermetic systems, to several hours for
large site installed systems) to see if the
vacuum gauge indicates an increase of
internal pressure.

v If the pressure rises there could
be two reasons for it: either there is a
leak or there is moisture in the system. If
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The image below serves as an example of a report that was created after installation or servicing of
equipment.

Start-up [ servicing Data sheet

Service company

Technician name
Address

Telephone and fax number
Certificate number

system (installation) Data

Equipment owner [user)
Equipment location

Equipment registration number
Type of unit (installation)

Refrigerant type and group
Date started

Model and no.

Cooling capacity
Date finished
Operating Data

Refrigerant charge
Lubricant charge

Type of lubricant

Suction pressure P1 Condensing pressure P2
Suction pressure evaporator P3

Discharge temperature T1

Hot gas temperature T2

Air temperature entering condenser T3

Air temperature leaving condenser T4

Refrigerant temp. leaving condenser TS

Refrigerant temp. entering filter/drier Té

Refrigerant temp. leaving filter/drier T7

Air [water) temp. entering evaporator T8

Air (water] temp. leaving evaporator T9

Refrigerant temp. leaving evaporator T10

Refrigerant temp. leaving evaporator T11

LP switch cut-off

HP switch cut-off

Electrical Data
Power supply L1 L2 L3
Owverall ampere reading L1 L2 L3
Current draw compressor L1 L2 L3

Current draw fan condenser

Current draw fan evaporator

Compressor type Receiver size and type
Condenser type LP switch cut-off type
Evaporator type HP switch cut-off type
REMARKS:

Signature of technician

Date
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AMERICAN STANDARD
soft copper rolls
Diameter Length Wall thickness
{inch]) (fit) (rmimi)

1/8" 50 0.76
3/16" 50 0.76
1/4" 50 0.76
516" 50 0.81
3/8" 50 0.81
152" 50 0.81
5,/8" S50 0.89
3/4" S0 0.B9
7/8" 50 1.14
1 50 1.21
13 50 1.4
il 50 1.52
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EUROPEAN STANDARD
soft copper rolls
Diameter Length Wall thickness Diameter Length Wall thickness
{inch) {m) {mm) {inch} {m) {mm]

3/16" 50 1 4 25 1
1/4" 30 1 & 25 1
516" 50 1 B 25 1
3/8" 30 1 10 25 1
1/2° 30 1 12 25 1
5/8" 30 1 15 25 1
3/4 15 1 16 25 1
78 15 1 18 25 1
22 25 1

s B g3 LASTM B2903. iz it S L 202

AMERICAN STANDARD
copper bars
Diameter Length Wall thickness
(inch) {fit) {mm)
3/jan 16.4 0.76
12" 16.4 0.80
5/8" 16.4 1.02
3/an 16.4 1.07
7/a 16.4 1.14
1 e 16.4 1.21
1 38 16.4 1.40
1 58 16.4 1.53
2 LE 16.4 1.78
2 5(8° 16.4 2.03
3 e 16.4 2.20
3 58 16.4 2.54
4 1p8° 16.4 2.79
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EUROPEAN STANDARD
copper bars
Diameter Wall Diameter Wall thickness
(inch) thickness (mm) (mm) (mm)
1/4* 1 & 1
/8" 1 8 1
1/2* 1 10 1
5 8" 1 12 1
34" 1 15 1
7/8" 1 16 1
1* 1 18 1
1 1 22 1
1" 1.24 28 15
] 1.24 15 15
r i 1.65 42 15
2™ 2.10 Zd 2
3 2.50 64 2
3" 2.50 76 2
4" 2.50 &9 2
108 25
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Advantages Disadvantages
Minimizes work hardening of tubing edge. | Difficult to achieve a square cut without the aid of
Important when flaring stainless steel tube a sawing fixture to ensure sguare and accurate cuts
Readily available tool Danger of introducing chips into the tubing system

Score marks and nicks are produced if improper
tube holding means is utilized
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Advantages Disadvantages

- Assurance of square cut
9 - Excessive tube end reduction and work hardening

- Minimizes internal and external burrs if properly | be introduced if a dull or poorly designed cutter

used wheel is used and when excessive feed-in is
, - attempted

- Easy to operate, permits rapid cut - off

- Cutting wheels can be replaced easily

- Clamping of tubing is not necessary, can be hand | - Never use a tube cutter on stainless steel tubing

held that is to be flared. The work hardening introduced
by the cutting operation will cause splitting and
- Easily operated in tight areas cracking of the flares

- No danger of chips entering the tube
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Tightening knob Fold away reamer blade

Cutting wheel

Grooved roller
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Continue feeding in cutter wheel gradually and
rotating cutter around the tubing.

Burrs on the cut ends after cutting
with tube cutter

Burrs on the cut ends after being
squared with a file
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Outer Tube Diameter (0.D.)
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Minimum radius = 5 - 10 x tube diameter
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Wall thickness
| outer bend

Tube diameter (0.D.) Bending

radius

Wall thickness
inner bend

When tubing is bent, the wall thickens on the
inside and stretches on the outside.
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1/8 0.181 0.171
3/16 0.249 0.239
1/4 0.325 0.315
5/16 0.404 0.388
3/8 0.487 0.471
7/16 0.561 0.545
1/2 0.623 0.607
9/16 0.676 0.660
5/8 0.748 0.732
3/4 0.916 0.900
7/8 1.041 1.025
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Nominal tube diameter Flare diameter ,A”
mm. +/-0.2
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Specification according to EN I1SO Specification according to Melting range ° C Working
3677 DIN 8513 temperature °C
Solidus Liquidus
B-Cu94P-710/880 L - CuP6 710 880 730
B-Cu92PAg-650/810 L-Ag2P 650 810 710

B - Cu 36 AgZn Sn-630/730 L - Ag34Sn 630 730 710
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B - Ag 45 CuZn Sn - 640 / 680 L - Ag45Sn 640 680 670

B - Ag 44 CuZn - 680/ 740 L-Agd4 680 740 730
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Pre-coated brazing silver alloy
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Gauge acetylene Gauge oxygen
pressure to the torch tank pressure
Gauge acetylene Acetylene G oxyg
tank pressure flashback arrestor avge en

pressure to the torch

Oxygen flashback
Acetylene tank Oxygen tank arrestor
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Step 1:
Insert tube 2 to 4 mm into
fitting before applying flux

Expanded (swaged)
tube or fitting
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Step 3:
No build up of Rotate and push tube inside
flux here o f
Step 2. the fitting to spread the flux
Apply flux here
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Light torch flame only
with sofe lighters

Adjust the torch for
slightly reduced flame

~ Blue flame

« Green "feather”
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Fitting gap

Oxyacetylene
torch

S

AN

Filler metal
(Alloy)

Make sure to melt the filler metal by the heat of the
joint, not directly by the flame

Do not heat here!
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Heating up the joint Heating up the joint
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Heating up the joint. Note Applying BcuP filler metal
the formation of copper (Alloy)
oxide outside the tubing

Brazing completed
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(List of Acronyms) c g el is?

AC

Air Conditioner (Condensor)

IR g
cop Performance Coefficient Ly, i
EPI Personal Protective Equipment uw(&»’&?&u JT@;:
SDS Safety Data Sheet SEUE | A
PGL Petroleum Gases LPG Hydrocarbons ﬁ/K;/iﬂ&Qd'uﬁJ(jﬁ/”; J“;(j.d?
HC Hydrocarbon Compounds ALK 5E
HFC Hydrofluorocarbon s i S
HFO Hydrofluorolyfen wﬁu,,,ﬁ,/jgg AHE
HP Heat Pump A dé“l
MFL Minimum flammability limit specified in w[fff/cféfJiu:ENWS-l S

EN378-1
ATEL Acute Toxicity Exposure Limit cintiEesd | iside
LPO Limit Oxygen Deprivation, as specified in | +EN378-1 fleecw (s f = 057 N
EN378-1 +fJ&

MAC Mobile Air Conditioning B Sl Sl
oDP Ozone-depleting Potential :{WQ/L%ULJ:@}JJI Qs
PL Practical Limit Listed in EN378-1 < §SULUEN3T8- 1204 g
GWP Global Warming Potential Sy B GG
RAC Refrigeration and Airconditioning u@ﬂﬁiiz!ﬁ;}/ gl
RACHP Refrigerant, Air Conditioning and Heat Pump %%mu@ﬂ/’:uajflz va}!u“uﬂ
R290 Propane (C3H8) (C3H8) ¢4 290.7
R717 Ammonia (NH3) (NH3) s 7177
R744 Carbon Dioxide (CO?) (COD ST 7447
VRS Variable refrigerant size et £ RIS s U8
VRF Variable Refrigerant Flow ,ﬁ&/jg/&nd@ 1T
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Refrigerants

natural

NH,, CO,, HC, and HFO?

HCFC (Progressive elimination
in progress ) HFC ( freeze and
start of the gradual reduction
-2045 discount 80% ), NH

CO,,HCs, HFO'

Refrigerants
natural NH, CO, nC,
Chloride and Methyl

- Technical problems
- Sacurily of the premises

CFC, NH,
CO,, Hc

Amendment

from Kigali

- Security question
- Qualified staff [

th |" f;}lae';\‘rl JOHLI i- .
2040 Total elimination )
HFC, NH,, CO, HC

FC NCFC

“ (Ireezing and beginning of

1asing upt
2010 Total elimination )

HCFCs, HFCs, NH.

Convention
from Vienna

Protocol
Kyoto

Protocol of
Montreal

b, atlﬁlzé,;i‘ SF et i iR AP
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VRV 1/VRF2 Split air Integrated
systems conditioning 3
units/heat pumps

Application

Central Coolers Remote

Station condensation

Refhgerant units

R-744 \

R-717

R-600a

R-290

R-1270
R-32

R-1234ze

R-1234yf

-w‘éjﬂdb‘p’uu/é%fi-legjﬂau:idutu"-‘édlr‘fu&/.&i./?du:gezaUZ(DMJH-/U:J!EU":2/."7&

Variable Refrigerant Size-VRV -1

Integrated Variable Refrigerant Flow - Independent Cooling Units (refrigerators, houses, small -VRF -2
supply cases, packaging units, etc....)

e % /ljm,GWPﬁ/ e ;,J;‘Lyjndb-‘kn4é_5@‘;Ku’lu:u‘;»;.:,:wu ISRy a3 S B S ‘al[l[ J Lﬁiu’lu:ﬁ JIFR-32 -3
14Ccst it < 150m ot i2e-§62/2(PRG = 675)150.0§GWP £tols”™
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Sector Technical solution Usual fluids Example of flammable fluids

replacement present on the

market
Residential Water heater thermodynamics R-410A R-290
R-134a
Air-air heat pump, air R-410A R-32
conditioning (split) R-290
Air-water heat pump R-410A R-32, R-454C et R-290
Water-water heat pump R-410A, R-407C R-32, R-290
PAC + ECS R-410A R-290
Tertiary and industry Air-air heat pump R-410A R-32
DRV system, multi-split R-410A R-32, R-452B et R-454B
R-407C
Roof top R-410A R-32
Chilled water and heat pump R-410A R-32

Unit (small and medium power)

(spiro-orbital compressor)
R-454C, R-454B et R-455A

Chilled water and heat pump unit R-410A R-1234ze
(high power-volumetic screw
compressor)
R-407C R-452B
R-134a
Chilled water and heat pump unit R-134a R-1234ze
(high power-volumetic centrifugal
compressor)
Food, refrigeration Condensing unit R-410A R-455A
commercial (positive cold) R-134a R-454A
R-404A R-1234ze, R-1234yf, R-454C et
Condensing unit R-410A R-455A
(negative cold) R-404A R-454A
R-744 R-454C
Accommodated groups R-290 R-290

u"’/ijz’./;fumzr&lkxé?féﬁ-%ﬁ/‘)"
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Sector

_u,?J/Lfd]t"JJluuf;(/(j‘{uﬁdb&'i?@")é(HCulﬁjjﬂ/(}/ﬁ)uj.j./:”./va@/b

b

E G S22 £ ~RACHP10 24K

1s05149: 20146 Group Safety Standards Product safety standards

Home refrigeration

Industrial systems

Air conditioners and heat pumps

Heat pump dryer

Car air conditioning

94
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b

Standard reference

Reference

Standard level

ISO 817 :2014

Refrigerants - safety designation and
classification

International

ISO 17584 :2005

Refrigerant properties (this standard was last reviewed
and confirmed in 2014.

International

ANSI/ASHRAE 34-2019

Set refrigerants and classify them for safety

National (Industry)

¥ e Bpen PES e L L8 S5 LG8 L83 HFCAHCFC-22 b GADU ™ £ 20l sl s =301
S J.//uy(&/ﬂﬁv;u&“fﬁiLMLVLJ‘W)K;/ﬂfgf_/’wﬁarpﬂ_/.ﬂ(uKf’wp’/
SEF o oo 360§ B p b it B 2010122 b8 6L S8 LJSE 5 L Ge
—at e KJﬁ){AiL@o]illKJJLKJ)I/’ILug;({{'l:’/u,x:‘/ i S8 Sk

J‘L}fulm L35 4<BEN13313 5ISO5149(EN378) it A1 Sk U2

PR (AT F s Uit sE A o AP S Z’%;é

440

ISO 5149 (EN378)

Designer equipment and equipment

Interested parties

Manufacturer of facilities and equipment

Maintenance service staff

Maintenance service staff

Building owner/facility/operator/manager

Building designer
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Activity life cycle
interested activity
according to
EN13313:2010
Employee
Efficiency

Design

Pre-assembly

Installation

Commissioning

Commissioning

Implementation mode

On-duty inspection

Leak control

General maintenance

Circuit maintenance

Decommissioning

Remove refrigerant

Dismantling

s S AR ST T35 1.3,

FERE S s 131

e Qe b RS 1
(Flammability) b /77T =
(Toxicity) o[tk o7 ®

Aot d (U eaa Do d 7y« e d((Digital Alphabet Property)é/?l/?%u{«. K s L FI S

et b i B Sl i AT S 7 S ek 1 b oot b e ST
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S S £ 206 ZISO81T 34

Higher

flammability
Ignition
©
Q
(%)
©
O]
—
O
c

Flames don't spread

Flames don't spread Bl

flammability

Low toxicity Higher (chronic)
(chronic) toxicity

Increased flammability »

( Classification of occupancy space)ﬁ@lﬂf,@w&*u") 1.3.2

A= EN 378-1: 20165, )DISO 5149: 2014 dt2 Lo SUIL U= 2 At SIS i L5 s
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Direct refrigeration / air conditioning system

Open air or Cooling coil
machinery room

Occupied
space to be
cooled

Water pipe

Open air or Cooling coil

machinery room /

Occupied
space to be
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E Direct
E_ systems
E
Indirect
systems
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Ocrupancy type
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(Source) 2567
4 )

A too lean mixture combustible area mixture too rich
< > < < =>

Upper flammability limit (UFL) \ 2

Explosion pressure in bar
Lower flammability limit (LFL)

gas concentration in the air in %.

. J

n%c{UJJLU;{f&“ﬁ}tﬁ“z(aﬂ(&jj&F(Minimum Flammability — LFL) :/..‘G[JTT{;(

oo S S EE 256 o s, K2 £ 2 ~(Maximum Flammability — UFL) web /P ok ic st J

S B LS &&‘);3/5&5/:.0/&;/2/&gﬁ/ﬂ;‘bfaf=(Automatic Ignition Temperature) Z./;;U?T.@ﬁ
e A

ﬁ/JMU[‘}TT 5/'1‘)(;

Al Flame non-spread when tested at 60°C and 101.3 kPa

Flame spread when tested at 60°C and
101.3 kPa and has a max. burning rate
A2L >3,5 < 19.000 of < 10 cm/s when tested at 23°C and
101.3 kPa

< 19.000

A3 <3,5 2 19.000
Flame spread during tests at 60°C

and 101.3 kg




Security
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3 SHFCs i o AL i s )1 sl

Refrigerant classification| LFL15 kg/m3 T:mu;irgar:jrznoc (prat‘lcai‘(l:aklgli/nr:f) Letzg//lr_nP?’O 17
R-744 Al Not applicable N/A 0.1 0,072
(N/A)
R-717 B2L 0.116 630 0,00035 0,00022
R-32 A2L 0,307 648 0,061 0,3
R-1234ze A2L 0,303 368 0,061 0,28
R-1234yf A2L 0,289 405 0,058 0,47
R-600a A3 0,043 460 0,011 0,059
R-290 A3 0,038 470 0,008 0,09
R-1270 A3 0,047 455 0,008 0,0017

LSk Bl Lipe e BE S LS JRACFHE S5 B850 8

Lo L LA e FEULUEN3T8-1 2o e B P (S t(kg/mBLF Lt S 7 T = L EN378-1
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SEATEX 13.5
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Figurell

Flammable temporary area for small
devices
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Load calculation

NF EN 378

According to (LII, surface A,
installation height h0) and §
39 x LIl (4 values of h0: 0.6; 1;

Residential sector - comfort

Direct system (complete system or only indoor unit in occupied space)

IEC 60335-2-40

According to (LII, surface A, leak height h0)
values of h0 § 0.6; 1; 1.8; 2.2; > 2.2

NF EN 378

According to (LIl, surface A,

installation height

|IEC 60335-2-40

According to (LII,
surface A, leak height
h0) values of h0 § 0.6; 1;

NF EN 378

According to (LII, surface A,
installation height

IEC 60335-2-40

According to (LI,
surface A, leak height
h0) values of h0 § 0.6; 1; 1.8;

1.8;2.2) h0) 4 values of ho: 0.6; 1.8;2.2;>22 h0) 4 values of h0: 0.6; 22;>22
According to quantity limit According to (LII, A, air flow height hra or local 1;1.8;2.2 1,1.8;2.2
with breakdown QLMV, QLAV and § height)
195 x LIl According to (LIl surface area of room A, heightof | And§ 26 x LIl And § max (26 x LII; 1.5
+ measurements (connections not room H) with reinforced sealing system (non- kg)
removable, protection, removable connections, testing,
location Il etc.) protection, etc.)
Exceeding the Yes (for configuration with Yes (for system with reinforced sealing) No Yes No Yes
calculated load QLMV, QLAV)
Security measures Ventilation Additional ventilation Mechanical ventilation Mechanical ventilation with
to increase the load Isolation valves Isolation valves with min flow. min flow.
Alarm Alarm Permanent ventilation Permanent ventilation
Detector control Leak detector control for with flow measurement or with flow measurement or
for level level < 25% LII ventilation controlled by ventilation controlled by
§25% LI leak detection < 25% leak detection < 25% LIl
LIl
Fluid charge without y1.5x4axLi yexLl gaxLi gaxLi yaxLi g4xLi

requirements
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Commercial and industrial refrigeration sector

Accommodated groups

Refrigeration appliance (integrated or remote unit or motor compressor) (refrigerated furniture for sale, storage) (complete system or only indoor unit in occupied

Maximum charge
authorized

A2L, A2, A3

Guide M

On the ground floor or

floors: < 1.5 kg/circuit

In the basement (publicly
accessible): < 1 kg/circuit

A2L, A2, A3
IEC 60335-2-89

§ 150 g (unit or

remote motor compressor)

space)

A2L
NF EN 378

§26 x LIl(1)
¥ 25 kg (1) — restricted access

195 x LIl (2)

A2

NF EN 378

y 26 x LIl (general and

monitored access)

Ground floor - upper floors and restricted

access: y 25 kg

A3

NF EN 378
Above ground level:
¢ 1.5 kg (general access)
§ 2.5 kg (supervised access)
¥ 10 kg (restricted access - in occupied
space |) §
25 kg (restricted access —

external compressor ll)

§ minimum (13 x LII; 1.2 kg) (unit or

motor compressor incorporated)

Basement and restricted access:

§ 10kg

Below ground level:

¥ 1kg (basement)

Load calculation

< 20% x LIl x room volume

§ 20% x LIl x Room volume (1)
OR

linked (volume, QLMV, QLAV) (2)

¥ 20% x LIl x Room volume

¥ 20% x LIl x Room volume

Possible
exceeding of

the calculated load

Yes for configuration with QLMV,
QLAV with measurements
complementary: detection,

ventilation, isolation valves.

No

No

Safety distance No igniti

bn source nearby

potential fluid leaks.

Protective devices against fire and explosion risks in the event of a fluid leak. Identification of ignition sources. No contact with

Specificities

Sealed system

CE marking

Sealed system in occupied space

(location 1)




Load calculation
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Tertiary sector — comfort

ERP cat 1 - 4 (decree May 10, 2019)

A2

According to (LII, surface A, height of the leak
h0) 5 values of h0: 0.6; 1.1; 1.8; 2.2; “free height” > 2.2 m

ERP cat 5 (NF EN 378)
A2

According to (LII, surface A,
installation height h0) and
§ 39 LIl 4 values of h0: 0.6; 1; 1.8; 2.2

According to (LII,

y26 LI
4 values of h0: 0.6; 1; 4 values of h0: 0.6;
1.8;2.2 22

According to (LIl, surface A,
surface A, installation height h0)insathllation height h0)
And § max (26 x LII; 1.5 kg)

1,1.8;

According to quantity limit with breakdown'
QLMV, QLAV and § 195 LIl + other
measures (non-removable protection ,

connections, location Il, etc.)

Possible exceeding of the

calculated load

Yes (for main “multi-split” application, DRV")
No load restriction if:

Circuit closing valve + ventilation controlled by detector to maintain level
in local < LIl

Yes for configuration with QLMV, No No
QLAV with detection, ventilation,

controlled valves detector for § 25%
L

Possible excess of the
calculated load in the

machine room (SDM)

No load restriction in the engine room if:
Detection system (with 2 sensors) allowing the refrigerator system to be stopped (complete stop,

solenoid valve) + activation of the mechanical air extractor (category 3) for
maintain level in room < LII.

No load restriction in the machine room (location Ill) (mechanical exhaust ventilation system for normal

operation and emergency operation controlled by leak detector as soon as level § 25% LIl + alarm)

Safety zone around

removable connections:

Outdoor installations: no Outdoor facilities:

2 to 10m depending on liquid phase pipe diameter

Indoor facilities: Indoor installations: 2 to 10

1 to 4 m depending on liquid phase piping diameter m dependjng on liq piping diameter

Protective devices against fire and explosion risks in the event of a fluid leak.

Identification of ignition sources. No contact with potential fluid leaks.

Specificities

Pipe insulation, indoor unit insulation (B-s3,d0; M1); Liquid dint § 50 mm
(DN § 21/8);

Height of pipes § 2m from the ground or protection

No removable connections except unit connection

“Traceability” document

Sealed systems not ed by load calc 1 and safety zone

No removable connections

No removable ti in pied space

P

TP " "

connection units

space P

units

Device necessary to be able to increase

fluid load

Fluid charge without

special requirements

§1.5x4xLIl(y6xLIl) gaxLi
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[APPENDIX 1: THERMODYNAMIC CHARACTERISTICS OF FLUIDS | bos®” 15y & Soxdh:1 # u/ )

R-32 refrigerant

Type HFC (pure body)
Safety class A2L

“DESP" fluid group 1

GWP (AR4 - value taken into account in the F-GAS Regulation) 675/677
N°517/2014 of 16 April 2014 /ARS5) (kg CO2/kg fluid)

Molar mass (g/mol) 52

Lower flammability limit (kg/m3)

0.307 (13.3%)

Auto-ignition temperature (°C)

648

Ignition temperature on hot surface (°C) >800

Flash point (°C) <-50

Critical T°C (°C) 78.1

Critical P (bar) 57.82

Boiling T°C (°C) (at 1.013 bar) -51.7
Temperature drift at 1.013 bar (K) 0

Toxicity limit / oxygen deprivation limit (ATEL / ODL) (kg/m3) 0.301

Practical limit (kg/m3) 0.061

Latent heat of vaporisation at boiling point (kJ/kg) 381

Type of lubricant Specific POE ail
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Refrigerant R-1234ze(E)

Practical limit (kg/m3)

Type HFO
Safety class Azl
2
“DESP" fluid group
. . 7I<1
GWP (AR4- value taken into account in the F-GAS
Regulation)
N°517/2014 of 16 April 2014 /ARS5) (kg CO2/kg fluid)
114
Molar mass (g/mol)
0.303
LFL (Lower flammable limit) (kg/m3)
___ 368°C
Auto-ignition temperature (°C)
Ignition temperature on hot surface (°C) ~800
.. 109.4
Critical T°C (°C)
— 363.5
Critical P (bar)
N -19
Boiling T°C (°C) (at 1.013 bar)
Temperature drift at 1.013 bar (K) 0
195.62
Latent heat of vaporisation at the boiling point at 1.013 bar
(kJ/kg)
Toxicity limit / oxygen deprivation limit (ATEL / ODL) 0.28
(kg/m3)
0.0b1

Type of lubricant

Synthetic oil POE, PAG
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R-290 refrigerant

Type Hydrocarbon
Safety class A3

“DESP" fluid group 1

GWP (AR4- value taken into account in the F-GAS 3/3
Regulation)

N°517/2014 of 16 April 2014 /ARS5) (kg CO2/kg fluid)

Molar mass (g/mol) 44

Lower flammability limit (kg/m3)

0.038 (2.2%)

Auto-ignition temperature (°C) 470°C
Maximum permissible surface temperature (°C) 370°C
Flash point (°C) -105
Critical T°C (°C) 96.7
Critical pressure (bar) 42.51
Boiling T°C (°C) (at 1.013 bar) -42.1
Temperature drift at 1.013 bar 0
Latent heat of vaporisation at the boiling point at 1.013 bar | 425.3
(kJ/kg)

Toxicity limit / oxygen deprivation limit (ATEL / ODL) 0.09
(kg/m3)

Practical limit (kg/m3) 0.008

Type of lubricant

Mineral oI (naphthenic)
Synthetic oil (AB, PAO)
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[Enthalpy of R290 (propane)] (£ 1JR290
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Mwmax Mwmax Mwmax Mwmax
AREA FLOOR WINDOW WALL CEILING
(M)? RENTAL MOUNTED MOUNTED MOUNTED

(KG) (KG) (kG) (kG)
9 1.03 1.71 3.09 3.77
12 1.19 1.98 3.56 4.35
15 1.33 2.21 3.98 4.87
18 1.45 2.42 4.36 5.33
21 1.57 2.62 4.71 5.76
24 1.68 2.80 5.04 6.16
27 1.78 2.97 5.34 6.53
30 1.88 3.13 5.63 6.88
33 1.97 3.28 591 7.22
36 2.06 3.43 6.17 7.54
39 2.14 3.57 6.42 7.85
42 2.22 3.70 6.66 8.15
45 2.30 3.83 6.90 8.43
48 2.37 3.96 7.12 8.71
51 2.45 4.08 7.34 8.98
54 2.52 4.20 7.56 9.24
57 2.59 431 7.76 9.49
60 2.66 4.43 7.97 9.74
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The RAC servicing technician must ensure
that the actual charge size of refrigerant in
the AC system being installed/serviced does not
exceed the maximum charge size.
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Actual Amia Amin Amin Amia
Load FLOOR WINDOW WALL CEILING
size (Kg) RENTA;L MOUN'IZ'ED MOUN12'ED MOUN1;ED
(M) (M) (M) (M)
lljgslfgthan No Volume Restriction
1.8 27.6 9.9 3.1 21
2.0 34.0 12.3 3.8 25
2.2 41.2 14.8 4.6 3.1
2.4 49.0 17.6 5.4 3.6
2.6 57.5 20.7 6.4 4.3
2.8 66.7 24.0 7.4 5.0
3.0 76.6 27.6 8.5 5.7
3.2 87.2 314 9.7 6.5
34 98.4 354 10.9 7.3
3.6 110.3 39.7 12.3 8.2
3.8 122.9 44.2 13.7 9.1
4.0 136.2 49.0 15.1 10.1
4.2 150.1 54.0 16.7 11.2
4.4 164.8 59.3 18.3 12.3
4.6 180.1 64.8 20.0 134
4.8 196.1 70.6 21.8 14.6
5.0 212.8 76.6 23.6 15.8
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A min A min A min A min
Actual FLOOR WINDOW WALL CEILING
IGEL | RENTAL MOUNTED MOUNTED MOUNTED
Size (KG) (m)? (m)? (m)? (M)
I:isst::n No Volume Restriction
0.15 35.5 12.8 3.9 2.6
0.20 63.2 22.7 7.0 4.7
0.25 98.7 35.5 11.0 7.3
0.30 142.1 51.2 15.8 10.6
0.35 193.4 69.6 21.5 14.4
0.40 252.6 90.9 28.1 18.8
0.45 319.7 115.1 35.5 23.8
0.50 394.7 142.1 43.9 29.4
0.55 477.6 171.9 53.1 35.5
0.60 568.4 204.6 63.2 42.3
0.65 667.1 240.2 74.1 49.6
0.70 773.7 278.5 86.0 57.5
0.75 888.1 319.7 98.7 66.1
0.80 1,010.5 363.8 112.3 75.2
0.85 1,140.8 410.7 126.8 84.9
0.90 1,278.9 460.4 142.1 95.1
0.95 1,425.0 513.0 158.3 106.0
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Absolute pressure
Pressure measured in relation to a perfect vacuum (zero
value) and atmospheric pressure (approximately 1.013
bar.
Air conditioner (AC)
The process of controlling the temperature, humidity,
composition and distribution of air for the purpose of
human comfort or for special technical needs in an
industrial process (pharmaceutical, textile, etc.) or other
application
Article 5 Countries/Parties
Parties from developing countries to the Montreal
Protocol with annual per capita consumption and
production of ozone-depleting substances (ODS) less
than 0.3 kg. As of October 26, 2023, 155 out of 197
Parties to the Montreal Protocol meet these criteria. The
countries referred to in Article 5 may receive technical
and financial assistance from the Secretariat of the
Multilateral Fund.
Atmospheric lifetime
A measure of the average time that a molecule remains
intact once released into the atmosphere.
Atmospheric pressure
Also called barometric pressure, this is the pressure
exerted by the atmosphere above the Earth's surface.
The standard pressure at sea level is equal to 1
atmosphere (atm) or 101.35 kPa.
Azeotrope
A mixture consisting of one or more refrigerants of
different volatilities that do not change significantly in
composition or temperature as it evaporates (boils) or
condenses (liquefies) under constant pressure. Mixtures
of refrigerants assigned to a serial number R5xx by I1SO
817 are azeotropic.
Bending
Because copper tubing is easily formable, it is often
difficult to tailor it to the needs of a field piping system.
Bending copper tubing is relatively straightforward and
can be done by hand if a large sweep radius is involved,
but for tighter bends, special equipment should be used
to avoid bending the line, which would limit throughput.
Such tools can range from a simple spring device which
prevents the walls of the tubes from collapsing to more
sophisticated devices involving lever or gear devices.

Boiling point

The temperature of a liquid at the point where it begins
to vaporize (see NBP).

Brazing

Brazing is an assembly process whereby a filler metal or
alloy is heated to a melting temperature above 450 ° C
(840 ° F) and distributed between two or more fitted
parts by capillary action. At its liquid temperature, the
molten filler metal and flux interact with a thin layer of
the parent metal, cooling to form a strong, tight seal. In
order to create strong brazed joints, the parts must fit
snugly and the base metals must be exceptionally clean
and free of oxides.

Brazed joint

Joint obtained by the junction of metal parts with alloys
which melt at temperatures generally higher than 450 °
C but lower than the melting temperatures of the
assembled parts (see above).

Bubble point

The liquid saturation temperature of a refrigerant at a
specified pressure; the temperature at which a liquid
refrigerant begins to boil.

Cascade system

Two or more independent refrigeration circuits where
the condenser of one system rejects heat directly into
the evaporator of another.

Charged

Transfer refrigerant from the refrigerant source (a new
or recycled refrigerant cylinder) into a system, usually
based on specific gravity, amount of subcooling, or
evaporating pressure. Charging is normally done using a
dedicated charging machine (e.g. in a production area) or
using a cylinder connected to the system via a manifold
or hoses. The cylinder is disconnected from the
refrigeration system after the refrigeration system has
been fully charged with the new refrigerant.
Chlorofluorocarbons (CFCs)

Halocarbons containing only chlorine, fluorine and
carbon atoms. CFCs are both ozone-depleting substances
and greenhouse gases.

Climate change

Climate change refers to a statistically significant
variation in the average state of the climate or its
variability, persisting for an extended period (usually
decades or more). Climate change may be due to natural
internal processes or external forcing, or to persistent
anthropogenic changes in the composition of the
atmosphere or in land use. Note that Article 1 of the
Framework Convention on Climate Change (UNFCCC)
defines climate change as "a change in climate attributed



directly or indirectly to human activity which modifies
the composition of the global atmosphere and which is
adds to the natural climate variability "observed over
comparable periods. The UNFCCC thus distinguishes
between ‘"climate change" attributable to human
activities modifying atmospheric composition and
"climate variability" attributable to natural causes.
Coefficient of performance (COP)

A measure of the energy efficiency of a refrigeration
system, also defined as the ratio of the useful effect
(heat) to the work performed. The useful effect is the
cooling rate in the case of RAC systems, and it is the
heating rate in the case of heat pumps. The COP is
primarily dependent on the duty cycle and temperature
levels (evaporating or condensing temperature), as well
as the design properties and size of the refrigerant
system.

Compressor

A device for mechanically increasing the pressure of a
refrigerant vapor.

Condenser

A heat exchanger in which vaporized refrigerant is
liguefied by removing heat.

Condensing unit

A combination of one or more compressors, condensers,
liquid receivers (if required) and appropriate accessories.
Containment

The application of service techniques or special
equipment designed to prevent or reduce losses of
refrigerant in equipment during the installation,
operation, maintenance or disposal of refrigeration
equipment and air conditioning.

Controlled substance

Under the Montreal Protocol, any ozone-depleting
substance that is subject to control measures, such as a
phase-out requirement.

Deposit replacement

The procedure for replacing CFC-based refrigerants with
non-CFC refrigerants in existing refrigeration, air
conditioning and heat pump installations without any
modification to the installation. However, the access
procedures are often referred to as '"retrofitting"
because the facilities need to make minor modifications,
such as changing the lubricant, replacing the expansion
device and replacing the desiccant material.

Destruction

Destruction of ozone-depleting substances or their
mixtures by approved destruction facilities.

Dew point

The temperature at which a refrigerant begins to
condense; also defined as the temperature at which a
vapor refrigerant saturates under the specified pressure.
Engine room

A completely enclosed room or space, ventilated by
mechanical ventilation and accessible only to authorized
persons, intended for the installation of refrigeration
systems or their components. Other equipment can also
be installed, provided they are compatible with the
safety requirements of the refrigeration system.
Evacuation

Evacuating a refrigeration system means the final
removal of any moisture or non-condensable gas in the
system. This means removing all refrigerants and volatile
contaminants such as moisture and air, leaving an almost
complete vacuum. Evacuation is normally performed
with a vacuum pump after refrigerant recovery is
complete and is ideally drawn to an absolute pressure of
0.5 mbar (50 Pa, 375 microns) or less.

Evaporator

A heat exchanger in which the refrigerant liquid is
vaporised, absorbing heat from the substance to be
cooled.

Extension device

A device such as a pressure reducer, an expansion port,
a turbine or a capillary tube makes it possible to control
the mass flow rate of a refrigerant from the high pressure
side to the low pressure side of a refrigeration system.
Flared joint

While brazing is a thermal bonding process, flare joints
provide a mechanical bond between copper tubing and
fittings. It is a metal-to-metal compression joint in which
a conical spread is made at the end of the tube. This is a
mechanical seal and is prone to leakage.

Fluorocarbons

Halocarbons containing fluorine atoms, including
chlorofluorocarbons, hydro-chlorofluorocarbons,
fluorinated hydrocarbons and perfluorinated
hydrocarbons.

Force test pressure

Pressure that is applied to test the resistance of a
refrigeration system or part of it.

Fossil fuels

Carbon-based fuels derived from geological (fossil)
carbon deposits. Examples include coal, oil, and natural
gas.



Gauge pressure

Pressure equal to the difference between absolute
pressure and atmospheric pressure.

Global warming potential (GWP)

An index comparing the climate impact of a greenhouse
gas emission with that of emitting the same amount of
carbon dioxide. The GWP is determined as the ratio of
the time integrated radiative forcing resulting from the
emission of pulses of 1 kg of a substance to 1 kg of
carbon dioxide over a fixed time horizon.

Gradual elimination

The end of all production and consumption of a
chemical controlled under the Montreal Protocol.
Greenhouse effect

Greenhouse gases in the atmosphere effectively absorb
thermal infrared radiation emitted from the earth's
surface, the atmosphere itself, and clouds. The
atmosphere radiates in all

directions, including down to the Earth's surface.
Greenhouse gases trap heat in the surface troposphere
system and raise the temperature of the Earth's surface.
This is called the natural greenhouse effect. An increase
in the concentration of greenhouse gases results in
increased absorption of infrared radiation and causes
radiative forcing or energy imbalance, compensated by
an increase in the temperature of the surface-
troposphere system. This is the reinforced greenhouse
effect.

Greenhouse gases (GHG)

The gaseous constituents of the atmosphere, both
natural and man-made, absorb and emit radiation in the
spectrum of thermal infrared radiation emitted by the
earth's surface, atmosphere and clouds. This property
causes the greenhouse effect. The main greenhouse
gases in the earth's atmosphere are water vapor,
carbon dioxide, nitrous oxide, methane and ozone. In
addition, there are a number of entirely anthropogenic
greenhouse gases in the atmosphere, such as
halocarbons and other substances containing chlorine
and bromine which are covered by the Montreal
Protocol. Certain other trace gases, such as sulfur
hexafluoride, hydrofluorocarbons and
perfluorocarbons, are also greenhouse gases.

Chemical compounds containing carbon atoms and one
or more halogen atoms, chlorine, fluorine, bromine or
iodine. Fully halogenated halocarbons contain only
carbon and halogen atoms, while partially halogenated
halocarbons also contain hydrogen atoms. Halocarbons

which release chlorine, bromine or iodine into the
stratosphere cause depletion of the ozone layer.
Halocarbons are also greenhouse gases. Halocarbons
include chlorofluorocarbons, hydro
chlorofluorocarbons, hydrofluorocarbons,
perfluorocarbons, and halons.

Halogens

A family of chemical elements with similar chemical
properties, including fluorine, chlorine, bromine and
iodine.

Heat

A transfer of energy from one site to another due to a
temperature difference between the two sites. Heat can
be transferred from one form of energy to another.
Heat exchanger

Part of the refrigeration system used to transfer heat
through a boundary, including the condenser,
evaporator, and intercoolers.

Hermetic

An airtight system.

Hermetic Compressor

Combination of a compressor and an electric motor
operating in a mixture of oil and refrigerant vapor, both
enclosed in the same housing. There is no outer shaft or
shaft seals.

High pressure side

The part of a refrigeration system operating at the
pressure level of the condenser or gas cooler.
Hydrocarbons (HC)

Chemical compounds made up of one or more carbon
atoms surrounded only by hydrogen atoms.
Hydrochlorofluorocarbons (HCFCs)

Halocarbons containing only hydrogen, chlorine,
fluorine and carbon atoms. Since HCFCs contain
chlorine, they contribute to the depletion of the ozone
layer. They are also greenhouse gases.
Hydrofluorocarbons (HFCs)

Halocarbons containing only carbon atoms; hydrogen
and fluorine. Since HFCs do not contain chlorine,
bromine or iodine, they do not deplete the ozone layer.
Like other halocarbons, they are powerful greenhouse
gases.

Isolation valve

A valve that prevents flow in both directions when
closed.

Kyoto Protocol

The Kyoto Protocol to the United Nations Framework
Convention on Climate Change (UNFCCC) was adopted



at the third session of the Conference of the Parties
(COP) to the UNFCCC in 1997 in Kyoto, Japan. It contains
legally binding commitments, in addition to those
included in the UNFCCC. The countries listed in Annex B
to the Protocol have agreed to reduce their
anthropogenic greenhouse gas emissions (carbon
dioxide, methane, nitrous oxide, hydrofluorocarbons,
perfluorinated hydrocarbons and sulfur hexafluoride) by
at least 5% compared to at 1990 levels The Kyoto
Protocol entered into force on February 16, 2005.
Latent heat

It is the amount of heat required to change the phase of
a pure substance where the temperature remains
constant.

Layout

Transfer a product to another party, usually for
destruction.

Liquid receiver

A container permanently connected to a system by inlet
and outlet pipes for the accumulation of refrigerant.
Low pressure side

The part of a refrigeration system operating at
approximately the same pressure as the evaporator.
Maintenance

All kinds of work that can be performed by a technician,
from installation, operation, inspection, repair,
reconfiguration and decommissioning of refrigeration
systems to handling, storage, recovery and recycling of
refrigerants, as well as record keeping.

Mixed

A connection made between two parties.

Mixtures

A mixture of two or more pure fluids. The blends are used
to achieve properties suitable for many refrigeration
applications. For example, a high pressure and low
pressure substance can be mixed to match the pressure
of another substance. Mixtures can be divided into two
categories: azeotropic and zeotropic.

Maximum allowable pressure

The maximum pressure for which the equipment is
designed, as specified by the manufacturer.

Maximum working pressure

The maximum pressure for which the equipment is
designed, as specified by the manufacturer.

Mobile system

A refrigeration system that is normally in transit during
operation.

Montreal Protocol

The Montreal Protocol on Substances that Deplete the
Ozone Layer was adopted in September 1987. Following
the discovery of the Antarctic ozone hole in late 1985,
governments recognized the need to take firm action to
reduce the production and consumption of several CFCs
(CFC-11, -12,-113, -114 and -115). Halons (1211, 1301,
2402). The protocol has been designed so that phase-
out schedules can be revised on the basis of periodic
scientific and technological assessments. As a result of
these assessments, the Protocol was adjusted to speed
up phase-out schedules in 1990 (London), 1992
(Copenhagen), 1995 (Vienna), 1997 (Montreal), 1999
(Beijing) and again in 2007 to Montreal.

Multilateral Fund

Part of the financial mechanism of the Montreal
Protocol. The Multilateral Fund was established by a
decision of the Second Meeting of the Parties to the
Montreal Protocol (London, June 1990) and began
operating in 1991 The main objective of the Multilateral
Fund is to assist Article 5 parties of the Montreal
Protocol (whose annual per capita consumption and
ODS production is less than 0.3 kg) to comply with the
control measures of the Protocol.

Natural refrigerants

Natural refrigerants are naturally occurring substances,
such as hydrocarbons (eg propane, isobutane), carbon
dioxide, and ammonia. These substances can be used
(among others) as refrigerants in various types of
refrigeration and air conditioning systems. The main
characteristics of these refrigerants are that they do not
contribute to the depletion of the ozone layer and that
they have little or no impact on global warming.
Non-condensable gases

Gases at very low temperature, which do not condense
easily. Nitrogen and oxygen are the most common.
Normal boiling point (NBP)

The boiling point of a compound at atmospheric
pressure (1.013 bar).

Occupied space

A completely enclosed space which is occupied for a
significant period by people. The occupied space may be
accessible to the public (eg supermarket) or only
qualified persons (eg cutting meat). A complete
refrigeration system or parts of it can be installed in an
occupied space.

Ozone

The triatomic form of oxygen (O 3), which is a gaseous
atmospheric constituent. In the troposphere, it is



created by photochemical reactions involving naturally
occurring gases resulting from human activity ("smog").
Ground-level ozone acts as a greenhouse gas. In the
stratosphere, ozone is created by the interaction
between solar ultraviolet radiation and molecular
oxygen (0;). Stratospheric ozone plays a major role in
the stratospheric radiation budget. Its concentration is
highest in the ozone layer.

Ozone layer

The layer in the stratosphere where the ozone
concentration is greatest. The layer extends from about
12 to 40 km. This layer is depleted by anthropogenic
emissions of chlorinated and brominated compounds.
Every year in the southern hemisphere's spring, ozone
depletion occurs in the Antarctic region. This depletion
is due to anthropogenic compounds of chlorine and
bromine associated with the specific meteorological
conditions of this region. This phenomenon is called the
Antarctic ozone hole.

Ozone depletion

Accelerated chemical destruction of the stratospheric
ozone layer by the presence of substances produced by
human activities.

Ozone Depleting Substances (ODS)

Substances known to deplete the stratospheric ozone
layer. The ODS controlled under the Montreal Protocol
and its amendments are chlorofluorocarbons,
hydrochlorofluorocarbons, halons, methyl bromide,
carbon tetrachloride, methyl chloroform,
hydrobromofluorocarbons and bromochloromethane.
Ozone Depletion Potential (ODP)

A relative index of how much a chemical can deplete
the ozone layer compared to depletion caused by R11
refrigerant. Specifically, the ozone depletion potential is
defined as the integrated change in total ozone per unit
mass of emission of that substance relative to the
integrated change in total ozone per unit mass of
emission of R11.

PAD (Overfill protection)

Overfill protection is a safety switch installed in a
refrigerant recovery unit or recovery cylinder designed
to transfer and store refrigerant. Typically, these
switches simply turn off the recovery machine. OFP
devices do not provide a recovery machine with a "walk
away" functionality; refrigerant transfer must be
supervised by a technician. Under certain
circumstances, this transfer can be dangerous even

when the unit is in use. Hazards can occur in the
following situations:

During push-pulls, once the siphon has been started,
simply switching off the recovery machine does not
prevent the recovery cylinder from overflowing
When using a cylinder containing a large amount of cold
refrigerant to recover from a high temperature system,
disabling the recuperator does not prevent the
refrigerant from migrating to the coldest point (in this
case recovery cylinder)? even when the machine is
switched off.

Perfluorocarbons (PFCs)

Synthetic halocarbons containing only carbon and
fluorine atoms. They are characterised by extreme
stability, non-flammability, low toxicity, zero ozone
depletion potential and high global warming potential.
Piping

All ipes or tubes (including pipes, bellows, fittings or
flexible hoses) to connect the different parts of a
refrigeration system.

Power

The rate at which work is done or energy is transferred
through a circuit.

Pressure limiting valve

A pressure valve held closed by a spring or other means
and designed to automatically release excessive
pressure by starting to open at a set pressure and
closing when the pressure has fallen below the set
pressure.

Push-pull method

A method of recovering and recycling refrigerant from a
system using negative pressure (suction) on one side to
extract the old refrigerant and pump recycled
refrigerant vapor to the other side to push. the old
refrigerant in the system.

Reel

Part of the refrigeration system constructed from tubes,
curved or straight tubes and serving as a heat exchanger
(evaporator or condenser).

Refrigerant

A fluid used for the transfer of heat in a refrigeration
system. This fluid absorbs heat at low temperature and
pressure and rejects heat at higher temperature and
higher pressure, a process which usually involves
changes in the state of the fluid.

Refrigerant detector

A detection device that responds to a predefined
concentration of refrigerant gas in the environment.



Refrigeration

The process of lowering the temperature of a substance
or space to the desired temperature.

Refrigeration system

Combination of interconnected parts containing
refrigerant, including a closed circuit in which
refrigerant circulates to extract and reject heat (cooling,
heating).

Reclamation

Reprocessing and upgrading of a recovered controlled
substance through mechanisms such as filtration,
drying, distillation and chemical treatment to restore
the substance to a specified level of performance.
Chemical analysis is required to determine that the
appropriate product specifications are met.
Reclamation often involves off-site treatment at a
central facility.

Recovery

The collection and storage of controlled substances
from machinery, equipment, containment tanks, etc.,
during maintenance or prior to their disposal without
necessarily testing or treating them in any way.
Recycling

Restore and reuse the recovered refrigerant. Used
refrigerants are treated to reduce contaminants by
separating the oil, removing non-condensables, and
using devices such as filters, dryers or filter driers to
reduce humidity, acidity and particulates. The recycling
process, which often occurs on-site, normally involves
recharging the recycled refrigerant back into the
equipment.

Renovation

Upgrading or adjusting equipment so that it can be used
under changed conditions. For example, the
refrigeration equipment is adapted to be able to use an
alternative refrigerant instead of a CFC, HCFC or HFC
Safety data sheet (SDS)

A safety notice prepared by chemical manufacturers for
a specific refrigerant or compound.

Saturated vapor pressure

The maximum vapor pressure of a substance at a given
temperature when it is accumulated in a liquid state in a
space.

Sealed system

A refrigeration system in which all parts containing
refrigerant are sealed by welding, brazing or a similar
permanent connection. A sealed system contains no
non-permanent connections.

Secondary (or indirect) cooling system

A system using a fluid that transfers heat from a
product or space, or other cooling or heating system, to
a refrigeration system, without compressing or
expanding fluid.

Semi-hermetic compressor

Unit containing a compressor and an electric motor
operating in a mixture of oil and refrigerant system
vapor. The compressor and electric motor are enclosed
in the same housing and have a removable cover for
access, but there are no outer shaft or shaft seals.
Sensible heat

It is the amount of heat that causes the substance to
change temperature without changing its phase. It can
be evaluated by means of a temperature reading
device.

Shows

The release of gases or aerosols into the atmosphere
over a given area and period.

Skill

The ability to perform satisfactorily the activities of a
given profession.

Specific heat

The amount of heat required to raise a unit mass of
substance by 1 ° C. It is measured in joules per Kelvin
per kilogram.

Splitting

The modification of the composition of a refrigerant
mixture by evaporation of the most volatile
component(s) or condensation of the less volatile
components.

Stop device

A device for shutting off the flow of a fluid, such as
refrigerant or brine.

Test sealing

Pressurizing a refrigeration system, or any part of it, to
test it for leaks.

Total Equivalent Warming Impact (TEWI)
Measurement of the overall impact of equipment on
global warming based on the total associated
greenhouse gas emissions over the life of the
equipment, including its manufacture and disposal of
fluids and operating equipment at the end of their life.
TEWI takes into account both the direct emissions and
the energy-related emissions produced by the energy
consumed during the operation of the equipment. TEWI
is measured in CO 2 equivalent mass units.



Transcritical cycle

A refrigeration cycle in which the compressor discharges
the refrigerant at a pressure above the critical point.
Transient substance

Under the Montreal Protocol, a chemical whose use is
permitted as a substitute for ozone-depleting
substances, but only temporarily because the
substance's ozone-depleting potential is greater than
zero.

TR/TOR

The common unit used for refrigeration or air
conditioning capacity. It is defined as the rate of energy
required to melt one ton of ice at 0 ° Cin 24 hours. 1
refrigeration ton TR or ton of refrigeration (TOR) = 3.517
kW = 12,000 Btu / h.

Ultraviolet (UV) radiation

Radiation from the sun with wavelengths between
visible light and X-rays. UV-B (280-320 nm), one of the
three bands of UV radiation, is harmful to life on the
Earth's surface and are mainly absorbed by the ozone
layer.

Vapor compression refrigeration cycle - vapor
compression technology

The most widely used refrigeration cycle. In this cycle,
the refrigerant is vaporized and condensed alternately;
during the vapor phase, the refrigerant is compressed.
The basic components include a compressor,
condenser, expansion valve and evaporator.
Ventilation

A service practice where refrigerant is allowed to
escape to the atmosphere, and is generally a shortcut to
avoid recovery.

Welded joint

A seal obtained by assembling metal parts with metal
mixtures or alloys melting. The temperatures depends
on the nature of the filler metal. For example: 200°C tin
brazing; brazing_ 450°C __ welding.

Zeotrope

A mixture of refrigerants composed of two or more
substances of different volatilities, the composition or
temperature of which changes significantly as it
evaporates (boils) or condenses (liquefies) at a given
pressure. Mixture of zeotropic refrigerants with a serial
number designation R4xx in ISO 817.
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1. Refrigeration Service Technician's Manual, UNEP DTI / 1040 / PI

2. Good practices in refrigeration / GIZ, 2010

3. Good practices in the installation and maintenance of room air conditioners, Technical manual on refrigeration and air
conditioning (RAC), GIZ, Proklima, 2013

4. Good housekeeping practices: Phasing out HCFCs in the refrigeration and air conditioning sector / UNEP DTIE
5. International refrigeration and air conditioning standards / UNEP DTIE

6. Good service practices in refrigeration and air conditioning / NOU Macedonia

7. Training manual for refrigeration technicians / NOU Montenegro

8. Bundesfachschule Kélte Klima Technick, Conferences

9. ASHRAE brochures and literature

10. International Institute of Refrigeration, Brochures

11. UNIDO publications

12. Webinar U-3ARC (May 21, 2022)

13. Scientific and Technical Committee of Climate Industries Costic

14. Tunisian Agency for Enviromental Protection



