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avyectBo komnaHum UNIDELT,
nomoraet XXU3HU

C 1973 ropa komnanua UNIDELTA paspabatbiBaer,
NCMbITbIBAET M CO30AET HOBbIE CUCTEMHbIE pELLEHUS
ONA  Ka4eCTBEHHOW  rMApaBnvku:  COOCTBEHHbIE
TEXHONMOIMMYECKNe  peLleHusl,  BbINOMHEHHbIE U3
COBPEMEHHBIX MIIacTMacCOBbIX MaTepuarnoB, KOTOpbIe
rapaHTUpyloT pasBuTME C YYETOM  OKpyXaroLlen
cpegsbl.

Mostomy TPYBbl 1 COEOUNHUTEJIbHBIE MY®ThI
UNIDELTA Bcerga cuntanuce nepefoBov NpoayKLUmen,
KoTopas ynpoLlaeT v yry4LlaeT XuU3Hb.

CﬂlnELTA

Since 1973 UNIDELTA has searched, fested and deve-
loped innovative systemic solutions for quality plum-
bing - technological iterms made of high-fech plastic
materials enabling the business fo grow while safe-
guarding the environment.

UNIDELTA quality
at the service of LIFE

This is why UNIDELTA PIPES and FITTINGS have always
been considered frue groundbreakers in simplifying

and improving the standard of living.
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.ep,eneHMﬂ W yCnoBHble 0603Haqe- . Definitions and symbols .

s i
®dopmyna OnpepeneHve
Formule Definition
d i BHewHuin guametp Tpyobl [MM]
e Outer diameter of the pipe [mm]
e i TonwwmHa Tpy6bl [MM]
Thickness of the pipe [mm]
4 . BHyTpeHHMIA gnameTp Tpybbl [MM]
q d=d,-(2¢ Inner diameter of the pipe [mm)]
i YaenbHbI BEC NonuatuneHa [kr/m?]
P Polyethylene specific weight [kg/m?]
Ar A - Ted-e Y4acTok cevenust TpyBbl [cm?]
100 Cross-sectional area of the pipe [cm?]
. 2
AU AU = md Y4acTok NonesHoro cedeHust npoxoaa [cm?]
400 Cross-sectional area of the flow [cm?]
pt Pt — L}D— Bec Tpy6bl Ha MeTp [kr/m]
10 Pipe weight per mefre [kg/m]
Vi Vf — Au OOBLEM coaepKallencs XXUAKOCTU Ha MeTp [n/m]
_ 10 Volume of contained fluid per meter [lI/m]
J J n- (4, -df) [eOMETPMYECK MOMEHT MHEPLIMM MO OTHOLLEHWIO K AMaMeTparnbHoi ocu [cm?]
640000

Inertfia geometrical moment respect fo a diametrical axis [crm?]

F
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1. BBegeHwue:
©a PEX Unidelta u3 cuumtoro nonuatun

Komnanms Unidelta npowusBogut Tpybbl ¥3  clumMTOro
nonuatuneHa (PEX), koTopble briarogapsi CBOVIM NpeKkpacHbIM
MEXaHW4eCKMM CBOWCTBaM MpPU BbICOKMX Temmneparypax
npeanbHO  MOAXogAT  ANs  rOpsiMero U XOrogHoro
BOZOCHAOXEHMS1 NSt CaHUTApHOTO WCMONb30BaHNsA M Ans
CO34aHNsl OTONUTENbHbBIX YCTAHOBOK.

Cwwutbit nonmatuneH PEX obecneunBaet Tpybam Unidelta
MHOFOYMCIIEHHbIE KaYecTBa, Cpeay KOTOpbIX BblOensiercs
XUMWYECKas YCTOWYMBOCTb, YCTOMYMBOCTb K abpa3vBHOMY
M3HOCY, NErKOCTb M MPOCTOTa YCTAHOBKM, HETOKCUYHOCTD,
HU3KWA ypOBeHb LIyMa, [Magkas W MONMpoBaHHas
MOBEPXHOCTb, KOTOpasi MO3BONSAET JOCTWYb OYEHb HU3KUX
noTepb Hanopa.

[Onsa ypoBneTBopeHusi pas3HoobpasHbiXx TpeboBaHun
KnmeHtoB komMnaHma Unidelta npegnaraer pasHble
TUNbl TPY6 M3 CLUMTOrO NONM3TUNEHA:

- UniTerm. Tpyba wn3 0fHOCMOMHOMO CLUUTOrO

nonuaTuneHa, KoTopash WCMONb3yeTcsl, [MaBHbIM
0bpa3om, B CaHTEXHUYECKON cdhepe.

UNII

LﬂlIBELTA

1.
.'n‘roducﬁon: the Unidelta PEX pip.

Unidelta manufactures cross-linked polyethylene (PEX) pi-
ping with excellent mechanical properties at high tem-
peratures, making it ideal for hot and cold water distri-
bution in sanitary and heating systems.

PEX gives Unidelta piping countless qualities, in parficu-
lar resistance fo chemicals, corrosion and abrasion, light
weight and ease of installation, non-toxicity, low noise,
and a smooth and polished surface ensuring highly con-
tained load losses.

In order to meet the various needs of its customers, Uni-
delta offers different fypes of cross-linked polyethylene
pipes:

- UniTerm. Cross-linked single layer polyethylene pipe
used mainly in sanitary applications.

SISTEMA UNIDELTA

-TriTerm. Tpy6a 3 cLUMTOro NOnMaTUNeHa, COCTOSALLENO
N3 TPEX CMNOEB C BHELUHWM KUCIOPOAHbLIM Gapbepom
EVOH, vcnone3yemasi, rmaeBHbeiM obpasoM, B cdepe
OTOMNMEHUS.

TRI

- TriTerm. Cross-linked three layer polyethylene pipe with
an external EVOH oxygen barrier mainly used in heating
systems.

SISTEMA UNIDELTA

- MultiTerm. Tpyba w3 cwuTOoro nONM3TUIEHA,
COCTOSILLErO U3 NATU CIIOEB CBHYTPEHHUM KUCOPOOHBLIM
6apbepom EVOH, ucnonb3yemas, rmaBHbIM 06pa3om,
B chepe OToMmneHus.

MULTI

- MultiTerm. Cross-linked five layer polyethylene pipe with
an internal EVOH oxygen barrier mainly used in heating
systems.

SISTEMA UNIDELTA

MimeeTcs Takke B HanM4mMm cbEMHas Bepcums Tpyo Uni-
delta Uniterm, Triterm n Multiterm, B gaHHoln Bepcum
Tpyba BcTaBnsieTcs B roppnpoBaHHyo 060o4Ky.

Unidelta’s Uniterm, Triterm and Multiterm pipes are also
available in an extractable version with the pipe inserfed
info a corrugated sheath.
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2. 2.
O6nacTu npumMeHeHUsA . . Application fields

Tpyba PEX Unidelta n3 cwumtoro nonuatuneHa 6bina
pa3paboTaHa onga crnegyoLwmnx NPUMeHeHW:

+ Topsyee 1 xonogHoe BOAOCHabXeHue Ans
CaHTEXHUYECKMX HYXO

* HuskoTemnepaTypHble OTOMUTENbHbIE CUCTEMbI (C
OTOMUTENbHBIMW NaHeNsAMm)

* BbicokoTemMnepaTtypHble oTonuTeNbHblE CUCTEMBI (C
pagnaTopHbIMU CUCTEMaMM)

* OxnagutenbHble CUCTEMbl C  OTOMUTENbHBLIMM
naHensamu

* [IPOTMBOMOPO3HbIE 1 CHEro3aLLMTHbIE YCTaHOBKM

Kpome Toro, Ttpyba Unidelta PEX wu3 cwwuToro
NnonmMaTUeHa MOXET MNPUMEHATbCS ANs  nogayu
cKaToro BO3fgyxa, ra3oobpasHbiX KMOKOCTEN U
pasnu4YHbIX XMMUYECKUX BellecTB (cm. rmaBy 16, B
KOTOpOM OMUCBIBAETCA XMMUYECKas COBMECTUMOCTD).
Kpome TOro, pekomeHgyeTcs uCnonb3oBaTb TPyObl
Unidelta PEX wn3 cwutoro nonuatuneHa, Korga
BO3HMKAET HEOOXOAMMOCTb BbIMOMHUTL Onepauun no
cMeHe PyTepOBKM, M3-3a MX BbICOKOM YCTOMYMBOCTY K
abpasnMBHOMY M3HOCY.

YcTaHOBKM BOOOCHAOXEHUA ANl CaHTEXHUYECKUX
HYXA,

Tpyba Unidelta u3 cwmToro nonuatuneHa ugeanbHO
NoOoXoAMT AN MPOM3BOACTBA YCTAHOBOK MWUTbEBOrO
BOOOCHabxeHus (ropsiyer n xonogHowm sBogon) Oeno B
ToM, 4TO TPYObI Unidelta PEX n3 cuntoro nonnatuneHa
COBEpLUEHHO HETOKCWUYHblE, OHU He MoABeprakTCs
KOpPPO3nM M OTINYAOTCH BbICOKMM KO3 PULMEHTOM
aKyCTM4ECKON N30MALNN.

3HaunTenbHaa mbkocTb TpyObl BMecTe C eé
NErkocTblo [AernatT YCTaHOBKYy TpyObl ObicTponm w
He3aTpyAHWUTENbHOW. MOXHO  BbIMOMHATL  CrnObI
BPYYHYIO paguycoMm KpWBW3HbI 4O BOCbMU AMaMeTPOB
Tpybbl: Gnarogaps 3TOM CNOCOBGHOCTU 3HAYUTENbHO
COKpaLLaeTCa KOMMYeCTBO COeaMHUTENbHbIX MydT,
ncnonb3yeMbIX Ans cosgaHus yctaHoBku. [nsa Gonee
KPyTbIX M3rMboB, OTBETBMEHWA WNW COeAVHEHUN
HeobxoOAMMO MCNOMb30BaTb MexaHuyeckne MydThbl,
MOCKOMbKY  cwnTbid  nonuatuneH PEX  Henbss
cBapuBaTb UNN CKnensaTb.

The Unidelta PEX pipe has been specifically developed
for the following qpplications:

e Distributfion of both hot and cold water in sanifary
applications

e low temperature heating systems (with radiant
panels)

e High femperature heating Ssystems (radiator
systems)

* Cooling systems with radiant panels

* Anfi-freeze and anti-snow plants

Moreover, given the numerous exceptional properties
of the pipe and the respective fittings, the Unidelta PEX
pipe can also be used for fransporting compressed
air, gaseous liquids, and a variety of chemical
substances (in this regard see Chapter 16 on chemical
compatibility). Unidelta PEX pipe is also ideal for relining
operations, thanks to its high resistance to abrasion.

Sanitary distribution systems

The Unidelta PEX pipe is ideal for use in pofable water
systems (hot and cold).In fact, the Unidelta PEX pipes
are completely non-toxic, non-corrosive and have a
high coefficient of sound insulation.

Moreover, the light weight and the particular flexibility
make installation quick and easy. Bends can be made
by hand up to 8 times the diameter of the pipe, which
means that the quantity of fittings used in installing the
system is considerably reduced. Tighter curvatures,
branch-offs or connections require mecanical
fitfings.
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CyllecTBylOT OBa Tuna MexaHW4Yecknx MydpT Ans
Tpy® PEX u3 CLUMTOro nonuatureHa: BUHTOBbIE WM
HaXXUMHbIE.

BuHTOBbIE MY(TbHlI AenakwTcd U3 natyHu Unu
HepXxaBelwLlen cTanu Ku XxapakTepusyrTcs Tpems
aneMeHTaMmun: Kopnyc My@Tbl, YNMIOTHUTENbHANA
BTYNKa W KpenéxHasa ramka. Bo Bpemsa 3aTsxku
ravika HagaBnuBaeT Ha BTYNKy, AedopMupys eé u
BAaBNMBas €€, kak B kopnyc MydThbl, Tak 1 B TpyOy.
Mmopounsonsauua obecnevmBaeTcsa  YNIIOTHEHUAMMU,
pacnonoXeHHbIMU Ha CaMOWN BTYIKe.

éRIIIJEI.TA

- 2.

Mechanical fittings fo joint cross-linked polyethylene
pipes can be either screwing fitfings or press-fitfings.
Either brass or steel screwing fitfings are made in
three components: the fitting body, seal sleeve, a
screw nut. While tightening, the screw nut operates on
the sleeve deforming and pressing it onto the fitfing
body as well as onto the pipe. The O-ring placed onto
the sleeve makes the hydraulic seal possible.

PucyHok 2.1 — BuHTOBasA coeguHuUTenbHaa MydTa
Figure 2.1 - Screwing fitting
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HaxnmHble mydThi (press-fittings) coctosT 13 kopnyca
MydThl, COEMAHHOIO U3 NaTyHU, HEPXKaBetoLLEN cTanu,
a B Halle BpeMsi OHM MOTyT ObITb Takke caenaHbl U3
CUHTETUYECKOro matepuana (TEXHONONMMeEpPOB), N 13
YNSIOTHUTENBHOW BTYIKN U3 HEPXKaBelLen ctanu.

Onepaums 3aTsHKKM COCTOMT B AedopMauun BTYIKKM
C MOMOLLIbIO 3NEKTPOMHEBMATUYECKOrO UHCTPYMEHTA,
NnyTéM €€ CXaTus Ha BHELUHEN MOBEPXHOCTU TPyObl.
[vaopounsonsauma obecnedynBaeTcss  gaBneHUEM,
KOTOpoe B [daHHOM cCry4ae okasbiBaeT Tpyba Ha
YMAOTHEHUS, PacnonoXeHHbIe Ha Kopryce MydThl.

Press-fittings are made of a fifting body — which can
be made from either brass, steel or even a synthetic
material (fechnopolymers) — and from a steel seal
sleeve.

Tightening results from the sleeve which is deformed
by an electric-pneumatic tool that presses it on the
external surface of the pipe.

The pressure the pipe exerts on the O-rings placed on
the fitting body makes the hydraulic seal possible.

PucyHok 2.2 — HaxumHasa mydra
Figure 2.2 - Press-fitting
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OObIYHO MCnoMb3yeMble NMPOEKTUPOBOYHBLIE PELLEHNS
MOTyT ObITb OBYX TUMOB: KOMNJEKTOPHbIE (PUCYHOK 2.3)
nnu nocregoBaTterbHble (PUCYHOK 2.4).
KonnektopHoe pacnpefeneHne no3eonser Jobutbes
MarnbIX NoTepb [AaBIEHUs Ha KaXOoM nornb3oBaTene
n MCnonb30BaThb HebonbLLoe KONM4ecTBO
coeguHUTENbHBIX ~ MY(T, a nocrnegoBaTenbHoe
pacnpefeneHve No3BOSSIET COKPaTUTL MUCMONb3yemoe
KOnM4ecTBO TPYyObI.

2.

Two different system solutions are generally used: with
manifold (Figure 2.3) or in series (Figure 2.4).
The manifold distribution allows fo have reduced
pressure losses on every utility and to use a contained
number of connections, whilst the series distribution
allows a saving on the quantity of pipe used.

PucyHok 2.3 — KonnektopHoe pacnpenenexue
Figure 2.3 - Distribution by manifold

PucyHok 2.4 — NocnepoBaTtensHoe pacnpeaeneHue
Figure 2.4 - Distribution in series
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OTonuTenbHbIe YCTAHOBKM C OTOMUTENIbHbIMMU
naHensiMm
OTonuTENbHbIE yCTAHOBKN COTOMUTENBHBIMU NaHENsiM1
ABMSOTCS eLLE 0gHOM chepon MpumeHeHns Tpyob Uni-
delta PEX n3 cwumtoro nonuatunena. OTonutenbHble
YCT@HOBKM C OTOMMUTEMbHBIMU MaHensiMvM  Hadanm
ucnons3osBatbca B Utanum B 1960 rogy, HO cHayana
6e3 ocoboro ycnexa. OTCyTCTBME HOPMATMBHbIX
NMOCTaHOBIEHUI, KOTOPbIE Obl ONPEeaENANU X pasMepbl,
N HU3KOE KayeCTBO WCMONb3yeMbIX MPOAYKTOB He
Mo3BOMNSANN  BbINycKaTb 3(PPEKTMBHbIE YCTAHOBKM,
KoTopble Obl MOMKU rapaHTMpPoBaTb HeOBXOAMMbIN
komdopT. Camas pacnpocTpaHéHHast npobnema
3akrnodanacb B CIALLIKOM BbICOKOM MOBEPXHOCTHOW
TemnepaType Mnosos.

BBegeHne HOBbIX, HaOéXHblXx U 6e3onacHbIX
MaTepuarnoB, Co3AaHne HOPMaTUBHbIX MOCTAHOBMEHWN
0N PerynupoBKM pa3MepoB YCTAHOBOK M pacTyLLui
WMHTEPEC K CMCTEMaM, KOTOpble MO3BONAT A0OUTLCS
3KOHOMWUN 3IEKTPOIHEPTUN, MPUBENN KBO30OHOBIEHNIO
NCMNONb30BaHUSA CUCTEMbI C OTONMUTENBHBIMW MAHENSIMN,
KoTopasi cerogHs HauyMHaeT ObICTPO 3aBOEBbIBATb
npu3HaHue.

OTonuTenbHble MaHenM MOryT ObiTb MOTONOYHBIMM,
HanonbHbIMW UMW HACTeHHbIMUW. TennoBasi XXWOKOCTb
B 3MeeBMKax — 9TO BoAa C OTHOCUTENTbHO HU3KOW
Temnepatypou (He Bbiwe 50°C).
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Radiant panel heating systems

Another area of application for the Unidelta PEX pipe
is in radiant panel heating systems. The system of
heating with radiant panels was infroduced fo Italy in
1960 but initially had little success. The lack of requ-
lations governing sizing and the poor quality of the
products used made it difficult fo engineer efficient
systems that could guarantee the required comfort
level. The most common problem was that the surfa-
ce temperature of the floors was too high.

The infroduction of new materials, reliable and safe,
the birth of normatives for plant sizing and the growing
aftention on systems which allow energy savings, have
enabled the re-infroduction of the radiating panels sy-
stem, which is today growingly affirming itself.
Radiant panels can be used on the ceiling, floor, or
wall. The thermal carrier liquid inside the coil is water
at a relatively low tfemperature (maximum 50°C).

PucyHok 2.5 — CxeMa HanornbHOW OTONUTENbHOW NaHenu
Figure 2.5 - Diagram of an underfloor radiant panel
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TpyObl knagyTcsd Ha MaHenb W3 MNOMUCTUPONBHOIO The pipe is laid on a panel of polystyrene foam for ther-
neHonnacra, BbICTYNawLLyld B KayecTBe M30MnATopa, mal insulation, reducing the downward flow of heat.
KOTOPbIA COKpallaeT TEennoBOW TMOTOK B HMKHEM The panel may have a sheet of polyethylene that acts
HanpasneHun. HanaHennmoXeT nexartbnonmMaTUIIEHOBIN as a vapour barrier, thereby protecting the insulation
TINCT, KOTOPbIV UrpaeT porb Napon3onsiLuMoHHOro 6apbepa from the moisture of the concrete screed. In some
ONS 3aWUTbl U30MNSTOpa OT BNAXXHOCTU BETOHHON CTSHKKN. cases, a welded wire mesh is installed fo distribute the
B HekoTOpbIX Cryyasx yCTaHaBNMBAETCH 3MEKTPUYECKM loads on the floor evenly, and it can also serve as a
CBapeHHasi MeTannumyeckasi CeTb, KOTopasi paBHOMEPHO fastening structure for the tubing using clips. In most
pacnpefensieT Harpy3ku, okasbiBaeMble Ha MOI, U MOXET cases, the polystyrene panel is appropriately shaped
CNY>XWTb B Ka4eCTBE KPEMEXHON CTPYKTYpbl ANst Tpyb ¢ for quick and easy pipe fastening (Figure 2.6).

MOMOLLbIO 3aKMMOB. B GonblUMHCTBE cryvaeB naHenb
3 MONMUCTMPONA MMEET COOTBETCTBYHOLLMIA NPOdUnb ANs
nérkoro n 6bictporo kpennenns Tpy6 (PucyHok 2.6).

PucyHok 2.6 — NaHenb u3 npodunmposaHHOro nonuctTupona
Figura 2.6 - Shaped polystyrene panel

Tpy6a Unidelta PEX MpodunuposaHHbIi n3onsaTop
Tube Unidelta PEX Shaped insulation
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KoHTyp moxeT ObiTb caenaH B COOTBETCTBUM C PasHbIMM The circuit can be created with various types of confi-
TMnamn koHdurypauum (PucyHok 2.7), Hambonee obwme gurations (Figure 2.7): the most common are coil and
TWMNbI: 3MEEBMKOBbIE W YNuUTKOOOpasHble. PekomeHpyetcs scroll. The scroll configuration is preferable as it allows
MCNONb30BaTh YNUTKOOOPA3HYI KOH(MIYpaLMI, MOCKOMbKY greater uniformity of the floor temperature due fo the
OHa rapaHTupyeT OOMblUyd OAHOPOAHOCTb Temneparypel alternation of the delivery pipe with the retfurn pipe.
rnona un3-3a YepefoBaHns HarHeTaTenbHoN Tpybbl ¢ 06paTHOW Generally, in the vicinity of the coldest walls, the pitch
Tpybon. O6bIYHO psgomM ¢ Hambonee XOnoaHbIMK CTEHAMM of the pipes is reduced in order to compensate for
cokpalyaetcsa war Tpy6, utobbl koMneHcMpoBaTh Gonbluee the greater heat dispersion. A correctly designed ra-
Tennoeoe pacceuBaHune. [paBWIIbHO CMNPOEKTUPOBAHHAS diant panel must create a floor surface femperature
oTonuTeNbHas NaHenb AOIMKHA CO3A4aBaTb MOBEPXHOCTHYHO of 29°C in rooms with permanent occupation, 32°C in
Temnepatypy nona paeHyto 29°C B MOCTOSIHHO 3aHATbIX bathrooms, and a temperature of 35°C is allowed for
nomelleHnsix, 32°C - B BaHHbIX KOMHaTax; Temneparypa rooms with occasional occupation such as the peri-
35°C ponyckaeTcs B U3peaka UCrnonb3yembliX NOMELLEHUSIX, meter zones with higher heat dispersion.

TaKuUX Kak nepumMmeTparbHble y4acTKu C O0onbLUMM TENMOBbLIM

pacceuBaHuem.

PucyHok 2.7 - PacnpegeneHue KOHTypa
Figura 2.7 - Distribution of the circuit
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10T I'IpOBKTI/IpOBOHHbIVI T™Mn  UMEeEeT MHOroYnUCrieHHbIe
npemmyLliecTsa, cpean KOTOopbIX nepBoe MeCTO 3aHUMaeT
Aocturaemasd 3KOHOMUA 3I1EKTPOIHEPINU, HE MEHee 10%
Mo CpaBHEHUO C pagunaTOpHbIMU YCTaHOBKaMW. [MaBHbIM
o6paaoM, oTonnexHne OCYyLLEeCTBNAETCA 6narouaps=|
TennonsnyvyeHno, nernada pacnpeneneHune Temnepartypbl
BO3dyXa B BepTUKallbHOM HanpaslieHMn OOHOPOAHBbIM.
[aHHoe yCcrnosue O4eHb onmsko K maeanbHoOMy Ons
(*)M3VIOJ'IOFM‘-IGCKOI'O COCTOAHUA YernoBeveCKoro Tena.
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This fype of system offers innumerable advanfages,
first of all the energy savings that can be obfained, a
minimum of 10% comypared fo radiator systems. The
heating takes place primarily by irradiation, providing
uniform distribution of the air temperature in the verti-
cal direction, a condition that is very close fo the ideal
one for the optimal physiological state of the human
body.

PMcyHOK 2.8 - Pacnpenenel-wle TemMnepaTtypbl Ana HEKOTOPbLIX TUNOB YCTAaHOBKU
Figura 2.8 - Temperature distribution for different types of systems
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HanonbHble oTonUTENbHLIE NaHenn
Underfloor radiant panels

PagunartopHoe otonnexue
Heating with radiators

Mpy ymeHbLUEHUM TemnepaTypbl OKPyXarwLel cpefbl Ha
1°C, nonyyaetcs Takas xe CTeneHb KomdopTa, Kak U B
TPagMLMOHHBIX yCTAHOBKAX M OHOBPEMEHHO C 3TUM Pacxoabl
COKpaLlalTcs, NpMMepHo, Ha 6%. OTonneHne ¢ NOMOLLb0
OTOMUTENbHLIX MNaHenel He co30aéT MHOMO  KOHBEKLIMNA
ropsiyero Bo3ayxa, npeaoTepalLas ABKEHWE NbInu, KOTOpoe
morno Obl NMpuMBECTM K 0OpasoBaHWI0 TEMHBLIX Pa3BOAOB
Ha CTeHax psiAoOM C UCTOYHMKamu Tenna (paguatopamm).
Jeno B ToM, u4TO Oonbwas HU3KOTEMMEPATYpHas
oTonuTEnbHas nnowagb npegoTepawaer  obpasoBaHue
MHOXeCTBa KOHBEKLMIA BO34yXa W 3HAYMTENbHO COKpallaeTr
BepTMKarnbHOe TennoBoe paccroexune. OTonneHne Bosayxa
B KOHTAKTE C HM3KOTEMMEPATYPHbIMW MOBEPXHOCTSIMM
CoKpaLLaeT He0OX0AMMOCTb YBIAXHEHUST BO3AyXa yryuLuas,
Takum 00pasoMm, KNMMaT NOMELLEHMS. DTOT TUM YCTaHOBKM
0CODEHHO MOAXOAMT Anst NoMelleHuid BonbluMX pa3MepoB
unu ¢ OonbLUOW BbLICOTOM, TakKMX Kak: MPOMbILLMEHHbIE
3[aHusl, CamnoHbl, LEPKBU, CMOPTUBHbIE 3asbl U T.40. Kpome
TOrO, WCMOMb30BAHWE HW3KOTEMMEPATYPHOTO MCTOMHMKA
Tenna (cpeaHss Temneparypa Boabl 35°C+45°C) cokpallaet
TENnoBoe pacceMBaHWe BOOMb  pacnpenenuTenbHbIX
Tpyb6onpoBogoB. OTCYTCTBME BHELUHMX HArpeBaTemnbHbIX
3I1IEMEHTOB NO3BONSET YBENNYNTL CBOOOAHOE NPOCTPAHCTBO
MOMELLEHWIA U M3bexaTb Co3OaHMs HULW NS pa3MeLLEeHNs]
paguaTtopoB. OTonNMTENbHbIE MAHENN MOTYT UCMOMNbL30BaATHLCS
Takke M ANng ocobblX MPUMEHEHWI, TakMX Kak: oTomnneHue
OOMbLIMX BHELUHUX Y4ACTKOB (BMagyKW, MOCTbI, MIOLWanKu,
B3NETHO-MOCAZOYHbIE  MOMOCHI), C  MPOTMBOMOPO3HLIMMU,
CHEr03aLUMUTHLIMW UM Pa3MOPaXMUBALLMMU (hYHKLMSIMMU.

Decreasing the room temperature by 1°C provides
the same level of comfort as fradifional systems and
at the same fime a reduction in energy consumption
of approximately 6%. Heating with radiant panels
does not creafte convective movement of warm air,
impeding the movement of dust with the consequent
absence of dark smudges on the walls in the vicinity of
the heat source (radiators). The broad radiant surface
ar low temperature, in fact, prevents the formation of
convective movements of air and considerably redu-
ces the vertical thermal stratification. The heatfing of
the air in contact with surfaces ar low femperature re-
duces the need for humidifying the air, thus contribu-
ting to increasing the level of well-being in the space.
This type of system is particularly desirable for spaces
with large volume or particular ceiling height such
as industrial buildings, convention centres, churches,
gyms, efc. The use of a low temperature heat source
(water, on average at 35°C-45°C) also reduces heat
dispersion along the distribution ducts. The absence
of oufer heating bodies makes it possible fo increase
the availability of space in the rooms and avoid the
need for radiaftor niches. Radiant panels can also be
used in special applications such as the heatfing of
large outdoor areas (viaducts, bridges, yards, airport
runways) for antifreeze, snow-melf, or defrosting fun-
ctions.
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PapnatopHble oTonuTenbHbIe YCTaHOBKU

Bnarogapsa npekpacHOW YCTOMYMBOCTU K BbICOKUM
Temnepatypam Tpyba Unidelta PEX w3 cwwuTtoro
nonmMaTuneHa MOXET MCMoMb30BaTbCA Takke W AnNs
co34aHus TPagULUMOHHBIX OTOMUTENBHBIX YCTAHOBOK,
paboTawmux Ha paguartopax. [eno B ToM, 4TO, Kak
yXe ObINIo CKa3aHo B OTHOLLEHUN BbIMyCKa CaHUTapHO-
TEXHWYECKMX YCTAHOBOK, MNpocToTa U ObicTpoTa
WHCTanmnauum UrparT OYeHb BaXKHYK pOrib, Kak Ans
OCYLLECTBIEHMS YCTAHOBKM NOCMeqoBaTeNbHOIO TUNa,
TaK 1 118 OCYLLECTBINEHUS KONNIEKTOPHOW YCTAHOBKM.

OxnagutenbHasa cuctema C OTONUTENbHbIMM
naHensamMm

YcTaHOBKM C  OTOMUTENbHLIMKM  NAHENsMU  MOTYT
MCMonb30BaThCA Takke W ONs JIETHEro OXNaxaeHus
30aHWI, MOTOMOYHbIE BEPCUM Nyylle NOAXOAAT Ans
BbIMOSTHEHWSA AAHHOW PYHKLUMM MMEHHO Gnarogapsi ux
MONOXXEHWI, KOTopoe BrnaronpusiTCTBYET TENNOOTBOAY B
nomeLeHnn. OBbIYHOSTU TUIIYCTAHOBKMUAOMOMHSIOTCS
cMcTeMamMm KOHAMUMOHUPOBAHMS BO3dyxa Tak, YToObl
naHenb BbINOMHsANa OGonblUyld 4YacTb  OLYyTUMOMN
TEMMOBOW Harpysku, a cuctema KOHOULMOHMPOBAHUS
BO3Ayxa OTBOAWMMA CKPbITYO TEMMOBYH Harpysky.
Pesynbrat: 6onbluasi sHepreTnydeckas appekTMBHOCTb
N BbICOKWIA YPOBEHb KOMpOpTa, KOTOPbI HEBO3MOXHO
OOCTUYb MPU OTAENbHOM MPUMEHEHUN OOHON U3 ABYX
YMOMSIHYTbIX cucTeM. pu oxnaxgeHun ¢ NMOMOLLbIO
OTOMUTENbHbLIX MaHenen 6e3 NPUMEHEHUS CUCTEMBI
KOHAMLIMOHMPOBaHUSI BO3AyXa BaXKHO yCTaHaBnvBaTb
MUHMMarbHYO TemnepaTypy B 3MeeBUKE, 4TOObI
n3dexatb obpasoBaHMs KOHAEHcaTa Ha Moy unu
Ha noTonke. [lo STOM MpPUYMHE MOBEPXHOCTHAs
TemMnepaTypa NaHenu He [OOkHa ObiTb HMXKE TOYKM
pOCbl B MOMELLEHMIN: NP TEMMEPATYPE OKpyKatoLLen
cpenbl paBHon 30°C 1 oTHocuTenbHOM BriaxkHOCTH 50%
TemnepaTypa, Npuv KOTOpol obpasyeTcsl KoHaeHcaTt
(Touka pochbl), paBHsieTcs, npumepHo, 18.5°C. U
HaobopOT, eCcrvycTaHOBKa COTOMUTENbHBIMUNAHENSIMU
COYETAETCS C CUCTEMOW KOHOULIMOHMPOBAHUS BO3AyXa
W, cnegoBaTenbHO, C CUCTEMON yaareHus Bnaru u3
BO34yxa, TO OMacHOCTb 0bOpa3oBaHWs KOHAeHcaTa
MeHbLLE 1 TeMNepaTypa BoAbl B BMEEBMKaX NOTONOYHON
YCTaHOBKUN MOXET OblTb 3HAUMTENBHO HIKE.

2.

Radiator heating systems

Thanks fo its excellent resistance fo high temperatures,
the Unidelta PEX pipe can also be used for installing
fraditional heating systems with radiators. In creating
both series and manifold systems, similarly to the in-
stallation of sanitary systems, simplicity and speed of
installation play a fundamental role.

Cooling system with radiant panels

Radiant panel systems can also be used for sum-
mertime cooling of buildings. Ceiling panels are the
most suitable for this application due to their position
that favours the subfraction of heat from the room.
Generally, these types of systems are infegrated with
air-conditioning systems so that the panel eliminates
the majority of the sensitive thermal load and the air-
conditioning system the latent thermal load. The result
is greater energy efficiency and a level of comfort
that cannot be achieved with either of the two sy-
stems used independently. In the case of cooling with
radiant panels without the aid of an air-conditioning
system, it is important fo establish the minimum fem-
perature of the water inside the coils in order to pre-
vent the formation of condensate on the floor or on
the ceiling. For this reason, the surface temperature
of the panel must not be less than the dew point fem-
perature of the ambient air. With ambient air at 30°C
and relative humidity of 50%, the femperature at
which condensate forms (dew point temperature) is
about 18.5°C. On the other hand, if the radiant panel
System is combined with an qir-conditioning system,
and thus a system of dehumidification, the danger of
condensation is lessened and the temperature of the
water in the coils of the ceiling system can be further
reduced.
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. KoHTponb kayecTBa

[na rapaHTUM BbLICOKOrO Ka4yecTBa M HaOEXHOCTU
npoaykumm komnaHms Unidelta BbinonHseT crporve
npoBepknTpybblPEXu3cmtorononnatuneHa. Kaxagpin
MeTp TPyObl MOCTOSIHHO KOHTPOSIMPYETCH C MOMOLLBHO
OATUYMKOB U 3MNEKTPOHHbIX cucTteM. Hmxke npuBoasTcs
HEKOTOpble  MPOBEPKM, KOTOPbIM  MOABEpraeTcs
KOHEeYHasi NPOAYKUUS U NPOM3BOACTBEHHBIN NPOLEecC.

MpoBepka pa3mepoB

Bo Bpems npor3BoacTBa MOCTOSTHHO KOHTPOMNMPYHOTCS
xapaktepuctukn pasmepoB Tpyb Unidelta PEX wu3
CLUATOrO MOMMAaTUNIEHA, WCMONb3ys chneuunanbHble
ONTUYECKME N YNbTPa3BYKOBbIE MHCTPYMEHTHI. Kpome
TOro, onepaTop NepPMOAMNYECKN BbIMOMHAET NPOBEPKY,
4TOObI pa3mepbl TPpyObl COOTBETCTBOBANM [OMYyCKaMm,
KoTopble OblMn  onpederneHbl B HOPMAaTUBHbIX
NMOCTaHOBIEHUSIX.

MpoBepka napameTpoB npouecca

Ha  npousBOOCTBEHHOW  NMHWM  BbIMOJSHSAETCSA
TLlaTenbHaa NpoBepka BCeX NapamMeTpoB npolecca
C TOMOLUbI0  CBEPXCOBPEMEHHbIX  3MEKTPOHHbIX
npubopoB. Bce aaHHble coxpaHsiioTcs B 6a3e AaHHbIX,
YTOObI NPU XKernaHUM NX MOXHO Obifio HaNTU.

MpoBepku nop gaBneHnem

O6pa3supbl Tpy6 NpoxoasT NPOBEPKM HA FepMETUYHOCTb
nod [OaefeHVeM Mpu  pasfu4YHblX TemnepaTtypax.
Tpy6bl cuMTalOTCH MPUFOAHBIMA K UCMOMNb30BaHMIO,
€CNM  OHM  YCMELWHO MpOWfM  UChbITaTeNbHble
YCIOBUS, YCTAHOBMEHHbIE B CTPOrMX HOPMAaTUBHbIX
NOCTaHOBIEHUSIX.

OnpepeneHue cteneHn cwuBaHua PEX (cwwuTtoro
nonuaTuseHa)

CreneHb cwmBaHua PEX (cwwutoro nonuatuneHa)
onpefgensercs C MOMOLLbIO NPOUEAYpPbl  BbITSAXKA
pacteBopuTenem. [Ons  CLUMTOrO  MONMITUNEHa
¢ cunadHamum (PEX-b) rapaHTupyeTca cTeneHb
cwuBaHua 6Gonee 65%, Takum o6pasom, 4TOObI
CLUMTBIN NONM3aTUIEH nmen Tpebyemble MexaHn4eckne
XapakTepUCTUKN.

OnpepeneHve NpoaosibHOM ycaaku

CeonctBa TpyObl onpegenstoTcss  NOCPeacTBOM
HarpeBa B neuyn npu 120° B TedeHMe OAHOro vaca.
Tpyba cumtaeTcsi MPUrOQHOW K 3KChnyaTauuu, ecnwu
OTKIMOHEHWs1 pa3MepoB He npeBbIwakT 3%.

MpoBepka cbipbA

dusnyeckme XapaKTePUCTUKM NOSIMMEpPHbIX
maTepvarioB NPoOBEPSIOTCS NPU NMOCTYNNEHUA U UMEHT
cepTudmKaT nocTaBLUMKa
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Quality control

To guaranfee opfimal qualify and reliability of the
product, Unidelta submits PEX pipe to strict and
rigorous confrols. Moreover, the entire production
process is constantly monifored by means of
sophisticated electronic sensors and systems. Some
conftrols carried out on both the final product and the
production process are described below.

Dimensional control

During production, the dimensional caracteristiques
of the Unidelta PEX pipe are consfantly checked
using special optical and ulfrasound instruments.
Additionally, at regular intervals of time the operator
checks that the dimensions of the pipe are within the
tolerances defined by the standarads.

Control of the process parameters

On the production line, a meticulous control of all the
process parameters is carried out using sophisticated
electronic instruments.

All data is saved on the database for historical
fracing.

Pressure tests

Pipe samples undergo tests of seal under pressure at
differenfes femperatures. They are considered suita-
ble for use if they satisfy the fest conditions defined by
rigorous standards.

Determination of the degree of PEX crosslinking
The degree of crosslinking of the PEX is determined
by means of the procedure of extraction with solvent.
For polyethylene crosslinked with the silane method
(PEX-b), a degree of crosslinking greater than 65% is
guaranteed so that the PEX possesses the required
mechanical characteristics.

Londitudinal reversion

Pipe behaviour is evaluated using an oven heated at
120° for an hour. The pipe is considered suitable if the
size variation is <3%.

Control of raw materials

The physical characteristics of the polymer materials
are confrolled upon reception and are certified by
the supplier.
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Ceptudukartbl KayecTBa

Tpybbl n3 cwutoro nonuatuneHa Unidelta 6binn
uchbiTaHbl M Mmonyuunu  ogobpeHue  BaXHbIX
MeXAYHapOOHbIX MHCTUTYTOB cepTudmKaLmm.

Cucrtema kayectBa Unidelta umeet ceptudukar UNI

4.
. Quality certifications

Unidelta PEX pipe are fested and approved by major
cerfification agencies.

Unidelta’s own quality system is certified to UNI EN ISO
9001:2008.

EN ISO 9001:2008.
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5.1
BBepeHue .

Monumep — 9TO Makpomorekyna, coctoswas u3
fonbLioro konmyectsa 6a30BbIX €4MHNL, MOHOMEPOB.
BakHble C TEXHUYECKOW TOYKU 3pEHUS NONMMepbI Obinu
KnaccudumumpoBaHbl Ha OCHOBaHUU UX PU3NYECKUX
XapaKTepUCTUK:  CyLLEeCTBYIOT TepmonnacTu4eckue
nonvmmepsl (nnactomepsl), anacTomepbl n
TEepPMOpEaKkTMBHble  nonuMmepbl  (peakTonnacThbl).
MonuatuneH — 3TO TepMONnacTUYecKUn mMatepuarn,
COCTOSILLMIA N3 MHOXECTBA 4pe3Bbl4alHO AJIMHHbIX
Monekyrn. [Jaxke Npu He O4eHb BbICOKMX TEMMepaTypax
(ewé Hwxe TOYKM MMaBMneHusl) matepuan HavyvHaeT
obnagaTe  3HAYUTENBbHOW  CTENEHbK  TEKyYecCTu.
CnepoBaTtenbHO, MpeKkpacHble  KayecTBa  3TOrO
MaTepuana orpaHm4MBaloTca paboyen TemnepaTypon.
B npouecce cwuBaHMa MOMEKymnbl MONUITUMEHA
coeguHsiloTcs  BMecTe pfAns  obpasoBaHus Gonee
CMNOXHOW  TPEXMEPHOW  CTPYKTYpbl:  XUMMUYecKas
peakumsi ClUMBaHWs  MpeBpaljaeT  MNpoaykT 13
TepMOMMacTU4eCKoro B TEpMOPEaKTUBHbIN. MaTtepuan
nogBepraeTcd CTPYKTYPHOMY MW3MEHEHUI0, KOTopoe
yryyllaeT Takne XapaKTepUCTUKU, Kak: YCTOMYMBOCTb
K abpasnBHOMY M3HOCY, XMMUYeCcKasa yCTOMYMBOCTb U
MexaHu4eckasi yCTOMYMBOCTb BO BPEMEHN.

Mpn cwmBaHMM CcTeneHb TEKy4YeCcTM 3HAYUTENBHO
CHWKAETCA W 3KCnIyaTaluWOHHbIE XapaKTepUCTUKM
mMatepuana 3HauduTenbHo ynydwatorcs. Kpome atoro
yRyYLIEHUS 3KCNyaTauNOHHbIX Ka4eCTB Npu BbICOKMX
TemnepaTtypax, CLWMWTbIA MONUITUMEH COXPaHSET
npekpacHble XapakTepUCTUKM  TEepMOMMIacTU4EeCKUX
MaTepuanos.

MonuaTuneH HuKorga MOMHOCTBI HE  CLUMBAETCH,
MOTOMY YTO 3TO MOXET CAeNaTtb €ro CMLLKOM XPYMNKUM
N NoABEpXXEHHbIM PacTPECKMBaHUIO NOA OENCTBUEM
HanpshkeHusa. HegoctaTtovHoe clumBaHWe, Haobopor,
MOXET He MPMBECTM K HEOOXOOMMOMY YIy4LUEHWHO
3KCMyaTaUMOHHBIX XapaKTepPUCTUK MO CPaBHEHMWIO C
6asoBbiM nonuatuneHoMm. CriegoBatenbHo, 3agjadva
3aKMOYAETCA B HaxOXOEHWW CTEMNeHU CLUMBaHUS,
KoTopas Obl siBMsnacb NpaBUibHBIM KOMMPOMMCCOM
Mexay MeXaHW4YeCKONW MPOYHOCTbIO W TMOKOCTBIO,
HeoOXxoOMMOW AN NPUMEHEHUS NpodykTa, Hapsgy C
3TMM NpefoTBpaLlas pacTpecknBaHve nog AeNCTBUEM
HanpshkeHns. B 3aBMCMMOCTM OT  BbINOMHAEMOrO
TMNa npolecca CLUMBaHWUS CTEMEHb CLUMBAHUS MOXET
MeHsTbes oT 60% 00 89%.

5.1
Introduction

A polymer is @ macromolecule composed of a high
number of basic structural units, which are called
monomers. The tfechnically important polymers are
classified according fo their physical characteristics:
thermoplastic (plastomers), elastomers, and thermo-
seffing (duromers). Polyethylene is a thermoplastic
material composed of numerous long-chain mole-
cules. Even at moderately high tfemperatures (though
below the melting point), the material begins fo have
a significant degree of fluidity. The excellent qualities
of this material are therefore limited by the working
temperature.

With the process of crosslinking, the molecules of
polyethylene bind fogether to form a more complex
three-dimensional structure: in fact, the chemical
reaction of crosslinking fransforms the product from
thermoplastic into thermosetting. The material under-
goes a structural modification that improves its cha-
racteristics, such as resistance fo abrasion, chemical
resistance, and mechanical resistance over fime.
With crosslinking, the degree of fluidity is considerably
reduced and the performance features of the ma-
terial are significantly increased. In addifion fo this
increased performance at high temperatures, cros-
slinked polyethylene maintains the excellent proper-
ties of thermoplastic materials.

Polyethylene is never crosslinked completely becau-
se this would make it foo fragile and subject fo stress
cracking. Insufficient crosslinking, on the other hand,
may not provide the increased performance desired
with respect to the base polyethylene. The objective is
therefore to find the degree of crosslinking that produ-
ces the best compromise between mechanical resi-
stance and the flexibility necessary for using the pro-
duct, while eliminating sfress cracking. In relation to
the tfype of crosslinking process adopted, the degree
of crosslinking can vary between 60% and 89%.



5.2
MeToab! clunBaHuma

CylLeCTBYIOT ~ pasniyHble  TeXHONOorMM ANl CLUMBAHMS
MonMaTUrEHa, OAHAKO, MOCKONbKYy NONMWITUNEH He WMeeT
(DYHKUMOHATbHBIX  TPYNM €O CMOCOBHOCTAMM  CLUMBAHMS,
HeobxoanmMo Jo6aBUTL K MaTepuany eLlé ofuH KOMMOHEHT.

A. TepoKcUaHbI MeToq,

OKCTPy3nsi MpoucxoguT npu Temnepatypax Himke 160+170°C,
4TOBbl NMEPOKCMABI, CMELIAHHbIE C MONUSTUIIEHOM, HE CTamnu
pasnaratbCsl W He Hayanm NpexneBpeMeHHOe CLUMBAHWE; 3T0
MPVUBOAMT K HU3KOW CKOPOCTW MPON3BOACTBA U O4EHb BbICOKOMY
faBneHuio nnaenenns. ClumBaHWe Bcerga MNPOMCXOAWUT Ha
NWHWKM, HO nocre 3aTama kanmubposku TpyObl, mponyckas
9KCTPYAMPOBAHHOE W3Jenve Yepes kamepbl C TEMNepaTypon
220+230°C, npn aTux TEMnepaTypax HauMHaeTCs XMMUYECKUI
npouecc ClwuBaHus. MuHUManbHoe [OMyCTUMOE 3HaYeHue
CTEMeHn ClUMBaHWs Npu fgaHHoM MeToge coctaenseT 70%.
CWnTBIR  NOMW3TUMNEH, BLIMOMHEHHBIA € UCMONb30BaHUEM
nepoKcuaHoro Metoaa, HasblBaeTcs PE-Xa.

B. CunaHoBbIl MeToq

CwwuBaHne NpOMCXOAWT MPU CO3OAHUM XUMUYECKUX CBSI3EN
13-32 NMPUCYTCTBUS CUNAHOB. [JaHHbI NMPOLECC BLINOIHSAETCS
4aCTU4HO Ha 3Tame 3KCTPY3WW, HO B OCHOBHOM Ha BTOPON
CTaguw, KoTopas 3aKri4yaeTcs B pacrnonoxeHun Tpyd B Buge
CTEP)XHEN UNK PyroHOB B pe3epByape C BOAOW C TeMnepaTypo
ot 70°C po 95°C. MNpouecc clumMBaHWs NpMBOAMTCS B AEWCTBUE
BMaXHOCTbIO 1 BbICOKOW TeMMepaTypoil U YCKOpSIETCS NyTEM
pJobaBkM K CLUMTOMY  MOMMSTWUNIEHY  COOTBETCTBYHLLETO
karanusaropa. B gaHHoM cnydyae, MUHMManbHOE JOMyCTUMOe
3HaYeHMe CTEeNeHW CluMBaHWUs cocTaBnsieT 65%. CwuTbin
NONWUATWNEH, CAENaHHbIA C  WCMOMb30BAHWEM CUIAHOBOMO
meTtofa, HasbiBaetcst PE-Xb.

C. PagnaunoHHbI MeTop,

OTO npouecc CLUMBaHWS (PU3MYECKOTO TWUMa, SBNSHOLLMIACS
pe3ynsTaToM MPUCYTCTBUSI WCTOYHWMKOB, KOTOpblE U3MnyyarT
3MEKTPOMArHUTHbIE BOMHbI, paguauyv vy («sAepHblin» MpoLecc),
U XECTKMX 3MNEKTPOHOB, paauaumn B (mpouecc obrnyyeHus
anekTpoHamu).  MuwHMManbHoe  [JOMYyCTMMOE  3HaueHue
cTenenn cumsaHua coctaensieT 60%. CLuMTbIA MONMITUNEH,
BbIMOMHEHHBIN C MCMONb30BAHWEM pPaMaLMOHHOTO METOAa,
HasblBaeTca PE-Xc.

Kakown meTop nyywe?

CyLLeCTByeT MHOTO MHEHUA O TOM, KakOil MpOLEecC CLUMBaHWS
NPOU3BOAMT NyyLumne Tpyobl.

KauecTBo Tpybbl He 3aBMCUT OT METOZIA CLUMBAHWS, @ OT CMOCOBHOCT
NPOWTH (PU3NYECKNE U MEXAHUYECKWNE MCTIBITAHMS, YCTAHOBMEHHbIE
B HOPMaTWBHbIX MOCTAHOBMEHMSIX. [MaBHbI apryMeHT [OmKeH
KOHLIEHTPVMPOBATLC Ha BO3MOXHOCTW fenatb Tpybbl M3 CLUMTOrO
nonuaTMneHa B COOTBETCTBAM C TpebOBaHWAMM HOPMATUBHBIX
MOCTaHOBIEHMIA, OTHOCALLMXCA K KaXOOMY ONMCAHHOMY BbiLLE METOZY.
TpyBbl MOryT BbIMyCKATLCS B COOTBETCTBIM C Pa3HbIMU HOPMATHUBHBIMM
MOCTaHOBMEHMAMM, HO HE3aBWUCMMO OT METOAA CLUMBAHMS OHW BCE
BOMKHbI YCMIELLHO MPOWTM CEPUK0 MHOTOUMCIIEHHBIX 1 OTBETCTBEHHBIX
ncnbiTaHui, Ybi TpeboBaHMs BkMiovaloT B cebs  matepuans,
NPOM3BOLCTBO, Pa3Mepbl, AOMYCKM, UCTbITAHNS Ha MPOYHOCTb MO
AaBneHreM 1 T.4. 370 nyyLumii cnocob Ans onpeaeneHns kayecTsa u
KCTIyaTaLMOHHbIX XapaKTePUCTUK TPyObl.
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5.2
Crosslinking technologies

There are various technologies for obfaining polyethylene
crosslinking, but, as polyethylene does not have functio-
nal groups that have crosslinking capacity, it is necessary
to add another component fo the material.

A. Peroxide method

The extrusion takes place at femperatures lower than
160-170°C fo prevent the peroxides mixed with the
polyethylene from decomposing and starting the cros-
slinking prematurely; this means low production speeds
and very high melting pressures. The crosslinking occurs,
still in line but affer the phase of pipe calibration, by pas-
sing the extrusion through chambers at femperatures of
220-230°C, temperatures at which the chemical process
of crosslinking begins. The minimum requirement for the
degree of crosslinking with this method is 70%. Polyethy-
lene crosslinked with the peroxide method is known Qs
PE-Xa.

B. Silane method

The crosslinking takes place with the creation of chemi-
cal bonds due to the presence of silanes. This process
takes plate in part during the extrusion phase but mainly
in a second stage that consists of placing the length or
the coils of pipe in a hot water bath af a femperature
between 70°C and 95°C. The crosslinking process is ac-
tivated by the humidity and temperatfure and is acce-
lerated by the addition to the PEX of a suitable catalyst.
In this case the minimum requirement for the degree
of crosslinking is 65%. Polyethylene crosslinked with the
silane method is known as PE-Xb.

C. Radiation method

This is a physical fype crosslinking process due fo the pre-
sence of sources that irradiate electromagnetic waves,
yrays ("nuclear” process) or at high-energy electrons, B
rays (“electron bombardment” process). The minimum
requirement for the degree of crosslinking 60%. The
polyethylene crosslinked with the silane method is known
as PE-Xc.

Which is the best method?

A lot of discussions have been held on which cross-linking
process produces the best pipe.

The quality of the pipe does not depend on the cross-
linking process but on its ability fo pass standard physical
and mechanical fests. The principal discussion should be
focused on the ability to manufacture a PEX pipe ac-
cording fo standard requirements for each cross-linking
method described above. Pipes can be manufactured
according fo various standards; however, regardless of
the cross-linking method, the pipes must pass several de-
manding tests with requirements covering also materials,
production, dimensions, folerances, pressure resistance
test, etfc. This is the best way to evaluate the quality and
performance of a pipe.
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5.21
NbHOe onucaHne CMNaHOBOro Me

Tpy6bl Unidelta PEX wu3 cwutoro nonuatuneHa
CAenaHbl C UCnonb3oBaHneM cunaHosoro metoaa (PE-
Xb). Ncnonb3dyembin NOMMITUNEH — 3TO CLUMBaEMbI
C nonuaTuneHoMm rpadpTcononMmep cunaHa. [ns
YCKOPEHMs 3Tana CLUMBaHWS Mexgy Lenovkamu
nonuatuneHa pobaensieTcs COOTBETCTBYHLLMN
KaTanusaTop

5.21
The silane method in detail

The Unidelta PEX pipes are made of polyethylene cros-
slinked using the silane method (PE-Xb). The polyethy-
lene used is a copolymer that is crosslinkable by graf-
ting silane onto the polyethylene. A suitable catalyst is
added to accelerate the phase of crosslinking on the
chains of polyethylene.

PucyHok 5.1 - Monekyna cunaHa, coeqMHEHHAsA C MOMEKYIO NoNUaTuneHa
Figure 5.1 - Silane molecule grafted onto the polyethylene molecule
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ClumBaHue BbINOMHSAETCS, Korga TpyObl, BbiNyckaemble
B py/floHax WM B BUOE CTEPXHEN, MOrpyxawTcs B
pesepByapbl C Bogow npu Temnepatype 70-95°C.
Monekynbl BoAbl pacnpoOCTPaHSATCS BHYTPU CTEHKM
TpyObl W, BCTynas B peakuuto C COMONIMMEPOM,

The crosslinking takes place when the pipe produced
in coils or in lengths is immersed in a hot water bath
at a temperature of 70-95°C. The water molecules
diffuse inside the wall of the pipe and, reacting with
the copolymer, form hydroxylic groups on the lateral

00pa3yloT MApPOKCUmbHbIE Tpynnbl  Ha OGOKOBbLIX chains of silane (hydrolysis).
Lenoykax cunaHa (rmgponms).
PucyHok 5.2 — Peakuus clumBaHus
Figure 5.2 - Crosslinking reaction
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5.2.1

[Janee rMgpoKcurbHblE TPYNMbl BCTYNAOT B peakuuo
mexay coboii, 06pa3ys CunaHoBbIE NEPEMbIYKN MEXAY
GOKOBbIMU LIEMOYKAMU W, CrefoBaTenbHO, MeXay
MoriekynamMu nonmatureHa (clumsaHue).
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5.2.1

Subsequently, the hydroxylic groups react among
themselves, forming silane bridges between the la-
teral chains and thus between the molecules of
polyethylene (crosslinking).

PucyHok 5.3 — MoneKkynbl nonuaTuneHa, cBi3aHHble CUITAaHOBOM NepPeMbIYKON
Figure 5.3 - Polyethylene molecules bound by means of silane bridge
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Mockonbky Ons kaxgon OGOKOBOW LEMOYKM CcunaHa
UMeITCH TpU KoHeuHble rpynnbl —OR, kaxaas ns Hux
MOXET COeaMNHATLCS C APYrMMm GOKOBBIMM LiEMOYKaMu,
COEAMHEHHBIMN C TaKUM >Xe KONMUYECTBOM MOMeKyn
nonuatuneHa, obpasys TPEXMEPHYH  CTPYKTYpY.
KOHeuHbI NpoAyKT — 3TO CLUUTbIA MOMUITUMEH C
nomowbto cBsizen —Si—O-Si— , kKOTopble MO CBOEW
npvpoae MMEKT Ype3BbIHaNHO OOMbLLYHO CUIY CBS3U.
[MockonbKy ClUMBaHME OCYLLECTBRSETCA BCMNeAcTBME
anddy3nm Monekyn BoAbl B CTEHKe TpyObl, Bpems,
HeobxoaMMoe AOns 3aBeplUeHust npolecca, 3aBUCUT
OT BpemeHn auddysun. Yem Bblle TemnepaTypa
BOAbl npouecca CluMBaHUs, TEM Bbille CpeaHss
Temnepatypa MorpyéHHbix Tpyb. [Mockonbky npwu
yBenuyeHun TemMnepaTypbl NONNITUNEH pacLuupseTcs,
COKpaLLlaeTcsi ero NOTHOCTb U YBENUYMBAETCS YPOBEHb
anddysnm BHYTpU Hero Boabl. CnefoBaTenbHO, YeMm
BblLLe TeMnepaTtypa CLUMBaHUS, TEM MEHbLLIE BpEMEHU
TpebyeTcs Ansi 3aBepLUeHMs nNpoLecca clumMBaHus. Yem
HonbLue TonwmHa Tpyb, Tem Gonblle BpeMeHU 3aiMeET
anddysns n, cnepoeartenbHo, Heobxogumo GornbLue
BpemMeHn ana cwuBaHusa. CLlMTbIA  NONMUITUIEH,
B pe3ynbrate 3TOr0 XMMUYECKOro npeBpaLleHus,
CTaHOBUTCA  TEpPMOpPEeakTUBHbIM  Marepuariom U
obrnagaeTr HeKoTopbIMM OCOObIMM XapakTepucTUKamm
B OTMYME OT TPaAAULMOHHLIX TEPMOMNACTUYECKNX
mMaTepuanoB (0ObIYHLIA NOMMITUNEH, NONMUMNPONUIIEH,
nonnbyTuneH): 6onbLUel YCTOMUYMBOCTBIO K CTapeHuto
BO BpeEMEHW U nyyvywmmmue IKcnnyaTaunmoHHbIMU
XapakTepucTukamu npu BbICOKUX TemnepaTtypax.

Given that at each Ilateral chain of silane there are
three terminal groups —OR, each of them can join with
other Iateral chains affached to further polyethylene
molecules, forming a three-dimensional structure.
The final product is crosslinked polyethylene by means
of -Si-O-Si- bonds that by nature have an exfremely
high bond strength.

Since the crosslinking takes place subsequent fo the
diffusion of the molecules of water in the wall of the
pipe, the time necessary to accomplish the process is
linked fo the diffusion time. The higher the femperatu-
re of the water in the crosslinking process, the higher
the mean temperature reached by the immersed
pipe. As the polyethylene expands with the increasing
temperature, its density is reduced and the level of
diffusion of the water inside it increases. Therefore, the
higher the temperature of crosslinking, the less time
necessary for completion of the crosslinking process.
The greater the thickness of the pipe, the greater the
time of diffusion must be, and therefore the fime ne-
cessary for crosslinking. Following this chemical tran-
sformation, the crosslinked polyethylene becomes a
thermosettfing material and presents certain particu-
lar characteristics compared fo fradifional thermo-
plastic materials (normal polyethylene, polypropyle-
ne, polybutylene): greater resistance to aging in the
long term and greater performance at high fempe-
ratures.



(_ﬂllnELTA

5.3
PaKTepUCTUKM U NpeuMyLLecT

5.3
haracteristics and advantage

[MaBHbIE CbVI3VIKO-MeX8HVI‘-IeCKVIe CBOWCTBa CLUMTOrO
nonnaTuiieHa onncaHbl B CJ'IGAYIOLLI,GVI Tabnuue.

The main physical-mechanical properties of the PEX
are summarised in the table below.

Ta6bnuua 5.1 - Pu3nko-MexaHU4eckme CBOMCTBa CLUMTOro nonuatuneHa PEX
Table 5.1 - The physical-mechanical properties of the PEX

TexHUYeckue xapakTepUCTMKN cLuMToro nonnatuneHa PEX MeTop Eaunnubl usmepenus | 3HaueHune
PEX technical Characteristics Method Unit Value

O6bémHas macca npu 23°C

Density ot 23°C ISO 1183 Kg/m
WHpexc tekydectn npy 190°C, Bec 5 kr (MFR 190/5) )
Melt flow rate at 190°C weight 5 kg (MFR 190/5) RO T133 9/10min 125
WHpekc Tekyyectu npu 190°C, Bec 2,16 kr (MFR 190/2,16) .
Melt flow rate at 190°C weight 2,16 kg (MFR 190/2,16) RO T133 9/10min 40
YanvHeHue npu Tekyydectu (23°C, 50 MM/MUH) o
Tensile strain at yield (23°C, 50 mm/min) SO SR, <2 * 10
Hanpsi»keHue npu Tekydectu (23°C, 50 mm/MuH)

| 27-1, -2 MP 2
Tensile stress at yield (23°C, 50 mm/min) 505 a 6
Mopgynb npu pactskeHun (23°C, 1 MM/MUH)
Tensile Strenght at break (23°C, 1 mm/min) 015271, -2 Mpa 1100
Wcnbitanne no Wapnm (23°C) 2
Charpy V-notfch impact strenght (23°C) BO 179 Kljm 5.0
TeépmocTtb no LWopy (LWop D, 3 cek)

| - 2
Shore hardness (shore D, 3 sec) SO 868 6
TeeppocTb no BpuHennio (H 132/30)
Ball indentation hardness (H 132/30) O 2039-1 Mpa 50
Temnepatypa pasmsiryenust Bukat [A50 (50°C/4, 10N)] SO 306 o 125
Soffening point femperature Vicat [A50 (50°C/h, 10N)]
Temnepartypa pasmsiryenusa Bukat [B50 (50°C/4, 50N)] SO 306 o 70
Softening point temperature Vicar [B50 (50°C/h, 50N)]
YaoenbHasi TennoémkocTb npu 23°C

- KJ/Kg-K 1,92
Specific heat at 23°C kg
Tennosasi NPOBOAMMOCTb
Thermal conductivity ) WIn-K) 0.38
KoadhdpunumeHT nmHenHoro paclumpeHns ASTM D 696 K 1.9-10%

Linear thermal expansion coefficient



5.3

Ha gwnarpamme 5.1 cpaBHMBalTCA KpuUBble
perpeccumn cwutoro nonmatuneHa (PEX) ¢ KpuBbiMu
nonunponuneHa (PP-R), apyroro matepuana, KoTophbii
npuMeHseTca ans BbiMycka TpybonpoBogoB Ans
rMOpO-TEPMO-CaHTEXHNYECKUX MPUMEHEHNI.
MexaHnyeckass MNPOYHOCTb CLUMTOrO MNOMUITUNEHA
nmeetr Oonblyk CTabunNbHOCTE BO BpPEeMEHU Mo
CPaBHEHUIO C MOMUMPOMNUIIEHOM M Ha €ro KpuBbIX
perpeccmm oTCyTCTBYET KIAcCUYECKOoe «KONEeHOo» Mpu
BbICOKMX TemnepaTtypax, a MMEHHO TO4ka, KoTopas
obo3HavyaeT ObiCTpoe yxydweHue U3NYECKMX
XapaKTepucTuk (CtapeHue).

IDELTA

5.3

Diagram 5.1 compares the regression curves of Cross-
linked polyethylene (PEX) with those of polypropylene
(PP-R), another material used to manufacture pipes
for hot water and heating systems.

The mechanical strength of PEX is stable through fime
at very high temperatures and does not “bend” at
high temperatures, which indicates a sharp decline
in properties (ageing).

Avarpamma 5.1 — TunuyHble KpuBbie perpeccun nonunponuneHa (PP-R) n cwutoro nonuatunexa (PEX)
Diagram 5.1 - Typical regression curves of polypropylene (PP-R) and cross-linked polyethylene (PEX)
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5.3

CyuiecTByeT MHOXecCTBO npemmyliects Tpyd Unidelta PEX
13 CLUMTOrO NOMNSTUIEHA:

YCTOMUYMBOCTb K XMMNYECKOM U 3NEKTPOXMMUYECKON KOPPO3UM
Cwwutbim  nonmatvneH PEX obnagaer  npekpacHon
YCTOMYMBOCTBIO, KaK K KWUCIOTaMm, Tak M K LienoyYam W,
cnenoBaTenbHO, OH MOXET WCMONb30BaThCs ANS Mnodayu
MHOFOYMCIIEHHBIX ~ XMMWYECKMX BELLecTB, He  pUCKys
ocrnabneHneM CBOMX PU3NKO-MEXAHUYECKNX XapaKTEPUCTUK.
NMockonbKy cwmnTbin nonuatuneH PEX sdBnsetcs nnoxum
MPOBOOHMKOM  3MEKTpUYecTBa, OH He MoaBepraercs
BO3OEWCTBMIO  paspyllalolWwmx  SBMEHWA,  BCMeACTBME
npucyTcTBKS By>KOalowWwyx TOKOB, KOTOPblE, B MPOTVBHOM
crnyyae, MOryT CTaTb MNPUYMHOM nepdopaumm cucTem
MeTannmyecknx Tpy6onpoBoaoB.

B rmase 16 npuBogutCs oOMUCaHMe COBMECTUMOCTM C
pasHbIMM XMMUYECKUMU BELLEECTBAMM.

YcTonunBoCcThb k abpa3vBHOMY M3HOCY

Tpyb6a Unidelta PEX 43 cwutoro nonuatuneHa uMeeT
BbICOKYI0 YCTOMYMBOCTb K abpasvBHOMY M3HOCY Aaxe npw
BbICOKOM CKOPOCTM MOTOKA XMAKOCTW, 3Ta XapaKTepucTuka
fenaer Tpyby nooxogswen ANA nepemeLleHus TBEPAbIX
BeLLECTB B BOAE WM s onepaumii no cMeHe dyTepoBku, Tak
KaK Mpu 9TOM BHELLUHWE CTEHKM TPyObl TPYTCS O BHYTPEHHME
CTeHKV BOCCTaHaBMBaemoro Tpybonposoga.

OTcyTcTBME HanéTa U rpubkoB

LLlepoxoBaToCTb  BHYTPEHHEW CTEHKM Tpyb, KoTOpble
MOSHOCTBIO CAENaHbl U3 MeTanna, NPUBOAWT K 0Opa3oBaHmo
Hanéta W, cnegoBaTenbHO, K YMEHbLUEHWO MPOXOLHOrO
ceyeHnss Tpybel. W HaobopoT, npenenbHas MNoOMMpPOBKa
BHYTPEHHeW noBepxHocTu Tpyobl Unidelta PEX n3 clumtoro
MONM3TUNIEHA  3HAYUTENbHO  CHWKAET  BO3MOXHOCTb
06pa30BaHKs 3aKynopoK Mo NpuynHe obpa3oBaHus HanéTa
Unu rpubKoB.

Hu3koe 3HaYeHWe nNoTepb Harpy3ku

BHyTpeHHsis  noBepxHocTb  Tpy6 Unidelta PEX wu3
CLUMTOTO MOMUITWIIEHA, MO CPaBHEHWIO C MOBEPXHOCTbIO
MeTannmnyeckmx Tpy6, OTNNYaeTcs BbICOKOM OAHOPOAHOCTbIO
113-3a OTCYTCTBUSA 3ayCEHUL, U MOPUCTOCTYU M XapaKTepuayeTcs
YpesBbl4aHO Manon wepoxoBatocTbio (k=0,007 mm).
[JaHHas XxapakTepucTuka MO3BOMSET MOMYYUTb BbICOKYHO
MPOMYCKHY0 CNOCOBHOCTb NMPU ManblX NOTEPSX HArpy3ku.

Huskuii ypoBeHb Wwyma
Cpeon xapaktepuctuk Tpy6el Unidelta PEX u3 cwwutoro
MONU3ITUMNEHA, BbICOKUIA KOSMMULMEHT 3BYKOBOW U30MSALUM.
Cwwutbit nonuatuneH PEX CUIbHO CHIDKAET YPOBEHb LUyMa
BO Bpemsi paboTbl TpybomnpoBoza, [axe npu Hammyum
rMOPaBNMYECKNX YOapOoB.

HeTokcnuHocTb

C TOYKM 3peHWst TUMMEHWYHOCTM W TOKCMYHOCTKU Tpyba
Unidelta PEX u3 clwuTOoro nonuatuneHa nogxoauTt Ans
nogayn NMUTLEBOW BOABI U MULLEBLIX XUAKOCTEN, NOCKOMbKY
OHa cooTBeTcTBYeT TpeboBaHMAM Hambornee CTpPOrux
HOPMAaTUBHbIX MOCTAHOBMEHWIA.

5.3

The advantages of the Unidelta PEX pire are differents:

Resistance to chemical and electrochemical corrosion
PEX has excellent resistance to both acids and bases,
SO can be used for fransporting innumerable chemi-
cal substances without the risk of reducing its physical-
mechanical characteristics. As PEX has low electrical
conductivity, it is not subject to destructive phenome-
na due fo sfray currents which, on the confrary, are
can cause perforation of metal ducting systems.

For the compatibility with various chemical substan-
ces, see Chapter 16.

Abrasion resistance

Unidelta PEX pipe has a high abrasion resistance even
with high speed flow of the fluid. This characteristic
makes the pipe suitable for fransporting solid substan-
ces in water or for relining operations, where the outer
walls of the pipe slide on the inner walls of the duct to
be relined.

Absence of deposits and fungi

The roughness of the inner wall of all-metal pipes gi-
ves rise to deposits and the consequent reduction of
the cross-section of passage of the pipe. On the con-
frary, the exfreme smoothness of Unidelta PEX greatly
reduces the possibility of obsfructions caused by the
growth of incrustations or fungi.

Low head loss values

Compared fo that of metal pipes, the inner surface of
the Unidelta PEX pipe is very homogeneous due to the
absence of nicks and porosify, and has an exfremely
limited surface roughness (k=0.007 mm).

This characteristic enables high flow rates with redu-
ced head loss.

Low noise

Another feature of Unidelta PEX is its high acoustic in-
sulation coefficient. The PEX sfrongly reduce the level
of noise during the operation of the piping, even in the
presence of water hammering.

Non-toxicity

The Unidelta PEX pipe is hygienically and foxicologi-
cally suitable for fransporting potable water and fooa-
grade liquids, responding to the strictest European re-
gulations.
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Huskoe 3HayeHue TeNONPOBOANUMOCTH

Hwn3koe 3Ha4eHWe TEennoBoW NPOBOAMMOCTM MiacTMacc no
CPaBHEHWIO C MeTannamu SIBMSIETCS BaxHbIM (DakTopom,
Koraa peyb UAET 00 9KOHOMUM SEKTPOIHEPTUN.

Cwwntbim  nonuatuneH PEX  umeerT  koadhdumUMeHT
TennonpoBogumocT paeHbii 0,38 BT1/M°C, 3TO 0O4eHb
HU3KWIA NOKa3aTenb, CMN ero CPaBHUTL C KO3 DULMEHTOM
mMeTannmyecknx matepuanos (Tabnuua 5.2).
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Low thermal conductivity

The low thermal conductivity of plastics with respect
to metals is a very important factor in terms of energy
savings.

The thermal conductivity coefficient of the PEX is 0.38
WIm°C) very low compared with metal pipes (Table
5.2).

Ta6nuua 5.2 — TennonpoBoAMMOCTbL pa3HbIX MaTepuanos
Table 5.2 - Thermal conductivity of differents materials

Matepuman TennonposoaumocTb (BT/M°C)
Material Thermal conductivity (W/m°C)

PEX
PEX

Menb
Copper

Cranb
Steel

YyryH
Cast Iron

TennoBas namaTb

970 0cobeHHast XapakTepucTuka CLUMTOrO MonuaTuieHa
PEX: HarpeB Tpyby A0 TemnepaTtypbl pa3msryeHus (OKomno
130°C), KOTOpYl0O MOXHO OMpPeaenuTb, MOCKOMbKy Tpybha
CTaHOBMTCS NPO3pavHOM, MOXHO BepHyTb Tpybe eé
“3HayanbHyto opmy. o 3TOM MpUYMHE HenpaBuMbHbLIN
“3rvb unu coaenMBaHMe MOXHO MErko UCMPaBMUTh.

OpHako OaHHyH onepauuio Henb3s BbINOMHATL C Tpybow ¢
KCnopoaHbIM 6apbepom, NOCKOMbKY OHa MOXET NOBPEaUTb
MHOFOCIIONHYIO CTPYKTYpY TpyObl.

Bbicokuin ypoBeHb 06pabaTbiBaeMocTu
TpybbiunzcmrtorononmatuneHa PEX, kKoTopble Mcnonb3yoTtes
B XXUMWLLHbBIX YCTaHOBKaX, 06bIYHO NOCTaBASAKTCS B PYMOHAX.
Brnarogaps 4pesBbl4aiHON NETKOCTY MaTtepuana ux MoXHO
nepemellatb 6e3 NpUMEHEeHUS MHCTPYMEHTOB:  CpefHuM
yaenbHbI Bec cumToro nonuatuneHa PEX coctaenset 0.95
r/lcm3 no cpaBHeHwuto ¢ 7.85 r/cm3 ctamm 1 8.9 r/cm3 meau.
Takum obpasom, pynoH n3 100 meTpoB Tpybbl AnaMeTpom
16 MM ¥ TONLUMHOW 2 MM BECUT OKOMO 9 Kr.

Tpy6b! Unidelta PEX 13 cLumtoro nonnatuneHa MoxHo crnbatb
B XOMOQHOM COCTOSIHWM 6€3 MCMonb30BaHWs crieumarnbHbIX
VHCTPYMEHTOB, €CINN PaanyC KpuBM3HbI He ByaeT MeHblue
BOCbMW AvameTpoB Tpy6bl. [ns o4eHb KpyTbiX U3rnboBs vnm
ans Tpy6 ¢ GonbluMM guameTpoM HeOBXOOMMO BbINOMHATH
crnbaHme B ropsidemM COCTOsIHMM; Tpyba HarpeBaertcs
MOTOKOM ropsiyero Bo3ayxa, npumepHo go 130°C, npu atoi
Temnepatype Tpyba CTaHOBUTCS MPO3PayHON U €l MOXHO
npuaaeatb Heobxogumyro copmy. [ocne oxnaxaeHus
Tpyba coxpaHuT npugaHHyto en copmy. bnarogaps eé
TensnoBoy namsaTu Nbon HenpaBUMbHbIA U3MMO MOXHO
MCMpaBUTb, JOCTATOMHO €€ HarpeThb 1 NOBTOPUTL ONEPaLIMIO.
OpHako HeobXogMMO MOMHWUTB, YTO [JaHHYK Onepauuto
Henb3s BbINOMHATL C Tpy6oW € KucnopogHsiM Bapbepom,
MOCKOIbKY OHa MOXET NMOBPEeaUTb MHOTOCTONHYIO CTPYKTYPY
TpyObI.

0,38
348
45

52

Rheological memory

This is a particular feature of PEX. When the pipe is
heated to the soffening femperature of around 130°C
(i.e. the temperature art which the material becomes
fransparent), it is possible for the pipe to return to ifs
original shape. This means that wrong bending or
squashing can be easily corrected.

However this operation must not be done on piping
with an oxygen diffusion barrier as this would affect
the mulfi-layer structure of the pipe.

Excellent workability

PEX pipes used in private dwellings usually come in
coils. Since this material is extremely lightweight they
can be handled without any special equipment.
The average specific weight of PEX is 0.95 g/cm?®
as against 7.85 g/lcm?® for steel and 8.9 g/cm? for
copper. A 100-metre coil of 2-mm pipe, diameter 16
mm, weighs around 9 kg.

Cold bending of Unidelta PEX pipes can be done
without any particular equipment. The radius of
curvature can be up fo eight times the diameter
of the pipe. Hot bending is necessary for very small
curvatures or high-pipe diameters. The pipe is heated
by hot air fo the softening temperature; when it
becomes fransparent it can be shaped as required.
Once the pipe cools, it keeps its new shape. Due
to its rheological memory, wrong bending can be
corrected by reheating and repeating the operation.
This must not be done on piping with an oxygen
diffusion barrier as this would affect the multi-layer
structure of the pipe.
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5. 3 .
npO.CIOﬂ)KVITeﬂ bHOCTb

lMpyvHMMass BO BHUMaHWe OObIYHO WCMOMb3yeMble
B OJKMIMULLHBbIX YCT@HOBKaxX 3HA4YeHusl [aBreHus
n Temnepatypbl M 6narogaps  nNpekpacHbIM
xapaktepuctukam Tpybbl Unidelta PEX u3 cwwutoro
nonuaTuneHa, «npeanonaraeMblil CPOK CRyXObi»
cuctembl  TpybonpoBOA4OB,  BLIMOMHEHHbIX  C
NPYMEHEHNEM [OaHHOW TpyObl, COOTBETCTBYET CPOKY
cny0bbl CTEHOBOW KOHCTpyKuun. Tpyba nogsepraertcs
MexaHWYeCKUM Harpy3kam B pesyrbrate BHYTPEHHErO
OaBNeHuss U1  TEennoBOMY HamnpsbkeHuw un3-3a
Temnepartyp.

B coOTBETCTBMM C XapakTepuUCTUKaMu CLUUTOro
nonuatunexHa PEX pabounii TemnepatypHbIi uanasoH
BKITtO4aeT B cebs Temnepatypbl oT —30°C go +95°C.
HecmoTpst Ha TO, 4TO npm Temnepatypax Hwke 0°C
Tpyba He CTaHOBUTCS XPYMKOW, KaK 9TO NMPOMCXOOUT C
0ObIYHO UCMOMb3yEMbIMU METanIM4YeckumMmn Tpydamu,
OHa He MOXET BblOEpPXKMBaTb OFPOMHOE HanpsKeHue,
co3gaBaemMoe 3aMep3aHMeM U paclUMpeHVeM BoOabl
BHYTPU TpyObl.

Ecnu tpyba Unidelta PEX n3 clumTtoro nonuatuneHa
NCMomnb3yeTcd B COOTBETCTBUM C NMPELNUCHIBAEMbIMU
YCMOBUSIMW, €€ MWHUMarnbHbIA CPOK  ChyX0bbl
coctaensetr 50 net. Heobxoanmo nogyepkHyTb, YTO
UCMbITaHUSI Ha CTapeHMe W OMNbIT, HAKOMMEHHbIA B
OaHHoW cdepe OeaATeNnbHOCTM, NOKa3bIBatOT, YTO CPOK
cny>6bl HAMHOTO BornbLUe yKa3aHHOrO.

-

Long life

Taking info account the normal pressure and
temperature values in private dwellings and thanks
to the excellent properties of the Unidelta PEX, pipe
systems made up using this material have a life
expectancy comparable fo that of masonry. A pipe
undergoes mechanical stress because of the inside
pressure and thermal stress due fo the temperature.
Considering the property of PEX, the working
temperature can range from -30°C fo +95°C.

At working temperature below 0°C the pipe does not
become biriffle, as metal pipes typically do. However
this does not mean that the pipe can withstand the
huge stresses generated by the water freezing and
expanding inside the pipe.

If used under the prescribed conditions, Unidelta PEX
piping lasts at least 50 years. In fact, ageing fests and
long-term experience in the sector indicate an even
longer lifespan.



6.

TpyOb! Unidelta PEX n3 cuuutoro
nonuatuneHa c 6bapbepom EVOH
Unidelta PEX pipes with EVOH barrier
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6.1
Bbapbep EVOH

Bce rugpaBnunyeckme cucTembl OTOMMEHNS U OXNaXAEHUS
noABeprawTcs BXOA4Y KWCMoOpoda 4Yepe3 BUHTOBbIE
COeOVHEHWsl, KOTMbl, HacoCbl U ra3onpoHMUaemble
maTepuwansl. Kucnopog MoxeT nonactb B OTONUTESNbHbIE
YCTaHOBKA B TakOM KOMW4YECTBE, 4YTO B KOMOMHALMK
C OpyrMMn dhaktopamu, MOXET MPUBECTU K OKa3aHMIO
HexenaTenbHoro KOPpPO3WIMHOTO BO34eNcTBuS
Ha  MeTannMyeckne U JKene3Hble  KOMMOHEHTbI.
MpoHnuaemocTb  kucnopoga  (guddysmss) — 310
CMOCOOHOCTb MOMEKyn KWCIOpoAa MPOXOAUTb 4Yepes
maTepwan bnarogapsi ero MoneKkynsipHON CTPYKTYpPE U 13-
3a pasHu1Lbl MapumanbHOro JaBrieHns KUCIopoda Mexay
aByms ctopoHamu. Tpybel Unidelta PEX u3 cmTtoro
MOMMaTUIIEHA C KUCMOPOZHbIM GapbepoM 3HaYUTENBHO
CHWXAT  M3MepsieMOe  3Ha4yeHMe  MPOHMKaoLero
kmucnopoga. Tpy6bl ¢ 6apbepom UCMoNb3yHTCA B 3aKPbIThIX
KOHTYpax, TakUX KaK: HamofbHble WU paguatopHbie
cUCTEMbl OTOMMEeHusi; a TpyObl 6e3 Gapbepa 0O6bIYHO
MCNonb3yTCsa AN CO34aHNS OTKPbITbIX KOHTYPOB, TakmX
Kak BOAOCHabXeHne Bogon Ans CAHTEXHUYECKUX HYXA,.

6.1.1
MonekynsipHasa cTpyKTypa

Cwmona, koTopasi cos3gaéT Oapbep, 4ABRsieTcs
COMONMMepPOM 3TUIIEHA Y BUHUITOBOTIO CNNPTA, KOTOPbIN
00bl4HO HasbiBaeTca EVOH (3TuneHBUHWNOBBIV
cnupt). OHa Obina M3HadanbHO pa3paboTaHa Ans
YyMaKkoBKM MULLIEBLIX MPOAYKTOB WU BELLECTB, AN
KOTOpPbIX HEeobXOOMMO COXpaHATb KayecTBO BO
BpeMeHu, nsberas KoHTakTa c Kucrnopogom. [eno B
TOM, YTO €€ XapaKTEPUCTUKM ra3oHENpPOHMLAEMOCTH
Bbllle, Yem y noboro Apyroro obbl4HOrO nonuMepa;
bapbep obecneynmBaeTr YCTOMYMBOCTb K Anddy3nm
He TONMbKO KMcCropoda, HO W Opyrux ras3oB, Takux
Kak renuin, yrnekucrnoln ras, asor u T1.0. Kpome
TOro, CMofa MCnosb3yeTcs B yMnakoBKax C ra3oBbiM
HarnonHeHWeM, rge B Ka4yecTBe rasa AN XpaHeHus
COLEPXXMMOr0 NCMONb3YETCst a30T WUIN YITIEKUCTIbIV ra3
n, cnegoBaTenbHO, HE AOMKHO ObITh YTeYek 3TOro rasa
Yepes CTEHKUN YNaKOBKM.

MonekynspHasi cTpykTypa Oapbepa npeacTaBrieHa
cnegyioLlen hopmynon:

6.1
The EVOH barrier

All hydronic heating and cooling systems are subject
fo oxygen entering through threaded fittings, boilers,
pumps and gas-permeable materials. Oxygen
can enter heating systems in quantities which, in
combinationwith other factors, can cause undesirable
corrosive effects on ferrous metal components.
Oxygen permeability (diffusion) is the ability of oxygen
molecules to pass through a material due fo the
material’'s molecular structure and the partial pressure
difference of the oxygen on each side. Unidelta PEX
pipes with oxygen diffusion barrier drastically reduce
the measurable quantity of oxygen permeation.
Barrier pipes are used in close circuits such as radiant
floor heating systems and radiator heating systems;
non-barrier pipes are generally used in open circuits
such as sanitary water distribution systems.

6.1.1
Molecular structure

The resin forming the barrier is a copolymer of
ethylene and vynil alcohol, generally referred fo as
EVOH. It was firstly developed for wrapping food or
subsfances where the quality had fo be maintained
through fime and thus contact with oxygen avoided.
This resin is in fact more impermeable fo gases than
any other conventional polymers.

The resin acts as a barrier not only to oxygen but
also fo other gases including helium, carbon dioxide
and nitrogen. It is also used in gas-filled packaging
applications, where nifrogen and carbon dioxide are
used to preserve the content and must not permeate
the wrapping.

The molecular structure of the barrier is given by the
following formula:

_[EH:_EH:]-_[CHr CH),—
|

OH



6.1.2
KO-MeXaHu4yeckue xapakrepuc

Cwmona, koTopass obpasyer 6Gapbep, obnagaet
BbICOKOM MEXaHW4YECKON MPOYHOCTbIO U MPeKpacHon
9MacTUYHOCTLIO, Kak MoKa3aHo B crneayloLlei
Tabnuue.
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6.1.2
ysical and mechanical properti

The resin forming the barrier has a high mechanical
resistance and an excellent elasticity as shown by the
following fable.

Ta6bnuua 6.1 - Pu3nko-MexaHU4Yeckne XxapakTepucTuku 6apbepa
Table 6.1 - Physical and mechanical properties of the barrier

XapaKkTepucTuku EanHuubl nsmepeHus 3HauyeHune MeTton
Properties Unit Value Method

O6bEMHas macca
Density

CopepkaHue aTuneHa
Ethylene content

WHpekc Tekyyectu (210°C / 2,16 «r)
Melt flow rate (210°C [ 2,16 Kg)

KoadbdpuumeHT nponyckanus kucnopoaa (OTR)

Oxygen fransmission rate (OTR)

- 20°C, 0% OTHocuTenbHas BRnaxHocTb / relative umidity

- 20°C, 65% OTHocuTenbHas BnaxHocTb / relative umidity
- 20°C, 85% OTHocuTenbHas BnaxHocTb / relative umidity
- 20°C, 100% OTtHocuTenbHas BnaxHocTb / relative umidity

MpoyHoCTb Npu pacTsxeHun npu Tekydectn (50 mm/muH, 23°C)

Tensile strength at yield (560 mm/min, 23°C)

Mopgynb ynpyroctu npu pactsixeHun (50 mm/muH, 23°C)
Elongation at break (50 mm/min, 23°C)

OTHocuTenbHoe yanuHeHne npu paspoise (50 Mm/MuH, 23°C)

Tensile creep modulus (50 mm/min, 23°C)

Kgim'’ 1190 GTP-013

% mol 32 GTP-002
9/10min 1.6 GTP-001
cm3-20um/m2day-atm 0.2 ASTM D3985
cm3-20um/m?day-atm 0.4 ASTM D3985
cm3-20um/m?day-atm 1,5 ASTM D3985
cm3-20um/m?day-atm 19 ASTM D3985
MPa 87 ASTM D638
% 430 ASTM D638
MPa 1690 ASTM D638
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6.1.3
a3oHenpoHnLaeMocTb

[a3oHenpoHMLaeMocTb MaTepuana yKasblBaeTrcsa C
nomouypbto cokpaweHms GTR (Gas Trasmission Rate)
N BblpaxaeTcsa B CM3 rasa, KoTopble NMPOXOAsT Yepes
cnon 20 ym AaHHOro marepuana, depes nnowagb
paBHyto 1 M2 B TeyeHue 24 vacoBa. [lponyckaHue
KMcrnopoga ykasblBaeTCsi C MOMOLLBK COKpaLleHus
OTR: pns 6Gapbepa EVOH yBenuunBaetca c
POCTOM OTHOCUTENbHOW BIAXHOCTM U TemnepaTypbl
nepemeLLaeMon xugkoctu (guarpamma 6.1).

6.1.3
Impermeability to gas

A material’s permeability to gas is indicated by GIR
(Gas Transmission Rate) and is expressed in cm?® of
gas that permeate a 20 um of the material through
a surface area of 1 m? over a period of 24 hours.
Permeability to oxygen is indicated by OIR: for the
EVOH barrier increases as the relative humidity and
the temperature of the fluid conveyed increase
(Diagram 6.1).

Ounarpamma 6.1 — OTHoweHMe Mexay KoadduumeHTOoM nponyckaHus kucnopoga OTR, TemnepaTypon nepemMeLaemMon XUaKocTu u
BNaXHOCTbLIO OKpyXalowen cpeabl ansi 6apbepa EVOH.
Diagram 6.1 - Relation between the oxygen transmission rate (OTR), the temperature of the fluid conveyed and the environmental
humidity for EVOH barrier.
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B cnepytoueri Tabnumue cpaBHMBaOTCA KO3 DULIMEHTBI
nponyckanusa 6apbepa (EVOH) n nonuatuneHa (PE)
[OJ1S1 HEKOTOPbIX rasos.
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. 6.1.3

The fable below compares the fransmission coefficients
of the barrier (EVOH) and polyethylene (PE) for some
gases.

Ta6nuua 6.1 - KoacpdpuumeHT nponyckaHus rasa
Table 6.2 - Gas transmission coefficients

KoaddmumeHT nponyckaHus rasa GTR (25°C, oTHocutenbHas

BrnaxHocTb 0%) [cm3%20 mM/M2xaeHb*aTm]

Martepuan
Material

Bbapeep GIR, ., - Barrier GIR,

EVOH EVOH

Monuatnnen GIR, - Polyethylene GIR,,

GTR,/GTR

EVOH

Mpn oTHocuTenbHoM BriaxHocTn paBHoM 0% wu
Temnepatype 25°C cTeneHb nNponyckaHus kucrnopoga
nonuatuneHom coctasnser 12000 cm3x20mm/
M2xOeHbxaTM, a CTeneHb MponycKaHus Kucrnopoga
bapbepoM paBHseTcs 0.21 cm3x20MM/M2x0eHbXaTMm,
MO>XHO Nerko ycTaHOBUTL, YTO KONMYECTBO KUCITOPOAa,
KOTOpOe MOXET MPOHMKHYTL B TpyOy C Gapbepom
cokpaLlaetcs, npumepHo, B 57000 pa3 no cpaBHEHMIO
¢ Tpybon 6e3 6apbepa. B nobom cnyvae, Heob6xoamMmo
MOMHMTb, YTO CYLLIECTBYET MHOXXECTBO MPUYMH, KOTOPbIE
CMnocobCTBYOT MOMNadaHU0 KUCIOpPOoAa B YCTaHOBKY,
N OHW He OTHOCATCS TONbKO K TpybonpoBogam w3
NonmMaTueHa, Ho U K BUHTOBLIM COEANHEHUSM, KOTIaM,
Hacocam u T.4.

C nomolLLiblo MaTeMaTU4eCKOM MOAENM U Ha OCHOBaHNN
onbITHbIX 3Ha4yeHun OTR guarpammebl 6.1, B gnarpamme
6.2 Obln BbIMOMHEH pPacCyéT KONMM4YecTBa KMCopoaa,
BblpaXXEHHbI B rpaMmax, KOTOPOe MOXET MpPOHMKaTb
3a 1 geHb B 1 M3 Boabl 4yepe3 crion bGapbepa, B
3aBMCMMOCTM OT TeMnepaTtypbl BOAbl M pasmMepHOro
oTHoweHus Tpybonposoaa d?/(d_+d).

e e e s
0,21 0,81 160

Gas transmission rate GIR (25°C, 0% relative humidity)
[cm?3-20 um/m?-day-atm]

0,017
12000 3100 42000 28000
57142 182352 51851 175

With 0% relative humidity at a temperature of 25°C,
the oxygen permeabilify of polyethylene is 12000
cm?-20um/m?-day-afm and that of the barrier is
0.21 cm?320um/m?-day-afm. Clearly, the quantity of
oxygen that can enter a barrier pipe is abour 67000
times less than with an non-barrier pipe. There are
lots of factors causing oxygen to enter the system and
they concern nof only polyethylene pipes but also
threaded fittings, boilers, pumps and so on.

In one day the quantities of oxygen expressed in
grams that can permeate 1 m?® of water through
the barrier layer according to water temperature
and the dimensional ratio of the pipe d?/(d +d) are
set out in Diagram 6.2. They are calculated using
a mathematical module and on the basis of the
experimental OTR values given in Diagram 6.1.
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6.1.3

6.1.3

[narpamma 6.2 - KonuyecTtBo kucnopoaa, KOTopoe NPOHUKaeT B TPyOy, B 3aBUCUMOCTH OT TeMnepaTypbl nepemeLLaemMoil KULKoCTU U pasMepHOro OTHOLLEHUS TPYObI
Diagram 6.2 - Quantity of oxygen permeating the pipe according to the temperature of the fluid conveyed and the dimensional ratio of the pipe
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BbisiBnsieTcs, 4To4aHHbIE 3HAYEHWS HAXKE OTPaHNYEHNIA,
YCTAHOBMNEHHbIX B HOpMaTuBHOM nonoxeHun DIN
4726 «Tpybbl M3 nNnacTMaccoBOro marepuana ans
NOA3EMHbIX OTOMUTENbHbLIX YCTAaHOBOK, paboTaromnx
Ha ropsidet Boge. ObLime TpeboBaHMs»

These values are found to be lower than the limit
specified by DIN 4726 "Plastic pipes for buried heating
and hot water systems. General specification”,




6.2
AccopTumeHT

Unidelta npegnaraet aea tmvna 1py6 ¢ 6apbepom: Tpyba
TriTerm (Tpy6a n3 cluutoro nonuatunena PEX, cocTosias
M3 TPEX CMOEB C BHELUHWMM KWUCNOPOAHbIM Gapbepom) u
Tpyba MultiTerm (tpy6a us cwmtoro nonuatuneHa PEX,
cocTosilasi M3 5 CnoéB C BHYTPEHHWUM KWUCIOPOAHbIM
H6apbepom). Tpybbl ¢ 6apbepom TriTerm n MultiTerm umetot
TaKnexernapaBnmyeckne MMexaHn4Yeckne XxapakTepucTrkm,
kak n Tpybbl 6e3 Gapbepa UniTerm u, cnegoBarenbsHo,
K HAM MOXHO MPUMEHSITb TE XE KPUTEPWUM OmnpegeneHus
pasmMepoB YCTaHOBOK ¥ Bbibopa TpybonpoBogoB, KOTopbie
npumeHsitoTcs ans Tpy6, caoenaHHbIX TOMbKO M3 CLUMTOrO
nonuatuneHa. EOWMHCTBEHHas pasHMUa OTHOCUTCS K
crmby B ropsideM COCTOSIHAM, KOTOpPOro Heobxogumo
n3beratb Ans Tpyd C KMCNOpOoAHbIM 6apbepoM, MOCKOMbKY
ype3MepHble M NOKanU3MpOBaHHbIE  TemnepaTyphbl
OTOMMEHNS MOTYT MPUBECTU K YXYALIEHWIO COCTOSIHWSA
Gapbepa C MOCMEOYOLWMUM YXYOLWEHNEM XapaKTEPUCTVK

ra3oHenpoHMLaeMocTy TpyObl.
6.2.1
TriTerm

Tpyba Unidelta TriTerm ¢ 6Gapbepom npoTuB
NMPOHUKHOBEHWSI KNCOpoAa UMEET TPU CMos: CLUUTBIN
NnonuaTuneH, knen n 6apbep NPOTUB MPOHUKHOBEHWS
rasoB, CAENaHHbIA K3 3TUIEHBUMHWIOBOrO CnupTa
(EVOH). Cnown 6apbepa HaxoguTCs C BHELUHEN
CTOPOHbI TPybbl, OH CBSA3aH C BHYTPEHHUM CMOEeM K3
CLUMTOrO MONUITUMEHA KNeeM B pesyrnbsrare TennoBoun
peakunn. CTpykTypa Tpybbl TriTerm nokasaHa Ha
pucyHke 6.1.
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6.2
The range

Unidelta offers two types of barrier pipes: Trilerm
(PEX pipe consisting of three layers with external oxy-
gen barrier) and MultiTerm (PEX pipe consisting of
five layers with infernal oxygen barrier). Trilerm and
MultiTerm barrier pipes have the same hydronic and
mechanical characteristics as the non-barrier Uni-
Term pipes and, therefore, the same installation di-
mensioning criteria and selection of piping system
can be applied as in the case of purely cross-linked
polyethylene pipes. The only difference is that hot wa-
ter pipe curvature must be avoided in oxygen barrier
pipes since excessive and localised heating tempera-
tures can cause deterioration of the barrier, resulfing
in a reduction in the gas impermeability of the pipe.

6.2.1
TriTerm

The Unidelta Trilerm oxygen diffusion barrier pipe has
three layers: cross-linked polyethylene, adhesive layer
and ethylene-vinyl-alcohol (EVOH) gas diffusion bar-
rier. The barrier layer is located oufside the pipe and
is bonded fo the infernal PEX layer with the adhesive
layer through a thermal reaction. The structure of the
Trilerm pipe is illustrated in Figure 6.1.

PucyHok 6.1 - TriTerm
Figure 6.1 - TriTerm

BHYTPEHHWIA Cro CLUMTOrO NonmaTuneHa
Crosslinked polyethylene inner layer

Oxygen barrier EVOH

TRITERM PEX-EVOH

Bapbep npoTvB NpoHukHoBeHMs kucnopopa EVOH

BHewHwuit 6apsep EVOH
Outer EVOH barrier

Knenkuit cnoi
Adhesive layer




‘:ﬂllnELTA

6.2.2
MultiTerm

TpybaUnideltaMultiTermcocTouTM3nNATUCNOEB: CLUUTHLIN
NnonuaTuneH, knemn, Gapbep NPOTUB MNPOHUKHOBEHWUSI
ras3oB,cAenaHHbINn3aTuneHsuHunosorocnupta(EVOH),
Knewn, clunThIn nonuatuneH. Cnou knes cBA3bIBaoT ABa
CNnosi CLUATOrO MONM3TUIIEHA C LEHTParnbHbIM CIOEM
bGapbepa TennoBow peakuuen. Cnon Gapbepa Tpyo
Unidelta PEX n3 cumtoro nonuatuneHa HaxoauTcs B
cepeguHe TonwwmHbl (buried barrier). JaHHOe pelueHne
CMYXWT AN NpeoTBpaLLeHNs HAHECEHMSA MoObIX BUAOB
noBpexaeHni Gapbepy BO Bpemsl YKnaaku, a Takke
3alMLLAET OT OMacHOCTM KOHTaKTa C OKpyXKatoLiewn
BNakHocTblo. [lemo B TOM, YTO cocTaBnswoLias
OGapbep cmona BNWUTbIBAeT Brnary, U e€ CBOWCTBa
HENPOHMLLAEMOCTI AN KUCITOPOAa COKpallakTcsa npu
YBENMUYEHNN MOTMOLLEHHON BNAXHOCTW (CM. Tabnuubl,
OTHOCSILLMECS K XapakTepucTmkam cMorbl). Kpome Toro,
B Tpybe Multiterm maTtepuan, BCTynarLwuii B KOHTAKT C
BHELUHEN Cpeaon, SIBMSIETCA CLUMTBLIM MONUSTUIIEHOM,
KOTOpbI 0OnagaeTr oO4veHb BbLICOKOW  XMMUYECKOM
CTOMKOCTbHO.

6.2.2
MultiTerm

The Unidelta Multilerm pipe has five layers: cross-
linked polyethylene, adhesive layer, ethylene-vinyl-al-
cohol (EVOH) gas diffusion barrier, adhesive layer and
cross-linked polyethylene. The adhesive layers bind
the two cross-linked polyethylene layers to the middle
barrier layer by means of a thermal reaction. The bar-
rier layer in Unidelfa PEX pipes forms the middle layer
(buried barrier). This solution protects the barrier from
any risk of cutting during installation or fromm coming
info confact with environmental humidity. The resin
which constitutes the barrier is hydrophilious (absor-
bs humidity) and its oxygen impermeability diminishes
with increased humidity absorption (see tables on re-
sin characteristics). Furthermore, the Multilerm pipe
material in contact with the external environment is
cross-linked polyethylene which has a high chemical
resistance.

PucyHok 6.2 — MultiTerm
Figure 6.2 - MultiTerm

KucnopopHbiii 6apeep EVOH
Oxygen barrier EVOH

Y s

BHeLwHWiA Coi cLUMTOro nonuaTuneHa
Crosslinked polyethylene outer layer

Kneikue crou
Adhesive layers

BHYTPEHHWIA oW CLUMTOrO NonmaTuneHa
Crosslinked polyethylene inner layer

MULTITERM PEX/EVOHPEX

BHyTpeHHui 6apbep EVOH
Inner EVOH barrier
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TpyObl Unidelta us cluntoro nonuatuneHa
PEX B coorBetcTBUM C EN ISO 15875
Unidelta PEX pipes according to EN ISO 156875



(_ﬂllDELTA

71
BBepeHune

Tpybbl un3 cwwutoro nonmatuneHa Unidelta PEX,
BbiNyLleHHble B cooTtBerctBuM ¢ EN I1SO 15875,
npeaHasHa4vyeHbl Ansg nogavv ropsiderm M XOroAHOM
BoAbl noA gasrieHvem. OHWM noaxoasaT Ans nopadn
NUTbLEBOW BOAbl B COOTBETCTBMU C AENCTBYIOLLUM
3akoHogartensctBoM. Tpybbl Unidelta PEX u3 cumntoro
nonmatuneHa EN ISO 15875 moryT BbinyckaTbes
Takke u C kucrnopogHelM Gapbepom (EVOH).
KucnopogHbii 6apbep COOTBETCTBYET NpeLnUcaHmsam
DIN 4726. MexaHudeckne TpeboBaHUSA, YCrOBUS
NPUMEHEHNST U pasMepHble XapakTEPUCTUKM TaKne Xe,
Kak n 'y Tpyb 6e3 bapbepa, OHM ONMUCHIBAKOTCH HUXKE.
B rnaee 6.1.3 npuBoguTCcs AetanbHas nHopmMaunsa o
ra3oHenpoHMLaeEMOCTU.

7.2
YcnoBusa npumeHeHus

Knaccbl npumeHenus Tpy6 Unidelta PEX u3 cwmToro
nonuMaTuneHa B COOTBETCTBMM C HOPMATMBHBLIM
noctaHoenennem EN [ISO 15875 npuBoasTcs
B criegylowen Tabnuue. [Ons Kaxgoro pasmepa
TpyObl MMHUMAanbHas MNPOAOIPKUTENBHOCTL PaboThbl
coctaenset 50 neT, ecnv oHa ByAeT UCnonb30BaThCs B
COOTBETCTBUM C YCIOBUAMW MPUMEHEHUS.

7.1
Introduction

Unidelta cross-linked polyethylene PEX pipes manu-
factured according fo EN ISO 15875 are used to car-
ry pressurised hot and cold water. They are suitable
for drinking water in accordance with reguiations in
force. Unidelta PEX pipes according to EN ISO 156875
can also be manufactured with an oxygen barrier
(EVOH). The oxygen barrier satisfies DIN 4726 prescrip-
tions. The mechanical requirements, conditions of
use and dimensional characteristics are equivalent fo
those of pipes without barrier and are indicated be-
low. See Section 6.1.3 for further information on gas
impermeability.

7.2
Conditions of use

The application categories of Unidelta PEX pipes ac-
cording fo EN ISO 15875 are provided in the tables
below. Within the fields of qpplication provided for by
the standard, the minimum lifespan for each pipe di-
mension is 50 years.

Ta6nuua 7.1 — Knaccbl npumeHenus T1py6 Unidelta PEX u3 cwuuTtoro nonuatuneHa EN ISO 15785
Table 7.1 - Class service conditions of Unidelta PEX pipe according fo EN ISO 15785

taT
Knacc npumeHeHus T (ro b‘:) T o
Application class ) A C)
(vears)
XonopgHas Boga
2
Cold water 0 50
1@ 60 49 80
2@ 70 49 80
20 2,5
+
40) 40 20 70
+
60 25
20 14
+
50 60 25 90
+
80 10

2,5 100 100

tat . T taT ., | O6nacts TMnosoro
(roabl) mal (4acbl)

(years)

npuMmeHeHus

() (hours) Typical application field

XOﬂOﬂHaﬂ CaHUTapHO-TeXHU4Yeckad Boaa
Cold hydro-sanitary water

lopsiyas Boga Ans caHTeXHU4eckux Hyxg (60°C)

7 100 Hot sanitary water (60°C)

Topsyas Boga Ang caHTexHuyeckux Hyxa (70°C)

99 100 Hot sanitary water (70°C)

HuskoTemnepatypHoe
HarnosibHoe 1 paguaTopHoe
oTonneHue

Underfloor and low temperature
radiator heating

BbicokoTemnepatypHoe
papnaTopHoe oTonsneHve
High temperature radiator
heating

100 100

(a) Beibop mexay knaccamu 1 1 2 oCcyLLeCTBNSETCH Ha OCHOBaHUW HaLMOHanbHbIX NpaBuil.
(a) Selection between categories 1 and 2 must be on the basis of national regulations

(b) Ons knaccoB 4 1 5 BpeMsi MOXXHO CyMMUPOBaThb, TaK KaK yKa3blBaloTCsl HECKOMbKO pacyETHBIX TeMneparyp
(b) Since more than one design femperature is indicated for categories 4 and 5, fimes must be fofalled



7.2

loe:

t Bpems

T, Paboyas TemnepaTtypa wnuM  coveTaHue
pabounx TemnepaTyp

T MakcumanbHass  pabodvass  TemnepaTtypa.

max o
Haunbonee BbicOkoe 3HayeHve pabouyen
TemnepaTypbl, KOTopasi JOMYyCKaeTcsi TOMbKO
B TEYEHNE KOPOTKOIO NPOMEXYTKa BPEMEHN.

T . TemneparypannoxorodyHkumoHposaHus. Camoe

BbICOKOE 3Ha4YeHue TeMnepaTtypbl, KOTOPOe MOXET
OTMeYaTbCs, Korga CUCTEMbl KOHTPONS Haxo4aTcs
B aBapUHOM COCTOSIHUM.

[nsa onpegenexHns makcumarnbHOro pabovero gaBnexHus,
B 3aBMCMMOCTM OT pasmepoB Tpybbl U knacca
NpUMeHeHns1, HeobxoaMMO UCMONb30BaTh creayne
Tabnuupl. Kpome TOro, He06X0AMMO YUUTLIBATb, YTO ANs
nogayn xorogHon BoAbl npu Temneparype 20°C, ans
TpyO, BbINOMHEHHLIX B COOTBETCTBMM C HOPMaTUBHbLIM
noctaHoBneHmem EN ISO 15875, 6bino npeaycMoTpeHo
MakcumanbHoe paboyee gaeneHne pasHoe 10 6ap.
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7.2
Where:
t time
T, Operating temperatfure or combination of

operating temperatures

T .o Max. operating temperature. The highest
operating temperature value permitted only
for a brief period.

T .. Malfunction temperature. The highest tem-

perature value possible when control systems
malfunction.

Refer to the following table in order to defermine the
maximum operating pressure based on pipe dimen-
sions and class of application. Furthermore, consider
that @ maximum operating pressure of 10 bar is per-
mitted for the fransport of cold water at a tempera-
ture of 20°C in all pipes manufactured according to
ENISO 15875.

Ta6nuua 7.2a — MakcumanbHoe paboyee gaBneHue: Tpyobl knacca A S5 EN ISO 15875
Table 7.2a - Maximun working temperature: class A pipe S5 EN ISO 15875

Pa3mep Tpy6bI
Pipe dimension

Knacc npumMeHeHus
Application class

Tpy6s1 knacca A S5 EN ISO 15875 - Class A pipe S5 EN ISO 15875

@12x1,1
@16x1,5
@20x1,9
&25x2,3
&32x2,9
@40x3,7
&50x4,6
@63x5,8
B75x6,8
@90x8,2

o o o o o o o o0 oo o o

@110x10

6 8 6
6 6
6 8 6
6 8 6
6 8 6
6 8 6
6 8 6
6 8 6
6 8 6
6 8 6
6 8 6

Tabnuua 7.2b - MakcumanbHoe paboyee aaBneHue: Tpyobl knacca A S4 EN I1SO 15875
Table 7.2b - Maximun working temperature: class A pipes $4 EN ISO 15875

Dimensione del tubo

Pipe dimension

Classe di applicazione
Application class

Tpy6b1 knacca A S4 EN ISO 15875 - Class A pipes S4 EN ISO 15875

&16x1,8 8

8 10
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Ta6bnuua 7.2c - MakcumanbHoe paboyee naBneHue: Tpyobl knacca A S3,2 EN ISO 15875
Table 7.2c - Maximum working temperature: class A pipe $3,2 EN ISO 15875

Knacc npumeHeHus
Pa3amep Tpy6bI Application class

i m m m m

Tpy6b1 knacca A S3,2 EN ISO 15875 - Class A pipe $3,2 EN ISO 15875

@12x1,7 10 10 10 10
D16x2,2 10 10 10 10
@20x2,8 10 10 10 10
@25x3,5 10 10 10 10
@32x4,4 10 10 10 10
DA0x5,5 10 10 10 10
@50x6,9 10 10 10 10
D63x8,6 10 10 10 10
@75x10,3 10 10 10 10
@90x12,3 10 10 10 10
&110x15,1 10 10 10 10

Ta6nuua 7.2d - MakcumanbHoe paboyee aaBneHue: Tpyobl knacca B1 EN 1ISO 15875
Table 7.2d - Maximum working temperature: class B1 pipe EN ISO 15875

Paamep Tpy6bi Application class
Pipe dimenSion m m m m

Tpy6ni knacca B1 EN ISO 15875 - Class B1 pipes S5 EN ISO 15875

Z10x1,5 10 10 10 10
@15x1,5 8 8 8 6
B15x2,5 10 10 10 10
218x2,5 10 10 10 10
B22x2 6 6 8 6
@22x3 10 10 10 8
228x2,6 6 6 8 6
228x4 10 10 10 10

Tabnuua 7.2e - MakcumanbHoe paboyee aaBneHue: Tpyobl knacca C EN ISO 15875
Table 7.2e - Maximun working temperature: class C pipes EN ISO 15875

Paamep Tpy6bi Application class
Pipe dimenSion m m m m

Tpy6hl knacca C EN ISO 15875 - Class C pipes EN ISO 15875

B12x2 10 10 10 10
D16x2 10 10 10 8
B17x2 10 8 10 8
@18x2 8 8 10 8
@20x2 8 6 8 6




7.3
MpoBepku KayecTBa

Tpy6blUnidelta PEX#3clunTorononuatuneHa, BbinyLLeHHbIe
B COOTBETCTBMM cO cTaHgapTom EN ISO 15875, gomkHbl
COOTBETCTBOBATb MHOTOYUCIIEHHBIM TPEBOBaHWSAM 1 MPONTH
CTpOrve npoBepku (cM. Tabnumuy 7.3).
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7.3
Quality controls

Unidelta PEX pipes manufactured in accordance with
EN ISO 15875 must satisfy numerous requirements and
ass strict tests (see Table 7.3).

Tabnuua 7.3 — ®usmnko-mexaHuveckme Tpedosanusa ansa Tpy6 Unidelta PEX u3 clumtoro nonuatuneHa B coorsetcteumu ¢ EN ISO 15875
Table 7.3 - Physical and mechanical requirements of Unidelta PEX pipes to EN ISO 15875

TpeboBaHue EavHuubl nsmepenuns | 3HayeHue
Requirement Unit Value

OnpeaeneHune NpogonbHON ycaaku
Longitudinal reversion

CTeneHb CLUMBaHUsI
Grade of cross-linking

%

Tennosasi cTabUnbHOCTb NPy UCNbITaHNAX rTMAPOCTATUYECKUM [aBNEHNEM

Thermal stability by hidrostatic pressure testing
(6=2,5MPq, 110°C, >8760 h)©

YCTOWYMBOCTb K BHYTPEHHEMY AaBleHUO
Resistence fo inner pressure
(6=12MPq, 20°C, >1h)©

YCTONYMBOCTb K BHYTPEHHEMY [AABMEHNIO
Resistence fo inner pressure
(6=4,8MPq, 95°C, >1h)©

YCTONYMBOCTb K BHYTPEHHEMY AABIIEHUIO
Resistence to inner pressure
(0=4,7MPq, 95°C, >22h)©

YCTONYMBOCTb K BHYTPEHHEMY [AaBIEHNIO
Resistence fo inner pressure
(0=4,6MPq, 95°C, >165h)©

YCTONYMBOCTb K BHYTPEHHEMY AABIEHNIO
Resistence fo inner pressure
(6=4,4MPq, 95°C, >1000h)©

© o=Px(d,~e)/20e

dusmyeckme XapaKkTepuUCTUKN MONMMEPHbIX
MaTtepuarnoB NPOBEPSIOTCS NPU NMOCTYNNEHUN U UMEOT
ceptucukaTt noctaBwuka. Bo Bpemsi npousBoacTea
MOCTOSIHHO MPOBEPSIIOTCA pasMepbl TPYG C MOMOLLbIO
cneumnarnbHbIX  YNbTPa3BYKOBbIX WHCTPYMEHTOB U
onepaTopoM, KOTOPbIA MepuoanYeckn KOHTPOSIMPYET,
4YTOObLI pa3mepbl He BbIXOAUIV 32 paMKM NPeanncaHHbIX
[OMNYCKOB.

Ha  npou3BoaCTBEHHOW  NMHUM  BbIMOSHSIETCSA
TWaTenbHas MNpoBepka BCeX MapaMeTpoB rnpoLecca
C TMOMOLLbID  CBEPXCOBPEMEHHbIX  3NEKTPOHHBLIX
npunbopos.

<3
% =65
Yacel / hours >8760
yacbl / hours >1
yacsbl / hours >1
Yacel / hours >22
yacbl / hours >165
Yacel / hours >1000

The physical characteristics of the polymeric materials
are checked upon delivery and are cerfified by the
supplier. During production the pipe dimensions are
contfinuously checked with appropriate ulfrasound in-
struments and by the operators who verify at regular
time intervals that the dimensions are within the pre-
scribed folerances.

All process parameters on the production line are
closely monitored by means of sophisticated equip-
ment,
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XapakTepucTuku pasmeposB Dimensional features
Xapaktepuctukn pasmepoB Tpyb Unidelta PEX wu3 The dimensional features of Unidelta PEX pipes fo
clmToro nonuatuneHa B cootBetcTBuM ¢ EN I1SO UNE EN ISO 15875 are set out in the following table
15875 npuBoasTca B cregyowmx Tabnmuax, rae: where:
d, BHelwHun guametp d, Outer diameter
e TonwwmHa e Thickness
d BHyTpeHHUn agnametp d Inner diameter
Ar Y4yacTok cedeHus Tpyobl Ar Pipe cross-section area
Au Y4acTok nonesHoro cevyeHus npoxona Au Useful flow area
J [eomeTpnyecknin MOMEHT UHepLun Mo J Geometric moment of inerfia with respect
OTHOLLEHMIO K AMaMeTpasnibHOM ocK to a diameter axis
Pt Bec nuHenHoro metpa TpyobI Pt Pipe weight per linear metre
Vf O6bEM XmMOKOCTW, copepxallencs B Vf Volume of fluid confained per linear
OOHOM NIMHENHOM METpe metre
Versioni Vmetowmecs Bepcum Tpybel PEX  u3 Versioni Version of PEX pipe available

CLUMUTOrO nonnatuneHa

Tabnuua 7.4a — Tpy6a Unidelta PEX u3 cwumtoro nonuatuneHa, Knacc A S5 B cootrBerctBum ¢ EN ISO 15875
Table 7.4a - Unidelta PEX Pipe Classe A S5 according to EN ISO 15875

mmm
126%

1050 9.8 0.3 0.7 5,65:102 0,036 0,075 Uniferm
TriTerm

UniTerm

+03 +0.3 . -1
166 1,50 13,0 0,68 1,33 1,815:10 0,065 0,133 MutTorm
+ UniTerm

03 +03 101
200 1,96 16,2 1,08 2,06 4,473-10 0,103 0,206 MultiTerm
UniTerm

+0,3 +0,4 o 0
254 2,356 20,4 1,64 3,27 1,067-10 0,157 0,327 MultiTemm
N UniTerm

0.3 +0.4 . 0
325 2,95 26,2 2,65 5,39 2,834-10 0,539 0,539 MutTorn
40 3,7 32,6 4,22 8,35 7,022:10° 0,835 0,835 UniTerm
50 6% 4,64 40,8 6,56 13,07 1,708-10" 1,317 1,317 UniTerm
635 5,8 6% 51,4 10,42 20,75 4,306:10! 2,075 2,075 UniTerm
756" 6,8 5% 61,4 14,57 29,61 8,555-10" 2,961 2,961 UniTerm
905 8,25 73,6 21,07 42,54 1,780-10 4,254 4.254 Ll
1104" 10,0¢" 90,0 31,42 63,62 3,966-10? 6,362 6,362 UniTerm

Ta6nuua 7.4b - Tpy6a Unidelta PEX u3 cwumtoro nonuatuneHa, Knacc A S4 B coorBetctBuu ¢ EN ISO 15875
Table 7.4b - Unidelta PEX Pipe Classe A S4 according to EN ISO 15875

+03

UniTerm
1
2,05610° 0.076 0,121 MultiTerm
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Ta6nuua 7.4c - Tpy6a Unidelta PEX u3 cumTtoro nonuatuneHa, Knacc A S3,2 B coorBetctBuu ¢ EN ISO 15875
Table 7.4c - Unidelta PEX Pipe Classe A $3,2 according to EN ISO 15875

7,49410° 0,052 0,058 UniTerm
168 2,25 11,6 0,95 1,06 2,32810" 0,091 0,106 ,\;JSI'TTITG;%
205" 2,84% 14,4 1,51 1,63 5,743-10" 0,144 0,163 ,\;JSI'TTI%%
25 5% e 18,0 2,36 2,54 1,402:10° 0,225 0,254 ,\;JSI'TTI%%
32% 4,48 23,2 3,82 4,23 3,725-100 0,328 0,423 ,\;JSI'TTI%?%
408 5,54 29,0 5,96 6,61 9,095-10° 0,569 0,661 UniTerm
50 % 6,95 36,2 9,34 10,29 2,225-10' 0,892 1,029 UniTerm
63 5% 865" 45,8 14,70 16,47 5,573-10" 1,404 1,647 UniTerm
754" 10,34 54,4 20,94 23,24 1,123-102 2,001 2,324 UniTerm
908% 12,84 65,4 30,02 33,59 2,323-102 2,867 3,359 UniTerm
1104 15,14 79,8 45,02 50,01 5,196:10° 4,299 5,001 UniTerm

Ta6nuua 7.4d - Tpy6a Unidelta PEX uz3 cwutoro nonuatuneHa, Knacc B1 B coorBetcteuu ¢ EN ISO 15875
Table 7.4d - Unidelta PEX Pipe Classe B1 according to EN ISO 15875

mmm

0% 5 7,0 0,40 0.38 3,730-102 0,039 0,038 MuttiTerm
04 1,8 % 6,4 0,46 0,32 4,085-10? 0,044 0,032 ,\LAJSI'TTITe;r’;
15 % 1,552 12,0 0,64 113 1,467-10" 0,061 0,113 MuttiTerm
15 %, 2,5 %s 10,0 0.98 0.79 1,994-10° 0,094 0,079 e
18 % 2,5 % 13,0 1,22 1,33 3,751-10" 0117 0,133 ,\;’L‘I'TTI%E
22 %, 2,05 18,0 1,26 2,54 6,346'10" 0,120 0,254 e
22 %, 3,0 % 16,0 1,79 2,01 8,282:10" 0171 0,201 ,\mﬁe’?n
28 s 2,6 8% 22,8 2,07 4,08 1,691-10° 0,198 0,408 h;m%::ﬂ
28 % 4% 20,0 3,02 3,14 2,232:10° 0,288 0,314 e
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Ta6nuua 7.4e - Tpy6a Unidelta PEX u3 cumtoro nonuatunexa, Knacc C B coorBetcteum ¢ EN ISO 15875
Table 7.4e - Unidelta PEX Pipe Classe C according to EN ISO 15875

+US 20 503 8.0 0.6 05
UniTerm

UniTerm
-2
s1ee1o 0061 0,080 MultiTerm
164" 2,05% 12,0 0,88 1,13 2,199-10" 0,084 0113 .
MultiTerm

UniTerm
17 6% 2,06 13,0 0,94 1,33 2,698-10" 0,090 0,133 TiTemm
MultiTerm

UniTerm
Tl 2,05 14,0 1,01 1.54 3,267-107" 0,965 0,154 Tilomn
MultiTerm

UniTerm
20" 2,06% 16,0 1,13 2,01 4,637-10" 0,108 0,201 TiTorn
MultiTerm




7.5
MapkupoBka

MapkupoBka Tpy6 Unidelta PEX Uni-
Term 13 CLWKXTOrO MONMAITUNEHA, B
cooTBeTCcTBUM co cTaHgaptom EN ISO
15875, BbINOMHAETCS Ha KaXOoM MeTpe
N COOAEPXMUT BCH MHGOPMAaLMIO, KoTopas
OTHOCUTCS! K XapakTepuCcTUkam pa3mepoB
N NpuMeHeHuto TpyObl, a Takke AaHHbIE,
HeobxoaMMble ANS NPOCHEXMBAEMOCTU
nagenus (PucyHok 7.1).

a) 12 m, naptusa 200900352

12 m obo3Ha4yaeT KONMMYEeCTBO METPOB C
Hayana pyrnoHa (Kaxabll MeTp B pyroHe
HyMepyeTcs Mo BO3pacTaHuio), a napTus
200900352 o6o3Ha4aeT HoMep NapTUmn.

b) UNIDELTA UNITERM - EN ISO 15875
OpHocrnonHas Tpyba (UniTerm),
BbinyweHHas komnaHuen Unidelta, B
cooTBeTCcTBUM co cTaHgaptom EN ISO
15875.

c) C - PE-Xb @17x2

Tpyba pasmepHoro knacca C, coenaHHas
M3 cwutoro nommatuneHa PEX ¢
cunaHamn, C BHELWHUM ANaMETPOM
paBHbIM 17 MM 1 TOMLLMHOM 2 MM.

d) Knacc 5/8 6ap Knacc 4/10 6ap
Tpyba c «knaccoMm npumeHeHus 5, ¢
pacyéTHbIM faBneHnem 8 Gap wnn c
Knaccom npuMeHeHus 4, ¢ pacyéTHbIM
naeneHvem 10 Gap.

e) 03/02/09 14:18

03 — geHb Bbinycka, 02 — mecsy, BbiNycka,
09 - rog Bbinycka, 14:18 — Bpewms
BbIMycKa.

f)B L5

B — a0 ogHa 13 Tpéx NPon3BOACTBEHHbIX
cmeH (A,B,C), L5 — aT0 NuHMA aKcTpy3nu,
Ha KoTopow Obina BbinyLeHa Tpyba.

g) MADE IN ITALY
Tpy6bl Unidelta Bbinyckatotcs B tanum

(@

(b) <

0302109

12m Lotto 200900352 UNIDELTA UNITERM - EN 150 15875 - C - PE-Xb @17x2 Classe 58 bar Classe 4/10 bar

yl -

- G,

* (d)

> (c)

(b)
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7.5
Marking

Every metre of Unidelta Unilerm PEX pipe
produced according fo the standard
EN ISO 15875 is marked and full details
are given as to pipe’s dimensions
and applications tfogether with other
information necessary to find the product
(Figure 7.1).

a) 12 m Lot 200900352

12m indicates the number of metres
from the beginning of the coil (the metres
of each coil are numbered progressively)
and Lot 200900352 indicates the lot
number.

b) UNIDELTA UNITERM - EN ISO 15875
Single layer pipe (UniTerm) manufactured
by Unidelta in accordance with EN ISO
15875.

c)C - PE-Xb @17x2

Dimensional category C, cross-linked PEX
pipe manufactured with silanes, external
diameter equal fo 17mm and thickness
2mm.

d) Classe 5/8 bar Classe 4/10 bar
Application category & pipe with design
pressure of 8 bar, or application category
4 pipe with design pressure of 10 bar.

e) 03/02/09 14:18

03 indicaftes the day, 02 the month,
09 the year and 14:18 the time of
production.

f)BL5

B is one of the three production shifts (A,
B, C), L5 indicates the extrusion line from
which the product was manufactured.

g) MADE IN ITALY
Unidelta pipes are manufactured in Ifaly.
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MapkupoBka Tpy6 Unidelta PEX Tri-
Term 13 CLWKXTOrO MONMU3TUNEHA, B
cooTBeTCTBMM €O  cTaHgaptom EN
ISO 15875, BbINOMHAETCA Ha Ka)Kaom
METpe U COOEPXUT BCHO MHGOPMaUUIO,
OTHOCSILLYHOCSA K XapakTepucTmkam
pasMepoB M MNpUMEHeHU0 TpyObl, a
Takke [OaHHble, HeoOxoaumble AN
npocnexueaemoctn uagenusa (PucyHok
7.2).

7.5

a) 12 m, naptusa 200900352

12 m obo3Ha4yaeT KONMMYEeCTBO METPOB C
Hayana pyrnoHa (KaXabll MeTp B pyroHe
HyMepyeTcs Mo BO3pacTaHuio), a napTus
200900352 o60o3Ha4aeT HoMep NapTumn.

b) UNIDELTA TRITERM PEX/EVOH
OXYGEN BARRIER PIPE EN ISO 15875
TpéxcronHas Tpyba (TriTerm),
BbiNyweHHas KkomnaHuen Unidelta, B
cooTBeTCcTBUM co cTaHgaptom EN ISO
15875.

Tpyba nmeet 6apbep, NnpeaoTBpaLLaoLLnii
NPOHMKHOBEHME KM1cropoaa.

c) C - PE-Xb @17x2

Tpyba pasmepHoro knacca C, coenaHHas
M3 cwutoro nommatuneHa PEX ¢
cunaHamn, C BHELWHUM ANaMETPOM
paBHbIM 17 MM M TOMLLMHON 2 MM.

d) Knacc 5/8 6ap Knacc 4/10 6ap

Tpyba c «knaccoMm npumeHeHus 5, ¢
pacyéTHbIM gaBneHnem 8 Gap wnm ¢
Knaccom MpuUMeHeHus 4, C pacyéTHbIM
naeneHvem 10 Gap.

e) 03/02/09 14:18

03 — geHb Bbinycka, 02 — mecsy, BbiNycka,
09 - rog Bbinycka, 14:18 — Bpewms
BbIMycCKa.

f)B L5

B — a0 ogHa 13 Tpéx NPon3BOACTBEHHbIX
cmeH (A,B,C), L5 — 310 nuHMA aKcTpyanu,
Ha koTopow Obina BbinyweHa Tpyba.

g) MADE IN ITALY
Tpy6bl Unidelta Beinyckatotcst B Utanuu.

(d)

(©

(b)

(@9

(b)

7.5

Every metre of Unidelta Trilerm PEX pipe
produced according fo the standard
EN ISO 15875 is marked and full deftails
are given as to pipe’s dimensions
and applications fogether with other
information necessary to find the product
(Figure 7.2).

a) 12 m Lot 200900352

12m indicates the number of metres
from the beginning of the coil (the metres
of each coil are numbered progressively)
and Lot 200900352 indicates the lot
number.

b) UNIDELTA TRITERM PEX/EVOH OXYGEN
BARRIER PIPE EN ISO 15875

Three layer pipe (Trilerm) manufactured
by Unidelta in accordance with EN ISO
168785.

The pipe has a barrier against oxygen
diffusion.

c)C - PE-Xb @17x2

Dimensional category C, cross-linked PEX
pipe manufactured with silanes, external
diameter equal fo 17mm and thickness
2mm.

d) Classe 5/8 bar Classe 4/10 bar
Application category & pipe with design
pressure of 8 bar, or application category
4 pipe with design pressure of 10 bar.

e) 03/02/09 14:18

03 indicafes the day, 02 the month,
09 the year and 14:18 the ftime of
production.

)BL5

B is one of the three production shifts (A,
B, C), L5 indicates the extrusion line from
which the product was manufactured.

g) MADE IN ITALY
Unidelta pipes are manufactured in Italy.



7.5

MapkupoBka Tpy6 Unidelta PEX Mul-
tiTerm wn3 cwuTOro nonuaTuneHa, B
cooTBeTCcTBMM cO  cTaHgaptom EN
ISO 15875, BbINOMHAETCA Ha KaKaom
METpe U COOEPXUT BCHO MHGOPMaLUUIO,
OTHOCSILLYHOCSA K XapakTepucTukam
pasMepoB M MNpUMEHEHU0 TpyObl, a
Takke [OaHHble, HeobOxoaumble AN
npocnexueaemoctn uagenusa (PucyHok
7.3).

a) 12 m, naptusa 200900352

12 m obo3Ha4yaeT KONMMYEeCTBO METPOB C
Hayana pynoHa (Kaabll MeTp B pyroHe
HymMepyeTcs Mo BO3pacTaHuio), a napTus
200900352 o603Ha4aeT HoMep NapTUmn.

b) UNIDELTA MULTITERM PEX/EVOH/
PEX OXYGEN BARRIER PIPE EN ISO
15875

MaTucnonHas Tpyba (TriTerm),
BbiNyweHHas komnaHuen Unidelta, B
cooTBeTCcTBUM co cTaHgaptom EN ISO
15875.

Tpyba nmeet 6apbep, NnpeaoTBpaLLaoLLnii
NPOHMKHOBEHME KM1cropoaa.

c) C - PE-Xb @17x2

Tpyba pasmepHoro knacca C, coenaHHas
M3 cwutoro nommatuneHa PEX ¢
cunaHamn, C BHELWHUM ANaMETPOM
paBHbIM 17 MM M TOMLLMHOM 2 MM.

d) Knacc 5/8 6ap Knacc 4/10 6ap

Tpyba c «knaccoMm npumeHeHus 5, ¢
pacyéTHbIM faBneHnem 8 Gap wnm ¢
Knaccom npuMeHeHus 4, C pacyéTHbIM
naeneHvem 10 Gap.

e) 03/02/09 14:18

03 — geHb Bbinycka, 02 — mecsy, BbinNycka,
09 - rog Bbinycka, 14:18 — Bpewms
BbIMycCKa.

f)B L5

B — 310 ogHa 13 Tpéx NPon3BOACTBEHHbIX
cmeH (A,B,C), L5 — aT0 nNuHMA aKcTpy3nu,
Ha KoTopow Obina BbinyLeHa Tpyba.

g) MADE IN ITALY
Tpy6bl Unidelta Bbinyckatotcst B UTanuu.

(d)

(b)
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7.5

Every metre of Unidelfa Mulfilerm PEX
pipe produced according fo EN ISO
156875 is marked and full details are given
as o pipe’s dimensions and applications
fogether with other information necessary
fo find the product (Figure 7.3).

a) 12 m Lot 200900352

12m indicates the number of metres
from the beginning of the coil (the metres
of each coil are numbered progressively)
and Lot 200900352 indicates the lot
number.

b) UNIDELTA MULTITERM PEX/EVOH/PEX
OXYGEN BARRIER PIPE EN ISO 15875
Five layer pipe (Multilerm) manufactured
by Unidelta in accordance with EN ISO
168785.

The pipe has a barrier against oxygen
diffusion.

c)C - PE-Xb @17x2

Dimensional category C, cross-linked PEX
pipe manufactured with silanes, external
diameter equal fo 17mm and thickness
2mm.

d) Category 5/8 bar Category 4/10 bar
Application category & pipe with design
pressure of 8 bar, or application category
4 pipe with design pressure of 10 bar.

e) 03/02/09 14:18

03 indicafes the day, 02 the month,
09 the year and 14:18 the ftime of
production.

)BL5

B is one of the three production shifts (A,
B, C), L5 indicates the extrusion line from
which the product was manufactured.

g) MADE IN ITALY
Unidelta pipes are manufactured in Italy.



7.6
Head losses

7.6
lNMoTepun Harpy3ku
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neparypow 10°C

Harpysku npu Boge ¢ Tem
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c EN ISO 15875: nore|
rding to EN ISO 15875: head loss with water at 10°C

Diagram 7.1 - Unidelta PEX pipe acco

Ouarpamma 7.1 - Tpy6nb! Unidelta PEX 13 cluntoro nonuatuneHa B COOTBETCTBUM

Motepu Harpy3sku [M/100Mm] - Head loss (m/100m)

2 & 28RS

L L -

o

B $8E= & ¢

2
1

(W) ssewxoly) pup (W) Jeppuupip 1IN0 - [Win] eHnmuoL 1 [wn] dLewen umHmaHg

(s/1) 81 MO} - [Me9/ur] 9L00HdLBLNTOgEMOd] |

o ol g - *’5’:%*“&
i .

CkopocTb [M/cek] - Velocity (m/s)




g
r
W
D

- - 7.6

7.6

neparypow 50°C

Harpysku npu Boge ¢ Tem

pu

c EN ISO 15875: nore|
rding to EN ISO 15875: head loss with water at 50°C

Diagram 7.2 - Unidelta PEX pipe acco

Ouarpamma 7.2 - Tpy6nbl Unidelta PEX 13 cluntoro nonuatuneHa B COOTBETCTBUM

Motepu Harpy3sku [M/100Mm] - Head loss (m/100m)
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Diagram 7.3 - Unidelta PEX pipe according to
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8.

TpyObl Unidelta PEX u3 cwuutoro nonuatuneHa B
coorBeTcTBUM ¢ UNE EN ISO 15875
Unidelta PEX pipes according to UNE EN ISO 15875
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8.1
BBepeHune

Tpybbl un3 cwwutoro nonmatuneHa Unidelta PEX,
BbiNyLleHHble B cooTtBerctBuM ¢ EN I1SO 15875,
npeaHasHa4vyeHbl Ansg nogavv ropsiderm M XOroAHOM
BoAbl noA gasrieHvem. OHWM noaxoasaT Ans nopadn
NUTbLEBOW BOAbl B COOTBETCTBMU C AENCTBYIOLLUM
3akoHogartensctBoM. Tpybbl Unidelta PEX u3 cumntoro
nonmatuneHa EN ISO 15875 moryT BbinyckaTbes
TaKkke W C KUCIOpoAHbIM Gapbepom (EVOH).
KucnopogHbii 6apbep COOTBETCTBYET NpeanucaHmsam
DIN 4726. MexaHudeckne TpeboBaHUSA, YCrOBUS
NPUMEHEHNST U pasMepHble XapakTEPUCTUKM TaKne Xe,
Kak n 'y Tpyb 6e3 bapbepa, OHM ONMUCHIBAKOTCH HUXKE.
B rnaee 6.1.3 npuBoguTCcs AetanbHas nHopmMaunsa o
ra3oHenpoHMLaeEMOCTU.

8.2
YcnoBusa npumeHeHus

Ycnoeust npumeHeHnst Tpy6 Unidelta PEX u3 cwwuToro
MonuWaTUNEHa, B  COOTBETCTBUM C  HOPMAaTUBHbIM
noctaHosneHuwem EN ISO 15875, npusoasrca B crnegyoLlei
Tabnuue. [Ons kaxpgoro pasmepa TpyObl MUHMManbHas
MPOJOIMKMTENBHOCTL paboThl coctaensieT 50 neT npu eé
MCNOMb30BaHUW B COOTBETCTBUM C YCIOBUSIMU NPUMEHEHNS.

8.1
Introduction

Unidelta cross-linked polyethylene PEX pipes manu-
factured according fo EN ISO 15875 are used to car-
ry pressurised hot and cold water. They are suitable
for drinking water in accordance with regulations in
force. Unidelta PEX pipes according to EN ISO 156875
can also be manufactured with an oxygen barrier
(EVOH). The oxygen barrier satisfies DIN 4726 prescrip-
tions. The mechanical requirements, conditions of
use and dimensional characteristics are equivalent to
those of pipes without barrier and are indicated be-
low. See Section 6.1.3 for further information on gas
impermeability.

8.2
Conditions of use

The application categories of Unidelta PEX pipes ac-
cording fo EN ISO 15875 are provided in the fables
below. Within the fields of application provided for by
the standard, the minimum lifespan for each pipe di-
mension is 50 years.

Ta6nuua 8.1 — Knaccbl npumeHenus Tpy6 Unidelta PEX u3 cwutoro nonuatuneHa UNE EN ISO 15785
Table 8.1 - Application fields of Unidelta PEX pipe according to UNE EN ISO 15875

taT, tarT tarT

max mal | O6nacTb NpMMeHeHus
(roabl) (roabl) (vachbI) B
Application field
(years) (years)

(hours)

Knacc npumeHeHus

Application class

XonopgHas Boga XonofHasi caHUTapHO-TEXHUYecKasn Boaa

Hot water 20 50 i ’ i i Hidrosanitary hot water
lopsiyast Boga Ans caHTexHu4Yeckux Hyxz (60°C)
@
! 60 49 80 ! % 100 Sanitary hot water (60°C)
[opsvas Boga Anst caHTexHudeckunx Hyxg (70°C)
2 7 49 1 9 1
0 80 5 0 Sanitary hot water (60°C)
20 2,5
o Hu3koTemnepatypHoe HanomnbHoe 1 pagnaTopHoe
oTonneHne
©)
3 £ 2 Y e e e Heating systems by radiating panels or low temperature
+ radiators
60 25
20 14
+
501 60 05 % 1 100 100 BbICC‘)KOTeMI'IepaTypHIOB pagmaTtopHoe OTOT'IﬂeHVIe
N Heating systems by high temperature radiarors
80 10

(a) Beibop mexay knaccamu 1 1 2 ocyLLeCTBNSAETCS HA OCHOBAHUM HaLMOHaMNbHbIX NpaBuI.
(a) Selection between categories 1 and 2 must be on the basis of national regulations

(b) Onsi knaccoB 4 1 5 BpeMs MOXHO CyMMMPOBATb, TaK KakK yKa3blBalOTCSl HECKOMbKO PaCYETHbIX TeMnepaTyp
(b) Since more than one design temperature is indicated for categories 4 and 5, fimes must be fofalled



8.2

loe:

t Bpems

T, Paboyas TemnepaTtypa wnuM  coveTaHue
pabounx TemnepaTyp

T MakcumanbHas paboyasi Temnepartypa.

max o
Hanbonee Bbicokoe 3HauyeHue pabodyen
TemnepaTypbl, KOTopasi AOMNyCcKaeTcs TONbKO
B TEYEHMNE KOPOTKOIO NPOMEXYTKA BPEMEHMW.

T . Temneparypa nnoxoro (yHKLMOHUPOBAHMS.

Camoe BbICOKOE 3HayeHue TemnepaTypbl,
KOTOpOe MOXET OTMeYaTbCsl, Koraa CUCTEMb

KOHTpOns HaxogaTcs B aBapuitHoM
COCTOSIHUN.
Ons  onpegeneHvss  makcumanbHoOro  paGo4yero

OaBrneHns, B 3aBMCMMOCTM OT pa3mepoB TpyObl u
Knacca npuvMeHeHusi, HeobXoaMMO KCMoNb30BaTb
cnegywowme Tabnuubl. Kpome TOro, HeobxoamMmo
yunTbiBaTb, YTO ANS MO4AYM XOMOAHOW BOAblI Npw
Temnepatype 20°C, ana Bcex TpyO, BbINMOSHEHHbLIE B
COOTBETCTBUM C HOPMAaTUBHbIM noctaHoBrieHnem EN
ISO 15875, GbINO NpPegyCMOTPEHO MaKcMMarbHoe
paboyee naeneHne pasHoe 10 Gap.

(_ﬂllnELTA

8.2

Where:
t fime

T Working temperature or combination of
working temperature

T Maximum working temperature.
Max. operating temperature. The highest
operating temperature value permitted only
for a brief period.

T . lbad working femperature.
Malfunction temperature. The highest tem-
perature value possible when control systems
malfunction.

Refer to the following table in order to determine the
maximum operating pressure based on pipe dimen-
sions and class of application. Furthermore, consider
that a maximum operating pressure of 10 bar is per-
mifted for the transport of cold water at a tempera-
ture of 20°C in all pipes manufactured according fo
EN ISO 15875.

Ta6nuua 8.2a - MakcumanbHoe paboyee aaBneHue: Tpyobl knacca A S5 UNE EN ISO 15875
Table 8.2a - Maximun working temperature: class A pipe S5 UNE EN ISO 15875

Pa3mep Tpy6bl

Pipe dimension

Knacc npumeHeHus
Application class

Tpy6b1 knacca A S5 UNE EN ISO 15875 - Class A pipe S5 EN ISO 15875

@12x1,1 6
@16x1,5
@20x1,9
?25x2,3
B32x2,9
@A0x3,7
@50x4,6
263x5,8
B75x6.8
@90x8,2

o o o o o oo oo oo o o

Z110x10

6 8

o o o o oo oo oo oo o o
©® o © W O © W o o
o o o o oo o oo oo o0 o o
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Ta6nuua 8.2b - MakcumanbHoe paboyee aaBneHue: Tpyobl knacca A S4 UNE EN ISO 15875
Table 8.2b - Maximun working temperature: class A pipes S4 UNE EN ISO 15875

Knacc npumeHeHus
Paamep Tpy6bi Application class

e m m m m

Tpy6bI knacca A S4 UNE EN ISO 15875 - Class A pipes $4 EN ISO 15875
B16x1,8 8 8 10 8

Ta6nuua 8.2c - MakcumanbHoe paboyee naBneHue: Tpyobl knacca A S3,2 UNE EN ISO 15875
Table 8.2c - Maximum working temperature: class A pipe $3,2 UNE EN ISO 15875

Knacc npumeHeHus

Paamep Tpy6bi Application class

e m m m m

Tpy6hI Knacca A S3,2 UNE EN ISO 15875 - Class A pipe $3,2 EN ISO 15875

a12x1,7 10 10 10 10
D16x2,2 10 10 10 10
@20x2,8 10 10 10 10
&25x3.5 10 10 10 10
@32x4,4 10 10 10 10
@40x5,5 10 10 10 10
@50x6,9 10 10 10 10
D63x8,6 10 10 10 10
@75x10,3 10 10 10 10
@90x12,3 10 10 10 10
@110x15,1 10 10 10 10

Tabnuua 8.2d - MakcumanbHoe paboyee naBneHue: Tpyobl knacca C UNE EN ISO 15875
Table 8.2d - Maximun working temperature: class C pipes UNE EN ISO 15875

Knacc npumeHeHus
Pasmep Tpy6hbi Application class

e m m m m

Tpy6kI knacca C UNE EN ISO 15875 - Class C pipes EN ISO 15875

D16x2 10 10 10 8
D17x2 10 8 10 8
&18x2 8 8 10 8
@20x2 8 6 8 6




8.3
MpoBepkn kayecTBa

Tpy6bi Unidelta PEX 13 cLUMTOrO MONM3TUNEHA, BbIMYLLEHHbIE
B cooTtBeTcTBMM co cTaHgaptom UNE EN ISO 15875,
JOIMKHbI COOTBETCTBOBATb MHOMOYMCIIEHHBIM TPEOOBaHNSAM
1 MPONTU CTpOrne npoBepku (cM. Tabnuuy 8.3).
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8.3
Quality controls

Unidelta PEX pipes manufactured in accordance with
EN ISO 15875 must satisfy numerous requirements and
pass strict tests (see Table 8.3).

Tabnuua 8.3 - Pusnko-mexaHu4veckue TpeéosaHusa ansa Tpy6 Unidelta PEX u3 cuumtoro nonuatuneHa B coorsetrctBum ¢ EN ISO 15875
Table 8.3 - Physical and mechanical requirements of Unidelta PEX pipes to EN ISO 15875

TpeGoBaHue EavHnubl namepenus | 3HaueHue
Requirement Unit Value

OnpenenexHne NpodonbHON ycaaku
Longitudinal reversion

CTeneHb CLUMBaHMS
Grade of cross-linking

Tennosas cTabunbHOCTb NPY UCNbITAHUAX TMAPOCTATUYECKUM AaBNEHNEM

Thermal stability by hydrostatic pressure testing
(6=2,5MPq, 110°C, >8760 h)©

YCTONYMBOCTb K BHYTPEHHEMY AABIEHUIO
Resistence fo inner pressure
(6=12MPq, 20°C, >1h)©

YCTONYMBOCTb K BHYTPEHHEMY AaBMEHNIO
Resistence to inner pressure
(0=4,8MPq, 95°C, >1h)@

YCTOMYMBOCTb K BHYTPEHHEMY AaBrieHnioa
Resistence fo inner pressure
(0=4,7MPq, 95°C, >22h)©

YCTONYMBOCTb K BHYTPEHHEMY AABMEHNIO
Resistence fo inner pressure
(6=4,6MPq, 95°C, >165h)©

YCTONYMBOCTb K BHYTPEHHEMY AABIIEHUIO
Resistence to inner pressure
(0=4,4MPq, 95°C, >1000h)©

© 6=P x (d,-e) / 208

dusmyeckme XapaKkTepuUcTUKN NONIMMEPHbIX
MaTtepuarnoB NPOBEPSOTCS MPU NMOCTYNNEHUN U UMEOT
ceptucukaTt noctaBwuka. Bo Bpemsi npoussBoactea
MOCTOSIHHO MPOBEPSIIOTCA pasMepbl TPYO C MOMOLLbIO
cneumarnbHbIX  YNbTPa3BYKOBbIX WHCTPYMEHTOB U
onepaTopoM, KOTOPbIA MepuoaNYECKN KOHTPOSUPYET,
4TOObLI pasmepbl He BbIXOAUIM 32 paMKu NPeanucaHHbIX
JonyckoB. Ha npon3BoACTBEHHON NTMHWM BbINOSTHAETCS
TWaTenbHas MNpoBepka BCEX MapaMeTpoB npolecca
C TMOMOLUbI  CBEPXCOBPEMEHHbIX  3NEKTPOHHBLIX
nprnbopoB.

%

<3
% =65
Yacel / hours >8760
yacbl / hours >1
Yacel / hours >1
yacbl / hours >22
yacbl / hours >165
Yacel / hours >1000

The physical characteristics of the polymeric materials
are checked upon delivery and are certified by the
supplier. During production the pipe dimensions are
continuously checked with appropriate ulfrasound in-
struments and by the operators who verify art reqular
time intervals that the dimensions are within the pre-
scribed folerances.

All process parameters on the production line are
closely monitored by means of sophisticated equip-
ment,
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8.4 8.4
XapaKkTtepucTUKM pa3mepoB Dimensional features
Xapaktepuctukn pasmepoB Tpy6 Unidelta PEX wu3 The dimensional features of Unidelta PEX pipes tfo
cwmToro nonmatuneHa B cooteercteum ¢ UNE EN ISO UNE EN ISO 15875 are set out in the following table
15875 npuBogATca B cneaylowmx Tabnmuax, rge: where:
d, BHewHun guametp d, Outer diameter
e TonwwuHa e Thickness
d BHyTpeHHWI gnameTtp d Inner diameter
Ar Y4yacTok cedeHus Tpyobl Ar Pipe cross-section area
Au Y4acToK MOMesHOro ceyeHnst mpoxoaa Au Useful flow area
J [eomeTpuyecknii MOMEHT WHepuuu Mo J Geometric moment of inertia with respect
OTHOLLIEHUIO K AMaMeTparnbHOM OCu to a diameter axis
Pt Bec nuHenHoro metpa Tpy6hl Pt Pipe weight per linear mefre
Vf O6BbEM XKMOKOCTW, codepXallencs B Vi Volume of fluid confained per linear
OLHOM NIMHEHOM MeTpe metre
Versioni Vimetowmeca Bepcum Tpyobel PEX wu3 Versioni Version of PEX pipe available

CLUMTOrO nosinmatuneHa

Ta6bnuua 8.4a - Tpy6a Unidelta PEX n3 cumtoro nonuatuneHa, Knacc A S5 B coorsetctBumu ¢ UNE EN ISO 15875
Table 8.4a - Unidelta PEX pipe Classe A S5 according to UNE EN ISO 15875

mmm

0,38 0,7 5,65-102 0,036 0,075 TriTerm
165 1,55 13,0 0,68 1,33 1,815-10" 0,065 0,133 ,\;JSI'TTITe;Pn
20" 1,9 16,2 1,08 2,06 4,473-10" 0,103 0,206 I\;JS:TT.%Tn
25 3% 2,3 20,4 1,64 3,27 1,067-10° 0,157 0,327 ,\;JSI'TTI%’?“
328" 2,9 26,2 2,65 5,39 2,834-10° 0,253 0,539 ,\;m%::n
408 3,74 32,6 4,22 8,35 7,022:10° 0,405 0,835 UniTerm
505% 4,60 40,8 6,56 13,07 1,708-10" 0,626 1,317 UniTerm
63 8% 5.8 51,4 10,42 20,75 4,30610" 0,995 2,075 UniTerm
755 6,85 61,4 14,57 29,61 8,55510" 1,391 2,961 UniTerm
90> 8,24 73,6 21,07 42,54 1,780-102 2,012 4,254 UniTerm
110" 108" 90,0 31,42 63,62 3,96610° 3,001 6,362 UniTerm

Ta6nuua 8.4b - Tpy6a Unidelta PEX u3 cumntoro nonuatuneHa, Knacc A S4 B coorBetcTBum ¢ UNE EN ISO 15875
Table 8.4b - Unidelta PEX pipe Classe A S4 according to UNE EN ISO 15875

i Versioni
(Kg/m) (I/m)
603

N UniTerm
03 ]
1,80 2,4 0.8 2 2,056-10° 0,076 0,121 MultiTerm
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8.4 . . 8.4

Ta6nuua 8.4c - Tpy6a Unidelta PEX u3 cwuTtoro nonuatuneHa, Knacc A S3,2 B coorBetctBum ¢ UNE EN ISO 15875
Table 8.4c - Unidelta PEX pipe Classe A $3,2 according fo UNE EN ISO 15875

+O3 +D3

7,494-10 0,052 0,058 UniTerm
UniTerm

+0,3 +04 .10
160 2,20 11,6 0,95 1,06 2,328-10 0,091 0,106 MultiTerm
UniTerm

+0,3 +0,4 .10
200 2,80 14,4 1,51 1,63 5,743-10 0,144 0,163 MultiTerm
UniTerm

+03 105 . 0
250 350 18,0 2,36 2,54 1,402-10 0,225 0,254 MultiTerm
UniTerm

403 +0,6 . 0
320 4,40 23,2 3,82 4,23 3,725-10 0,328 0,423 MultiTerm
40 6™ 5,54 29.0 5,96 6,61 9,095-10° 0,569 0,661 UniTerm
506" 6,9 % 36,2 9,34 10,29 2,225-10! 0,892 1,029 UniTerm
636" 8,60" 45,8 14,70 16,47 5,573-10! 1,417 1,633 UniTerm
756" 10,36" 54,4 20,94 23,24 1,123-10? 2,001 2,324 UniTerm
90 6% 12,3 6" 65,4 30,02 33.59 2,323-10? 2,867 3,359 UniTerm
110" 15,16" 79.8 45,02 50,01 5,196-10? 4,299 5,001 UniTerm

Ta6nuua 8.4d - Tpy6a Unidelta PEX u3 cwumtoro nonuatuneHa, Knacc C B coorsetctBun ¢ UNE EN ISO 15875
Table 8.4d - Unidelta PEX pipe Classe C according to UNE EN ISO 15875

mmm

2,199-10" 0,084 0,113 TriTerm
176% 2,06 13,0 0,94 1,33 2,698-10" 0,090 0,133 Triferm
184" 2,08” 14,0 1,01 1,54 3,267-10" 0,965 0,154 TriTerm

20% 2,05% 16,0 1,13 2,01 4,637-10" 0,108 0,201 TriTerm
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MapkupoBka Tpy6 Unidelta PEX Uni-
Term 13 CLWKXTOrO MONMAITUNEHA, B
cootBeTcTBUM co cTaHaaptom UNE EN
ISO 15875, BbINOMNHAETCA Ha KaKaom
METpe U COOEPXUT BCH MHGOPMaLUUIO,
OTHOCSILLYHOCSA K XapakTepucTukam
pasMepoB M MNpUMEHEHU0 TpyObl, a
Takke [OaHHble, HeobOxoaumble AN
npocnexueaemoctn uagenusa (PucyHok
8.1).

8.5
MapkupoBka

a) 24 m, naptus 200900311

24 m obo3Ha4yaeT KONMM4YeCTBO METPOB C
Hayana pyrnoHa (KaXabll MeTp B pyroHe
HyMepyeTcs Mo BO3pacTaHuio), a napTus
200800311 obo3Ha4aeT Homep NapTUn.

b) UNIDELTA UNITERM UNE EN ISO
15875

OpHocronHas Tpyba (UniTerm),
BbinyweHHas komnaHuen Unidelta, B
cootBeTcTBUM co cTtaHaaptom UNE EN
ISO 15875.

c) A -PE-Xb @ 16x2,2
TpybacknaccompasmepaA, caenaHHas us
cwmToro nonmatuneHa PEX ¢ cunanamn,
C BHELUHUM AMaMEeTPOM paBHbIM 16 MM 1©
TOSILLMHON 2,2 MM.

d) Knacc 5/10 - Knacc 4/10 6ap

Tpyba c «knaccoMm npumeHeHus 5, ¢
pacyéTHbiM gaeneHvem 10 Gap wnn c
Knaccom npuMeHeHuss 4, C pacyETHbIM
naeneHvem 10 Gap.

e) 20/01/09 15:24

20 — pgeHb BbInycka, 01 — MecsL BbInycka,
09 - rog Bbinycka, 15:24 — Bpewms
BbIMycKa.

f)B L5

B — a0 ogHa 13 Tpéx NPon3BOACTBEHHbIX
cmeH (A,B,C), L5 — aT0 NuHMA aKcTpy3nu,
Ha KoTopow Obina BbinyLeHa Tpyba.

g) MADE IN ITALY
Tpy6bl Unidelta Bbinyckatotcst B UTanuu.

(@

24 m Lotio 200900317 UMIDELTA UNITERM - UNE EN SO 15875 - A- PE-Xb @16x2,2 Closse 5/10 bar Classe 4/10 bar 2001/09 15:24 B L5 MADE IN ITALY

yl -

-

* (d)

> (c)

(b)

8.5
Marking

Every metre of Unidelfa UniTerm PEX pipe
produced according fo the standard
UNE EN ISO 15875 is marked and full
details are given as to pipe’s dimensions
and applications tfogether with other
information necessary to find the product
(Figure 8.1).

a) 12 m Lot 200900352

12m indicates the number of metres
from the beginning of the coil (the metres
of each coil are numbered progressively)
and Lot 200900352 indicates the lot
number.

b) UNIDELTA UNITERM - EN ISO 15875
Single layer pipe (UniTerm) manufactured
by Unidelta in accordance with EN ISO
15875.

c)C - PE-Xb @17x2

Dimensional category C, cross-linked PEX
pipe manufactured with silanes, external
diameter equal fo 17mm and thickness
2mm.

d) Classe 5/10 bar - Classe 4/10 bar
Application category & pipe with design
pressure of 10 bar, or application
category 4 pipe with design pressure of
10 bar.

e) 20/01/09 15:24

20 indicaftes the day, 01 the month,
09 the year and 15:24 the time of
production.

)BL5

B is one of the three production shifts (A,
B, C), L5 indicates the extrusion line from
which the product was manufactured.

g) MADE IN ITALY
Unidelta pipes are manufactured in Ifaly.



8.5

MapkupoBka Tpy6 Unidelta PEX Tri-
Term 13 CLWKXTOrO MONMU3TUNEHA, B
cootBeTcTBUM co cTaHgaptom UNE EN
ISO 15875, BbINOMHAETCA Ha Ka)Kaom
METpe U COOEPXUT BCHO MHGOPMaUUIO,
OTHOCSILLYHOCSA K XapakTepucTmkam
pasMepoB M MNpUMEHeHU0 TpyObl, a
Takke [OaHHble, HeoOxoaumble AN
npocnexueaemoctn uagenusa (PucyHok
8.2).

a) 12 m, naptusa 200900352

12 m obo3Ha4yaeT KONMMYEeCTBO METPOB C
Hayana pyrnoHa (KaXabll MeTp B pyroHe
HyMepyeTcs Mo BO3pacTaHuio), a napTus
200900352 o60o3Ha4aeT HoMep NapTumn.

b) UNIDELTA TRITERM PEX/EVOH
OXYGEN BARRIER PIPE UNE EN ISO
15875

TpéxcronHas Tpyba (TriTerm),
BbiNyweHHas KkomnaHuen Unidelta, B
cootBeTcTBUM co cTtaHgaptom UNE EN
ISO 15875.

Tpyba nmeet 6apbep, NnpeaoTBpaLLaoLLnii
NPOHMKHOBEHME KM1cropoaa.

c) C - PE-Xb @17x2

Tpyba pasmepHoro knacca C, coenaHHas
M3 cwutoro nommatuneHa PEX ¢
cunaHamn, C BHELWHUM ANaMETPOM
paBHbIM 17 MM 1 TOMLLMHOM 2 MM.

d) Knacc 5/8 6ap Knacc 4/10 6ap

Tpyba c «knaccoMm npumeHeHus 5, ¢
pacyéTHbIM faBneHnem 8 Gap wnn ¢
Knaccom MpuMeHeHus 4, C pacyéTHbIM
naeneHvem 10 Gap.

e) 03/02/09 14:18

03 — geHb Bbinycka, 02 — mecsy, BbiNycka,
09 - rog Bbinycka, 14:18 — Bpewms
BbIMycCKa.

f)B L5

B — a0 ogHa 13 Tpéx NPon3BOACTBEHHbIX
cmeH (A,B,C), L5 — 310 nuHMA aKcTpyanu,
Ha koTopow Obina BbinyweHa Tpyba.

g) MADE IN ITALY
Tpy6bl Unidelta Beinyckatotcst B UTanuu.

(d)

(©

(b)

(@9

PE-XD 1742 Classe 518 bar Closse 4110 bar IJE.’IJEWM:THIEHADEH ALY @

12 m Loto 200900352 UNIDELTA TRITERM PEXEVOH Crygen Barrier Pipe - UNE EN IS0 15875-C-

(b)
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8.5

Every mefre of Unidelta Trilerm PEX pipe
produced according fo the standard
UNE EN ISO 15875 is marked and full
details are given as to pipe’s dimensions
and applications fogether with other
information necessary to find the product
(Figure 8.2).

a) 12 m Lot 200900352

12m indicates the number of metres
from the beginning of the coil (the metres
of each coil are numbered progressively)
and Lot 200900352 indicates the lot
number.

b) UNIDELTA TRITERM PEX/EVOH OXYGEN
BARRIER PIPE EN ISO 15875

Three layer pipe (Trilerm) manufactured
by Unidelta in accordance with EN ISO
168785.

The pipe has a barrier against oxygen
diffusion.

c)C - PE-Xb @17x2

Dimensional category C, cross-linked PEX
pipe manufactured with silanes, external
diameter equal fo 17mm and thickness
2mm.

d) Classe 5/8 bar Classe 4/10 bar
Application category & pipe with design
pressure of 8 bar, or application category
4 pipe with design pressure of 10 bar.

e) 03/02/09 14:18

03 indicafes the day, 02 the month,
09 the year and 14:18 the ftime of
production.

)BL5

B is one of the three production shifts (A,
B, C), L5 indicates the extrusion line from
which the product was manufactured.

g) MADE IN ITALY
Unidelta pipes are manufactured in Ifaly.
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MapkupoBka Tpy6 Unidelta PEX Mul-
tiTerm wn3 cwwutoro nonuatuneHa, B
cootBeTcTBUM co cTaHgaptom UNE EN
ISO 15875, BbINOMHAETCA Ha KaKaom
METPe U COOEPXUT BCHO MHGOPMaLUUIO,
OTHOCSILLYHOCSA K XapakTepucTukam
pasMepoB M MNpUMEHEHU0 TpyObl, a
Takke [OaHHble, HeobOxoaumble AN
npocnexueaemoctn uagenusa (PucyHok
8.3).

a) 12 m, naptusa 200900352

12 m obo3Ha4yaeT KONMMYEeCTBO METPOB C
Hayana pynoHa (Kagbll MeETp B PyroHe
HymMepyeTcs Mo BO3pacTaHuio), a napTus
200900352 o603Ha4aeT HoMep NapTumn.

b) UNIDELTA MULTITERM PEX/EVOH/
PEX OXYGEN BARRIER PIPE UNE EN
ISO 15875

MaTucnonHas Tpyba (MultiTerm),
BbiNyweHHas KkomnaHuen Unidelta, B
cootBeTcTBUM co cTaHaaptom UNE EN
ISO 15875.

Tpyba nmeet 6apbep, npeaoTBpaLLaoLLnii
NPOHMKHOBEHME KM1cropoaa.

c) A -PE-Xb @ 16x2,2
TpybacknaccompasmepaA, caenaHHas us
cwmToro nonmatuneHa PEX ¢ cunanamp,
C BHELUHUM AMaMETPOM paBHbIM 16 MM 1
TOSILLMHON 2,2 MM.

d) Knacc 5/10 - Knacc 4/10 6ap

Tpyba c «knaccoMm npumeHeHus 5, ¢
pac4éTHbiM gaeneHvem 10 Gap wnn c
Knaccom MpuMeHeHus 4, C pacyéTHbIM
naeneHvem 10 Gap.

e) 20/01/09 15:24

20 — pgeHsb BbInycka, 01 — mecsL BbInycka,
09 - rog Bbinycka, 15:24 — Bpewms
BbIMycKa.

f)B L5

B — 310 ogHa 13 Tpéx Npon3BOACTBEHHbIX
cmeH (A,B,C), L5 — 310 nuHMA akcTpyanu,
Ha KoTopow Obina BbinyLeHa Tpyba.

g) MADE IN ITALY
Tpy6bl Unidelta Bbinyckatotcs B Utanuu.

(@)

(©

(b)

(@)%

(b)

}(O)

8.5

Every metre of Unidelfa PEX MultiTerm
pipe produced according to UNE EN ISO
156875 is marked and full details are given
as o pipe’s dimensions and applications
fogether with other information necessary
fo find the product (Figure 8.3).

a) 12 m Lot 200900352

12m indicates the number of metres
from the beginning of the coil (the metres
of each coil are numbered progressively)
and Lot 200900352 indicates the lot
number.

b) UNIDELTA MULTITERM PEX/EVOH/PEX
OXYGEN BARRIER PIPE EN ISO 15875
Five layer pipe (Multilerm) manufactured
by Unidelta in accordance with EN ISO
168785.

The pipe has a barrier against oxygen
diffusion.

c)C - PE-Xb @17x2

Dimensional category C, cross-linked PEX
pipe manufactured with silanes, external
diameter equal fo 17mm and thickness
2mm.

d) Category 5/8 bar Category 4/10 bar
Application category & pipe with design
pressure of 8 bar, or application category
4 pipe with design pressure of 10 bar.

e) 20/01/09 15:24

20 indicates the day, 01 the month,
09 the year and 15:24 the time of
proguction.

)BL5

B is one of the three production shifts (A,
B, C), L5 indicates the extrusion line from
which the product was manufactured.

g) MADE IN ITALY
Unidelta pipes are manufactured in Italy.
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m-m -

8.6

neparypou 50°C

npv Boge ¢ TeM

¢ UNE EN ISO 15875: notepu Harpy3sku

Ouarpamma 8.2 - Tpy6b1 Unidelta PEX 13 cluMTOoro nonmatuneHa B COOTBETCTBUU

rding to UNE EN ISO 15875: head loss with water at 50°C

Diagram 8.2 - Unidelta PEX pipe acco

MoTepw Harpy3ku [M/100m] - Head loss (m/100m)
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8.6

neparypou 80°C

npv Boge ¢ TeM

¢ UNE EN ISO 15875: notepu Harpy3sku
rding to UNE EN ISO 15875: head loss with water at 80°C

Ouarpamma 8.3 - Tpy6b1 Unidelta PEX 13 cluMTOro nonmatuneHa B COOTBETCTBUU

Diagram 8.3 - Unidelta PEX pipe acco

Motepwu Harpy3ku [M/100Mm] - Head loss (m/100m)
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9.

TpyObi Unidelta n3 cuntoro nonnatuneHa B
coorBetcTBMU ¢ DIN 16892 / DIN 16893
Unidelta PEX pipes according fo DIN 16892 / DIN 16893
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9.1
BBepeHune

Tpybbl un3 cwwutoro nonmatuneHa Unidelta PEX,
BbIMyLLIEHHbIE B COOTBETCTBMM CO cTaHgaptamu DIN
16892 n DIN 16893, npegHasHa4vyeHbl Ans ropsyen
U xonogHow Boabl non AaeneHnem. OHM noaxoaaT
Ons nogayM nNUTbEBOW BOAbl B COOTBETCTBUM C
OEeVCTBYIOLWMM 3akoHodaTenbcTBoM. Tpyobl Unidelta
PEX n3 cumtoro nonuatuneHa DIN 16892 / DIN 16893
MOTYT BbIMyCKaTbCS TAKXKe U C KUCITOPOAHbIM 6apbepom
(EVOH). KwucnopogHbii  Gapbep  COOTBETCTBYET
npegnucannam DIN 4726. [lpuBeAéHHble HUXe
mMexaHudeckne TpeboBaHus, YCNOBUS NPUMEHEHUS U
XapaKTepUCTUKN pa3mMepoB Takue Xe, Kak u anst Tpyo
0e3 6apbepa.

B raBe 6.1.3 MoxHO HanTu 6onee [eTanbHyHO
MHOPMALMIO, OTHOCSLLYIOCA K XapaKTepucTukam

ra3oHenpoHMLAEMOCTH.
9.2
YcnoBusa npuUMeHeHus

Ycnosusa npumeHeHust Tpyo Unidelta PEX 13 cumntoro
nonuatuneHa B COOTBETCTBMM C HOPMATMBHbIM
noctaHosneHmemDIN 16893 npmBogaTcs B crieqytoLLen
Tabnuue. NprBeaéxHble B Tabnuue gaHHblE JaBNEHUS
COOTBETCTBYIOT hakTopy 6esonacHocTn 1,5.

9.1
Introduction

Unidelta cross-linked polyethylene PEX pipes manu-
factured according to DIN 16892 and DIN 16893 are
used fo carry pressurised hot and cold water. They are
suitable for drinking water in accordance with regu-
lations in force. Unidelta PEX pipes DIN 16892 | DIN
16893 can also be manufactured with an oxygen bar-
rier (EVOH). The oxygen barrier satisfies DIN 4726 pre-
scriptions. The mechanical requirements, conditions
of use and dimensional characteristics are equivalent
to those of pipes without barrier and are indicafed
below,

See Section 6.1.3 for further information on gas im-
permeability.

9.2
Conditions of use

The application categories of Unidelta PEX pipes
according fo DIN 16893 are provided in the fable
below. The pressure values have been determined
taking a safety factor of 1.5 info consideration.
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9.2 . . 9.2

Ta6nuua 9.1 — MakcumanbHoe paboyee aaBneHue Tpy6 Unidelta PEX 13 cluMToro nonuatuneHa B COOTBETCTBMU C HOPMAaTUBHbIM
noctaHoBneHuem DIN 16893 (cakTop 6e3onacHocTu 1,5)
Table 9.1 - Maximum working temperature of the Unidelta PEX pipe accordin to standard DIN 16893 (safety factor 1,5)

I S5 sS4
rc Lt SDR 11 SDR 9
(bar) (bar)

1 14,9 18,7 23,6

5 14,6 18,4 23,2

10 10 14,5 18,3 23,0
25 14,4 18,1 22,8

50 14,2 17.9 22,6

100 14,1 17,8 22,4

1 13,2 16,6 20,9

5 12,9 16,3 20,5

20 10 12,8 16,2 20,4
25 12,7 16,0 20,1

50 12,6 15,9 20,0

100 12,5 15,7 19,8

1 11,7 14,7 18,5

5 1.5 14,4 18,2

. 10 1.4 14,3 18,1

25 1.3 14,2 17,9

50 11,2 14,1 17,7

100 1.1 14,0 17,6

1 10,4 13,1 16,5

5 10,2 12,8 16,2

e 10 10,1 12,7 16,1

25 10,0 12,6 15,9

50 9,9 12,5 15,7

100 9.8 12,4 15,6

1 9.3 1,7 14,7

5 9.1 11,4 14,4

50 10 9,0 1,3 14,3
25 8,9 11,2 14,1

50 8.8 11,1 14,0

100 8,8 11,0 13,9

1 8,3 10,4 13,1

5 8,1 10,2 12,9

60 10 8,0 10,1 12,8

25 7.9 10,0 12,6

50 7.9 9,9 12,5

1 7.4 9,3 1.8

5 7.3 9,1 1,5

70 10 7.2 9,1 1,4

25 7.1 9,0 11,3

50 7.0 8,9 11,2

1 6,6 8.4 10,5

80 5 6,5 8,2 10,3

10 6,4 8,1 10,2

25 6,4 8,0 10,1

1 6,0 7.5 9,5

5 5,8 7.4 9,3

%0 10 5,8 7.3 9.2
15 5,7 7.3 9,1

1 5,7 7.1 9,0

95 5 5,5 7.0 8.8
10 5,5 6,9 8,7

T = Temnepartypa / lemperature
Lt = MpogomkuTtensHocTb paboThl / Life Time in years
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9.3
MpoBepkn kayecTBa

Tpybbl Unidelta PEX 13 cwutoro nonuatunexa,
BbiMyLUEHHblE B COOTBETCTBMM CO CTaHAapTOM
DIN 16892/DIN 16893, pgorkHbl COOTBETCTBOBaTb
MHOIOYMCNEHHbIM TpeboBaHMAM M MPOWTM CTporve
nposepku (cM. Tabnuuy 9.2).

9.3
Quality controls

Unidelta PEX pipes manufactured in accordance with
DIN 16892 | DIN 16893 must safisfy numerous require-
ments and pass strict tests (see Table 9.2).

Ta6nuua 9.2 - ®usmko-mexaHuyeckue TpeéoBanusa ansa Tpy6 PEX Unidelta us ciuutoro nonuatunerna B coorsetctBum ¢ DIN 16892/DIN 16893
Table 9.2 - Physical and mechanical requirements of Unidelta PEX pipes to DIN 16892/DIN 16893

Tpeb6oBaHue EavHuubl nuamepenus | Valore
Requirement Unit Value

OnpeneneHve NpodonbHON ycaaku
Longitudinal reversion

CTteneHb CLUMBaHuUs
Grade of cross-linking

YCTONYMBOCTL K BHYTPEHHEMY AABMEHNIO
Resistence fo inner pressure
(6=4,7MPq, 95°C, >22h)@

YCTONYMBOCTb K BHYTPEHHEMY AABIIEHUIO
Resistence to inner pressure
(0=4,6MPq, 95°C, >165h)@

YCTONYMBOCTb K BHYTPEHHEMY [AABMEHMIO
Resistence fo inner pressure
(6=4,4MPq, 95°C, >1000h)

YCTOMYMBOCTb K BHYTPEHHEMY AaBEHNIO
Resistence fo inner pressure
(6=2,5MPq, 110°C, >8760h)

©@ ¢=Px(d-e)/20e

dusnyeckne XapaKTePUCTUKN NonMMepHbIX
MaTepuarnos NMPOBEPSATCA NPY NOCTYNIIEHUN U UMEIOT
cepTudukaT NocTaBLMKa.

Bo Bpemsi npou3BoAcTBa MOCTOSIHHO MNPOBEPSHOTCS
pasmepbl Tpyd €  MNOMOLWbB  crneumanbHbIX
yNbETPa3BYKOBbIX ~ UHCTPYMEHTOB M OMepaTopoM,
KOTOPbI NEPUOANYECKM KOHTPONMPYET, 4TOObI pasmepbl
He BbIXOLMWIN 32 pamMK/ NPeLNUCaHHbIX JOMYCKOB.

Ha  npou3BOOCTBEHHOW  JIMHUMU  BbIMOJHSETCS
TWaTenbHas MpoBepKka BCex MapameTpoB npouecca
C TMOMOLUbD  CBEPXCOBPEMEHHbIX  3NEKTPOHHbIX
nprbopoB..

O

% =65
yacel / hours >22
yachbl / hours >165
Yacbl / hours >1000
Yacel / hours >8760

The physical characteristics of the polymeric materials
are checked upon delivery and are certified by the
supplier.

During production the pipe dimensions are continuo-
usly checked with qppropriate ulfrasound instruments
and by the operators who verify at regular time in-
tervals that the dimensions are within the prescribed
tolerances.

All process parameters on the production line are
closely monitored by means of sophisticated equip-
ment,
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9.4 9.4
XapakTtepuCcTUKM pa3mepoB Dimensional features

Xapaktepuctukn pasmepoB Tpy6 Unidelta PEX wus The dimensional features of Unidelfa PEX pipes to DIN
cmMToro nonuatuneHa B coorBetcTBuM ¢ DIN 16892/ 16892 | DIN 16893 are set out in the following table
DIN 16893 npuBogATcs B crneayoLwwmx Tabnuuax, rage: where:
d, BHewHun guamerp d, Outer diameter
e TonwmHa e Thickness
d BHyTpeHHWU anameTtp d Inner diameter
Ar YuacTok ceuyeHus TpyGbl Ar Pipe cross-section area
Au Y4acTok None3Horo cevyeHns npoxoaa Au Useful flow area
J [eomMeTpnyYecknin MOMEHT MHEpPLUU Mo J Geometric moment of inerfia with respect
OTHOLLEHWIO K AnamMeTparnbHOl OCu fo a diameter axis
Pt Bec nuHenHoro metpa Tpy6hl Pt Pipe weight per linear metre
Vf O6bEM XmokocTu, coaepxalenca B Vf Volume of fluid confained per linear
OOHOM NMHENHOM MeTpe meftre
Versioni Vimetowmeca Bepcum Tpyobel PEX wu3 Versioni Version of PEX pipe available

403 +04
o X 5o 3.0 0,6 3

CLUMTOrO nosinmatuneHa

Ta6nuua 9.3a - Tpy6a Unidelta PEX S5 SDR 11 u3 cwuwmtoro nonuatuneHa B coorsetcTBuu ¢ DIN 16892 / DIN 16893
Table 9.3a - Unidelta PEX pipe S5 SDR 11 according to DIN 16892 / DIN 16893

I N
(cm?) (Kg/m) (/m)

UniTerm
1
1,81510 0,065 0,133 MutiTemm
UniTerm
+0,3 +0,4 .10
200 1,94 16,2 1,08 2,06 4,473-10 0,103 0,206 MuttTerm
UniTerm
+0,3 +05 . 0
256 2,35 20,4 1,64 3,27 1,067-10 0,157 0,327 MuttTerm
UniTerm
+0,3 +0,5 5 0
323 2,956 26,2 2,65 5,39 2,834-10 0,253 0,539 MufiiTens
40 3,7:% 32,6 4,22 8,35 7,022-10° 0,405 0,835 UniTerm
505%° 4,65 40,8 6,56 13,07 1,708-10! 0,626 1,317 UniTerm
63 6% 5,8 51,4 10,42 20,75 4,306-10" 0,995 2,075 UniTerm
75" 6,8 3% 61,4 14,57 29,61 8,555-10! 1,391 2,961 UniTerm
906" 8,24" 73,6 21,07 42,54 1,780-102 2,012 4,254 UniTerm
110¢" 108" 90,0 31,42 63,62 3,966:10? 3,001 6,362 UniTerm
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9.4

. . 9.4

Ta6nuua 9.3b - Tpy6a Unidelta PEX S4 SDR 9 u3 cwuutoro nonuatuneHa B coorsetcTBum ¢ DIN 16892 / DIN 16893
Table 9.3b - Unidelta PEX pipe S4 SDR 9 according to DIN 16892 / DIN 16893

6% g ¢

UniTerm
1
2,05610° 0.076 0,121 MultiTerm

Ta6nuua 9.3c - Tpy6a Unidelta PEX S3,2 SDR 7,4 u3 cluutoro nonuatuneHa B coorsetcTBum ¢ DIN 16892 / DIN 16893
Table 9.3c - Unidelta PEX pipe $3,2 SDR 7,4 according to DIN 16892 / DIN 16893

P‘ Versioni
(cm“) (Kg/m) (I/m)
+03 +04

7,494-10° 0,052 0,058 UniTerm
168 2,25 1.6 0.95 1,06 2,328-10" 0,091 0,106 e
20" 2,8% 14,4 1,51 1,63 5,743-10" 0,144 0,163 ,\;JSI'TTI%?;
25 % 3,58 18,0 2,36 2,54 1,402:10° 0,225 0,254 ,\;’SI'TTI%?T]
32 4,45 23,2 3,82 4,23 3,725-10° 0,328 0,423 onerm
40 & 5,56% 29.0 5,96 6,61 9,095-10° 0,569 0,661 UniTerm
50 5% 6,95 36,2 9,34 10,29 2,22510' 0,892 1,029 UniTerm
5 8,63 45,8 14,70 16,47 5,573-10' 1,404 1,647 UniTerm
756 10,35 54,4 20,94 23,24 1,123-102 2,001 2,324 UniTerm

90" 12,3¢" 65,4 30,02 33,59 2,323-10? 2,867 3,359 UniTerm




9.5
MapkupoBka

MapkupoBka Tpy6 Unidelta PEX Uni-
Term 13 CLWKXTOrO MONMAITUNEHA, B
cooTBeTcTBUM co cTaHgapToMm DIN 16892
/ DIN 16893, BbINonHAeTCA Ha Ka)Kaom
METpe U COOEPXUT BCHO MHGOPMaLUUIO,
OTHOCSILLYHOCSA K XapakTepucTukam
pasMepoB M MNpUMEHeHU0 TpyObl, a
TakKke [OaHHble, HeobOxoaumble AN
npocnexueaemoctn uagenusa (PucyHok
9.1).

a) 41 m, naptusa 200900504

41 m obo3Ha4yaeT KONMMYEeCTBO METPOB C
Hayana pyrnoHa (KaXabll MeTp B pyroHe
HyMepyeTCcs No BO3pacTaHuIo).

Maptus 200900504 oGo3Ha4yaeT Homep
napTuu.

b) UNIDELTA UNITERM PEX

DIN 16892 / DIN 16893

OpHocronHas Tpyba (UniTerm),
BbinyweHHas komnaHuen Unidelta, B
cooTBeTcTBUM co cTaHgapTamu DIN 16892
/ DIN 16893.

c) PE-Xb SDR 7,4

Tpyba, cAenaHHas n3 CLUNTOrO
NnonuaTuneHa PEX ¢ cunaHamu.
OtHoweHne pasmepoB SDR paBHsieTcs
7.4.

d) 920x2,8
Tpyba c BHewHUM anametrpoM 20 MM u
TOSMLWMHOM 2,8 MM.

e) 12/02/09 23:15

12 — peHb BbINycka, 02 — mecsL, BbINycka,
09 - rog Bbinycka, 23:15 — Bpewms
BbIMycKa.

fyC L5

C — 310 0ZHa 13 TPEX NMPON3BOACTBEHHbIX
cmeH (A,B,C), L5 — aT0 NuHMA aKcTpy3nu,
Ha KoTopow Obina BbinyLeHa Tpyba.

g) MADE IN ITALY
Tpy6bl Unidelta Bbinyckatotcst B UTanuu.

PucyHok 9.1 - UniTerm

Figure

)

U] {

(6) <

(@4

(©) %

(b)

hld

e Y e

UNITERM PEX - DIN 16892 / DIN 16893 - PEXb SDR 7.4 ©20x2,8 1202/0923:15 CL5 MADE IN ALY

(q)

-

. 41'm Lofto 200900504 UNIDELTA

_I

iTerm

(b)

CﬂllnELTA

9.5
Marking

Every metre of Unidelta Unilerm PEX pipe
produced according o DIN 16892 | DIN
16893 is marked and full details are given
as o pipe’s dimensions and applications
fogether with other information necessary
fo find the product (Figure 9.1).

a) 41 m Lotto 200900504

41m indicates the number of metres
from the beginning of the coil (the metres
of each coil are numbered progressively)
and Lot 200900504 indicates the lot
number.

b) UNIDELTA UNITERM PEX

DIN 16892 | DIN 16893

Single layer pipe (UniTerm) manufactured
by Unidelta in accordance with DIN
16892 [ DIN 16893.

c) PE-Xb SDR 7,4
Cross-linked PEX pipe manufactured with
silanes. SDR 7,4

d) @20x2,8
External diameter 20 mm and thickness
2,8 mm

e) 12/02/09 23:15

12 indicates the day, 02 the month,
09 the year and 23:15 the time of
production.

fiC L5

C is one of the three production shiffs (A,
B, C), L5 indicates the extrusion line from
which the product was manufactured.

g) MADE IN ITALY
Unidelta pipes are manufactured in Ifaly.
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. 7.5

MapkupoBka Tpy6 Unidelta PEX MultiTerm
13 CLUMTOrO MONN3TUMEHA, B COOTBETCTBUM
c DIN 16892 / DIN 16893, BbinonHsieTcs
Ha  KaXgoM MeTpe U1 COOEpPXMUT
BCHO nHdopmaumtio, OTHOCSILLyIOCSA
K  XapakTepucTMkam  pa3MepoB U
NPMMEHEeHNO TpyObl, @ Takke AaHHble,
HeoOxoguMMble ONA NPOCIEXMBAEMOCTM
nagenus (PucyHok 9.2).

a) 41 m, naptus 200900504

41 m obo3Ha4yaeT KONMMYEeCTBO METPOB C
Hayana pyrnoHa (KaXabll MeTp B pyroHe
HyMepyeTCcs No BO3pacTaHuIo).

Maptus 200900504 obo3Ha4yaeT Homep
napTuu.

b) UNIDELTA MULTITERM PEX/EVOH/
PEX OXYGEN BARRIER PIPE DIN
16892/DIN 16893

MaTucnonHas Tpyba (MultiTerm),
BbinyweHHas komnaHuen Unidelta, B
cooTBeTcTBUM co cTaHgapTtom DIN 16892
/ DIN 16893.

Tpy6a nmeet 6apbep, NnpeaoTBpaLLaoLLnii
NPOHMKHOBEHME KM1cropoaa.

c) PE-Xb SDR 7,4

Tpyba, cAenaHHas n3
nonuatuneHa PEX ¢ cunaHamu.
OtHoweHne pasmepoB SDR paBHsieTcs
7.4.

cwumToro

d) 920x2,8
Tpyba c BHewHUM anametrpoM 20 MM 1
TOSMLWMHOM 2,8 MM.

e) 12/02/09 23:15

12 — peHb BbINycka, 02 — mecsL, BbINycka,
09 - rog Bbinycka, 23:15 — Bpewms
BbIMycKa.

fyC L5

C — 310 0ZHa 13 TPEX NMPOM3BOACTBEHHbIX
cmeH (A,B,C), L5 — aT0 NuHMA aKcTpy3nu,
Ha KoTopow Obina BbinyLweHa Tpyba.

g) MADE IN ITALY
Tpy6bl Unidelta Bbinyckatotcst B UTanuu.

(d)

(©

-~

(b)

(b)

9.5

Every mefre of Unidelta MultiTlerm
PEX pipe produced according fo DIN
16892 | DIN 16893 is marked and full
details are given as to pipe’s dimensions
and applications together with other
information necessary to find the product
(Figure 9.2).

a) 41 m Lot 200900504

41m indicates the number of metres
from the beginning of the coil (the metres
of each coil are numbered progressively)
and Lot 200900504 indicates the lot
number.

b) UNIDELTA MULTITERM PEX/EVOH/PEX
OXYGEN BARRIER PIPE DIN 16892 | DIN
16893

Five layer pipe (Multilerm) manufactured
by Unidelfa in accordance with DIN
16892 | DIN 16893.

The pipe has a barrier against oxygen
diffusion.

c) PE-Xb SDR 7,4
Cross-linked PEX pipe manufactured with
silanes, SDR 7,4.

d) @17x2
External diameter 17 mm and thickness
2 mm.

e) 12/02/09 23:15

12 indicates the day, 02 the month,
09 the year and 23:15 the time of
proquction.

CLSs

C is one of the three production shifts (A,
B, C), L5 indicates the extrusion line from
which the product was manufactured.

g) MADE IN ITALY
Unidelta pipes are manufactured in Ifaly.
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Ounarpamma 9.2 - Tpy6si Unidelta PEX 13 cumtoro nonuatuneHa B COOTBETCTBUU
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10.

TpyO6bl Unidelta us cwuntoro nonnatuneHa PEX
B cooTBeTcTBMU ¢ BS 7291-3
Unidelta PEX pipes according fo BS 7291-3
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10.1
BBepeHune

Tpybbl un3 cwwutoro nonmatuneHa Unidelta PEX,
BbIMyLLIEHHbIE B COOTBETCTBMM CO CTaHAapToM BS 7291-
3, NpeaHasHayeHbl Ansa nogadn ropsvyen u XonogHom
BoAbl noA gasrieHvem. OHWM noaxoasaT Ans nopadn
NUTbLEBOW BOAbl B COOTBETCTBMU C AENCTBYIOLLUM
3akoHogartensctBoM. Tpybbl Unidelta PEX u3 cumntoro
nonuatunexHa BS 7291-3 moryT BbinycKaTbCsA Takke U
C kucnopogHsim 6apbepom (EVOH).

B raBe 6.1.3 MoxHO HanTu 6onee [eTanbHyHO
MHOPMALMIO, OTHOCALLYIOCA K XapaKTepucTukam
ra3oHenpoHMLaeEMOCTU.

10.2
YcnoBusa npumeHeHus

Ycnosus npumeHeHus Tpy6 Unidelta PEX 13 cuutoro
nonuatTuneHa B COOTBETCTBMM C HOPMATMBHbLIM
nocraHosneHvem BS 7291-3 (Knacc S) npuBogdatcs B
cnepyiwollen Tabnuue, roe:

pabovasn Temneparypa

MakcumarnbHas paboyas Temnepartypa.
HaunGonee Bbicokoe 3HaueHue pabouyeit
Temneparypbl, KoTopasi  [0orMycKaercst
TOMbKO B TEYEHNE KOPOTKOrO NMPOMEXYTKa
BPEMEHMW.

T Temnepatypa nnoxoro yHKLUMOHPOBAHWS.
Camoe BbICOKOE 3HauyeHue TemmnepaTypsbl,
KOTOpoe MOXET OTMeuaTbCsl, KOrda CUCTEMbI
KOHTPONS ~ HaxogsTcs B aBapUMHOM
COCTOSIHUM.

P, MakcumarnbHoe pabodee gaBneHune

10.1
Introduction

Unidelta cross-linked polyethylene PEX pipes manu-
factured according fto BS 7291-3 are used to carry
pressurised hot and cold water, They are suitable for
arinking water in accordance with regulations in for-
ce. Unidelta PEX pipes according to BS 7291-3 are
manufactured with an oxygen barrier (EVOH).

See Section 6.1.3 for further information on gas im-
permeability of the barrier.

10.2
Conditions of use

Unidelta PEX pipes manufactured in accordance with
BS 7291-3 must satisfy numerous requirements and
pass strict fests, such as:

working temperature

|

maximun working temperature.
The highest operating temperature value
permitted only for a brief period.

T mulfuction temperature.
The highest temperature value possible
when control systems malfunction.

P maximum working pressure

Ta6nuua 10.1 - Knaccbl npumeHenusi Tpy6 Unidelta PEX 13 clumtoro nonuatuneHa, B COOTBETCTBUM C HOPMaTMBHbLIM nocTaHoBneHuem BS 7291 (Knacc S)
Table 10.1 - Class service conditions of Unidelta PEX pipe according fo BS 7291 (Class S)

O6nacTu npMMmeHeHus
Application fields (bor)

Hel‘lpﬂMbIe CUCTeMbl Ana noasegeHusa XOJ'IO[ZLHOI/I BOAbI
Indirect cold water systems

[MpsiMble cucTeMbl ANS NOABEOEHUS XONOAHOW BoAb!
Direct mains-fed cold water systems

HanonbHble oTonuTenbHble YyCTaHOBKN
Surface heating systems

BeHTunupyemble cuctemsl Ans nogBeAeHUsi ropsyert Bogbl
Vented hot water systems

HeBeHTVIJ'lVIpyeMbIe cucTeMbl ANs NOABEAEHUS ropsiyen Bogbl, KOTopble

BKIMKOYaKT MFHOBEHHbIE Harpesartesnu n/vnn HakonuTenbHbIe yCTpOIZCTBa.

Unvented hot water susterns including instantaneous heaters andj/or
incorporating storage.

BeHTUnupyemble LeHTpann3oBaHHbIE CUCTEMbI OTOMMEHUS
Vented central heating systems

3aKpbITble LIEHTParM3oBaHHblE CUCTEMbI OTOMIIEHUS
Sealed central heating systems

20 20 = 12,5
60 83 100 3.5
65 83 100 3,5
65 95 100 6
82 95 100 3.5
82 105 114 3



10.3
MpoBepku kKayecTBa

Tpy6bl Unidelta PEX 13 cLuMTOro nonnaTuneHa, BeinyLLEHHbIE
B COOTBETCTBMM CO CcTaHgaptom BS 7291-3, pomxHbl
COOTBETCTBOBATb MHOMOYMCIIEHHLIM TPEBOBaHUAM M NPONTH
CTpOrne NpoBEPKM, CPEAN KOTOPbIX:

(_ﬂllnELTA

10.3
Quality controls

Unidelta PEX pipes manufactured in accordance with
BS 7291-3 must satisfy numerous requirements and
pass strict fests, such as:

Ta6bnuua 10.2 - dusnko-mexaHmyeckue TpedboBaHusa gnsa Tpy6 Unidelta PEX u3 cwumtoro nonuatuneHa B cootBeTcTBUM ¢ BS 7291-3
Table 10.2 - Physical and mechanical requirements of Unidelta PEX pipes to BS 7291-3

TpeboBaHue EavHuubl nsmepenuns | 3HayeHme
Requirement Unit Value

OTHocUTENbHOE yanuHeHue npu paspbie (50 MM / MUH)

Elongation at break (60 mm [/ min)

YCTOMYMBOCTb K BHYTPEHHEMY [aBIEHUIO
Resistance fo inner pressure
(6=12MPq, 20°C, >1h)@

YCTONYMBOCTb K BHYTPEHHEMY AaBIEHUIO
Resistance fo inner pressure
(6=4,9MPa, 95°C, >22h)@

YCTOMYMBOCTb K BHYTPEHHEMY [aBIeHU0
Resistance fo inner pressure
(6=4,7MPq, 95°C, >170h)

© =P x (d-e)/20e

dusunyeckne XapaKTepUCTUKN NONIMMEPHbIX
MartepuarnoB NPOBEPSAITCSA NPU NOCTYMAEHUN N UMEIOT
cepTumKaT nocTaBLLMKa.

Bo Bpemsi npousBoacTBa MOCTOSHHO MPOBEPSAOTCA
pasvepbl Tpy®O C  NOMOWbI  cneymnanbHbIX
YNbTPa3BYKOBbIX  UHCTPYMEHTOB U OnepaTopoM,
KOTOPbIV MEPMOSNYECKM KOHTPOMNMPYET, YTOObI pa3mepbl
He BbIXOOWMM 3a paMKKU npegnucaHHbIX OMYCKOB.

Ha NpPOn3BOACTBEHHOMN nHUN BbIMNOJSTHAETCA
TWwaTtenbHaa nNpoBepka BCeX MapameTpoB npolecca
C MNOMOLLbID  CBEPXCOBPEMEHHbBIX  NEKTPOHHbIX
nprbopoB..

Tpybbl npownM UWCMAbITAHNE Ha HENpPO3PavyHOCTb,
npeaycMOTpeHHoe ctaHgapTom BS 7291-3.

% =100
Yacel / hours >1
Yacel / hours >22
Yacel / hours >170

The physical characteristics of the polymeric materials
are checked upon delivery and are certified by the
supplier.

During production the pipe dimensions are confinuo-
usly checked with qppropriate ulfrasound instruments
and by the operators who verify at regular fime in-
tervals that the dimensions are within the prescribed
tolerances.

All process parameters on the production line are
closely monitored by means of sophisticated equip-
ment,

The pipes have passed the opacity test specified by
BS 7291-3.
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10.4

XapakTepucTuku pasmepoB

Xapaktepuctukn pasmepoB Tpyo6 Unidelta PEX wu3
CLUMTOro nonumatuneHa B cooTBeTcTBuM BS 7291-3
NpuMBOOATCA B criegyolmx Tabnuuax, rae:

de
e
di
Ar
Au

J

Pt
Vf

Versioni

10 51
15 51
22 3

28 of

BHewHun gnametp

TonwmHa

BHyTpeHHWI anameTtp

YyacTok ceyeHusi TpyObl

Y4acTok NonesHoro cevyeHnst npoxoaa

reOMeTpI/l‘-IeCKMVI MOMEHT WHepuun 1o
OTHOLUEHUIO K ﬂI/IaMeTpaJ'IbHOIZ ocun

Bec nuHernHoro metpa TpyObl
O6OBbEM KMOKOCTW, CoAepxawencs B
O[HOM JINHEIHOM METpe

Vwvetowmeca Bepcunm Tpyoel PEX un3

CLLUUTOro nonnmatuneHa

10.4
Dimensional features

The dimensional features of Unidelfa PEX pipes to BS
7291-3 are set out in the following fable where:

Pt
Vf

Outer diameter
Thickness

Inner diameter

Pipe cross-section area
Useful flow area

Geometric moment of inertia with respect
fo a diameter axis

Pipe weight per linear metre

Volume of fluid confained per linear
metre

Versioni Version of PEX pipe available

Ta6bnuua 10.3 — Tpy6a Unidelta PEX u3 clumtoro nonuartuneHa, B cootBeTcTBuUM ¢ BS 7291-3
Table 10.3 - Unidelta PEX pipe according fo BS 7291-3

Versioni
(cm“) (Kg/m) (I/m)

+03
: :

1,546 12,0 0,64
2,0 18,0 1,26
2,66 22,8 2,07

:

1,13

2,54

4,08

3,730-10 0,039 0,038 MultiTerm
1,467-10" 0,061 0,113 MultiTerm
6,346-10" 0,121 0,254 MultiTerm
1,691-10° 0,198 0,408 MultiTerm



10.5
MapkupoBka

MapkupoBka Tpy6 Unidelta PEX MultiTerm
13 CLUMTOrO MONN3TUMEHA, B COOTBETCTBUM
co ctaHgaptoM BS 7291-3, BbinonHsieTcs
Ha  KaXgoM MeTpe U1 COOEpPXMUT
BCHO nHdopmaumtio, OTHOCSILLyIOCSA
K  XapakTepucTMkam  pa3MepoB U
NPMMEHEeHNO TpyObl, @ Takke AaHHble,
HeoOxoguMMble ONA NPOCIEXMBAEMOCTM
nagenus (PucyHok 10.1).

a) 15 m, naptusa 200900221

15 M obo3Ha4yaeT KONMMYEeCTBO METPOB C
Hayana pyrnoHa (KaXabll MeTp B pyroHe
HyMepyeTCcs No BO3pacTaHuIo).

Maptus 200900221 obo3Ha4yaeT Homep
napTuu.

b) UNIDELTA MULTITERM PEX/EVOH/
PEX BARRIER PIPE BS 7291-3:2006
Tpy6a, BbinyweHHasa komnaHven Unidel-
ta, B cooTBeTcTBUM CO cTaHgapTom BS
7291-3.

Hassanne “MULTITERM PEX/EVOH/
PEX” ykasbiBaeT Ha TO, 4TO Tpyba nmeet
NATUCNONHBIN Gapbep.

Tpy6a nmeeT 6apbep, npegoTepaLLaoLLnii
NMPOHMKHOBEHWE Kucropoaa.

c) Knacc S - @28x2,6
TpybaknaccanpMMeHeHusa S c anaMeTpoM
22 MM 1 TOMLWKUHON 2,8 MM.

d) 20/05/09 22:11

25 — peHsb Bbinycka, 05 — mecsL BbInycka,
09 - rog Bbinycka, 22:11 — Bpewms
BbIMycKa.

e)CL5

C — 310 0ZHa 13 TPEX NMPOM3BOACTBEHHbIX
cmeH (A,B,C), L5 — aT0 NuHMA aKcTpy3nu,
Ha KoTopow Obina BbinyLeHa Tpyba.

f) MADE IN ITALY
Tpy6bl Unidelta Bbinyckatotcst B UTanuu.

PucyHok 10.1 - MulfiTerm
Figura 10.1 - MultiTerm

)

(€ '{

(d) %

(c) %

(b)

(@)

11 CL5 MADE IN TTALY

L]
¥

15m Lotio 200900221 UNIDELTA MULTITERM PEX/EVOR PEX BARRIER PIPE - BS 7291-3: 2006 - Closs§ @28x2,6 200509 22

(b)
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10.5
Marking

Every mefre of Unidelta Multilerm PEX
pipe produced according to the stan-
dard BS 7291-3 is marked and full details
are given as fo pipe’s dimensions and
applications together with other informa-
tion necessary fo find the product (Figure
10.1).

a) 15 m Lot 200900221

16m indicates the number of metres
from the beginning of the coil (the metres
of each coil are numbered progressively)
and Lot 200900221 indicates the lof
number.

b) UNIDELTA MULTITERM PEX/EVOH/PEX
BARRIER PIPE BS 7291-3:2006

Five layer pipe (MultiTferm) manufactured
by Unidelfa in accordance with BS 7291-
3:2006.

The pipe has a barrier against oxygen
diffusion.

c) Class S - @28x2,6
Application class of the pipe S. External
diameter 28 mm and thickness 2,6 mm.

d) 20/05/09 22:11

20 indicatfes the day, 05 the month,
09 the year and 22:11 the time of
production.

eJCL5

C is one of the three production shifts (A,
B, C), L5 indicates the extrusion line from
which the product was manufactured.

f) MADE IN ITALY
Unidelta pipes are manufactured in Ifaly.
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10.6

Ouarpamma 10.1 - Tpy6bi Unidelta PEX 13 cuMtoro nonuatuneHa B cootBeTcTBUM ¢ BS 7291-3: notepu Harpy3ku npu Boge ¢ Temnepatypou 10°C

MoTepwu Harpy3ku

10.6
Head losses

Diagram 10.1 - Unidelta PEX pipe according to BS 7291-3: head loss with water at 10°C
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Ouarpamma 10.2 - Tpy6b1 Unidelta PEX 13 clumtoro nonuatuneHa B cootBetcTBum ¢ BS 7291-3: notepu Harpy3ku npu Boge ¢ Temnepatypoi 50°C
Diagram 10.2 - Unidelta PEX pipe according to BS 7291-3: head loss with water at 50°C
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Ouarpamma 10.3 - Tpy6bi Unidelta PEX 13 cuMtoro nonuatuneHa B cootBeTcTBUM ¢ BS 7291-3: notepu Harpy3ku npu Boge ¢ Temnepartypou 80°C
Diagram 10.3 - Unidelta PEX pipe according to BS 7291-3: head loss with water at 80°C

Motepwu Harpy3ku [M/100Mm] - Head loss (m/100m)
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11.

Tpy6bl Unidelta PEX u3 cluMtoro nonnatuneHa
B cooTBeTcTBUU ¢ ASTM F876 / F877
Unidelta PEX pipes according fo ASTM F876 / F877
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1.1
BBepeHune

Tpybbl un3 cwwutoro nonmatuneHa Unidelta PEX,
BbIMyLLIEHHbIE B COOTBETCTBMU CO cTaHAapTamn ASTM
F876/F877 n CSAB137.5, npegHasHaveHbl Ans nogayv
ropside M xomnogHowm Boabl nog AaBneHnem. OHu
NoaxoasaT Ans noaadn NMTLEBOW BOAbl B COOTBETCTBUN
C OENCTBYIOLNM 3aKOHOL4ATENBCTBOM.

MpumeyaHme: Tonbko Tpybbl ¢ MapkupoBkon NSF
nmetot ceptudmkat NSF.

11.2
YcnoBusa npumeHeHus

O6nactn npumeHeHuns Tpy6 Unidelta PEX 13 cwumtoro
nonuatTuneHa B COOTBETCTBMM C HOPMAaTUBHbLIMU
noctaHoBneHnamm ASTM F876/F877 n CSA B137.5,
NPUBOAATCA B criedytoLlen Tabnuue.

11.1
Introduction

Unidelta cross-linked  polyethylene PEX pipes
manufactured according to ASTM F876/F877 and
CSA B137.5 are used to carry pressurised hot and
cold water. They are suitable for drinking water in
accordance with requiations in force.

NB. Only pipes bearing the NSF mark are certified by
NSF.

11.2
Conditions of use

The fields of aqpplication of Unidelta PEX pipes
according to ASTM F876 | F877 are provided in the
table below.

Tabnuua 11.1 - Knaccbl npumenenus Tpy6 Unidelta PEX 3 cluutoro nonuatuneHa, B COOTBETCTBMU C HOPMaTMBHbLIM noctaHoBneHnem ASTM F876 / F877
Table 11.1 - Class service conditions of Unidelta PEX according to the standard ASTM F876 | F877

Temnepatypa [aBneHune
Temperature Pression

73,4F (23°C)

180°F (82,2°C)

200°F (93,3°C)

160 psi (11 bar)

100 psi (6,9 bar)

80 psi (5,5 bar)




11.3
lNMpoBepku KayecTBa

Tpybbl Unidelta PEX 13 cwutoro nonuatunexa,
BbiMyLLEHHbIE B COOTBETCTBUM CO CTaHOAPTOM
ASTM  F876/F877, pOomkHbl  COOTBETCTBOBaTb
MHOFOYMCIIEHHbIM TPeOOBaHMAM W MPOWTM CTporve
NpoBepKn (CM. NPUBEAEHHbIE HXKE Tabnuupl).
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11.3
Quality controls

Unidelta PEX pipes manufactured in accordance with
ASTM F876/F877 must satisfy numerous requirements
and pass strict tests (see fable below).

Ta6bnuua 10.2a - dusmko-mexaHuyeckue TpeboBaHma ana Tpy6 Unidelta PEX u3 cumtoro nonuatuneHa B cootBeTcTtBumn ¢ ASTM
F876/F877 (npomomkuTenbHOCTb ucnbitTaHun >1000 y).
Table 10.2a - Physical and mechanical requirements of Unidelta PEX pipes to ASTM F876/877 (test time > 1000 h)

HoMuHanbHbIN
nonameTp
Nominal diameter

Temnepatypa

Temperature
73,4°F (23°C)

Temnepatypa
Temperature
180°F (82,2°C)

Temnepatypa
Temperature
200 °F (93,3°C)

3/8" 525 psi (36,2 bar)
1/2" 330 psi (22,8 bar)
5/8" 325 psi (22,4 bar)
3/4" 325 psi (22,4 bar)

1 325 psi (22,4 bar)

250 psi (17,2 bar) 210 psi (14,5 bar)
195 psi (13,4 bar) 165 psi (11,4 bar)
190 psi (13,1 bar) 165 psi (11,4 bar)
190 psi (13,1 bar) 165 psi (11,4 bar)
190 psi (13,1 bar) 165 psi (11,4 bar)

Ta6nuua 10.2b - Pusmko-mexaHnyeckue TpedbosaHusa ans Tpy6 Unidelta PEX u3 cuntoro nonuatuneHa B coorBetcTBun ¢ ASTM
F876/F877 (ucnbiTaHUA Ha pa3pbIB).
Table 10.2b - Physical and mechanical requirements of Unidelta PEX pipes to ASTM F876/877 ()

HoMuHanbHbIN Temnepatypa

Temperature

anameTtp
Nominal diameter

Temnepatypa
Temperature

Temnepatypa
Temperature

73,4°F (23°C)

3/8" 620 psi (42,7 bar)
12" 480 psi (33,1 bar)
5/8" 475 psi (32,7 bar)
3/4" 475 psi (32,7 bar)

1" 475 psi (32,7 bar)

MuHUManbHas cTeneHb clumBaHus cLumTOoro
nonuatunena PEX coctaBnset 65%.
dusnyeckne XapakTepUCTUKM NoNMMEpPHbIX

MaTepuarnoB NPOBEPSIOTCS NPU NMOCTYNNEHUN U UMEIOT
cepTucmrkaT nocTaBLymKa.

Bo Bpemsi npou3BoACTBa MOCTOSIHHO MNPOBEPSIHOTCS
pasmepbl Tpy6G €  NOMOWbLI  creunanbHbIX
YNbTPa3BYKOBbIX ~ WMHCTPYMEHTOB U OMepaTopomM,
KOTOPbIN NepPUoaNYECKN KOHTPONMPYET, 4TOOLI pasmepbl
He BbIXOAMNN 3@ pamKu NpeanucaHHbIX AOMYCKOB.

Ha  npou3BOACTBEHHOW  NMHUM  BbIMOSHSIETCSA
TWaTeNnbHas MNpoBepka BCEX MapaMeTpoB npolecca
C TMOMOLUbID  CBEPXCOBPEMEHHbIX  3NEKTPOHHBLIX
npunbopos.

TpyObl npownu MUcCnblTaHWE Ha YCTOMYMBOCTbL K
OKWCNEHUIO B NUTLEBOW BOAE, CoAepKaLLen xmop.

180°F (82,2°C) 200 °F (93,3°C)

275 psi (19,0 bar) 235 psi (16,2 bar)
215 psi (14,8 bar) 185 psi (12,8 bar)
210 psi (14,5 bar) 180 psi (12,4 bar)
210 psi (14,5 bar) 180 psi (12,4 bar)
210 psi (14,5 bar) 180 psi (12,4 bar)

The minimum degree of cross-link of the PEX is 65%.
The physical characteristics of the polymeric materials
are checked upon delivery and are certified by the
supplier.

During production the pipe dimensions are
continuously checked with qppropriate ulfrasound
instruments and by the operators who verify at reqular
time infervals that the dimensions are within the
prescribed tolerances.

All process parameters on the production line
are closely monifored by means of sophisticated
equipment.

The pipes have passed the stability test for oxidation in
arinking water containing chlorine.
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11.4

XapakTepucTUKN pasmepoB

Xapaktepuctukn pasmepoB Tpyo6 Unidelta PEX wu3
clumToro nonuatuneHa B cooteetcTBun ASTM F876/
F877 npuBogsaTcsa B cnegyrowmnx Tabnuuax, rae:

Pt
Vf

Versioni

1/2"

5/8"

3/4"

BHelwHun gnametp

TonwmHa

BHyTpeHHWUI onameTp

YyacTok ceyeHunst TpyObl

Y4acToK NoMne3Horo ceveHns npoxoga

[eomeTpnyeckMin MOMEHT MHepuun Mo
OTHOLLUEHMIO K AnaMeTparnibHON Ocn

Bec nuHenHoro metpa TpyOhI
O6bEéM XmaKoCcTW, copepxallenca B
OLHOM NIMHEHOM MeTpe

Vmetowmecss Bepcum Tpybsl PEX wu3

CLUMTOrO nosinmatuneHa

11.4
Dimensional features

The dimensional features of Unidelfa PEX pipes to BS
7291-3 are set out in the following fable where:

Pt
Vf

Outer diameter
Thickness

Inner diameter

Pipe cross-section area
Useful flow area

Geometric moment of inertia with respect
to a diameter axis

Pipe weight per linear metre

Volume of fluid confained per linear
metre

Versioni Version of PEX pipe available

Ta6nuua 11.3 - Tpy6a Unidelta PEX u3 cluntoro nonuatuneHa, B coorBetrcTtBumu ¢ ASTM F 876 / F 877
Table 11.3 - Unidelta PEX pipe according to ASTM F 876 | F 877

0,500+0,03  0,070+0,010 0,360 0,095
(12,70+0,08)  (1,78+0,25) (9,14 (0,61)
0,625+0,004 0,070+0,010 0,485 0,122
(15,88+0,1)  (1,78+0,25) (12,32) (0,79)
0,750+0,004  0,83+0,010 0,584 0,174
(19,05+0,1)  (2,12+0,25) (14,81) (1,12)
0,875+0,004 0,097+0,010 0,681 0,237
(22,22+0,1)  (2,47+0,25)  (17.26) (1,53)
1,125+0,005 0,125+0,013 0,875 0,393
(28,58+0,12)  (3,18+0,33) (22,22) (2,54)

0,102
(0,66)

0,185
(1,19)

0,268
(1,73)

0,364
(2,34)

0,601
(3,88)

Pt Vf
[lb/ft] [gal US/ft] Versioni
[(Kg/m)] [(//m)]
2,243-10° 0,039 5,314-10° UniTerm
(9,344-102)  (0,058) (0,066)
4,774-10° 0,050 9,681:10° UniTermn
(1,990-107)  (0,075) 0,119)
9.822:10°3 0,071 1,392:10% UniTerm
(4,103-107) (0.106) (0.173)
1,822:10? 0,097 1,884:102 UniTerm
(7.566:107) (0.145) (0.234)
4,985-10? 0,161 3,124:102 UniTerm
(2,083-109) (0,240) (0,388)



11.5
MapkupoBka

MapkupoBka Tpy6 Unidelta PEX Uni-
Term 13 CLWIKXTOrO MONMAITUNEHA, B
COOTBETCTBUM CcO cTaHgaptom ASTM
F876/F877, BbINONHAETCA Ha KaXOom
METPe U COOEPXUT BCH MHGOPMaLUIO,
OTHOCSILLYHOCSA K XapakTepucTukam
pasMepoB M MNpUMEHEHUO TpyObl, a
Takke [OaHHble, HeobOxoaumble AN
npocnexueaemoctn uagenusa (PucyHok
11.1).

a) 32 m, napTtus 200900648

32 m obo3Ha4aeT KonM4ecTBO METPOB C
Hayana pynoHa (KaXabll MeTp B PyroHe
HyMepyeTCcs No BO3pacTaHuIo).

Maptus 200900648 obo3HayaeT Homep
napTum.

b) UNIDELTA UNITERM PEX
OpHocrnonHas Tpyba (UniTerm),
BbINyLweHHas komnaHuen Unidelta.

c) 1/2” SDR 9 ASTM F876 / F 877

Tpyba ¢ HOMMHanbHbIM gvametpom 1/ 2
alonMa 1 oTHoweHneM pasmepoB SDR
paBHbIM 9.

Tpyba Obina BbiMyLleHa B COOTBETCTBUU
co crtaHgaptamn ASTM F876 n ASTM
F877.

d) 100°F 100 cyHTOB/KB. Atoim / 200°F
80 cbyHTOB/KB. AOM

Tpyba MoXeT wucnonb3oBaTbCs  MNpu
aasnexumn 100 dyHTOB/KB. AtoNM (6,9 Bap)
¢ Temnepatypon 180°F (82,2°C) nnn npwu
naenexumn 80 cdyHTOB/KB. Atonm (5,5 Gap)
¢ Temnepatypon 200°F (93,3°C).

e) 14/05/09 08:16

14 — peHb BbINycka, 05 — mecsL, BbINycka,
09 - rog Bbinycka, 08:16 — Bpewms
BbIMycKa.

f)B L5

B — 310 ogHa 13 Tpéx NPon3BOACTBEHHbIX
cmeH (A,B,C), L5 — aT0 NuHMA aKcTpy3nu,
Ha KoTopow Obina BbinyLeHa Tpyba.

g) MADE IN ITALY
Tpy6bl Unidelta Bbinyckatotcs B tanum

PucyHok 11.1 - UniTerm

Figure
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11.5
Marking

Every metre of Unidelfa UniTerm PEX pipe
produced according to ASTM F876-F877
is marked and full details are given as
fo pipe’s dimensions and applications
fogether with other information necessary
fo find the product (Figure 11.1).

a) 32 m Lot 200900648

32m indicates the number of metres
from the beginning of the coil (the metres
of each coil are numbered progressively)
and Lot 200900348 indicates the lot
number.

b) UNIDELTA UNITERM PEX
Single layer pipe (UniTerm) manufactured
by Unidelfa.

c) 1/2” SDR 9 ASTM F876 | F 877

Pipe with  nominal dimensions 1/2”
and SDR 9. The pipe is manufactured
according fo ASTM F876 | F877.

d) 100°F 100psi /| 200°F 80psi

The pipe could be used fo the pressure
of 100 psi (6,9 bar) with a temperature
of 180°F (82,2°C) or to the pressure of 80
psi (6,5 bar) with a tfemperature of 200°F
(93,3°C)

e) 14/05/09 08:16

14 indicafes the day, 05 the month,
09 the year and 08:16 the time of
production.

f)BL5

B is one of the three production shifts (A,
B, C), L5 indicates the extrusion line from
which the product was manufactured.

g) MADE IN ITALY
Unidelta pipes are manufactured in Ifaly.
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11.6 11.6
lNMoTepun Harpy3ku Head losses

Ouarpamma 10.1 - Tpy6b1 Unidelta PEX 13 cluutoro nonuatuneHa B cootBeTcTBum ¢ ASTM F876/F877: noTepu Harpy3ku npu Boge ¢ Temneparypon 10°C
Diagram 11.1 - Unidelta PEX pipe according to ASTM F876/F877: head loss with water at 10°C

Motepwu Harpy3sku [M/100M] - Head loss (m/100m)
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11.6 11.6

Ouarpamma 10.2 - Tpy6b1 Unidelta PEX 13 cluntoro nonuatuneHa B cootBeTcTBum ¢ ASTM F876/F877: noTepu Harpy3ku npu Boge ¢ Temneparypon 50°C
Diagram 11.2 - Unidelta PEX pipe according to ASTM F876/F877: head loss with water at 50°C

Motepu Harpy3ku [M/100Mm] - Head loss (m/100m)
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Ouarpamma 10.1 - Tpy6b1 Unidelta PEX 13 cluutoro nonuatuneHa B cootBeTcTBum ¢ ASTM F876/F877: noTepu Harpy3ku npu Boge ¢ Temneparypon 80°C

11.6 11.6

Diagram 11.3 - Unidelta PEX pipe according to ASTM F876/F877: head loss with water at 80°C

Motepu Harpy3sku [M/100Mm] - Head loss (m/100m)
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12.

CbemMHasn Tpyba Unidelta PEX n3 cuuutoro
NONIN3TUNEHa
The Unidelta PEX pipe in pipe
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12.1
BBepeHune

Tpyba Unidelta PEX kak ogHocnowHasi, Tak U C
OapbepoM, npedoTBpaLlalOUM  MPOHUKHOBEHME
rasoB, NPOM3BOANTCHA TakKe B CbEMHOM BapuaHTe.
Tpyba BcTaBnsieTca B ropupoBaHHylo 060M0o4Ky
cooTBeTCTBylOLlEro guametpa. bnarogapsa aTon
cUCTeMe BO3MOXHa ObicTpass W nerkas 3ameHa
MOBPEXOEHHbIX  yyacTKoB  Tpybonposogaa, He
npuberas K HEOOXOAMMOCTM MPOBOAUTbL TPYOOEMKME
cTpouTenbHble paboTbl. Vcnonb3ya TpyObl CMHEro u
KpaCHOro LBETOB NIErKO MOXXHO OnpeaennTb Ha3HadeHne
TpybonpoBoaa (ropsidasi Boga — XornogHasi Boga).

12.1
Introduction

Unidelta PEX pipes in single layer as well as gas
permeability barrier versions, are also manufactured
in extractable form. The pipes are inserted in a sheath
(corrugated fube) with an adequate diameter. This
solution allows damaged pipe sections to be easily
and quickly replaced where necessary, avoiding
major disruption of walls. Furthermore, by inserting
pipes in colour-coded blue or red sheaths, the type
of circuit can be eaqsily identified (hot water — cold
water).

PucyHok 12.1 — CbemHas Tpy6a UniTerm
Figure 12.1 - UniTerm Pipe in pipe

BENAA TPYBA - KPACHAA OBO0JIOYKA
WHITE PIPE - RED CONDUIT

BEJIAAl TPYBA - CUHAA OBONOYKA
WHITE PIPE - BLUE CONDUIT

BEJIAA TPYBA - YEPHAA OBOJTOYKA
WHITE PIPE - BLACK CONDUIT

YEPHAA TPYBA - KPACHASI OBOIOYKA
BLACK PIPE - RED CONDUIT

YEPHAA TPYBA - CUHAA OBONTIOYKA
BLACK PIPE - BLUE CONDUIT

YEPHAA TPYBA - YEPHAAI OBOJIOYKA
BLACK PIPE - BLACK CONDUIT

PucyHok 12.2 — CemHas Tpy6a MultiTerm
Figure 12.2 - MultiTerm Pipe in pipe

BENAA TPYBA - KPACHAA OBOJI0YKA
WHITE PIPE - RED CONDUIT

BENAfA TPYBA - CUHAA OBONOYKA
WHITE PIPE - BLUE CONDUIT

BEJIAAl TPYBA - YEPHAA OBOJIOYKA
WHITE PIPE - BLACK CONDUIT
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12.2 12.2
AccopTumeHT The range

B npuBegeHHOM Hwxke Tabnuue ykasaHbl Tpy6bl, The following fable lists the pipes available in
MMeloLLMeCcs B HaNMyMM B CbeMHOM BapuaHTe [ae: exfractable version where:
deg BHewwHuIn gnametp 060M04KM deg External sheath diameter
d, BHewwHuin guameTp d, External diameter
e TOSMLMHA e Thickness
Versioni Vmetowmeca Bepcum Tpybel PEX  u3 Versioni  PEX pipe available version

CLUMTOro nonnaTurieHa

Ta6nuua 12.1 — CbemHble Tpy6bl UniTerm u MultiTerm: accoptumeHT
Table 12.1 - UniTerm and MultiTerm Pipe in pipe: the range

25 12 1.7 UniTerm
25 15 1.5 MultiTerm
25 15 2,0 UniTerm
32 20 2,8 UniTerm
40 25 3.5 UniTerm
40 28 2,6 UniTerm
40 28 4,0 UniTerm






13.

OnpepneneHue rupgpaBrINvyecKmnx
napamMeTpoB: NoTeps Hanopa npu
TPaAHCNOPTUPOBKE BOAbI
Hydraulic design:
head losses due fo water conveyance
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13.1
lpﬂ Hanopa npu TpaHCMNOPTUPOBKE B.

OgHa wu3 ocobeHHocTenm Tpyd wu3 cwmToro
nonnaTuneHa — Hanuyme abConTHO rnagkux
BHYTPEHHMX NMOBEPXHOCTEN Aa)e NOocne MHOrofeTHeN
aKcnnyaTauum, 4YTO YyMeHblIAeT MnoTepu Haropa.
[MocnegHw  MOXHO  paccuuTath  Gnarogaps
npumeHeHnto popmynbl Japcu-Bencbaxa:

roe:

J — noteps Hanopa, BblpaXeHHasi B MeTpax BOASHOro
ctonba Ha 1 meTp TpybonpoBoaa;

V — CKOpPOCTb XMAKOCTU [M/C], kOTOpasi OObl4HO He
npesbillaeT 3HavyeHne 2.5+3 m/c;

d. - BHyTpeHHWI anameTp Tpy6bl [M];

g — ycKkopeHue cBoboaHoro nageHust pasHoe 9.81 m/c?
A — KO3 DULMEHT NOTEPU, 3HAYEHNE KOTOPOTrO 3aBUCUT
OT YCINOBWUIA OBWKEHNUS XNOKOCTU 1N OT €€ (PU3NYECKUX
XapakTepuUCTUK (NIIOTHOCTb U BA3KOCTb).

[ns notoka BOAbl Ha y4yacTke TypOyneHTHOro
pexuma unM npu  NOCTOSHHOM  TypOyneHTHOM
OBWXEHUM HEOOXOOUMO NPUMEHATL KO3IPULMNEHT I,
paccumTbiBaeMbin popmynon Konbbpyka:

13.1
lad losses due to water conveyan.

One feature of cross-linked polyethylene pipe is ifs
extremely smooth inner surfaces, even affer years of
use, and hence reduced head losses, which can be
calculated using Darcy-Weisbach’s formulQ:

V2

where:

J is the head loss expressed in mefres of column of
water per metre of pipe;

v is the velocity of the fluid [m/s] which does not usually
exceed 2.5+3 m/s;

a, is the inner diameter of the pipe [m];

g is the acceleration of gravity equal fo 9.81 m/s?

A is the loss coefficient, the value of which depends
on the condifions of flow and the fluid’s physical
properties (density and viscosity).

For flows of water in turbulent transition or in purely
turbulent movement, the expression of L that best
reflects experimental data is that of Colebrook:

L=-2-Io
\/X 9N Re

rae ¢ — abcontTHas LepoxXoBaTOCTb MOBEPXHOCTU
Tpy6bl [M], Re — 6e3pasmepHoe uncno PeriHonbAca:

p — NNoTHOCTb BoAbl [Kr/M®] 1 m — AMHamuyeckas
BA3KOCTb BOAbI [KI/M-C], 06€ M3MEHSOTCA B 3aBUCUMOCTH
OT Temneparypebi.

€
T 3.715-diJ

where ¢ is the absolute roughness of the pipe [m] and
Re is Reynolds number:

p Is the density of the water [kg/m’] and u is the
water’s dynamic viscosity of the water [kg/m:-s], both
functions of temperature.
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Ta6nuua 13.1 — HekoTopble xapakTepUCTUKM BOAbI
Table 13.1 - Some water properties

v=U/p
[°C] (Kg/m’) (Kg/m 5) (m?/s)

1000.0
10 1000,0
20 998.4
30 995,7
40 991,7
50 987,7
60 982,7
70 Q77,1
80 971.,9
90 964,8
100 957.,9

T TemnepaTtypa

p lMnotHoCcTb

u [vHamnyeckas BA3KOCTb
v=u/p  KuHemaTmyeckas BA3KOCTb

B puarpammax noTepu Hanopa, MNpUBEOEHHbLIX B
AaHHOM Moco6uKn, OTMeYeEHbI KpUBble J, BblpaXKeHHble
B MeTpax BoadHoro crtonba Ha 100 wmeTpoB
Tpybonposoga [m/100M] 3 Tpyb cLUMTOro NonuaTuneHa
npu Temnepatype Boabl 10°C, 50°C n 80°C.

1,750-10°¢ 1,750-10°¢
1,298:10° 1,298-10¢
1,004-10°¢ 1,005-10°¢
8,008:104 8,042-107
6,547-104 6,601-107
5,461-10* 5,529-107
4,663:104 4,745107
4,004-10 4,098-107
3511104 3,613:107
3,126-10* 3,241-107
2,790-104 2,913107
T Temperature
p Density
u Dynamic Viscosity
v=u/p  Kinematic viscosity

The head loss diagrams in this handbook show J
curves expressed in metfres of column of water
per 100 metres of pipe [M/100m] for cross-linked
polyethylene pipes at water temperatures of 10°C,
50°C and 80°C.
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13.2
Mpumepsbl
Mpumepsi 1.
Heobxogumo paccuutatb AguamMeTp  TPyObl

(cornacHo EN ISO 15875) ana TpaHCNOPTUPOBKMU
0,2 n/c Ha 100 meTpoB npu Temnepatype 50°C u
JaBrieHMM Ha Bxopge - 7 Gap, yuuTbiBasA noTtepro
Hanopa B 1 6ap.

MoTepst Hanopa B 1 6ap Ha 100 meTpoB TpybGonpoBoaa
B MeTpax BogsHOro cronba paBHa NpuGAM3NTENbHO
10 m/100m (1m BogsHoro ctonba pasHo3HayeH 0,0981
6ap). Ha pguwarpamme 7.2, otobpaxatowen notepu
Hanopa B Tpy6ax Unidelta Pex cormacHo ENISO 15875
npu Temnepatype 50°C, Todka, COOTBETCTBYHOLLASA
MCKOMbIM pacxody W MoTepe Hamopa, HaxogmTcs
mMexay 2-Msi IMHUSIMK: NIHKWEN, obo3HavatoLweln Tpyoy
20x2,8 v nuHuen, obosHavaroLlen Tpyobl 20x2 n 22x3
(cm. cbparmMeHT, npuBeaeHHbINn Ha pucyHke 13.1).

13.2
Examples

Example 1.

We wish to determine the tube diameter necessary
(according to EN ISO 15875) to transport 0.2 I/s of
water for 1000 metres at 50°C, with an input pres-
sure of 7 bar, allowing for a load loss of 1 bar.

The load loss of 1 bar per 100 metres of piping ex-
pressed in water column metres is equal o aQpprox.
10m/100m (1m water column equals 0.0981 bar).

In Figure 7.2 indicating load loss of Unidelta PEX pipes
according to EN ISO 15875 at a temperature of 50°C,
the point corresponding with the volume and load
loss required is between 2 lines: The point identified
by pipe 20x2.8 and the point identified by pipes 20x2
and 22x3 (see detailed description in Figure 13.1).

PucyHok 13.1 — ®parmeHT rpacpmka notepb Hanopa B Tpy6ax Unidelta PEX EN ISO 15875 npu 50°C
Figure 13.1 - Load loss graph detail for Unidelta PEX EN ISO 15875 pipes at 50°C
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Tak kak npu mcrnonb3oBaHuy Tpyobl 20x2,8 noteps
Hanopa npesblwaeT 1 6ap, To HeobxoaMmo BbiOpaTb
ABe gpyrme TpyObl. Y4yuTbiBas, 4TO MakcumMarbHoOe
3anpawvBaemMoe [JaBneHuve - 7 0ap, COBETyeM
ncnomnb30BaTh TPyObl 22x3, CONPOTUBMEHNE KOTOPbIX
fonblle [aBMEHUS, U OHM CMOCOOHbLI BbiAEPXMBaTb
JaeneHvie B 7 6ap B nobor kateropuv NpuMeHeHus
(cm. Tabnuuy 7.2). CornacHo rpaduky dakTnyeckas
noteps Hanopa B Tpy6e Unidelta PEX 22x3 - 8 m/100m
(0,8 6ap Ha 100m) 1 ckopoCTb XMAKocTu - 1 m/c.

[aBneHne Ha BbIxoge u3 TpybonpoBoda, TakuMm
obpasom, 6yget 7 6ap - 0,8 6ap = 6,2 Gap.

Mpumep 2

HeobxogMmMo noacuMtaTh MOTEPH Hanopa W
CKOpPOCTb BOAbl BHYTpM y4actka pgnuHom 150
meTpoB TpyObl Unidelta PEX 32x4,4 cornacHo DIN
16892-16893 c pacxogom 1 nuUTp B ceKyHAy npwu
TemnepaTtype10°C un 80°C.

CornacHo guarpamme 9.1 1 9.3 (cMm. oparmMeHTsl,
npvBedeHHble Ha pucyHkax 13.2 u  13.3)
3anpaluvBaeMoMy pacxogy COOTBETCTBYET CKOPOCTb
BOObl, OAMHakoBasi B oboux cnyyasax - 2,4 m/c, Tak
Kak OHa 3aBWCWUT He OT TeMnepaTypbl, @ OT CEYEeHUs
npoxoda m ot pacxoga. [loteps Hanopa, Gygyyu B
3aBMICMMOCTM OT BA3KOCTU U OT MIIOTHOCTU XUAKOCTW,
coctaensiet 27 m/100m npmn 10°C n 20 m/100m npu
80°C.

lMoTeps Hanmopa Ha yyacTke BOOOMNPOBOA4A AJIMHON
150m, Takum obpasom, Oyger:

150

LﬂlIBELTA

Since using pipe 20x2.8 would result in @ load loss
greater than 1 bar, one of the other wo pipes must
be chosen. The maximum required pressure is 7 bar;
therefore, the 22x3 pipe is recommended since it has
a higher pressure resistance and is able fo folerate
7 bar in any category of application (see Table 7.2).
The graph indicates that the Unidelta PEX 22x3 pipe
has an effective load loss of 8m/100m (0.8 bar over
100m) and a flow speed of 1m/s.

The output pressure, therefore, is 7 bar — 0.8 bar =
6.2 bar.

Example 2

We wish to calculate the load loss and water flow
speed inside a Unidelta PEX 32x4.4 pipe according
to DIN 16892-16893, 150m long with a capacity of 1
litre per second at a temperature of 10°C fo 80°C.

Diagram 9.1 and 9.3 (see detaqils in Figure 13.2 and
13.3) each referring to the capacity required, indica-
te that the flow speed in both cases is 2.4m/s, since
the speed does not depend on the temperature but
rather on the cross-section and volume. The load loss,
depending on the viscosity and density of the liquid, is
27m/100m at 10°C and 20m/100m at 80°C.

Therefore, the load loss for a pipe 150m long is as
follows:

J=27-—=40,5m=4bar fludo a 10°C

100

150

J= QO-W =30m =2,95bar fluido a 80°C
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PucyHok 13.2 — ®parmeHT rpachmka notepu Hanopa B Tpy6ax Unidelta PEX cornacHo DIN 16892-16893 npu 10°C
Figure 13.2 - Load loss graph detail for Unidelta PEX EN ISO 15875 pipes at 50°C
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PucyHok 13.3 — ®parmeHT rpachmka notepu Hanopa B Tpybax Unidelta PEX cornacHo DIN 16892-16893 npu 80°C
Figura 13.3 - Load loss graph detail for Unidelta PEX EN ISO 15875 pipes at 50°C
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14.

YcTaHOBKa: KOMNeHcauus TensnoBbIX
U3MEeHeHUN ANUHbI
Installation: compensation for thermal
lenght variations
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14.1
BBepgeHue

MpuBegeHHble fganee CcoOOpaXeHus 4YacTUYHO
OCHOBbIBAlOTCA Ha HopmaTtmBHOM npoekte UNI
ENV 12108:2003 «lnactmaccoBkble Tpybonposodbl
— PykoBoACTBO NO yCTaHOBKE B 34aHUSAX CUCTEM
HanopHbIX TPyOONpOBOAOB ANs ropsyert U XONogHON
BOAbl, MpedHa3HayeHHOW Ana  notpebneHus
YErNOBEKOMY.

M3-3a TemnepaTypHbix nepenagoB Tpybbl U3
nnacTtMaccoBblX  MaTepuanoB  noaBeprarTcs
NU3MEHEHNSIM MO ASIMHE, CXaTU UMW PacLUMPEHMIO,
KOTOpble MOXHO paccumTaTb C MOMOLLbIO CieayLlero
BbIPaXXEHUS:

14.1
Introduction

The following considerations are partially based on
design standard UNI ENV 12108:2003 'Plastic piping
systems — Guidance for the installation inside buildings
of pressure piping systems for hot and cold water
infended for human consumption.”’

Due fo temperature changes, plastic pipes in general
are subject to changes in length, namely confraction
and expansion, which can be calculated using the
following formula:

AL= o -AT-L

loe:

AL ViameHeHve OnuHbl B MunnumeTpax [Mwm],
Bbl3BaHHOE W3MEHEeHWeM Temnepatypbl
DT, kotopomy noasepraerca Tpyba no
OTHOLLEHUIO K TeMnepaTtype YKNagku.

[nvHa TpyObl B MeTpax [M]

o KoatpdpuumneHt  cpegHero  TenroBoro
NIMHENHOro paclUMpeHnsl, aOns CLUMTOro
nonuatuneHa nmeet 3HadeHne 0.19 mm/m-K.

OnuncaHHoe Bblille BblpaXeHne 6bino npeacTaBneHo B
Buae agvarpammbl anga 7py6 Unidelta PEX un3 cwumToro
nonuatuneHa, Ha guarpamme 14.1.

Ha Hein MOXHO yBMAETb, YTO JfIMHENHOE TEMNoBOE
pacwupeHne DL He 3aBucut ot guametpa Tpyosbl.
MiamMeHeHuss OnuHbl nnacTMaccoBbix Tpyo 0ObIYHO
Oomnblle MO CpPaBHEHWIO C WU3MEHEHWSIMW, KOTOpble
NpomncxoadaT B Tpybax U3 meTannnyeckoro marepmana.
MoXHO npoBepuTb CYLLECTBYIOLLYHO pasHuLy mexay
KoatbdmumeHTamm cpegHero TensioBoro JfIMHENHOro
pacLUMpeHMst HEKOTOPbIX 13 HUX (Tabnuua 14.1).

where:

AL is the variation in length in millimetres due fo
the change in temperature AT fo which the
pipe has been subject;

L is the length of the pipe in meftres [m];

o is the average coefficient of linear thermal
expansion — for PEX the value is 0.19 mm/
m-K.

The above formula is ploffed in diagram 14.1 for
Unidelta PEX pipes.

It is clear that linear thermal expansion (DL) does not
depend on the pipe diameter.

Changes in length in plastic pipe are usually higher
than in metal pipe. It is in fact possible to verify the
existing distance between the mean coefficients of
linear thermal expansion for some of them (fable
14.1).

Ta6nuua 14.1 — KoacdbcpuumeHT TennoBoro paclumpeHus
Table 14.1 - Coefficients of thermal expansion

Tun TpyObI (0}
Material Type (mm/m°C)

Meab
Copper

Cranb
Steel

YyryH
Cast Iron

PEX

PP-R

0,017

0,012

0,010

0,190

0,180
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Brnarogaps BblpaxeHuio
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14.1

Expression

AL= a-AT-L

onpepgensieTcs gecopmauus €, KOTOPOW noagsepraeTcs
Tpy6a, ecnn Gbl OHa Morna cBOOOAHO MEHSATb CBOH
ONVHY:

AL
L

&=

ecnv AnvHa He MOXET U3MEHSITbCS U3-3a KpenneHui,
BHYTPW CTEHKM TPYObl CO30aETCA OCEBOE HaMNpshKeHWeE,
paBHoE:

can be used fo calculate deformation e which the
pipe would undergo if its length were free to vary:

=0 - AT

If the change in length were prevented by anchorage
points, there would be an axial stress inside the wall of
the pipe equal fo:

o=E-g =E-a-AT

roe E — ato moaynb ynpyroctu [N/m?].

HecmoTpsi Ha TO, YTO CLWMTBLIN MOMUITUNEH WUMEET
BbICOKMI KO3(PMDULMEHT pacLUMPEHNsi MO CPABHEHUIO C
MeTannnMyeckMMy MaTepuanamm, HanpsHkeHne, KoTopoe
CO30aéTCA BHYTPU CTEHOK TPyObl HE OYEHb BbICOKOE.
OT10 npowcxoauT Bnarogapsi ero Mogynk Ynpyroctu
E, KoTopbli [OBOMBHOW HU3KUA U KOMMEHCUpPYeET
3HaveHne KoadPULMeHTa paclumpeHus.

Mpn nameHeHnn temnepatypbl Ha 10°C nonyyaetcs
cnegywoulee:

where E is the modulus of elasticity [N/m?].

Although cross-linked polyethylene has a high
coefficient of expansion compared with metals’ one,
the stresses generated inside the wall of the pipe
are not high. This is due fo the modulus of elasticity
E, which is relafively low and compensates the
coefficient of expansion. With a 10°C variation in
tfemperature we have the following:

Tabnuua 14.2 — HanpsikeHue, KOTopoe co3aaéTcs B Tpy6ax M3 pasnuyHbIX MaTepuanoB npu ckayke Ha 10°C (npegnonaras npegoTBPaTUTL PacliMpeHue)
Table 14.2 - Demands made on pipes of various materials with a fluctuation of 10°C (assuming expansion is avoided)

Martepuan Hedopmauus
Material Deformation

Moaynb ynpyrocTtu npu 20°C
Tensil modulus at 20°C

Ycunwue
Effort

e = 0.00190 m/m E_ = 1100 MPa = 1.27 MPa
Megb

COPPER e = 0.00017 m/m E... = 94000 MPa o = 15.98 MPa
Crare ¢ = 0.00012 m/m E, . = 206000 MPa 6 = 24.72 MPa

Takum o00Opas3oM, CLUMTbIA MNONUITUIEH SBMSETCH
MaTepuanom ¢ 6oNbLUION CNOCOBHOCTHIO MOMMOLLEHMS
paclMpeHnit Ha MEeXMOMNeKynsipHoOM ypoBHe. Bo
MHOTMX CIyyasix 3TO MO3BOMSAET YyCTaHaBnMBaTb
TpybonpoBoabl, MOMHOCTbIO  ONOKMpyss WX W,
cnepoBaTenbHO, NPefoTBpaLLas paclUMpPeHUS.

Korga e uMcrnonb3ylTcs KpenéxXHble TOYKWU, OHM
OOMMKHbI pacnpenensaTbCca BAOMNb Tpybbl, co3gasas
Cnctemy KkomneHcauumu N3MEHEHNN ANMWHbI C NTOMOLL IO
N3MEHEHNIN HanpaBneHus:.

Cross-linked polyethylene is therefore a material with
a great ability fo absorb dilation at an inter-molecular
level. As a result in many cases pipes can be locked
tightly in such a way fo prevent dilation. However when
anchor points are used they need fo be distributed
along the pipe to compensate changes in length by
means of changes in direction.
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Avarpamma 14.1 — PaclumpeHue/KoHLEHTpaLuusa Tpy60onpoBoAOB M3 CLUMTOro NONMaTUNeHa
Diagram 14.1 - Cross-linked polyethylene pipes expansion/contraction
200
[OnuHa Tpy6onposoaos [M] - Length of the pipe [m]
180 | - | - | //
160 1 V/ '.’_,.----"""-"'P-‘lI
140 ’V z/
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PasHuua temnepatypbl DT, koTopasi oka3blBaeT BO3AEVCTBUE Ha TpyOy
Temperature difference AT to which the pipe has been subject
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14.2 14.2
neHcauums ru6KMM KpOHLITENH Flexible arm compensation
[aHHbIn TN KOHUrypauun [aéT BO3MOXHOCTb With this type of configuration the variation in length
KOMMNeHCUpoBaTb U3MEHeHWe AfVHbI OHOro y4vacTtka of a section of pipe L can be compensated by flexing
TpybonpoBoga L, nyTém crubaHusi npsiMOyroribHOro the section of pipe at right angles to the first L,

yyacTka Tpy6onposoaa Ha nepsom L.

PucyHok 14.1 — YcTaHOBKa ¢ koMneHcauuen ru6KMM KpOHLITEeHOM
Figure 14.1 - Installation with flexible arm compensation

HenoaBwxkHasa Touka (kpenneHve) | .

PF Anchor point | - -

Touka CKonbXeHUs (HanpasnstoLasi) el
PS Supporting guide bracket (sliding point) ua !

TennoBoe N3MeHeHVe AnnHbI PF I A 4
AL Thermal lenght variation o

[OnuHa yyacTka TpyObl
Lenght of the pipe section

[nvHa KpoHLITENHa KOMNEHcaLnUn

Ls Flexible arm
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14.2

B nogo6HoM criyyae rubKkunii KpOHLITENH JOIMKEH UMETb
OJMHY, [OCTaTOuYHYH ANsi rapaHTUM KOMMeHcauuu;
HEMOABWXXHbIE TOYKM N TOYKU CKONMbXEHUSI AOMKHbI
OTAEnATb TPyOY OT CTEHbI TakMM 06pa3oM, YTobbl AaTb
Tpy6onpoBoay BO3MOXHOCTb AedopMMpoBaThCS.

B guarpamme 14.2 npuBOOMTCS OTHOLUEHWE MeXAOy
ANVHOW rMBKOTo KpoHwTenHa L, ¥ KBagpaTHbIM
KOPHEM [ANWHbI KOMMeEHcUpyemoro yyactka L, B
3aBMCMMOCTU OT BHELIHEro auametpa Tpybbl d  u
pasHuubl Temnepatypbl AT, BO3OENCTBUIO KOTOPOM
noaeepraetcsa Tpyoa.

. 14.2

In this case the flexible arm must be long enough fo
guarantee compensation. The fixed and sliding points
must distance the pipe from the wall so as fo allow
deformation of the pipe.

Diagram 14.2 shows the ratio between the length of
the flexible arm L, and the square root of the length
of the section fo compensate L as a function of the
oufer diameter of the pipe d, and the difference
between current room temperafure and the laying
temperatfure AT,

Ouarpamma 14.2 - YctaHOBKa ¢ KOMNeHcauuein ru6KMM KpOHLUTEHOM
Diagram 14.2 - Installation with flexible arm compensation

0.7

BHewHun gnametp [Mm] - Outer diameter (mm)

0.6

L, /\/f [m"]

0.5

0.4

0.3

0.2

[OnuHa KpoHLWTEeNnHa KoMneHcauum
Length of the compensation arm

0.1

1] 10 20 30 40

PasHuua Temnepatypbl AT, BO3OENCTBUIO KOTOPOW nNoABepraeTcs Tpyba
Temperature difference AT fo which the pipe has been subject

20 60 70 a0 a0 10C
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14.3 14.3
Omera komneHcauus Omega compensation
OaHHbIn ™n KOHUrypaumm nospongeT With this type of configuration the variation in length
KOMMNEHCUpOBaTb  pasHuUy  AOfAWHbl  yvacTka of a section of pipe L can be compensated by flexing
TpybonpoBoaa L, nyTém crubaHus AByX KPOHLUTENHOB the two arms L, forming the compensation omega.

LB’ KOTOpbl€ COCTaBNAT OMery KoMmneHcauunn.

PucyHok 14.2 — YcTaHOBKa ¢ omera KomMmneHcaumnemn
Figure 14.2 - Installation with “omega” compensation

L

Y Y

PF

PS

AL

HenoaswmxHas Todka (kpennerve)
Anchor point

Touyka ckonbxeHust (HanpasnswoLas)
Supporting guidebracket (sliding point)

Tennosoe M3MeHeHWe ANVHbI
Thermal lenght variation

Le

LH

[nuHa yyactka Tpy6bl
Lenght of the pipe section

[nuHa KpoHLITeNnHa KoMneHcauum
Lenght of the omega

[nnHa omera komneHcauum
Width of the omega
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Korgpa HeBO3MOXHO WUCMoONb3oBaTb W3MEHEHUS B
HanpaBreHnn TpyObl, MOXHO W3rOTOBMNSATbL CUCTEMbI
oMera KomneHcauun, cosgaBas ABa CUMMETPUYHBIX
KPOHLUTEVHA KOMMEeHcaL K, Kak NokasaHo Ha pUCyHKe
14.2. B paHHOM cnyyae, Ans pacyéta AnuHbl L
MOXHO MCnonb3oBaTb guarpammy 14.2, npuHumasi Bo
BHMMaHwue, 4To L paBHseTcs nonoBuHe obLien ANUHbI
TpybonpoBoga.

LleHTpanbHbIn y4acTok L, omern mMoxeTt GbiTb paBeH
KpoHwTenHy L.. B paHHOM cnyyae owmera Oyaert
KBagpaTHOM unu xe omera Oyger npsiMOYronbHOMW,
ecnu oH paBHsaetca L /2. Bynet paccunTaHo Takke u
3HayeHve L', ncnonb3ys onsaTb e avarpammy 14.2,
HO Mpeanonoxms, 4to L 6yaeT paBHATLCA L.

Kpome Toro, o4eHb BaxHO, 4Tobbl AnuHa LH yunteiBana
criegytowne ABa ycrnoBsus:

1) L, 22(R+d,), rae R — a10 pagmyc kpusbix Ha 90°, a
de — 9TO BHeLLHWUI anameTp TpyObl.

2) L 2AL, roe AL — 970 MakcumarsbHoe pacluvipeHue
BCEro yyacTka Tpybonposoga (310 Heobxoaumo, 4Toobl
OBe BepxHue TOYKU OMEru He BCTynanu B KOHTAaKT).

14.4
. PaccTosiHue mexay onopamu .

Ctanpgapt UNI ENV 12108:2003 ykasbiBaet
MaKcumarnbHOe pacCTosiHME Mexay ABYMSI TOYKamu
ckonbxennst (PS) nnn mexagy HenogBWMXKHOW TOYKOM
(PF) n Toukonm ckonbxenus (PS). HenogswkHbie
TOYKKM, KOTOPble TaKkKe Ha3blBATCHA KpenneHnsMu
— 3TO OMOpbl, KOTOpble He AakT Tpybe CKoNb3uTb.
TOYKM CKOMbXEHWS, KOTOpble TaKke HasbiBaloTCH
HanpasnswwWUMK, JakwT Tpybe BO3MOXHOCTb
CKOMNb3UTb NPV U3MEHEHUMN ATVHBI.

MakcrmanbHble 3HavyeHus paccTosiHus L npuBoadarcsa
B Tabnuue 14.3.

-

When the change of direction of pipes cannot be
exploited, an Omega compensation system can be
created by means of two symmetrical compensation
arms as shown in figure 14.2. In this case, fo calculate
the length L, diagram 14.2 can be used, considering
L equal to half the overall length of the conauit.

The central portion L, of the Omega system can
be equal to the arm L, In this case, you will have
a square Omega or equal to half LB/2 of the
rectangular Omega. The LB value must be calculated
referring always to diagram 14.2, but considering L
equal fo L,

It is essential that the length L, complies with the
following two conditions:

1) L,=2(R+d_) where R is the 90° bend radius and de
is the external diameter of the pipe.

2) L,=AL where AL is the maximum dilation of the
entire portion of the conauit (this is fo prevent the two
upper vertices of the Omega come info contact).

14.4
. Distance between the supports

Standard UNI ENV 12108:2003 recommend the
maximum distances between two sliding points (PS)
or between a fixed point (PF) and a sliding point (PS).
The fixed points — also called anchorage points — are
supports that do not allow the pipe fo move. The
sliding points — i.e. the guides— leave the pipe free
fo expoand and confract following changes in length
(see also Table 14.3).
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PucyHok 14.3 — lNoaBecHasn yctaHOBKa
Figure 14.3 - Suspended installation
5 B i : b . -
E i &

PS PS PS PS PS PS
PS Touyka ckonbxeHus (HanpaeBnsoLLast)
Supporting guidebracket (sliding point)
L PaccTtosiHne mexay onopHbIMU HanpasnsoLLMMK

Distance between two supports

Tabnuua 14.3 — PaccTosiHua mexay onopamu
Table 14.3 - Distance between supports

XonopHas Boaa - Cold water Fopsivaa Bopa - hot water
750 400

d.<16

16 <d, =20 800 500
20 < d, <25 850 600
25 < d, =32 1000 650
32 <d, <40 1100 800
40<d, =50 1250 1000
50 <d, =< 63 1400 1200
63<d, =75 1500 1300
75 <d, <90 1650 1450
90 < d, =110 1900 1600
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14.5
. Mpumephbl l

Mpumep 1

Heo6xogmMmo onpeaenuTb U3MeHEHUA OIUHbI 70-u
MeTpoBoOro TpybonpoBoaa, Korga ero rTemneparypa
¢ 20°C nopgHumaeTcs go 50°C n c 55°C onyckaeTcs
no -5°C.

B nepBom cnyyae w3amMeHeHuMe TemnepaTypbl
coctaBngeT: AT7=50°C-20°C=30°C. T[lockonbky
anarpamma 10.1 npegycmatpuBaeT TpybonpoBoAbl
AnvHon He ©Gomnee 10 METpPOB, MOXHO paccyuTaTtb
YONVHEHVEe Ons 7-MU METPOBOMO yyacTka, a 3aTeM
yMHOXUTb e€ro Ha 10. Mpu Temnepatype AT=30°C 7-n
METPOBBLIN y4aCTOK NOABEPraeTcs N3MEHEHUIO OJUHbI
paBHou 40 MM, cnegoBatenbHO, obliee yarMHeHue
coctaBuT 400 Mm.

Bo BTOpOM cnyyae nameHexue: AT=-5°C-55°C=-60°C,
oTpuvuaTensHoe, crnefoBaTernbHO, YANMHEHNE OOIMKHO
noHumaTbcs, kak cxartue. [Npn Temnepatype AT=60°C
7-n METPOBbIN Y4YaCTOK MOABEPraeTcs M3MEHEHUHO
OnvHbl paBHor 80 MM, cnegoBaTtenbHO, obulee
COKpalleHue gnunHel coctaBnt 800 MM.

Mpumep 2

Heobxogumo onpegenutb ANWMHY rubkoro
KPOHLWTEeNHa, HeobxoaMMoro Ans KoMmeHcauuu
y4yacTtka Tpy6onpoBoga anuHon 10 meTpoB K
gnametpom 75 MM, KOTOpbIA noAaBepraeTcs
BO34eMCTBUIO U3BMEHEHUSA TemnepaTypbl He 6onee
30°C.

Ha pnarpamme 14.2 ans BHewHero avametpa d =75
MM 1 pasHuubl Temnepatypbl AT=30°C onpegensieTcs
cnepywouiee:

L

B

VL

n, cnenosarteribHO

L= 025

rTMOKWIA  KPOHLWITENH KOMMEHcauunm OOIMKEH WMETb
OnuHy He meHee 80 cwm.

Cen4ac MOXHO BbINOMHUTL PAcHET L', Npeanonoxms,
yTo L=L, n ncnonesys anarpammy 14.2.
Taknm obpasom, nonyyaercs:

L

B

=

W, cnepgoBaTtenbHO

14.5
Examples

Example 1

Let us suppose we wish to determine the changes
in length of a 70-mefre pipe when the temperature
changes from 20°C fo 50°C and from 55°C fto
-5°C.

In the former case the temperature variafion is
AT=50°C-20°C=30°C. Since diagram 10.1 covers
pipes with a maximum length of 10 metres, elongation
can be calculated for a 7-metre section and then
multiplied by 10. With AT=30°C and the 7-mefre
section of pipe there is a variation in length of 40 mm,
giving an overall elongation of 400 mm.

In the latter case the variation is AT=-5°C-55°C=-60°C,
negative, so the elongation must be considered as a
confraction. With AT=60°C and the 7-metre section
of pipe there is a variation in length of 80 mm, giving
an overall elongation of 800 mm.

Example 2

Let us suppose we wish to determine the length of
the flexible arm required to compensate a section
of pipe 10 metres in length and 75 mm in diameter
subjected to a maximum temperature variation of
30°C.

In diagram 14.2, reading off against outer diameter
a,=75 mm and temperature difference AT=30°C
gives:

=0.25

and hence:

N10 =0.79 m

The flexible compensation arm must be at least 80
cm long.

Now [, can be calculated considering L=L, and
always using diagram 14.2.
The result is:

=025

And therefore

l',= 0.25-10,79=0.23m
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Mpumep 3

Heobxogumo onpegenutb omery KoMneHcauuwm,
HeoGxoAuMyl0 pANA y4yacTka Tpyb6onpoBoaa
anvHon 30 meTpoB 1 AnameTpomM 63 MM, KOTOPbLIN
noaBepraeTtcs BO34eNCTBUIO M3MeHeHus
TemnepaTtypbl He 6ornee 30°C.

Ans onpepenexus L, ucnonb3yetca avarpamma 14.2,
yumnTbiBasi, 4To L paBHAeTCA nonoBuHe obLuen AnvHbI
Tpybonposoga (L=30/2=15 m):

14.5

Lﬂl IDELTA
Example 3

Let us suppose we wish to determine the compen-
sation omega required for a 30-mefre section of
pipe diameter 63 mm undergoing a maximum
temperature change of 30°C.

To calculate L, diagram 14.2 is used, considering L
equal to half the overall length of the conduit (L=30/
2=15m):

L, = 0,225y 15 =0.87m

Cenvac HeobxoauMo  BbIMOMHWTL  pacyéTr L'y,
npeanonoxus, 4to L=L, u wucnonb3ysa Aauarpammy
14.2.

I, = 0,225 -

npeD,I'IOJ'IO)KVIM, 4YTO 6yp,eT MCNOoJNb30BaTbCA KBagpaTHasa
omera, cnegoBaTteribHO:
L

H

KoHeuHo, 3HaueHue L, Bceraa AOMKHO ObiThb Bbille
MaKkcUMasibHOro BHYTPEHHEro paclUMpeHust yyacTka
TpybonpoBoaa, 4Tobbl ABE BEPXHWE TOYKM OMEru He
JoTparmBanvce gpyr Ao apyra.

Mcnoneaysa guarpammy 10.3, nonyvaeTcsa cneayollee
ycrnosue:

=1L

Now L, must be calculated considering L=L, and
always using diagram 14.2.

V0,87 =0.21Tm

Suppose fo use a square Omega, therefore:

. =087m

Ovbviously, the L, value must always be higher than the
maximum dilation of the entire conauit fo prevent the
two upper vertices of the Omega from touching.

This condition can be verified by using diagram 10.3:

AL=172 mm

MNMockonbky B pesynstate AL<L, pasmepbl omerun
MOXHO CYMTaTb NPaBUITbHLIMMN.

Being the result AL<L,, the sizing of the Omega can
be considered correct.






19.

OTtaava Tpyo Unidelta PEX n3 cuuntoro
NONIN3TUNIEHA B YCTAaHOBKAaX C HanoJibHbIM
OTOMNJIEHUEM
Efficiency of Unidelta PEX pipes in underfloor
heating systems
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15.1
BBeneHue

Hwxe onncbiBaloTCA OCHOBHbIE MOHATUS, OOPMYyrbl
M Ouarpammbl, MCMonb3yemble [nNis  OonpeaerneHus
pasMepoB HamMosfbHbIX OTOMUTEMbHBIX YCTAHOBOK,
KOTOpble BbIMycKalTCca C npumeHeHnem Tpyb Uni-
delta PEX u3 cwwutoro nonuatuneHa. [lpouenypsl,
npoBOAMMbIE  ANs pacyeTra oTgady, Temneparyp,
NpPON3BOAUTENBHOCTH n ONVHBI 3MEEBMKOB,
OCHOBbIBAKOTCA Ha KpuTepusax ctaHgapta EN 1264
«OborpeB nona — cMcTeMbl U KOMMOHEHTbIY.

Takum oOpasom, Gonee petanbHyl WHGOpMaUuio
MOXHO HaWTW B [aHHOM CTaHgapTe unu B OpPYyrou
cneunanuampoBaHHON JOKYMEHTaLNN.

15.2
pebHocTb B yaenbLHou TennoéMKo.

HanonbHas otonuTenbHas ycTaHOBKa W3nyvaeT TEnnoByo
3HEpPruIo, Kak B BEPXHEM, Tak U B HVDKHEM HampaBheHum,
B 3aBWCMMOCTM OT TEMnoBOr0 COMPOTMBIIEHUS CMOEB
matepuana, M3 KOTOpbIX COCTOMT MOM  Hag M nog
3mMeeBMKOM. [lockonbKy nonesHas TennoBas 3Heprus —
3TO Ta JHeprus, Kotopas MOET BBEPX, TO Heobxoammo
MaKCUMManbHO COKpaTWTb TEMnsI0BOW MOTOK, WAYLIWN
BHM3, PaCMOSIOXMB CIOW M30MSALMOHHOIO MaTepuana
nog 3MeeBukamu. TennoBasi 3HEPrust OTOMUTENLHON
YCTaHOBKM (0TAa4a) JOMmKHa ObiTb Takol, YTobbl OHa Morna
MOKpbIBaTb NOTPEBHOCTL B Tennoémkoct Q B [w], KoTopas
HeobxogMma Ans NMOMELLeHUs, NPUHMMasi BO BHUMAHWE,
YTO 3TO 3aBWCWT OT BHYTPEHHUX U BHELLHUX OKPYXXatoLWX
YCMOBWI, TakUX Kak: Temnepatypa MOMELLEHUs!, BHELLHSS
Temneparypa, NpMUCyTCTBME BETPA, BO3LENCTBNE COMHEYHBIX
nyyen, pacnonoxeHue CTeH MOMeLLEeHNsl, BO3MOXHas
TennoBasi SHEPrus, Bbl3BaHHAs NPUCYTCTBMEM OTOMSIEHUS B
PacnonoXeHHOM BblLLEe MOMELLEHUN U T.4. Takum obpasom,
yOenbHbI TENMOBOW MOTOK ¢ B [w/M?], HanpaBreHHbIN
BBEPX — 3TO KOMWYECTBO TeNna, KoTopoe Heobxogumo Ans
MOMELLEeHNs1 Ha eQVMHULY Nnowaau:

15.1
Infroduction

The basic concepts, formulas and diagrams used for
selecting the size of underfloor heating systems using
Unidelta PEX pipes are set out below. The methods used
for calculating efficiencies, temperatures, capacities
and coil lengths are based on the standard EN 1264
“Floor heating — systems and components”.

For further details, please refer to this standard or fo
other specific documentation.

15.2
Specific heat requirement

An underfloor heating system emits thermal energy
in an upward or downward direction, depending
on the thermal resistance of the layers of material
making up the floor above and below the coil. Since
useful thermal energy is the upward fype, downward
thermal flow must be reduced as far as possible by
placing a layer of insulating material under the coils.
The heating system’s thermal energy (efficiency) must
be able to meet the room’s thermal requirement Q
in [W], this depending on the indoor and oufdoor
environmental conditions, such as room femperature,
ouftside tfemperature, presence of wind, incidence of
the sun's rays, composition of the room’s walls and
possible thermal energy due fo heating of the floor
above. Specific upward thermal flow q in [W/m?] is
therefore the quantity of heat required in the room
per unit of surface:

_Q
a= R

lne:
A; — 10 nnowagb nona [m?].
YaenbHbIi TEMMAOBOM MOTOK  — 3TO 3HAYeHue, Ha

KOTOPOM OCHOBbLIBAOTCA pasMepbl OTOMUTENbHOMN
YCTaHOBKM C OTOMUTENbHBLIMY NaHENsIMU.

where:
A, is the floor surface area [m?].

Specific thermal flow q is the value on which the size
of the radiating panel heating system is based.



(_ﬂllnELTA

OT0 3aBMCUT OT OOMbLLOIO KONMMYeCcTBa NapaMeTpoB, This depends on a large number of parameters such
Takux Kak: as the following:
S, TonwmnHa cnoa  MexXxay 3MEeBMKOM ¢ S, thickness of the layer between the coil and
obnuuoekor nona [M] the floor covering [m]
A, YoenbHad npoBOAMMOCTb Crosi  Mexay A, thermal conductivity of the layer between the
3MeeBUKOM 1 0bnuuoBkor nona [w/mK] coil and the floor covering [W/mK]
R, ~ TennoBoe conpoTvBreHne oGNULOBKM Mona R,  thermal resistance of the floor covering
[m2K/W] [M?KIW]
d, BHewnwi guametp TpyGwl Unidelta PEX un3 d, oufer diameter of the Unidelta PEX pipe
CLUMTOTO MnonuaTtuneHa [M] [mm]
T LLlar ameeBukoB [cM] T pipe spacing [cm]
0, TemnepaTypa okpyatowen cpeabl [°C] 9, room temperature [°C]
8,  Temnepatypa nogauv Boapl koHTypa [°C] 8, supply temperature of water [°C]
6,  Temneparypa Bo3Bpata BoAbl KOHTYpa [°C] 6,  return temperature of water [°C]
CyuwecTByollee OTHOWEHUE MeXay YOAENbHbIM The relation between specific thermal flow g and the
TENSIOBbIM TMMOTOKOM ( W YMNOMSHYTbIMU BbillE above parameters is as follows:

napametpamu criegytoLiee:

q:aW'QQ'(XS.AeH

loe where
0,-6,
A8, =
|n e\/ B e\
eR - e\
o = o(d,s)
o, = (xzo\'g' Rs]
o, = aa[T' Re]
3TO [JaHHble COOTBETCTBEHHO Auarpamm 15.1, 15.2, are given in diagrams 15.1, 15.2, 15.3 and 15.4,
15.3 1 154. respectively.
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Ouarpamma 15.1 — MoTpe6HOCTL B yAenbHON TENNOEMKOCTH O,
Diagram 15.1 - Specific heat requirement: O.,
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0.02
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Torwwwa S [m] - Thickness S, [m]
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15.2 15.2

Ouarpamma 15.2 - MoTpe6HOCTb B yAenbHON TeNNoEMKoOCTU: O
Diagram 15.2 - Specific heat requirement: Q.,

8.0

MposoanmocTs A, [W/mK] - Conductivity k. [W/mK]

3.0

© 5§ 8 @& T v 8 5 8 2 2 - N o <+ w ¢
e a 9o 2 Q9 T T - R T o S v . 1
o O o 9O O 9 ©Oo 90 9 0 g o0 o o a9 4«

Tennosoe conpoTtueneHne obnmuoskn R, [M?K/W]
Thermal resistance of the covering floor R, [M?2K/W]
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15.2

Ounarpamma 15.3 - lMoTpe6HOCTL B yAenbHoW TennoémkocTu: O,

Diagram 15.3 - Specific heat requirement: O,

1.10
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1.00

0.95
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D85
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LWar 3ameesuka T [cM] - Pipe spacing T [cm]
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Tennosoe conpoTtueneHne obnuuoskn R, [M’K/W]
Thermal resistance of the covering floor R, [m?K/W]
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Ounarpamma 15.4 - [NoTpe6HOCTL B yAeNbHOM TeNJI0EMKOCTU: AGH
Diagram 15.4 - Specific heat requirement: AGH

IDELTA

CpenHas norapudmuyeckas Temneparypa Af,

Logarithmic mean temperature A8,

28
25
24
P
20
18
18
15
14
12

10

k3 LR

PasHuLa Mexay TemnepaTypoil BO3BpaTa 1 OKpyXatoLLei Cpeabl TeMnepatypol 0, - 6,
Difference between water return ternperature and room temperature @, - 6,

wy D =4} = o - Uy o o = H = un
= Lo = m

PasHuua mexay TemnepaTypoii nogadm u okpyxatoLen cpeapsl Temnepatypon 6, - 6,
Difference between water supply temperature and room temperature 8, - ,
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15.3
CtpykTypa nona

Ons oueHKM yOoenbHOro TEMMOBOro  MoToka
HeoOXxoOMMO onpefenuTb CTPYKTYpy nona (TonwmHa
S, W NPOBOAMMOCTb X.), BKMoYas ero ob6nuuoBKy
(Tennosoe conpoTueneHue R;).

FPucyHok 15.1 — CTpykTypa nona

15.3
The floor’s structure

To evaluate specific thermal flow, it is necessary
fo know the structure of the floor (its thickness s,
and conductivity L] including its covering (thermal
resistance R,).

B HaNOJMbHbIX OTONUTESIbHbIX YCTaHOBKaXx

Figure 15.1 - Floor structure in underfloor heating systems

i

w

Mon - Floor Aoy Sy, } R

R, HVXHWIA cnowt - Floor rough A, S,, | °
BetoH - Concrete slab A

1 | Ry W3onsaTop - Insulation R
1 A 1 T IR (S W Y, (R N (R e R,
e e R it T e EE LR E S LRI s -.-11
i 1 =5 £ e BeToHHasi noayLuKa
R = . . ., Y My S,
L 4

Concrete layer

MepekpbiTie 13 BOKOB Ablp4aToro Kupmya
Hollow files floor

LTykaTypka - Plaster

Ha pucyHke 15.1 nokasbiBaeTcs MOKpbITUE Mona,
KoTopoe OObIYHO TMpPUMEHSIETCA Ans HanosibHOMW
OTOMUTENBHON YCTAHOBKM.

Tennosoe conpotueneHne obnuuoskn R, aensertcs
pesynbTaToM CyMMbl  COMPOTMBIIEHUA OTAEMbHbIX
CIOEB, KOTOPbIE €€ COCTaBNAT R, =S,/ A,;

S S

B B!

R

1 2
B

)\'Bl 7\'BQ
TennoBble CONPOTUBIIEHNS A HEKOTOPbIX OAHOPOAHbIX
maTepuasoB, TeMNoBble CONPOTMBIEHNS R HEKOTOPbIX
COCTaBHbIX MaTepuanoB ¥ OOMULOBOK MPUBOASTCS

COOTBETCTBEHHO B Tabnuuax 15.1, 15.2 n 15.3.

Tt el

Figure 15.1 shows the flooring generally used for
underfloor heating systems.

The thermal resistance of the covering R, is given
by the sum of the resistances of the various layers
forming it R,=s,/ A,

Su
7\'Bi

an _

}\’Bn N

+

>

i=1

The thermal conductivity . of some homogeneous
materials, and the thermal resistance R of some
compound materials and coverings are shown in
tables 156.1, 15.2 and 15.3 respectively.
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15.3 15.3

Ta6nuua 15.1 — TennoBasA NPoBOAMMOCTL U yAerbHbIN BEC HEKOTOPbIX OAHOPOAHLIX MaTepuarnos
Table 15.1 - Thermal conductivity and specific weight of some homogeneous materials

Mareoua TennoBas NpoBOAMMOCTb YaenbHbIW Bec

Tepuan

Mafe:'al Thermal conductivity Specific weight
A [W/mK] P [kg/m?]

Accbanst

Asphalt 0.7 2100

ApMUpoBaHHbIN 6ETOH

Reinforced concrete 1,51 2400

OBbIYHbIN 6ETOH 198 9900

Plain concrete !

Kepamvika/Teppakota 116 2400

Ceramiclfile !

'vnc 0,43 1240

Gypsum

Cyxol rpaBun cnosmm

Dry gravel in layers 0.93 1900

Teépaas pesavHa 4na nonos 0.28 1200

Paving rubber !

panut . .

Granite 3.14+4,07 25003000

BHyTpeHHHH LUTYKaTypKa U3 n3BecTt u necka 0.7 1800

Lime and sand plaster !

BHyTpeHHsIs WwTykaTypka 13 runca 052 1200

Gypsum plaster !

J‘!MHOﬂeyM 0,18 1200

Linoleumn

PacTBOp 13 LemeHTa, U3BECTU 1 necka

Cement mortar 1.4 2200

Mpamop

Marble 3,37 2700

KoBpoBoe mnokpbiTve

Moquette 0.09

MapkeT 13 nyb6a

Parquet of oak 0.2 850

MonucTponbHbIN neHonnacT 0,035 o5

Polystyrene foam

MonnypeTtaHoBbIN NeHonnact 0,025 35

Polyurethan foam

MBX

Ve 0,17 1350

CyxoW necok

Dry sand 0,58 1500

[lecok 1 uemeHT

Sand and cement e 2100

Mpobka B NnactuHax 0,035-0,070 120-=300

Cork

BcneHeHHbIn BepMyKynuT 0,07 130

Vermiculite foam
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15.3

15.3

Ta6bnuua 15.2 — TennoBble CONPOTUBIEHUSI HEKOTOPbLIX HEOAHOPOAHbLIX MaTepuanos
Table 15.2 - Heat conduction resistance of some non-homogeneous materials

Martepuan

Material

TennoBoe conpoTUBrieHne
Thermal resistance

R [m2K/W]

[MepekpbiTe U3 BNOKOB AblpyaToro kupnuya, TonwmHa 0,15-0,18 m

Hollow files floor thickness 0.15+0.18 m

0,30

MepekpbiTve 13 BNOKOB AblpyaTtoro kupnuya, TonwwmHa 0,18-0,22 m

Hollow files floor thickness 0.18+0.22 m

MepekpbiTre 13 BNOKOB AblpyaTtoro kupnuya, TonwmHa 0,22-0,26 m

Hollow files floor thickness 0.22+0.26 m

0,45

Ta6bnuua 15.3 — TennoBble CONPOTUBIIEHUSI HEKOTOPbLIX 06GNNLIOBOK
Table 15.3 - Heat conduction resistance of some coverings

Matepuan

Material

Mpawmop - Marble
LMopywka n3 pacteopa - Mortar layer

MnwuTka 13 kepamukn/TeppakoTtbl - Ceramic Tiles
Mopywika 13 pacteopa - Morfar layer

MNBX - PVC

Mapket - Parquet
Knen - Adhesive

KospoBsoe nokpbiTne - Moquette

15.4
CpeaHsasa TemnepaTypa nona

Onsa onpegenexHvs cpegHen Temnepartypbl nona
0,,, KoTopas formkHa ObiTb cosfaHa Ans nonyveHus
yAernbHOro TennoBoro notoka ¢, HeobxoaMmo
ucnonb3oBaTb gvarpammy 15.5 ansa otgay meHee 140
Bt/M2 v gnarpammy 15.6 ans otoad 6onee 140 W/m?2.
[nsa nomeLLeHnn, npeaHa3HavYeHHbIX Ans AMTENbHOro
npebbiBaHuS, MakcumMarnbHas gonyctumas
TemnepaTtypa coctaenseTt 29°C, ansa BaHHbIX KOMHAT
32°C, a Ans y4yacTkoB, rae He npegycMaTpuBaeTcs
npebbiBaHMe (3TO NepuMeTparbHble Yy4YacTKM pPsOoM
C BbICOKOAWCMNEPCHbIMM CTeHamu), ponyctumas
Temnepartypa paBHsetca 35°C.

Korga pasmepbl yCTaHOBKM  yKasblBalOT Ha
Ype3MepHyl  CpedHll  Temnepatypy nona,
HeoOXOAMMO COKpaTUTb pacceuBaHue Tenna,
yNyylWwmB TEMMOBYD W30MALMIO MNOMELLEHUS Wnn
obecneyrB TEMmoOBYK 3IHEPTUIO, KOTOPYH MaHenb He
MOXeT C€03[4aTb, MYTEM WCMNOMb30BaHMS BHELUHUX
3MNEKTPUYHECKMX UITN TMAPABINYECKUX JOMONMHUTENBHbIX
OTOMMUTENbHBIX ANIEMEHTOB, KOTOPbIE MNPUMEHSIOTCH
npy HeobxooumMocTu, B Hanbonee HebnaronpUATHbLIX
KNMMaTU4ECKNX YCrOBUSIX.

TonwmuHa
Thickness
sg [mm]

TennoBasi npoBoAMMOCTb | TennoBoe CONpOTUBREHUE
Thermal conductivity Thermal resistence
X, IW/miK] Ry [M?KW]
15 3.3
,0012

10 1.4 0,00

0.17 0.03
10 0.09 0.11

15.4

Average floor temperature

To defermine the average floor temperature 0,
required to obfain the specific thermal flow q,
diagram 15.5 is used for efficiencies less than 140
W/m? and diagram 15.6 those more than 140 W/m?Z.
The maximum admifted temperature is 29°C in
permanently inhabited rooms, it is 32°C for bathrooms
and 35°C for areas occasionally inhabited, such as
perimeter areas where the heat dispersion is high.
When the size of the system gives excessive floor
temperature, it is necessary to reduce heat dispersion
by insulating the room or providing the thermal
energy that the panel is unable to emit with additional
outfer electric or water heafing elements, which
are occasionally used in unfavourable climatic
conditions.
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PasHuua mexay Temnepatypori nona v okpyxatoluen cpeasl 0, - - 6;
Difference between average floor femperature and room temperature eFm - 9,.

15.4 15.4
Ouarpamma 15.5 - TennoBow notok meHee 140 W/m?
Diagram 15.5 - Thermal flow lower than 140 W/m?
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PasHuua mexay Temneparypoii nosna 1 okpyxatoLLer cpeabl Temneparypoit 0, - 6,
Difference between average floor temperatfure and room temperature 6 - 6,

15.4 15.4
Ouarpamma 15.6 - TennoBo# notok Bbiwe 140 W/m?
Diagram 15.6 - Thermal flow higher than 140 W/m?
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15.5
Pacxop Boabl B 3meeBUKe

Pacxoq Bogbl mMH MOXHO BbICUMTaTb C MOMOLLBHO
avarpammbl 15.7, koTopasi npeacTaBnsAeT OTHOLUEHME
Mexay pacxo4oM BOAbl M NIowaabio nomelleHns A,
B 3aBMCMMOCTU OT ABYX COCTaBHbIX NapameTpos f3, 1
B, n Tennoeoro nepenaaa Xuakoctu 0,70,

3HaveHune P — 370 YHKLMS TEMMOBOro CONPOTUBIIEHNS
R, cnoa nona noa Tpy6amu 1 pasHuubl Mexady
OKpy)aloLen TemrnepaTypor MoMeLLeHUsl, KoTopas
0603Ha4aeTca 0, M TeMnepaTypo HKHEro NOMeLLEHMNS
0,. Onarpamma 15.8 No3BonsAET €ro onpeaenuTb.
3HayeHune B, — 9TO (PYHKLMS OTAaYM YCTaHOBKM ( M
OTHOWWEHUAR, /R ,MeXaY TENIIOBLIMU COMPOTUBIIEHNSAMM
cnos mona Hag Tpy6amu R, 1 HWXHero cros R,.
Onarpamma 15.9 ansa g Huxe 100 W/m? n anarpamma
15.10 gna q Bbiwe 100 W/m? galoT BO3MOXHOCTb
onpeaennTb AaHHbIN napameTp.

CkopocCTb vV MOTOKa, KOTopas nMpoussBogHa OT nogayuv
mH, He gormkHa npeBblwaTth 3Ha4YeHne 0.7 m/cek ans
XUMULLHBIX YCTAHOBOK, a ANS MNPOM3BOACTBEHHbIX
NMoMeLLeHNIn JonycKaeTcs CKopocTb Ao 1 m/cek.

Tennosoe CcOMNPOTMBMEHME Ccnos nona Hafg
Tpy6amMn BbICYATLIBAETCA C MOMOLLLIO CrEeayHoLLero
BbIpaXXeHUs:

R.—

o= —+ Ry +

(0

Foe 0,=10.8 W/m?K — 310 KOathpuLmeHT TennoobmeHa
KOHBEKLUUN MexXay MONIOM M HaxogsWMmcs Hapg
rnosioM BO3AYXOM; R,, S, U A, — 9TO PacCMOTPEHHble
Bbille MapaMeTpbl: COOTBETCTBEHHO, TeMNOBOE
COMNpOTMBMEHNe O6MNMLOBKW, TOMWMHA W Tennosas
NPOBOAMMOCTb CIlOsi MaTtepuana, Haxoaslierocs
mexagy Tpybamu n obnuuoBKon.

Tennosoe conpoTtmeIieHNnEe HWXHEro CJiod nona
nony4yaeTtca cnenyrnwmnm 06pa30M:

df_mlnEl.TA

The flow of water m, can be calculated using
diagram 15.7 which gives the rafio between the
water flow and the surface area of the room A_ as @
function of two compound parameters 3, and B, and
the thermal head of the fluid 6 -0,

The value of B, is a function of the thermal resistance
R, of the layer of flooring below the pipes and of the
difference between the ambient temperature in the
room considered 0, and that of the room below 9,.
Diagram 15.8 can be used fo defermine this value.
The value of B, is a function of the efficiency of the
system g and the ratfio R /R, between the thermal
resistance of the layer of the floor above the pipes
R, and that below them R,. This parameter can be
obtained from diagram 15.9 for g values less than
100 W/m? and diagram 15.10 for q values more than
100 WIm?.

Flow velocity v derived from flow rate m, must not
exceed 0.7 m/s for systems in private dwellings and
1 m/s for those on industrial premises.

15.5
Water flow in the circuit

The thermal resistance of the layer of floor above the
pipe is given by the following expression:

S

u

A

E

where o,=10.8 W/mK is the coefficient of heat
exchange by convection between the floor and the
air above, and R,, s, and A, are the parameters
previously seen, ie. the thermal resistance of the
covering, the thickness and the thermal conductivity
of the layer of material between the pipes and the
covering, respectively.

The thermal resistance of the floor’s lower layer is
given by the following:

S S s 1 QS 1
R — A_i_ Ri + i-i— o+ _Ltm 4+ — = L + Ri + —
. 7\'\_1 ! )\'L2 }\'Lm (xl i=1 7\'Li o (XL
Foe o, = 5.9 W/m?K — 870 K0oadhduLmeHT TennoobmeHa where o, = 5.9 W/mK is the coefficient of heat

KOHBEKLMM MeXzy HWKHEeA MOBEpXHOCTbIO nona W
BO3[)yXOM PacrOfOXeHHOTO Mof HUM MOMeLLeHus,
R., — 3TO Tennosoe COMPOTUBMEHME U3oMNALMK, S,
M A, — 3TO TOMWMHLI U TEnnoBble MPOBOAVMOCTY
Croés maTepuana, KOTopble COCTaBMsloT Mon noa

3MeeBUKaMU.

exchange by convection between the floor and
the air below, R, is the thermal resistance of the
insulation, and s, and A, are the thickness and the
thermal conductivity of the layers of material making

up the floor below the coils.
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Ounarpamma 15.7 - Pacxop Boabl B 3MeeBUKe
Diagram 15.7 - Water flow in the circuit

Pacxop Ha eguunuy nnowaan m /A, [kg/s/m?]
Water flow per unit of surface area m,JA, [kg/s/m?]

PasHuua mexay Temnepartypoii nogaqu 1 Bosspara 0, - 0,
Difference between water supply and return temperature 6, - 6,

40 60 a0 100 120 140 160 180 200 220 24C

B1+B2
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IDELTA

5 15.5

Avnarpamma 15.8 - Pacxoa Boabl B 3meeBuKe: 3,
Diagram 15.8 - Water flow in the circuit: 3,

B,

45
40
35
30

23

15

10

-10

PasHuua mexg

y TeMnepaTypol oKpyxatoLeil Cpebl U TeMNepaTypolt PacrofokeHHOrO HUXKe NOMeLLEHNs 6, - 6

L

Difference between room temperature and temperature of the room below 6, - 0,
I-._______‘
-
P—
- :
* vt
.
© @ = N ™ 3 - w3 o ~ = @ =
[ ] o] — — ~— e e — — — — -— (a8

Tennosoe CONPOTUBIEHNE B HIKHEM HanpasneHun R [M2K/W]
Downward thermal resistance R, [M?K/W]
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15.5 15.5

Ouarpamma 15.9 - TennoBo# notok Huxke 100 W/m?
Diagram 15.9 - Thermal flow lower than 100 W/m?

160
OTHoweHne Mexay TEnnoBbIM COMPOTUBIIEHNEM B HUXKHEM |1 BEPXHEM HanpasneHusx R/R,
150 Ratio between downward and upward thermal resistance R /R,
140 B
130 : : : ! : :
120 }—— . . | ! ! . //_’,
110 ' ' I /,-""'
00— ;
= ;
20 : ! H : . i 4 ! L
70 ; - ! !
B0 HH___-‘- e e 1 4 = =
_,..-"'H:,v""/
LT — = = : : : 1 :
40
=] u =] k] =] u = aH = u = uy =
- = uy L wr =) P= = o = =] =n =
Tennosow notok q [W/m?]
Thermal flow q [W/m?]
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15.5 15.5

Avarpamma 15.10 - TennoBsoi noTok Bbiwe a 100 W/m?
Diagram 15.10 - Thermal flow higher than 100 W/m?

B,
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OTHowleHve Mexay TEMNroBbIM CONPOTUBIEHNEM B HKHEM M BEPXHEM HanpasneHusx R /R
Ratio between downward and upward thermal resistance R /R,
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15.6
NOBOW MOTOK B HWXHEM Hanpasne

Tennootgaya HaMoMbHOW OTOMNUTENBHOW CUCTEMOWN
[OOIMKHA MPOUCXOANTb, MaBHbIM 006pa3oM, B BEPXHEM
HanpasneHun. o 3Ton NpMYNHE B NON U Nog 3MEEBUKN
Heob6XxoaMMO MNOMEeCTUTb CronM  U30ONALMOHHOIO
Matepuana, KOTOpbI yBenuuMBaeT TennoBoe
COMPOTUBIIEHNE B HWXKHEM HanpaBfieHUW, COKpallas
TENIoBoV MOTOK g, B AA@HHOM HanpasneHnun. OaHako
onpedenéHHoe KONMMYecTBO TEMNOBOW 3HEprum
BCE paBHO HanpaBnsieTCsl BHM3, B 3aBMCUMOCTU OT
Temneparypbl 0, PACMONOXEHHOTO HUXE MOMELLEHNS.
OTOT TennoBoM MOTOK HEOOXOAMMO Y4MTbiBaTb
B KayecTBe BHELIHEro npuToka Tenna, korga
BbIMOSTHAETCA OnpedeneHne pasmMepoB HaMoNbHOM
OTOMUTENBHOW YCTAHOBKW, MU OH MOXET COCTaBNATb
10+15% TennoBoro NOToka B BEpXHEM HanpaBneHuu.
Pacyét notoka Tenna B HUXXHEM HanpaBreHUn MOXHO
BbINOMHUTL, UCMOMb3ySA CreayLLyo opmyrny:

15.6
Downwards thermal flow

Heat emission by a floor heating system must mainly
take place in an upward direction. Consequently, a
layer of insulating material is placed in the floor below
the coils to increase downward thermal resistance
and reduce downward thermal flow g, in the same
direction. However, a cerfain quantity of thermal
energy is always dispersed downwards, depending
on the temperature 6, of the room below. When
calculafing the size of the floor heating system, this
thermal flow must be counted as a supply of heat
from the outside. The value is 10+ 15% of the upward
thermal flow.

Downward thermal flow can be calculated using the
following formula:

a,= B, +B,-a

rae B, u B, — 370 KOIMMULMEHTBI, NCMONMb30BaAHHbLIE
Onsa pacyéTta pacxoda BOAbl.

15.7
OnuHa 3ameeBuKa

,D,J'II/IHy pr6b|, KOTOpaA COCTaBNAET 3MeEBUK, MOXHO
BbICHMUTATb MNPOCTO U3 COOTHOLLUEHNA MexXay nnowlagbio
nomMeLwleHnda n warom 3ameeBuKa:

where B, and B, are the coefficients used fo calculate
the water flow rate.

15.7
Lenght of the circuit

The length of the pipe forming the circuit (coil) can
simply be calculated from the rafio between the
surface area of the room and the pipe spacing:

L =100-A /T

C A, BblpaxkeHHOM B [M?] v warom T B [cm]. [nsa Gonee
TOYHOrO pacyéTa HeobXoouMO YYUTbIBATb TaKKe W
NOABOASALLIME YYaCTKM TPyObl, KOTOpble COEAMHSAT
OTONUTENbHYK MNaHenb C pacnpegenuTenbHbIM
KOMNMEeKTOPOM, TMOCKOSIbKY OHW TOXe WCMycKakT
TENMnoBYIO SHEPTUIO.

with A_expressed in [m?] and the pipe spacing Tin [cm)].
For a more precise calculation it is also necessary to
consider the feed pipe’s sections that connect the
radiating panel fo the distribution manifold since they
emit thermal energy.



15.8
Mpumepsbl

Mpumepbl 1

Heo6xogmmo onpegenutb pasMepbl HanoJIbHOW
OTONUTENILHOW YCTAaHOBKM B  MNOMELeHUMU
nnowaablo A =27 m? 1 TennoBon NoTpeGHOCTLI0
Q =2000 W.

CTpykTypa nona COOTBETCTBYEeT MOKa3aHHOW Ha
PUCYHKE CTPYKType, npeanonaraetcs WCMnosib3oBaTb
Tpyby Unidelta PEX w3 cwutoro nonuatuneHa
17x2.0 (EN ISO 15875), kpome TOro, y4mTbiBalOTCA
crnepywuine gaHHbIE:

6, = 20°C
TemnepaTypa okpyxatoLLlern cpebl MoMeLLeHUs

6, =10°C
TemnepaTypa okpyxatoLlei cpebl pacrnofioXeHHOro
HVXE MoMeLLeHNs

0, = 45°C
Temnepatypa nogayn BoAbl KOHTYpa

0, = 35°C
Temnepatypa Bo3BpaTa Bofbl KOHTYpa

IDELTA

15.8
Examples

Example 1

Let us suppose we wish to determine the size of a
underfloor heating system in a room with a surface
area of A,=27 m? and a thermal requirement
Q=2000 W.

The sfructure of the floor is shown in the diagram.
Supposing Unidelta PEX 17x2.0 (EN ISO 15875) pipe is
used and the following dafa are also considered:

0, =20°C
Temperature of the room

6 = 10°C

L
Temperature of the room below

8, = 45°C
Water supply temperature

0, = 35°C
Water return temperature

PucyHok 15.2 — CTpykTypa nona npumepa
Figure 15.2 - Structure of the example floor

Sm =0,01m MnuTka U3 TeppakoTbl - Paving tiles }\m =1,0W/mK

S;,=0,008 M  Moaywka 3 pacteopa - Mortar layer Ago=1,4W/mK

5,=0,03m

BeToH - Concrete slab A=A, =1,28 WmK

$,=0,02m

e

M30naumnoHHbI MaTepuan 13

S50 =0.04 ™M nonmctuponsHoro nexonnacra 2, =0,035 W/mK
Foam polystyrene insulating layer
BeToHHas noayluka

$,=004M  Concrete iayer A,=1,28 WmK
MepeKpbITe U3 BrIOKOB ALIPYATONO KUpMMa

= R,=0,35 m?
5,=02m Hollow tiles floor w K
5,=001 m LLITykaTypka 13 U3BECTM 1 necka A,=0,7 WimK

Lime and sand plaster
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CHavana onpeaendrTca napameTpbl,
y4acTBYIOT B onpenernieHnmn pasmepos:

15.8

KOTOpble

d,=17mm
OnpegenéHHbii BHewWHun guameTtp Tpyobl Unidelta
PEX u3 cumToro nonuatuneHa

s, =0.03m
TonwmHa crnosi matepuana Mexay 3MeeBukamu W
o0nMLoBKOM

A = 1.28 W/mK
MpoBoAMMOCTb Criosi MaTepuana Mexay 3MeeBuKamm
1 06NULIOBKOM

TennoBoe conpoTuereHne obnuUOBKK onpeaenseTcs
C NMOMOLLIbIO (POPMYTbI:

15.8

The parameters affecting size are determined first:

a,=17mm
Established outer diameter of the Unidelta PEX pipe

s, =0.03m
Thickness of the layer of material between the pipes
and the floor covering

A = 1.28 WImK
Conaductivity of the layer of material between the
pipes and the floor covering

The thermal resistance of the covering is given by the
formula:

S S 00T m 0.008 m
R = =2 - = 0.0157 m?
T T T Towmk TTawmk KW
Obuwee TennoBoe COMPOTMBIIEHNE B BEPXHEM

HanpasneHUn onpeaenserTcs ¢ NOMOLLbI (POPMYIbI:

S

u

S - R
o T T A T 10.8 WmK

(]

O6uwee Tennosoe conportuBiieHne B HUXHEM
HanpasneHnn onpegenaeTca ¢ noMoLlbo (bOpMyJ'IbIZ

+ 0.0157 mkK/W +

Overall upward thermal resistance is given by the
formula:

0.03 m

——— = 0.132m?
1.28 W/mK KW

Overall downward thermal resistance is given by the
formula:

S Y I
(. = xu + isol + (X«L -
0.02m 0.04 m 0.0l m 0.04m 1
_ 202M L g3y — 1.723 m?
1.28 WmK KW g wimk 0.7 WimK 0,035 WimK 5.9 WmiK KW



‘:ﬂllnELTA

E - mm -

TennoBow NOTOK, KOTOPbIA OOMKEH CO34aTbCsi NMOMOM The thermal flow the floor must generate fo balance
Onst 6anaHCMpOBKM 3HepreTuyeckom noTpebHocTn the room’s thermal requirement is:
nomMeLleHus:
Q 2000 W
=——= ——=74Wm?
9TA 27 m?
OpaHako TenmoBOW MOTOK Takke oOnpedensieTcs C but thermal flow is also given by the formula:

NMOMOLLIbIO crneaytoLlent hopmynbi:
q= O{‘w'az'aa'AeH

roe where

o,=1.02 u3 guarpammbl 15.1 ana d_=17 mm e o,=1.02 from diagram 15.1 for d,=17 mm and
5,=0.03 m. s,=0.03 m.

o,=6.45 punarpammbl 15.2 gna A.=1.28 W/mK e o,=6.45 from diagram 15.2 for A,=1.28 W/mK and
R,=0.0157 m2K/W, R,=0.0157 m?KjW,

0., — HEeM3BeCTHas Benn4yMHa, NOCKOsbKY Liar 3amMeeBuka o, IS unknown since the pipe spacing T is also
T He n3BecTeH. unknown

AB,=19.5 n3 gnarpammel 15.4 ansa 0,-6=25K e AB,=19.5 from diagram 15.4 for 6,-6,=25K and
6,-6=15K. 0.-6=15K.

Takum 06pa3oM, MOXHO MONYYUTb KOIMDDULMEHT o, Thus it is possible fo obtain coefficient ., :

KOTOPbI N COCTaBNseET:

o = — 33 74 — 0576
o, -0, AB, 1.02-6.45-19.5
KOTOpbIA [aéT BO3MOXHOCTb onpegenntb war T which is used fo determine pipe spacing T from
n3 gmarpammbl 15.3 B 3aBucumoctn ot RB. Touka diagram 15.3 as a funcfion of R, The poinf of
anarpammbl 15.3, cootBetcTByowas o, = 0.576 e diagram 15.3 corresponding fo o, = 0.576 and R, =
R, = 0.0157 m2K/W HaxoguTcs Mexay LUarom LLIarom 0.0157 m?KIW falls between pipe spacing T = 30 cm
T=30cmunT= 275 cm; BbibpaB wupokui war, T and T = 27.5 cm. Selecting the wide pipe spacing,
= 30 cm, onpegensieTrcs HoBoe 3HayeHue o,=0.557 T = 30 cm, the new value of o, = 0.557 is obfained
13 aton xe gmarpammsbl. Npy n3aMeHeHUU 3HadeHus from the same diagram. Having changed the value
koadpduumeHTa o, HeobxoAMMO BbICHATATb HOBOE of coefficient o, the new value of A6, should be
3HavyeHMe A6, C MOMOLLbIO KOTOPOro onpefensiercs calculated again and used fo determine the actual
JencTeBuTenbHas TemnepaTypa BO3BpaTa BOAbI water return temperature T,
KoHTypa TR. CnegoBaTenbHoO: Hence:
Ag, = — 74 ~ 202
o, -0, -, 1.02 - 6.45 - 0.557
W3 gnarpammbl 15.4 nonyyaetca 6.-6=16 K otcioga and diagram 15.4 gives 0, - 6, = 16 K, hence the
HoBas TemmnepaTypa Bo3BpaTa 60,=36°C «koTopas new return femperature 6, = 36°C which involves a
NpVBOAMT K TENNOBOMY Nepenagy Bogbl Ha 9°C. thermal head of the water of 9°C.
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Ceryac MOXHO BbICYATATb CPEAHIO Temneparypy
nona 6., ¢ nomoulbto AvarpamMmbl 15.5 (ans q Huxe
140 W/m?) oTctoga:
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Now we can calculate the average floor femperature
6., using diagram 15.5 (for q less than 140 W/m?),
hence:

0, -6=068K
n and
0. = 26.8°C

FEm

C nomouwlbto anarpammbl 15.7 BbINONHAETCA pacyéT
pacxofa BoAbl, KOTOpas LMPKYINMPYET B 3MEEBMKaX Ha
eavHULY nroLaau:

Diagram 15.7 gives the flow of water in the coils per
unit of surface area:

m, / A, = 0.0023 kg/s/m?

B doyHKumm cymmbl B, +p3,=87 1 Tennosoro nepenaga
Bodbl 0,-6,=9 K; rae koadpduumeHT B,=6 Bepétca n3
anarpammbl 16.8 B cootBeTcTBUMM € R =1.723 m2K/W
n 6-6 =10 K a koacpdumumeHT B, = 81 13 gnarpammsl
15.9 (ansa q Hwke 100 W/m?) B cootBeTCTBUM C Q=74
W/m? n oTHoweHnem R/R,=1.723/0.132=13.05.
CnepgoBaTenbHo, OEeNncTBUTENbHbIN pacxof
COCTaBnseT:

as a function of the sum B, + B, = 87 and the thermal
head of the water 6, - 6, = 9 K; where coefficient B,=6
is obfained from diagram 16.8 at R, = 1.723 m?*KIW
and ©,- 6, = 10K, and coefficient B, = 81 is obfained
from diagram 15.9 (for g less than 100 W/m?) at g =
74 Wim? and the ratio R/R, = 1.723/0.132 = 13.06.
Therefore the actual flow rate is:

m, = 0.0023 kg/s/m? - 27 m? = 0.0621 kg/s

Korga msBectHa obwasa anvHa 3meeBukoB L=100-A
/T=100-27/30=90 m MOXHO onpeaenuTb NOTepto
Harpy3kMm AP u CKOpOCTb BOAbl vV B TpybonpoBoge
n3 pguarpammbl 7.2 gna Tpyoel Unidelta PEX wu3
cwutoro nonuatuneHa 17x2.0 (UNI EN ISO 15875)
npu Temnepatype 50°C:

Ap/L = 2.6 m/100m da cui
v =0.47

MocnegHnin pacyéTt OTHOCUTCHA K TEMIOBOMY MOTOKY
B HWKHEM HanpaBfEeHUW, KOTOPbIA BbIMOSHAETCS C
MOMOLLBHO BbIPaXKEHWS:

QQZ B1+Bz_q=

Lastly, when the overall length of the coils L = 100-A./T
= 100-27/30 = 90 m is known, if is possible to obtain
the head loss Ap and the velocity of the water v in the
pipe from diagram 6.2 for 17x2.0 Unidelta PEX pipe
(UNI 9338) at a temperature of 50°C:

Ap = 3.5m = 0.35 bar
m/s

The last calculation concerns downward thermal
flow, which is given by the following formula:

87 - 74 = 13 W/m?
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Mpumep 2

Ucnonb3yeTcs Takas e CTPYKTypa nona, Kak u B
npeabiaywemM npumMepe n Heo6xoANMO BbiCUUTaTb
oTAa4vy OTONUTENbHOW YCTaHOBKMW, €Cnu war oyaet
paBHATLCA T = 25 cMm, Kpome TOrO:

0, = 24°C

Temnepatypa okpyxatoLlei cpeabl MoMelLeHNs!
0, = 50°C

Temnepatypa nogayv Boabl KOHTypa

0, = 40°C

Temnepatypa Bo3Bpata Bofbl KOHTYpa

KoadhmumeHTb! o, 1 0, Takne Xe, Kak 1 B npegblayLiem
npumepe, a koadpduumeHt o,=0.634 e A6,=20.5,
oTaadva Byaet cnegytoLlen

g= o, -0, -0,-AB, =102 -6.45-

Ecnn war ymeHbwntea go T = 20 cm, nony4yutcs
koacppuumeHT o, = 0.722 n 6onbluasa otgaya:

= o-0,-0,-A8, =102 -645-
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Example 2

Let us consider the same floor structure as in the
previous example and suppose we wish to calculate
the efficiency of the heating system taking pipe
spacing T = 25 cm, and aliso:

6 = 24°C

Temperature of the room

6, = 50°C

Water supply temperature

0, = 40°C

Water return temperature

Coefficients o, and o, are the same as in the previous
example, whereas coefficient o, = 0.634 and A8, =
20.5. The resulting efficiency is:

0.634 -20.5 = 85.5 W/m?

If the pipe spacing were reduced to T = 20 cm,
this would give coefficient o, = 0.722 and a higher
efficiency:

0.722-20.5 = 97.8 W/m?






16.

XnmMmmuyeckas CTOUKOCTb
Chemical resistance
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16.
. XunmMmmyeckasa CTOMKOCTb

B cnegytowen tabnuue nNpYMBOAMTCH YCTOMYMBOCTb
cwmtoro nonuatunexa (PEX) k pa3nuyHbiM BeLecTsam
npu Temnepatype 20°C n 60°C gns Tpyb, KoTOpble
He nMoABeprawTCs BO3OENCTBMIO  MEXaHU4ecKoro
HanpsHXeHUs.

OTM  paHHble  nofyyYeHbl U3 HOPMAaTUBHOMO
noctaHoBneHus ISO/TR 10358:1993 n 13 ykasaHui
Npon3BOANUTENS ChIpbS.

XumMmnyeckass CTOMKOCTb BblpaXaeTcs creayolmm
obpasowm:

S = YpoBneTBopuTEnbHas CTOMKOCTb
L = OrpaHuYeHHasi CTOMKOCTb
NS = HeypoBneTBopuTenbHas CTOMKOCTb

KOHLI,EHTpaLI,VIFI BblpaXaeTc4A B Buae MnpoueHTHOro
OTHOLWIEHNA MaccCbl BellectBa B BOOHOM pacTBOpeE,
B HEKOTOPbIX Cllydadax OHa yKa3blBae€TCA C NOMOLLbIO
cnefyrowmx yCrnoBHbIX 0003Ha4YeHu;

Dil.sol. = Pa3baBneHHbIn BOAHbLIA pacTBOp B
KOHLUeHTpauuun He Bbiwe 10%.
Sol. = BogHbI pacTBOpP B KOHLIEHTPALUKN He BhiLle

10%, HO He HacCbILLEHHbIN
Sat.sol.= HacbliweHHbI BOAHLIN pacTBOp

Nome Sostanza = HasBaHue BellecTBa
Formula Chimica = Xumun4yeckasa dopmyna
Conc = KoHL,

16.
. Chemical resistance

The table below shows the resistance of crosslinked
polyethylene (PEX) fo various substances ar 20°C and
at 60°C for pipes not subject fo mechanical stress.
These data have been faken from the ISO/TR
10358:1993 standards and from indications provided
by the raw material producer.

Chemical resistance is expressed as follows:

S = Satisfactory resistance
L = Limited resistance
NS = Unsatisfactory resistance

The concentration is expressed as a percenfage in
weight of the substance in aqueous solution, in cer-
tain cases it is indicated by means of the following
Symbols:

Dil.sol. = Diluted aqueous solution in concentration
no greater than 10%.

Sol. = AQueous solufion in concentration greater
than 10% but not safurated.

Sat.sol. = Safurated aqueous solution.
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16.

Tabnuua 16.1 — XuMnyeckas CTOMKOCTb
Tabella 16.1 - Chemical resistance

Nome della sostanza Formula chimica Conc.
Name of the substance Chemical formula Conc.

Acetaldeide / Acetaldehyde CH,-CHO 100% S} L
Acetanilide / Acetanilide CH,CONHC H, - S S
Acetica anidride / Acetic Anhydride CH,-CO-O-CO-CH, 100% S L
Acetico acido / Acetic acid CH,COOCH 10% S S
Acetico acido / Acetic acid CH,COOCH 60% S L
Acetico acido, glaciale / Acetic acid, glacial CH,COCH >96% S L
Aceto di vino / Wine vinegar - S S
Acetone / Acetone CH,-CO-CH, 100% L L
Acqua di mare / Sea water - S S
Acqua regia / Aqua regia HNO,+3HCl - NS NS
Acrilonitrile / Acrylonitrile CH,=CH-CN 100% S S
Adipico acido / Adipic acid HOOC-(CH,),-COOH Sat.sol. S S
Allile acetato / Allyl acetate CHO, > S L
Allile cloruro / Allyl chloride CH,=CHCH,CI - L NS
Allilico alcohol / Allyl alcohol H,C=CH-CH,-OH 96% 5 $
Allume / Alum Al,(SO,),K,$0,4H,0 Sol. S S
Alluminio cloruro / Aluminium chloride AICI, Sat.sol. S S
Alluminio fluoruro / Aluminium fluoride AlF, Sat.sol. S S
Alluminio idrossido / Aluminium hydroxide Al(OH), Sat.sol. S S
Alluminio nitrato / Aluminium nitrate AINO,), Sat.sol. S S
Alluminio ossicloruro / Aluminium oxychloride  AICIO Sat.sol. S S
Alluminio solfato / Aluminium solfate Al,(SO,), Sat.sol. S S
Amile acetato / Amyl acetfate CH, (CH,),-OOCCH, 100% L L
Amile cloruro / Amyl chloride CH,(CH,),Cl 100% L NS
Amilico alcool / Amyl alcohal CH,(CH,),-CH,-OH 100% S L
Ammoniaca, gas / Ammonia, gas NH, 100% S S
Ammoniaca, liquido / Ammonia, liquid NH, 100% S S
Ammonio acetato / Ammmonium acetate CH,COONH, - S S
Ammonio carbonato / Ammonium carbonate (NH,),CO, Sat.sol. S S
Ammonio cloruro / Ammmonium chloride NH,CI Sat.sol. S S
Amnmonio esafiuorosiicato / Ammonium exaflucrosiicate HgF N, Si Sat.sol. S S
Ammonio fosfato / Ammonium phosphate NH,H,PO, Sat.sol. S S
Ammonio fluoruro / Ammonium fluoride NH,F Sol. S S
Ammonio idiogeno carbonato / Ammonium hyaiogen caibonate  (NH,)HCO, Sat.sol. S S
Ammonio idrossido / Ammonium hydroxide NH,OH 30% S S
Ammonio metafosfato / Ammonium mefaphosphate (NH,),P,O,, Sat.sol. S S
Ammonio nitrato / Ammonium nifrate NH,NO, Sat.sol. S S
Ammonio ossalato / Ammonium oxalate (NH,,C,0, - H,O Sat.Sol. S S
Ammonio persolfato / Ammonium persulfate  (NH,),S,0, Sat.Sol. S S
Ammonio solfato / Ammonium sulfate (NH,),SO, Sat.sol. S S
Ammonio solfuro / Ammonium sulfide (NH,),S Sat.sol. S S
Ammonio tiocianato / Ammonium thiocyanate NH,SCN Sat.sol. S S
Anilina / Aniline C,HNH, 100% S L
Antimonio tricloruro / Anfimony trichloride SbCl, Sol. S S
Argento nitrato / Silver nitrate AgNO, Sat.sol. S S
Arsenico acido / Arsenic acid H,AsO, Sat.sol. S S
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16. 16.

Name of the substance Chemical formula Conc. 20°C

Bario bbromuro / Barium bromide BaBr, Sat. Sol. S S
Bario carbonato / Barium carbonate BaCO, Sat. Sol. S S
Bario cloruro / Barium chloride BaCl, Sat. Sol. S S
Bario idrossido / Barium hydroxide Ba(CH), Sat. Sol. S S
Bario solfato / Barium sulphate BasSO, Sat. Sol. S S
Bario solfuro / Barium sulphide BaS Sat. Sol. S S
Benzaldeide / Benzaldehyde C,H,CHO 100% S L
Benzene / Benzene C.H, 100% L NS
Benzina / Gasoline - L L
Benzilico alcool / Benzyl alcohal C H,.CH,OH - S S
Benzoico acido / Benzoic acid CH.COOH Sat. Sol. S S
Benzoil cloruro / Benzoyl chloride CH,COCI - S L
Birra / Beer - S S
Bitume / Bitumen - S S
Borace / Borax Na,B,0, Sat. Sol. S S
Borico acido / Boric acid H,BO, Sat. Sol. S S
Bromidrico acido / Hydrobromic acid HBr 50% S S
Bromidrico acido / Hydrobromic acid HBr 100% S S
Bromo, gas / Bromine, gas Br, 100% NS NS
Bromo, liquido / Bromine, liquid Br, 100% NS NS
Bromoformio / Bromoform CHBr, 100% NS NS
Burro / Butter - S S
Butadiene / Butadiene CH,=CH-CH=CH, > NS NS
Butandiolo / Butandiol HO-(CH,),-OH 100% S S
Butile acetato / Butyl acetate CH,COOCH,CH,CH,CH, 100% S L
Butilenglicol / Butylene glycol HO-CH,-CH=CH-CH,-OH 100% S S
Bufilico alcool / Butyl alcohol CH,(CH,),OH 100% S S
Butirrico acido / Butyric acid CH,CH,CH,COOH 100% S L
Caffe / Coffee - S S
Caicio arsenato / Calcium arsenate Ca,(AsO,), - S S
Calcio bromuro / Calcium bromide CaBr, Sat. Sol. S S
Calcio carbonato / Calcium carbonate CaCo, Sat. Sol. S S
Calcio cianuro / Calcium cyanide Ca(CN), - S 5
Caicio clorato / Calcium chlorate Ca(CIo,), Sat. Sol. S S
Cailcio cloruro / Calcium chloride CaCl, Sat. Sol. S S
Calcio idrossido / Calcium hydroxide Ca(OCH), Sat. Sol. S S
Calcio ipoclorito / Calcium hypochlorite Ca(CIO), Sol. S S
Caicio nitrato / Calcium nitrate Ca(NO,), Sat. Sol. S S
Calcio ossido / Calcium oxide CaO Sat. Sol. S S
Calcio solfafo / Calcium sulphate CasO, Sat. Sol. S S
Calcio solfuro / Calcium sulphide Ca$s Dil. Sol. L L
Candeggina / Bleach lye 10% S S
Carbonica anidride / Carbon dioxide CO, 100% S S
Carbonico acido / Carbonic acid H,CO, - S S
Carbonio bisolfuro / Carbon disulphide Cs, 100% L NS
Carbonio monossido / Carbon monoxide CO 100% S S
Carbonio tefracloruro / Carbon tefrachloride  CCl 100% L NS

4
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1 6. . . 16.
Nome della sostanza Formula chimica Conc. PEX
Name of the substance Chemical formula Conc. 20°C

Cianidrico acido / Hydrocyanic acid Sat. Sol. S}

Cicloesano / Cyclohexane CéHW2 - NS NS
Cicloesanolo / Cyclohexanol C.H,,CH 100% S S
Cicloesanone / Cyclohexanone CH,0 100% S L
Citrico acido / Citric acid C,H,(OH)(COCH), Sat. Sol. S S
Citrico acido / Citric acid C,H,(OH)(COOH), 10% S S
Cifrico acido / Cifric acid C,H,(OH)(COOH), 25% S S
Cloridrico acido / Hydrochloric acid HCI 10% S S
Cloridrico acido / Hydrochloric acid HCI 20% S S
Cloridrico acido / Hydrochloric acid HCI 30% S S
Cloridrico acido / Hydrochloric acid HCI 36% $ S
Cloro, acqueo / Chlorine, acqueous Cl, Sat. Sol. L NS
Cloro, gas secco / Cholrine, dry gas Cl, 100% L NS
Clorobenzene / Chlorobenzene CH.CI 100% NS NS
Cloro etanolo / Ethylene chlorohydrin CICH,CH,OH 100% 5 $
Cloroformio / Chloroform CHCI, 100% NS NS
Clorometano, gas / Chloromethane, gas CH,CI 100% L -
Clorosolfonico acido / Chlorosulphonic acid  CIHO,S 100% NS NS
Cresilico acido / Cresylic acid CH,CH,COOH Sat. Sol. L >
Cromico acido / Chromic acid CrO,+H,0 20% S L
Cromico acido / Chromic acid CrO,+H,0 50% S L
Decalin / Decalin CioHis 100% S NS
Decano / Decane Cdly, > L NS
Detergenti / Detergents - S S
Destrina / Dextrina Sol. S S
Destrosio / Dextrose C.H.,0, Sol. S S
Diacetonico alcool / Diacetone alcohol (CH,),COHCH,COCH, - L L
Dibutil ammina / Dibutyl amine (C,H,),NH - L NS
Dibutil etere / Dibuhtyl ether [CH,(CH,),.,0 - L NS
Dibutiftalato / Dibutylphthalate C,H,(COOC H,), - S L
Diclorobenzene / Dichlorobenzene CH,Cl, - NS NS
Dicloroetilene / Dichloroethylene CHCI=CHCI - NS NS
Dietil chetone / Diethyl ketone (C,H),CO - L L
Dietilen glicole / Diethylene glycol CH,0O, - S S
Dietil etere / Diethyl ether C,H.OC H, 100% L NS
Diglicolico acido / Diglycolic acid HOOCCH,OCH,COCH - S S
Diisobutilchetone / Diisobutylketone (CH,),CHCH,COCH,CH(CH,), 100% S L
Dimetil formammide / Dimethyl formamid HCON(CH,), - S S
Diossano / Dioxane (CH,),0, 100% S S
Dioftilftalato / Dioctyl phthalate C,H,(COOCH,,), 100% S L
Eptano / Heptane CH, 100% NS NS
Esano / Hexane CéHM - S L
Etilacetato / Ethyl acetate CH,COOCH,CH, 100% S NS
Efilacrilato / Ethyl acrylate CH,=CHCOOCH,CH, 100% L NS
Etiloenzene / Ethyl benzene C H.C,H, = NS NS
Etilcloruro / Ethyl chloride CH,CH,CI 100% NS NS
Etildiammina / Ethylene diamine NH,CH,CH,NH, 100% 5 $
Etilenglicol / Ethylene glycol HOCH,-CH,OH 100% S S
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16. 16.
Name of the substance Chemical formula Conc. 20°C
Etilico alcool / Ethyl alcohol CH,-CH,-OH 100% S
Etilico etere / Ethyl ether CH,-CH,-O-CH,-CH, - NS NS
Fenolo / Phenol CH.CH Sol. S S
Ferrico cloruro / Ferric chloride FeCl, Sat. Sol. S S
Ferrico nitrato / Fenic nitrate Fe(NO,), Sat. Sol. S S
Ferico solfato / Ferric sulphate Fe,(SO,), Sat. Sol. S S
Ferroso cloruro / Ferrous chloride FeCl, Sat. Sol. S S
Ferroso solfato / Ferrous sulphate FeSO, Sat. Sol. S S
Fluoridrico acido / Hydrofluroric acid HF 40% S S
Fluoridrico acido / Hydrofluroric acid HF 60% S L
Fluoro, gas secco / Fluorine, gas dry F, 100% NS NS
Fluoroborico acido / Fluoroboric acid HBF, - S S
Fluorosilicilico acido / Fluorosilicic acid H,SiF, 32% S S
Formaldeide / Formaldehyde CH,0O 10-30% S S
Formaldeide / Formaldehyde CH,O 30-40% S L
Formico acido / Formic acid HCOOH 40% S S
Formico acido / Formic acid HCOOH 100% S S
Fosforico acido / Phosphoric acid H,PO, 25% S S
Fosforico acido / Phosphoric acid H,PO, 50% S S
Fosforoso pentossido / Phosphorous pentoxide PO, 100% S S
Fosforoso fricloruro / Phosphorous trichloride  PCI, 100% S L
Ftalico acido / Phthalic acid CH,(COOH), 50% S S
Fruttosio / Fructose C.H,,O Sat. Sol. S S
Furfurale / Furfural CH,0O, 100% NS NS
Furfurilico alcool / Furfuryl alcohol CH,O, 100% S L
Gallico acido / Gallic acid (OH),C H,COOH Sat. Sol. S S
Gasolio / Diesel oil - S L
Glucosio / Glucose C.H,,.O, Sat. Sol. S S
Glicerina / Glycerine C,Hy(OH), Sat. Sol. S S
Glicolico acido / Glycolic acid HOCH,COOH Sol. S S
Idrocarburi alifatici / Aliphatic hydrocarbons - L L
|drocarburi aromatici / Aromatic hydrocartbons - NS NS
Idrochinone / Hydroguinone CH,0, Sat. Sol. S S
|drogeno / Hydrogen H, 100% S S
|drogeno perossido / Hydrogen peroxide H,O, 30% S} S|
ldrogeno perossido / Hydrogen peroxide H,0, 90% S NS
Idrogeno solfuro, gas / Hydrogen sulphide, gas  H,S 100% 5 S
Inchiostro / Ink - S S
lodio (in alcool) / lodine (in alcohol) I, - NS NS
lodio (in soluzione di potassio) / lodine (in potassium solution) 1, - NS NS
Isoottano / Iso-octane CH,q 100% S L
Isopentano / Iso-penfane CH, - NS NS
Isopropanolo / Isopropanol CH,CH(OH)CH, - S S
Isopropil etere / Isopropyl ether (CH,),CHOCH(CH,), 100% S NS
Kerosene / Kerosene - NS NS
Lattico acido / Lactic acid CH,CHOHCOOH 10% S S
Lattico acido / Lactic acid CH,CHOHCOOH 100% S S
Latte / milk - S S
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1 6. . .
Nome della sostanza Formula chimica Conc.
Name of the substance Chemical formula Conc.
Sol.

Lievito / yeast

Lozione dopo barba / After shave lotion - NS NS
Magnesio carbonato / Magnesium carbonate  MgCO, Sat. Sol. S S
Magnesio cloruro / Magnesium chloride MgCl, Sat. Sol. S S
Magnesio idrossido / Magnesium Hydroxide Mg(CH), Sat. Sol. S S
Magnesio nitrato / Magnesium nitrate Mg(NO,), Sat. Sol. S S
Magnesio Solfato / Magnesium sulphate MgSO, Sat. Sol. S S
Maleico acido / Maleic acid HOOC-CH=CH-COOH Sat. Sol. S S
Melassa / Molasses - S S
Mercurio / Mercury Hg 100% S S
Mercurio cianuro / Mercuric cyanide HQ(CN), Sat. Sol. S S
Mercurio cloruro / Mercuric chloride HQCl, Sat. Sol. S S
Mercurio nitrato / Mercurous nitrate HgNO, Sol. S S
Metiloromuro / Methyl bromide CH,Br 100% NS NS
Metilcloruro / Methyl chloride CH,CI 100% NS NS
Metilene cloruro / Methylene chloride CH.CI, - NS NS
Metil-etil chefone / Methyl-ethyl kefone CH,COC H, 100% S L
Metilico alcool / Methyl alcohol CH,OH 100% S S
Nafta / Naphtha - L NS
Naftalina / Naphthalene CioHe - L NS
Nichel cloruro / Nickel chloride NiCl, Sat. Sol. S S
Nichel nitrato / Nickel nitrate Ni(NO,), Sat. Sol. S S
Nichel solfato / Nickel sulphate NiSO, Sat. Sol. S >
Nicotina / Nicotine CioHN, Dil. Sal. S S
Nicotinico acido / Nicotinic acid C,H,NCOOH Dil. Sol. S -
Nitrico acido / Nitric acid HNO, 25% S S
Nifrico acido / Nitric acid HNO, 50% S L
Nitrico acido / Nitric acid HNO, 70% S L
Nifrico acido / Nitric acid HNO, 95% NS NS
Nitrico acido / Nitric acid HNO, 100% NS NS
Nifrobenzene / Nitrobenzene C.,HNO, 100% NS NS
Nitrotoluene / Nitrotoluene CH,C H,NO, - NS NS
Oleum / Oleum H,S0,+10%S0, > NS NS
Oleum / Oleum H,SO,+50%S0, - NS NS
Oleico acido / Oleic acid C,,H,,COCH 100% S S
Oli minerali / Mineral oil - S L
Olio di canfora / Camphor ol - L L
Olio di mais / Corn ol - S S
Olio d'oliva / Olive oil - S NS
Olio di paraffina / Paraffin oil - S S
Olio di ricino / Castor il Sol. S S
Olio di semi di cotone / Cottonseed oil - S S
Qlio di silicone / Silicon ail = S S
Ossalico acido / Oxalic acid HOOCCOOH Sat. Sol. S S
Ossigeno / Oxigen O, 100% S L
Ozono / Ozone O, 100% L NS
Pentano / Pentane CH, - NS NS
Perclorico acido / Perchloric acid HCIO, 20% S S
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16.
Name of the substance Chemical formula Conc.
Perclorico acido / Perchloric acid HCIO, 50%
Perclorico acido / Perchloric acid HCIO, 70% S NS
Piombo acetato / Lead acetate Pb(CH,COO0), Sat. Sol. S S
Piridina / Pyridine CHN 100% S L
Potassio bicarbonato / Potassium bicarbonate  KHCO, Sat. Sol. S S
Potassio borato / Potassium borate K,BO, Sat. Sol. S S
Potassio bromato / Potassium bromate KBrO, Sat. Sol. S S
Potassio bromuro / Potassium bromide KBr Sat. Sol. S S
Potassio carbonato / Potassium carbonate K,CO, Sat. Sol. S S
Potassio clorato / Pofassium chlorate KCIO, Sat. Sol. S S
Potassio cloruro / Potassium chloride KClI Sat. Sol. S S
Potassio cromato / Potassium chromate K,CrO, Sat. Sal. S S
Potassio idrossido / Potassium Hydroxide KOH 10% S S
Potassio idrossido / Potassium Hydroxide KOH Sol. S S
Potassio perclorato / Potassium perchlorate KCIO, Sat. Sol. S S
Potassio permanganato / Potassium permanganate  KMNO, 20% S S
Potassio persolfato / Potassium persulphate K,5,04 Sat. Sol. S S
Potassio solfato / Potassium sulphate K,SO, Sat. Sol. S S
Propilico alcool / Propyl alcohol C,H,OH - 5 S
Propionico acido / Propionic acid CH,CH,COCH 50% S S
Propionico acido / Propionic acid CH,CH,COOH 100% S L
Propilene glicole / Propylene glycol CH,CHOHCH,OH - S S
Rame cianuro / Copper cyanide Cu(CNj), Sat. Sol. S S
Rame cloruro / Copper chloride CuCl, Sat. Sol. S S
Rame fluoruro / Copper fluoride CUF, Sat. Sol. S S
Rame nitrato / Copper nitrate Cu(NO,), Sat. Sol. S S
Rame solfato / Copper sulphate CusO, Sat. Sol. S S
Salamoia / Brine - S S
Sidro / Cider - S S
Sodio acetato / Sodium acetate CH,COONa Sat. Sol. S S
Sodio Benzoato / Sodium benzoate C,H,COONa Sat. Sol. S S
Sodio bicarbonato / Sodium bicarbonate NaHCO, Sat. Sol. S S
Sodio bisolfato / Sodium bisulphate NaHSO, Sat. Sol. S S
Sodio bisolfito / Sodium bisulphite NaHSO, Sat. Sol. S S
Sodio boratfo / Sodium borate Na,B,0, > S S
Sodio carbonato / Sodium carbonate Na,CO, Sat. Sol. S S
Sodio cianuro / Sodium cyanide NaCN Sat. Sol. S S
Sodio clorato / Sodium chlorate NaClO, Sat. Sol. S S
Sodio cloruro / Sodium chloride NaCl Sat. Sol. S S
Sodio fluoruro / Sodium fluoride NaF Sat. Sol. S S
Sodio fosfato / Sodium phosphate Na,PO, Sat. Sol. S S
Sodio idrossido / Sodium Hydroxide NaOH Sol. S S
Sodio idrossido / Sodium  Hydroxide NaOH 40% S S
Sodio ipoclorito / Sodium Hypochlorite NaClO 12,5% S S
Sodio nitrato / Sodium nitrate NaNO, Sat. Sol. S S
Sodio nitrito / Sodium nitrite NaNO, Sat. Sol. S S
Sodio silicato / Sodium silicate Na,SiO, Sal. S S
Sodio solfuro / Sodium sulphide Na,S Sat. Sol. S S
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1 6. . . 16.
Nome della sostanza Formula chimica Conc. PEX
Name of the substance Chemical formula Conc. 20°C

Solforico acido / Sulphuric acid H,SO, 10% S

Solforico acido / Sulphuric acid H,SO, 50% S S
Solforico acido / Sulphuric acid H,SO, 70% S L
Solforico acido / Sulphuric acid H,SO, 80% S NS
Solforico acido / Sulphuric acid H,SO, 98% L NS
Solforico acido / Sulphuric acid H,SO, Fumante NS NS
Solforoso acido / Sulphurous acid H,SO, Sol. S S
Soluzioni per fotografia / Photography solutions - S S
Stannico cloruro / Stannic chloride SnCl, Sat. Sol. S S
Stannoso cloruro / Stannous chloride SnCl, Sat. Sal. S S
Stearico acido / Steric acid C,,H,;COCH Sat. Sol. S -
Succo di carota / Carrot juice - S S
Succo di mela / Apple juice - S S
Succo d'uva / Grape juice - S S
Tannico acido / Tannic acid C 10 Sol. S S
Tartarico acido / Tartaric acid COOH(CHOH),COCH Sat. Sol. S S
Tetracloroetilene / tetrachloroethylene Cl,C=CCl, 100% NS NS
Tetraidrofurano / Tetrahydrofurane (CH,),0 - NS NS
Tionile cloruro / Thionyl chloride SOCl, 100% NS NS
Toluene / Toluene CHCH, 100% L NS
Trementina / Turpentine - NS NS
Tricloroetilene / Trichloroethylene CICH=CCl, 100% NS NS
Trietanolammina / Triethanolamine N(CH,CH,OH), Sol. S >
Urea / Urea NH,CONH, 30% S S
Urina / Urine - S S
Vaselina / Vaseline - L L
Vino / Wine = S S
Xilene / Xylene C,H,(CH,), 100% L NS
Zinco cloruro / Zinc chloride ZnCl, Sat. Sol. S S
Zinco solfafo / Zinc sulphate ZnSO, Sat. Sol. S S
Zolfo biossido, gas secco / Sulphur dioxide, dry gas SO, 100% S S
Zolfo triossido / Sulphur trioxide SO 100% NS NS

3
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NMPUNOXEHUE A.
HomMuHanbHbIN anameTp

YcnoBHoe ykasaHue anAa  o603HavyeHusA:
HOMUHanbHbIN anameTtp DN

OpuveHTUpoBOYHbIN AMameTp Ans Tpybonposogos
M3 nnacTMaccoBOro Marepuana — 3TO BHELUHUN
OMameTp, OHaKo, 4YacTo MAET pedb O HOMMHAIbHbIX
OnameTpax, KoTopble SIBASTCHA YCNOBHBIM YKa3aHUeM
4nsa o603Ha4YeHMs MeTannmyeckux TpybonpoBoaoB.
HomuHanbHbin  gnametrp DN OpMEHTUPOBOYHO
npencrtaenser cobom  BHYTPEHHUN  guameTp
TpybONpoBOAa M CAYXXUT B KavyecTBe OOHO3HAYHOrO
OpueHTMpa AN YHUdUKaLMM pasHbiX SMEMEHTOB,
KOTOpble COCTaBnsoT Tpybonposog, (Tpybbl, naTpyoKy,
dnaHubl, KnanaHel 1 T.4.).

B cnepytowen Tabnvue nokasblBaeTCcsi COOTHOLLEHME
MexXay BHEWHUMKW JuameTpamu TpyO M3 cLumMToro
nonuatuneHa " 06bIYHO NCNoNb3yeMbIiMM
HOMWHANbHbLIMW UaMeTpPaMu.

APPENDIX A.
Nominal Diameter

Conventional designation: nominal diameter DN
The diameter usually considered for plastic piping
in general is its outer diameter. However nominal
diameters — conventionally used fo refer to steel
piping - are offen considered.

Nominal diameter DN gives the piping inner diameter
and is the unambiguous point of reference fo unify
the different component forming the piping (i.e.
pipes, fittings, flange, valves).

The following fable shows the correlation between
outer diameters of cross-linked polyethylene pipes
and the nominal diameter generally used.

Tabnuua a - YcrnoBHoe yka3saHue Ansi 0603Ha4YeHUs: HOMUHanbHbIA AnameTp
Table a - Conventionsl designation: nominal diameter

12 8
16 10
20 15
25 20
32 25
40 32
50 40
63 50
75

90 65
110 80

DN
EN ISO 15875 / UNE EN ISO 15875 / DIN 16892-16893
| s
'IO * * * *

- . -
% 10 %

] /2"

1" 20 Y,
1/, 25 1
17/, 32 1/,
2 40 17,
50 2
2, 65 27,
3 80 3

* Tpy6bl EN ISO 15875 Knacc C 10x1,5 n 10x1,8 cooTBETCTBYIOT HOMUHaNbLHOMY AnameTtpy 6 mm (1/8”)
* EN ISO 15875 Class C pipes 10x1.5 and 10x1.8 correspond to a nominal diameter of 6mm (1/87).
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NMPUNOXXEHUE B. APPENDIX B.
lMepeBoa eauHNL N3MepeHns Conversion equivalents
Ta6nuua b.1 — AnuHa
Table b.1 - Lenght

mmmm“

0,001 6,2137-107 0,0394 0,0033 0,0011

10 1 0,01 10° 6,2137-10¢ 0,3937 0,0328 0,0109

1000 100 1 1000 6,2137-10* 39,37 3,2808 1,0936

10%¢ 100000 1000 1 6,2137-10" 393700 3280.,8 1093,6

1,6093-10*¢ 160934 1609,34 1,6093 1 63360 5280 1760

25,4 2,54 0,0254 2,64.10° 1,6783-10° 1 0,0833 0,0278

304,8 30,48 0,3048 3,0480:10* 1,8939-10% 12 1 0,3333
914,4 91,44 0,9144 9.1440-10+ 5,6818-10* 36 3 1

MunnumeTpbl
MM psiimetre

CaHTUmeTpbl
CM  centimetre

MeTpbl
M mefre
KunomeTtpsbl
km kilometre
. Mwunn
mi - mjjes
; [onmbl
N jnch
OyThI , KsagparHbie MunnumeTpel
ft foot mm square millimetre
Apapl , KsagpartHble caHTumeTpbl
yd yard €M™ square centimetre
, KsagpartHble meTpbl
m square metre
" KBagpaTHble alnmbl
in square inch
12 KeagpatHble dyTbl
square foot
Ta6nuua b.2 — Yuactok yd? KsaaparHble sipael
Table b.2 - Area quare yard
m — m““ e
1,55-10° 1,0764-10° 1,1960-10°
100 1 104 0,155 1,0764-10° 1,1960-10*
10* 10000 1 1550 10,7639 1,1960
645.16 6,4516 6:10% 1 6,9444.10° 7,7160:104
92903 929,030 0,0929 144 1 01111

836127 8361,27 0,8361 1296 9 1
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Tabnuua b.3 — O6LEM

0,001 6,1024-10%
1000 1 10° 0,0610
10+ 10+ 1 61024
16387 16,3871 1,6387-10° 1
2,8317-10%7 28317 0.0283 1728
10+ 1000 0,001 61,0237
1000 1 1-10¢ 0,0610
4,56461-10%¢ 4546,09 4,56461-10° 277,42
3,7854-10*¢ 3785,41 3,7854-10° 231
3 KyBudeckne munnumerpsi
mMM® cubic milimetre
Kybnyeckme caHTUMeTpbI
cm? - .
cubic centimetre
m? Ky6|f1qecxme mMeTpbl
cubic mefre
- Kybuyeckme aomMbl
" cubic inch
o Kybuyeckme dyTbl
t cubic foot
I JInTpbl
litre
Munamnutpel
ml e
[annoHbl (Benmkobputanms)
UK gal UK gallon
lannoxbl (CLUA)
US gal US gallon

Ta6nuua b.4 — CkopocTb
Table b.4 - Speed

3,6315-10

3,56315-10%

35,3147

5,787-10*

0,0353

3,6315-10°

0,1605

0,1337

Table b.3 - Volume

mmmmnmmm

0,001

1000

0,0164

28,3168

0,001

4,5461

3,7854

0,001

1 0+6

16,3871

28317

1000

4546,09

3785,41

2,1997-107

2,1997-10

219,97

3,6046-103

6,2288

0,2200

2,1997-10%

0,8327

2,6417-107

2,6417-107

264,17

4,329-10°

7,4805

0,2642

2,6417-10%

1,2010

m/min

ft/min

MeTpebl B cekyHay
m/s meftre per second

DyTbl B CEKYHAY
ft/s foot per second

MeTpbl B MUHYTY
mefre per minute

DyTbl B MUHYTY
foot per minute

KunomeTphl B 4yac
kilometre per hour

km/h

Mwunu B yac

mi/h mile per hour

3,2808
0,3048 1 18,2880
0,0167 0,0547 1
0,0051 0,0167 0,3048
0,2778 0,9113 16,6667
0,4470 1,4667 26,8224

196,85 2,2369
60 1,0973 0,6818

3,2808 0,06 0,0373
1 0,0183 0.0114

54,6807 1 0.,6214
88 1,6093 1
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B. . . B.

Ta6bnuua b.5 — Macca
Table b.5 - Mass

“““

0,001 2,2046-10° 9,8421-107 1,1023-10°
1000 1 2,2046 0,001 9,8421-10* 1,1023-10°
453,59 0,4536 1 4,5359-104 4,4643-10% 5104
1@ 1000 2204,62 1 9,9842 1,1023
1,016:10%¢ 1016,05 2240 1,0160 1 1,12
907185 907,185 2000 0,9072 0,8929 1
pammbl
9 gram
Knnorpammbl
kg kilogram
I JnTpel B cekyHAy
b PyHTBI S litre per second
pound JIUTpbl B MUHYTY
I/min litre per hour
i TOHHI p
fonne JnTpbl B 4ac
I e per hour
ToHHbI BenukobpuTtanus
UK t UK tonne m¥s Kybunueckne meTpbl B CekyHay
cubic metre per second
ToHHbI CLLA
Ust . Kybuyeckue MeTpbl B MUAHYTY
US fonne mé/min - o nic metre per minute
Ky6uyeckne metpbl B 4ac
m?/h cubic metre per hour
. Kybuyeckne tyTbl B MUHYTY
ft*/min cubic foot per minute
3 Ky6uyeckne dyTbl B 4ac
ft/h cubic foot per hour
. TannoHbl BenukobputaHusi B MUHYTY
UK gal/min  oqiion per minute
Ta6nuua b.6 — Pacxog US gal/min lannousl CLUA B MuHyTY

Table b.6 - Flow rate US gallon per minute

3600 0,001 0.0 3,6 2,1189 127,133 13,1981 15,8503

0.,0167 1 60 1,667-10° 0,001 0,06 0,0353 2,1189 0,2200 0,2642
2,778-10* 0.0167 1 2,778-107 1,667-10% 0,001 5,886-10* 0,0353 3,666-10° 4,403-103
1000 60000 3,6:10%° 1 60 3600 2118,88 127133 13198 15850

16,6667 1000 60000 0,0167 1 60 35,3147 2118,9 219,969 264,172
0.2778 16,6667 1000 2,778-10% 0,0167 1 0,5886 35,315 3,6662 4,4029
0,4719 28,3168 1699 4,719-10% 0,0283 1,6990 1 60 6,2288 7,4805
0.0079 0.4719 28,3168 7,866:10¢  4,719-10* 0,0283 0.0167 1 0,1038 0.,1247
0,0758 4,546 272,77 7,677-10% 0,0045 0,2728 0,1605 9,6326 1 1,2010
0,0631 3,7854 227,12 6,309-10° 3,785-10° 0,2271 0,1337 8,0208 0,8327 1
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Ta6bnuua b.7 — Cuna
Table b.7 - Force

0,001 0,1020 0,2248
1000 1 101,97 224,81
9,8066 9,8066-10° 1 2,2046
4,4482 4,4482-10° 0,4536 1
HbtoToH
N Newton
KWnOHBLIOTOH
KN ionewton
Kunorpamm-cuna
Kgf kilogram force
Iof PyHT-cMna
und force MNackarnb
P Pa poscal
Munnu6ap
mbar - ibar
por £
Atmocdepa
atm afmosphere

KmnorpaMM-cmna Ha KBa,ClpaTHbIVI CaHTUMETpP

2
kgf/em kilogram force per square centimetre

DyHT-cUNa Ha KBagpaTHbIN ANAM

in2
Ibf/in pound force per square inch

PyTbl BOAB!

ft Hzo foot of water

MeTpbl BOAbI
m H20 metre of water

MwunnmmeTpbl pTyTHOTO CTONGA

mm Hg millimetre of mercury

Ta6nuua b.8 — JaBneHue
Table b.8 - Pressure

[ioiimbl pTyTHOTO CTONGA

in Hg inch of mercury

101325 1,02-10° 1,45-10% 3,346-10* 1,02-10* 7,5-10° 2,953-10*
100 1 10° 1,013-10*7 1,02:103 0,0145 0,0335 0,0102 0,7501 0,0295
10+8 1000 1 1,013-10%"° 1,0197 14,5033 33,456 10,1968 750,062 29,53

9,869-10° 9.869-108  9,869-10M 1 1,006:10  1,431-10° 3,302-107 1,006:10° 7,402-10® 2,914.10°
98067 980,67 0,9807 9,937-10%° 1 14,2229 32,8093 10 735,563 28,9592
6895 68,95 0,0690 6,986:1078 0,0703 1 2,3068 0,7031 51,7168 2,0361
2989 29,89 0,0299 3,029-10%8 0,0305 0,4335 1 0,3048 22,4193 0,8827
9807 98,07 0,0981 9,937-10%8 0.1 1,4223 3,2810 1 73,5585 2,8960
133,32 1,3332 1,333-10%  1,351-10*7  1,359-10° 0,0193 0,0446 0,0136 1 0,0394

3386,4 33,8639 0,0339 3,431-10%¢ 0,0345 0.4911 1,1330 0,3453 25,4 1
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B. . . B.

Ta6bnuua b.9 — SHeprus
Table b.9 - Energy

-mmm-m
O+3

4,1868 4,187-10+3 9,8 3,6-10+3 3,6-10%¢
103 1 4,187-103 4,1868 9,81-10° 3,6 3.6
0,2388 238,846 1 1000 2,3419 859,845 8,6-10+°
2,388-10* 0,2388 0,001 1 2,34-10° 0,8598 859,845
0,1019 101,937 0,427 427 1 367,647 3.68-10%°
2,778-10* 0,2778 1,163:103 1,163 2,72-10% 1 1000
2,778-107 2,778-10* 1,163-10° 1,163-10°3 2,72-10¢ 0,001 1
[hxoynun
J Joule
Kunomxoynu
KJ' Kiiosoule
Kanopuu
cal Calorie
Knnokanopun

Keal  yiocaiorie

Kunorpamm-meTp
Kgm kilogram-metre

BatT-yac
Wh it hour

KunoeatT-yac
KWh  iiowatt hour

Batr
w Watt

Kunosatt
KW Kilowatt

Kunokanopuu B 4yac

Kcal/h kilocalorie per hour

Knnorpamm-meTp B cekyHay
kilogram-metre per second

Ta6nuua b.10 — MowHoOCTb
Table b.10 - Power

I N SN SN

Kgm/s

1000 1,163
0,001 1 1,163:103 9.81-10°
8,6-10" 8,6-10*2 1 8,43
1,02-10" 1,02:10+2 0,12 1
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NMPUNOXEHMUE C.
INutepatypa Unidelta

C06pa|-w|e TeXHU4eCKUX pykoBoacTB

CobpaHue TexHudeckux pykoogcts komnanuy UNIDELTA
BKIToYaeT B cebs:

- TexHWM4yeckoe pyKOBOACTBO MO KOMMPECCUMOHHBIM MydTam
1 rHesgam C MPOYLUMHOW Ha UTanbSHCKOM, (hpaHLy3CKoM,
MCMNaHCKOM, aHIMUICKOM, HEMELKKOM, PYCCKOM U YELLCKOM
A3blkax (PucyHok ¢.1);

- TexHuyeckoe pYKOBOACTBO 3MEKTPOCBAPHbLIX  MydT,
OTBOAHbIX XOMYTOB, NEPEXOAHBIX U CTbIKOBbIX COEAMHEHNI
Ha MTanbSHCKOM, (PPaHLy3CKOM, MCMAHCKOM, aHrmWACKOM,
HEMELIKOM 1 PyCCKOM fA3blkax (PuCyHOK C.2);

- TexHnyeckoe pyKOBOACTBO TpyObl M3 nonmatuneHa Ha
UTaNbSHCKOM W @HITIMACKOM si3blkax (PucyHok c.3);

- TexHn4yeckoe pyKOBOACTBO TPY6bl 13 CLUMTOrO NONM3TUNEHa
Ha UTaNbsSHCKOM, aHIMWACKOM M PYCCKOM fi3blkax (PucyHok
c.4);

- TexHnyeckoe pyKOBOACTBO MHorocrioiHomn Tpybel Unidelta
1 HaxumMHbix Myt Unidelta MultiProfilo Ha nTanbsiHckom,
(hpaHLy3CKOM, aHMIMINCKOM M PYCcCKOM f3blkax (PucyHok
c.5).

o e n
T i L R NS SR RE
I e T e T -y

PucyHok c.1 — KomnpeccnoHHble
My Tbl U THE3Aa C NPOYLUMHOWN
Figure c.1 - Compression Fittings

</ Boiler-Gas.ru
\ Mepentn Ha canT
APPENDIX C.
The Unidelta literature

Collection of technical manuals

The Collection of UNIDELTA Technical Manuals include:
- Technical Manual for Compression Fiftings and
Clamp Saddles in Italian, English, Spanish, French,
German, Russian and Czech (Figure c.1);

- Technical Manual for Electrofusion Fiffings, Transition
Joints and Butt Fusion Jointings available in Italian, En-
glish, Spanish, French, German and Russian (Figure
c.2);

- Technical Manual for the Polyethylene Pipe available
in Italian (Figure c.3);

- Technical Manual for the Reficulated Polyethylene
Pipe available in Ifalian and English (Figure c.4);

- Technical Manual for the Unidelta Mulfi-layer Pipe
and Press Fittings available in Italian, English, French
and Russian (Figure c.5).

BT IR

PucyHok c.2 - dnekTpocBapHbie MydTbl,
OTBOAHbIE XOMYThI, NepexoAHbIe U CTbIKOBbIE
coeiHeHUs

and Clamp Saddles Figure c.2 - Electrofusion fittings, Underclamp
tapping tees, Transition and Butt Fusion Fittings
Amnoours | A LA .Ilﬁllﬂ:l.'ln
‘ e '\-I ~
—i e o
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PucyHok ¢.3 — Tpy6bl U3 nonuaTuneHa PucyHok c.4 - Tpy6ei U3 cmtoro PucyHok ¢.5 — MHorocnoittble Tpy6bl,
Figure c.3 - Polyethylene pipes nonuatTuneHa HaXXUMHble My Tbl, KONJNEKTOpPbI U

Figure c.4 - Crosslinked polyethylene pipes

ob6opynoBaHue
Figure c.5 - Multilayer Pipe, Press Fittings,
manifolds and tools
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NOTE

MpuBeaéHHbIE B kaTanore pa3mMepbl MOryT U3MeHsATLCS 6e3 NpeaBapuTerbHO OMOBELLEHUS ANt TEXHUYECKOro OBHOBMEHUS.
The dimensions shown in the catalogue may change without notice as the result of technical updating.
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