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XAPAKTEPUCTUKU NTNBKUX KPUOIEHHbBIX TPYBOIMNMPOBOAOB A XXUOAKUX

KPUOIMPOAOYKTOB

Tpy6onposoovt 01 MpaHCROPMUPOBAHUSL JHCUOKUX KPUONPOOYKMOE (KUCTIOPOO, a30m,
Meman, 8000p00, 2enuil) AGIAIOMCA BANCHEUWUMY DTIEMEHMAMU KPUOSEHHBIX CUCEM.
Tpusooumcs unghopmayust 0 KOHCMPYKYUY U MEXHULECKUX XAPAKMEPUCMUKAX 8bICOKOIG-
exkmusHblx SUOKUX KPUOLEHHBIX mpyoonpoeodos «Kpuoguexcy ¢ mmozociounou
9KPAHHO-8AKYYMHOU meniouzonsyuel. Buympennue ouamempuol maxux mpybonpoeooos
nesicam 6 ouanazore 10...198 mm, yoenvrvle menionpumoxu moaym ovims cHudicerst 00 0,3
Bm/m. Ilpumenenue mpy6onpo6o0os ymeuvum nomepu Kpuonpooykmog, pacuiupum

cghepy ux ucnoIb308aHuUs.

Knroueswte cnosa: ['ubkue kpuoeenuvie mpyoonpogodsl. Kuokue kpuonpooykmol. Kuciopoo.
Azom. Apeon. Meman. Booopoo. [ enutl. IKpanHo- 6aKyYMHASL US0JAYUS.

N.V. Paviov, K. Schippl

CHARACTERISTICS OF FLEXIBLE CRYOGENIC PIPELINES FOR LIQUID KPUOIMPOLOYKTOB

Pipelines for transportation of liquid cryoproducts (oxygen, nitrogen, methane, hydrogen,
helium) are the basic elements of cryogenic systems. The information on design and char-
acteristics of highly effective flexible cryogenic pipelines « Cryoflex» with multilayered
screen-vacuum heat-isolation is resulted. An internal diameters of such pipelines lay in
range 10...198 mm, specific heat leakages can be reduced up to 0,3 V/m. Use of pipelines will
lower the losses of cryoproducts, the sphere of their use will expand. Keywords: Flexible
cryogenic pipelines. Liquid cryoproducts. Oxygen. Nitrogen. Argon. Methane. Hydrogen.

Helium. Screen-vacuum isolation.

1. BBEAEHUE

OIHMM U3 BOKHEHIINX JIEMEHTOB KPHOTCHHBIX CHC-
TEM SIBISIFOTCSL TPYOOPOBOABI ISl TPAHCTIOPTHPOBAHHUS
KPHUOTECHHBIX KuaKocTed. KpnoreHHsIME TpyOOIIpOBOIa-
MH COCUHSFOTCS:

— YCTaHOBKH 10 MPOU3BOJICTBY KPHOTCHHBIX KU~
KOCTeH (KHCIOPO, a30T, aproH, IeJIuil, METaH U Jp.) ¢
CHCTEMaMHM MX XPAHEHHUsI Y IPOM3BOAUTEIIS;

— TePMHUHAIBHbBIC CHCTEMBbI XPAHEHHSI KPUOTCHHBIX
JKHIIKOCTEH ¢ TPAaHCIIOPTHBIMHU CPEICTBAMH, HAIPUMED,
MOPCKHUMH METAHOBO3AMH;

— CHCTEMbI XPaHEHHsI KPUOTCHHBIX JKUAKOCTEH Yy
MOTPEOHTENSE C 000PYJOBAHMEM HX HCIIOJIb3YIOIIHM.

KpuoreHHsie TpyOOIPOBOIBI SBIISOTCS YaCThIO CHC-
TEM CBEPXIIPOBOSILIMX Kabeneil yCKOpUTeIbHO-HAKOIH-
TEJIHBIX KOMILIEKCOB; OHH [IXPOKO UCIOJB3YIOTCS JUIs
KPHOTEHHOTO 00ECHEeYCHHUs PAKETHO-KOCMHUYECKON TeX-
Huku[1-3].

[ToTepu KPHOTEHHOM )KUIKOCTHU MPHU €€ TPAHCIOPTH-
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POBaHMHU IO TPYOONPOBOIY 3aBUCIAT OT KOHCTPYKLIUH
KPHOTEHHOT'0 TPyOOIIpOBO/Ia M €ro XapaKTePHUCTHK.

K OCHOBHBIM THIIaM KPHUOTEHHBIX TPYOOIPOBOOB

MOYKHO OTHECTH:

— THOKMI METaJUIOPYKaB, UCIIOJIb3YEMBIH JUIsl KpaT-

KOBPEMEHHOH M0/1a4¥ KPUOTEHHOW JKHIKOCTH, HaIIPUMEp,

IIPH 3aIPaBKe €10 MaJbIX TPAHCHOPTHBIX CPEJICTB MU
cimBa e€ u3 Hux (poto 1);

— CTalMOHAPHBIN TPYOOIPOBO/I C MOIMMEPHOH BCIie-

HEHHOM WJIM HACHITHOHN (IIEPIIUT) N30JISLUCH;

— CTalMOHApHBIN HEPa30OPHBIN TPyOOIIPOBO/ C K-

paHHO-BaKyyMHOH Teruion3ossinueit (Gporto 2);

— pa30opHBIii TPyOONPOBO/ U3 CTAHJAPTHBIX JJIe-

MEHTOB C 9KPaHHO-BAKyyMHOH N30JIAIMEI U BaKyyMHBIMU

pazpémamu. Takue TpyOONIPOBOBI MPOU3BOASITCS HEC-

KOJIBKMMH 3ana/IHbIMU KOMIIAaHUSMH, Hanpumep, «Qua-

lity Cryogenics».
Hanbonee yacTo B Ka4ecTBe CTAIMOHAPHBIX KPHOTECH-
HBIX TPyOOIIPOBOJIOB NCIIOJNB3YIOT ~ MX  Hepa30opHbIe
KOHCTPYKLUH C DKPAaHHO-BaKyyMHOM u3ossiuueit [1,2]. B



Tab. 1 IpUBEIEHBI XapaKTEPUCTUKH TAKUX TPYOOIIPOBOIOB.

DPomo 1. Caus acudKozo asoma ua
nipatcnopmnot Enkocmu (LTK-5/0,25)
6 eeHepariop cHeza wepes eubKull
Merarropyras

Domo 2. Kpuozentnit
HpYOONPo6o0 ¢ IKPAHHO-
saryymrol usolayued 8 cocriase

CUCTHeMbL XPAHEHUS
Yesopuwii aua- | Pasmep | Huamerp | YnenbHori
MeTp TpyOon- | BHyTpeHHe# | KoxKyxa, | NpHTOK,
poBoaa, MM | TpyGnI, MM MM Br/m

Hyl5 18x1,4 100x2 0,9
Hy25 28x1,4 100x2 13
Hy50 H6x2 150x2,5 1,15
Jy65 70x2 150%2,5 1,3
Jy100 100x2 200x2,5 1,5
Jly150 150%x2,5 250%3 22
Jy200 200%2,5 300x3 3
Jly250 250x3 350x3,5 4
Hy300 300x3 408x4 5,2
Jy400 408x4 508x4 8

Kak BuaHo ma tabauupl, 3TH TPYOGONPOROAB HMEIOT
XOpollHe N0Ka3aTe/H 110 yAeNLHOMY TenaonpuToky. K ne-
JOCTATKAM 3TOTO THIA TPYOOINPOBOAOE MOXKHO OTHECTH

CIIO)KHOCTh KOHCTPYKIMH, HEOOXOAUMOCTh HCIIOJIb30Ba-
HHSl CMICLUATBbHBIX TEPMOKOMIICHCHPYIOLINX 3JIEMEHTOB;
Ooutboi 006EM paboT 1o cOopke TPyOOnpoBoa Ha 00b-
eKTe, OrpaHMYCHHE MOHTaXKa MMOTOHBIMHU YCIIOBHSIMH; He-
00X0IMMOCTD MPOBEACHHUS UCTIBITAHHN HAa TePMETHYHOCTD,
MPOYHOCTh, XOJIOAHBIX HCIBITAHUH HEMOCPEICTBEHHO Ha
00BEKTE; HEOOXOAUMOCTh OTKAYKH JKPaHHO-BAKYyYMHOM
H30JISILIMOHHOM MOJOCTH Ha O0BEKTE.

O1H (akTopbl 00YCIOBIMBAIOT BHICOKYKD) CTOUMOCTb
MOHTaXa KPHOTEHHOTr0 TpyOONpOBOJA, KOTOpas 4acTo
MPEBBIIACT CTOMMOCTh 3JIEMEHTOB KOHCTPYKIHH TPY-
OompoBoa.

2. OCOBEHHOCTHU N'MBKUX KPUOIEHHbBIX
TPYBOIMNMPOBOOOB

C 3ajmadell ycTpaHEHUs! BCEX BBILIENEPEUUCICHHBIX
HEJOCTATKOB YCHEIIHO CHpaBUiIach KommaHus «Nexans»
— MHPOBOH JIHAEP B NMPOM3BOJACTBE KaOEIBHOH MPOIYyK-
mun. J1s1 M3rOTOBJICHWSI KPHUOTEHHBIX TPyOOIPOBOJIOB
KOMIIaHUsSI MPUMEHUNIA TEXHOJOIMHU, UCIOJIb3yEeMblE IMPU
IIPOM3BOJICTBE JJIEKTPUUECKUX Kabeneil. PesynpraTom
9TUX pa3pabOTOK CTATO CO3AHHE CUCTEMbI THOKHX KpHO-
reHHBIX TpyOorpoBojoB «Kpuoduekcy. PaceMorpum ux
OCHOBHBIE XaPAKTEPUCTHKH.

Ha ¢oto 3 mokaszaHbl ycTpoicTBa KPHOTEHHBIX TPY-
OONPOBOJIOB ISl TPAHCIIOPTUPOBAHMS TAKUX KPHOTEHHBIX
JKUJIKOCTEH, KaK KHCIIOPOJI, a30T, aprOH U METaH, a TAKKe
JKUJIKOTO TeJIUS U BOAOPOJA.

Domo 3. Tpybonposodn « Kpuogaexcs
das npodyrnios pasdesenun 8o3dyxa
u Metana (a), a takice eeaus
u godopoda (6)

[IpencraBnenne 0 BHYTPEHHEM YCTPOWUCTBE TMOKOTO
KpHoreHHoro tpybompoBoaa aaét puc. 4. Kak BumHO u3
HEro, TpyOOIPOBO/ MPEICTaBISET CO00Il CHCTEMY U3 KO-
aKCHAJIbHBIX TO(GPUPOBAHHBIX TPYO M3 HEpIKaBerolien
cranmu (ro¢pupoBaHue obecrneunBaeT ruOKOCTb TPyOoII-
pOBOZa U TEMIIEPAaTypHYIO0 CaMOKOMIIEHCAIMIO). B MexT-
pyOHOM €ro MpOCTPAaHCTBE pa3MelleHa MHOTOCIIONHHAs
cynepusonsauusa. CHapyXu BHEIIHAS ToppUpOBaHHAS
TpyOa 3alIuIeHa OT MEXaHHYECKUX ITOBPEXICHUI MOJH-
STUJICHOBEIM KOXKyXxoM. Ha Topmax tpyOompoBon mmeer
KOHILIEBBIE JJIEMEHTHI, BKJIIOYAIONINE B CeOsl: MHIUKATOP
BaKyyMa; IITyLepbl OTKAYKH U KOHTPOJA Bakyyma. BHyT-
pu TpyOOIpoBOda AN HOIJIOIIECHHS Ta30B pa3MeIléH
rerTep.
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Tabauya 2.
Texnuueckue napameTprl [Toznumn Paamepu

BuyrpeHHUTl iHaMeTp BHYTpeHHeH TPpyObl A 14 21 30 39 60

Hapyxmeri inamerp BHellHel Tpyont B 94 R o8 66 110

Hapy:Hulil aMeTp noJn3 THASHOBOH H30/IA1LHH C 38 48 62 70 115

|/[1MHA KOHLIEBOTO 3JIEMEHTA D 335 340 355 360 470

limHa rufkoro yuactka Tpybonpoeosa E onpeefaeTcs 3aKaszHKoM

[ lHamMerp KOHIEBOro SJeMeHTa 2 54. L i o ke
Gl 170 170 190 190 240

O611an HHa L. He JHMUTHPOBAHA

Crioco6 noxk/oyeHHs N CTAHAAPTHO® NPHCOEIHHEHHe WK CreLHaNbHOe [0 3aKa3y

J I noa:
P o |0 [ [ oo [ oo | o0
300 350 450 550 1000

— [1PH OIHOM H3rnbe

VieasHil renonpurok, Br/m* 0,5 0,8 1.2 1.2 1.7

Macca noronsoro meTpa, Kr 0,5 0,8 1,2 1,3 4

[pumeuaniie: *' [1pu HCNOAHEHHH HA 32Ka3 Y&/ BHEIH TEII0NPHTOK MOIKeT GLITh cHibkeH 20 0,3 Br/m.

HHAH- KOHTPOJIb IUTYLEP
KaTOp BaKyymMa OTKAa4KH

e,

E

noJIHMepHas
M30JISI LIS
C AB G IMpousBoauMble KoMmaHueil Nexans rubkue
], | KPHOreHHBIE  TPYGONPOBOIBI  MOIB3YOTCH
| BeicokuM cmpocom. Cpemu norpebuTeneit
]B 9THX H3AENMi MOXHO Ha3BaTb TakHe
u3BecTHble Komnanuu, kak «Linde Gasy,

Puc. 7. Ocrosruie nosuyuu KpUo2eHR020 mpydonposoda,
yKazamHeie 8 taon. 2

«Messer Griesheimy», «Air Products», «Air
Liquide», Esponeiickuii wueHTp sjepHBIX

uccnenosanuii (CERN)H MH.JIP.

a)

B npuoOpereHnn rudkux KpuOreH-
HBEIX TPYOONPOBOAOB 3aHHTEPECOBAHBI
TaKke KoMmnaHud w3 P®, Vkpawssl u
ctpan CHI'.

IIpumenenue TpyOonpoBo1oB
«Kpuodneke» MO3BONUT CHU3MTH MO-
TepH KPHOMIPOAYKTOB, PaciupHT cepy
HX  HCTojb30oBaHUA.  CHenHaIucTHl
KOMIAaHUH B COOTBETCTBUHM C KOHKpET-
HBIM 3aKa30M H3TOTOBAT TPyOONPOBOIEI
HeOOXOJMMOM JUTHHEL ¢ TpedyeMBIMHU
KOHLIEBBEIMH 3JIEMEHTAMH.

8)

Domo 8. Bapuattis MORIANCA KPUOSEHHAX HPYOONPosodos: a — HActHeHRoe
PACROAONEHUE; 0 — 8 AOINKAX KA IcraKadax; 8 — 8 Hpanuiess

000 «MOHHUTOPUHT» ABTIAETCA
ouLHANTEHEIM JHUCTPHOBIOTOPOM
KkommaHu# Nexans.
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