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Bayonet type vacuum insulated pipes with Teflon seal
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Abstract - Vacuum insulated pipes (VIP)
are one of the important equipments for
cryogenic fluids” transfer. Flange type of
VIP, which can easily be installed at the
site, uses a set of male and female
bayonet with very small gap between
them. In order to prevent leakage of liquid
from inner pipe to bayonet. Teflon or
Kel-F is located outside both the inner
pipe of male and the guide of female.
Even though liguid may leak at room
temperature, it cannot leak at cryogenic
temperature since Teflon shrinks much
more than pipes and adheres closely to the
inner pipe and guide. Teflon seal method
has the advantage of easy fabrication, low
cost and effective sealing compared to the
conventional method.
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Fig.1. Heat transfer rate in void with LO2

2Ae BN A FatTn T & Ye
AL BAlolth, #ildel tE T AY we
dolel, nede BAde A5 v 9

5 Anz BAde @ JAEFE BAHO
2 T 2ol Uehd & sloh

oft t g

Q=A10'FAFE(T24—T14), (4)

¢ . Stefan-Boltzman <

A71AA Fae ddel sA472E JYade AF
2N FAY AFoe Fa = 1 olth. E3, Fre
Sl BAbgd #Ed ALEA te3d B2H

1

FE= (5)

1 4 1

€] + Az ( ey 1)
A7 e, 22 HALE5FH 1&F9 EAES U
gut BAge A= AAH mA A,
dJelm exd we o Bade) FE4E
ddo] §aatuz Aesrle] wdeE BAlgol

2k 72 (Cu), |(Au),
=& Yol AlR3TH(4]).

<(Ag). &Frlw(AD

719] 2% FZ2F 5o oy Jy&riel 98719
H2HAE Hisksty, WE719 8z o&7]
ol WS ALl dulstd nae} BAldl o3
AAEE ZFolz, WE79 9&7] Aol uAZF
FEE FAEY BEAEEA &3 dATE AA
Bt} o33 waWy e Ao e I BHAlYE
< 7AFdt7idle 53 "ol glonyd Azdel b
HE g Eo 27l AHALE 23 /7)o B
] o] &% w} Sith.

TG e A2 AFugr] Aztel #

O

g

-
[¢]

on, nAd o9 GAEL weld B Y,
Aol WmA A, fA w7t goldh @
qe BAGS Zo)7] AshA WE7) AR g
7 WRE doietA Hed. Aee dxE AR
A BB YW ] BAS0] WRER 2

|

oA, BAlgeol 0.02 ~ 0.1°d AL 0.87HA
o2 BAldo] A, matr, 22 )
717 Besy, gz dAYE AEsr] o
#H9 F2dE &I (multilayer insulation)
%2 superinsulation® F&2 A&,

superinsulationelgl E27|= st o] W
P. Peterson(3]e] 93l X goz mtd T4
o= perlited ©] &3 Tdo] o] AlLxz 3l
A7l R oA 585 dx EIY. -5
AT Aeriee A gEe dAEED
AHTAE Yol AL 2&HA Hol et 2o A3
AGNeE a7A HAZ, Linde(USA)S
A.D. LA 913t multilayerddel 23 A3
|77y Aoz AdEsE

multilayer ©¥2 nAFGE AFETHE
o AHE FHI ez AFAA LA
FoA 7t Aol Fo A9 W7
o] Zo] whAlR T spacerE Fa, WHE &
x 107 torr ©l8tZ SAAAAM BArgl 3
Eo 93 dAdxE FHisdo. wiAlgo
&FulF detnt 7] whalo] £ ALEH3
H, BAE = 242 0.02 ~ 0.05, 0.015 ~
0.05°19, EAES Haszt 7 daiMe
electro-polish& 3&llo} &t ZTwWHol AA 4tatd

2 o
tO{EoE';r
forr X ey &%

30 X ¢ w

e

- 174 -



oo Ztzt 0.313 0.622 WAIBoEH H
< & ot dhgte] SA7F oF 0.2 pmel
C BN =y Ao ArA gl e ¢
Ao gz Algo] sisetth. go] AlgEHE ¢F
o3 e gute] ZAE 0.01 ~ 0.1 mm 3
%olt}. spacer: fiber-glass net, &34 Fol.
glass fabric. nylon net, Mylar $°] At&5
o t}ZA  Fo] (Dexter paper, Aspater
paper)E 0.1 ~ 1 mm, 281 %053 7

2 =a3tE= Mylarel 4= 0.0056 ~ 1.0
mm RAEolw. FZ 0.03 mmE A&
glass papers @A Ego] ztotd FEstAT 7}
Aol H]Mth superinsulation® ©&o] glass
wool%® a7 A= A$7 ded AFd 54
7} BE 1 ~ 100 gm A=°H, 10 ¢m?t B
o] At&5 3 Uttt

S
L I A S

g )

Ll

=
S
f
R
I
(e
=
o ooeannl

107

I3 IIIIIII!

d=725.4pm

1071
F a=0.4

1.1 Illlll‘

Thermal Conductivity [¢Watt/m-K]

| | | | | | | |
w0 10t 107 1° 1f ot

Pressure [torr]

Fig.2. Theoretical thermal conductivity in
multilayer insulation
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@ accomodation coefficient)

multilayer @9 Al2gey d¥gde IF{FE
A Q. TEAAA Qs 2T HA @l 935t
Bt AT FRE Yol @.E5 FAE
Z Qe AL dATE gpacerst EAtel 93
ARz paAstd @k (A (5)2dA 24t

HNogd Fy =1, e = e = e F. = ¢2-e%
Ostn, WART spacerE 19 E st Helw
AXE o] &3, EAEEL
. 1
K= Wz the
e Ty [ ( TV, T
+ [1+ < 7 ) ](1+ Tz)} (6)

7 g9, J7ldA N/dxe @9 ZHold TdEA
(9t At R spacer) . k.  spacerdl o 1

A dAEES YT, dAgge dEdAE
e UTE EIA o FEARA FY F UoH
YUE Ro| Ztod izt whwsiA BHoEMN
spacerd Il o FAEI} N/dx Brt g
Z71%td] wa} gAagdgo] AAA dd. Fig.2t
AEAQ multilayer 985S ©EA L=
el Jehd FHojth, AA e ogHow f
=8 (6)2 ALY A$ A== o7t &
it} dl& =9, (1) spacerd &= FF7
exyl 27 g2 Ade uet dHEsol
2a 4= glonl (2) spacer®t WHARZIMY HEH
T A @3, (3) BTtz FF, (4) AL
dze] FHol WE cryopumping& el o &
o] W3 Ho osle] At AEEE THebiE
Zo] & AaA AR st oiH Tt

multilayer @€ & dgdA 5ol Holta, AF
Barddo] et oj$ sz, WEgEl b
g Aol oA A AALY], AFEdui
o) Bo] A& T Ytk oY 2 dE A%
< Jede & adudet vlaste v 8ol ¥
3, BRe FxE AL oB . dE T
rel ATz AN wigke o] Udrh

ot 5 4

. X3zdduje] bayonet

3

AzgguEe Wiz ooz FAHA 3
. gde sty A EFE9F
otz e ddAE Zo, WEE f Aol
XZ A1 x 107 torr °lshE FA e
superinsulation W& A1&ste ddes Ad
st AL FAVE FH

=2 3gtd Aol wi#e] ZHole 23 A2
Abole]l d28S maiste] HAH =W, WA A
Ao wat Ay duHoz Hd o 4 ~ 6
m Axolth, AXHE wHedd wet A, F
&, teeWHo YA} FT2E JHAA Ho
Azdgdujae 724 vigz wde dZs8
HAol Aut v vlstd HA 7ZiokFoh. AF
goujse] @2 Wy uE BEEH ZTAAF
oz AA FEIed, BEIL waEd was

Az 88 F 84 290 perlite® A& A

fr

ZTETGE WS Agstn, FAXEL 27}
224 bayonetd AMETH HEF S vluAd F
z7} zteste] A #}o] Loldht wiEE HAste
Aol A perlite FUFH AZM71E dokste W
Azgo] Urt, wtdHo] ZAXA P L A Fo] oA
U @l BEY FYIE A3t dZ3tn
ool thgAgol FWestx] @] " Fo Aol
o ¢ ke T, wEeie]l WAohG FejAl Fallst
Zgo] &olsitt.

Zaxd  AZuwHe  male bayonet®
female bayonet2. & FA 5ol 3l2H, bayonet
e AAHog 9Fel dHoE FEE FxF A4
A€l bayonete wlo]A o] wz} <ftel 724
9] Aole oy VEHI Sz dEle 2.
Fig.3& tdA&(F)dA Azxste Aldsta 3l

- 175 -



© AFSEdm#9 bayonet2 Uehdl Aot} %
AE FA7E FE2ste UBY Lo Zax Ato]
9 44 ZF2Ee AA nAd 9% dAxel 71 A
of 9% A=E 3AY 4 Y. A 9@ I
Aes ZEALZ Adho] Erlsals] oo W
o] AA 4HEL melste dazs H A glg) o}
dct. & EW, bayonetd TS Histslm
(0.8 mm), A& 489 Yz zoy &9
A Atolo] FEF A Foza gAr=

H28td 4 Qi

=

— . W=
— g
=J\j -
A /
flange Teflon

Fig.3. flange type vacuum insulated pipe

bayonet®] Moy 714 293 18 ya
= 1Al 9@ dAEolth Fig. 1A e 2o
male bayonet® female bayonet A}o]e] =zzt
oAl 7147 A H9 dFo LA Hoe o
= EAE] B doh dFo g gAY
< A H#HE] Frtslnz gtelo] Arsaw
Fol ZAA HdHel A= 2x Lo A}
THAA €9 "ed Zaxg Azuge
bayonetel ] tif7} dojutza] GxE s o]
e Fostt dFE 3B A e 7
A7L =@IHEN dE Agsmz A7)
bayonet <rollX E#3x] RETE  maledt
female Atele] A& G Zodof 3p. 1y
W zbFol URE ztom Aol ojdz AJakA o]
oA @77t A5etA H9, 71Fo] ym mm
Fig. 1ol Aot o] Qtgo] Bde Hooe gay)
LASA FA T gEo] o Hw ooz A&
St oAl diR7t wete dAxgo] AxA @
o mE dA dHe uesd 7L zds
oF 3},

SUAY JIF L bayonet B U= 7}
27F YR E FARE AL WX E) Yot =a
Aol o-ringg FHstA =Hew wer Gy A
7t HA7F o-ringol HZ A W o-ringol A 7}
27t FAEA @9 A9 FAMo] AW =y
= HWFA st Aol WS o222 bayonet

HAAA male? femaleS Hujs F-2EA1F) A ot
A7} bayonet Srez HUHE AL =} & of
ok dAe fde wWHHEI sty TEZEO|

e AEE AHESl AoME Asr) 44 =
HE Qo dd - e 2% Yelsw
THE 2 dBo] 550 Fe Yo uiy
2N AV FHHE AL HH @Y o2 =
A, W#E $£%Fol He INVARZ Algstm,
A#LE £%80] & STS316 T STS3042 A
F&olA ZHF el 0.4 mm(40A wfol =)z}

oo
_eh

2 7
o -

g Bt AAAL LxoME 0.1 mmoldtz 1
25 A "o,

A FAE BAEY] sl Alssi=
INVARE 7}4o] Hstzn, 48 Asss oy
°f it ¥ dFdAME INVAR oiald) &2
AL Atole] $2&Fo] & Teflon (T Kel-F)
= AH839 Y. Fig .39l 9] male bayonet
) W&} female bayonet® guide 1R 0.4
mm °IWE YA A Teflon e 799 A&l
Me 8137 719471 gE o Az} FAEA
= 100K olgtell A= Teflone] W& 0.05 mm
THE 43 YHHeg dArl FHEx o=
o =, 2H LA Teflon? stressz} 2ol
Hlte] w9 Zme YALY 10 barolA st
Av #éd" A8t 9o

Teflon®] $% 44¢ o/ 88 Wy Agsis

(<)

=Y INVARE A3t 24$ Bo qas H] &
L2 Aol stEstnm, 2 eAAe FHe w
Aoz BAY £ o9 male} femaled A
3l WA E Aol v A =ro] WA £o] s}
T w2 Teflond AME3E A% tha Alibo]
Bolstn, BHES HAY w2 & 9= &3 o]
AT}

EAe dde 4o 2L ApoldA Bajel
%, R E
A2E A9l dAYe Hagee How

#AE cl$als]l A BAAY WBua
Ao oA GHNEE A28 bayonet Al
@},

male bayonet¥ female bayonet Aloje] zt

As AAst o3 242 Alole] YrE Wx
3t1, bayonetd A2 0.8 mm ©°|3t2 gkA
st Zolg FRE AA stod mAo o3 AN

=5 29%. maled W& femaled) guide]
Teflon %2 Kel-F& 7194 Ao Azt
THE F YdolE 2A LM E Teflono T 33}
o ditsnz g7 FH" 4 Qo ol o
71E2] Mol wisled HRHoz wae w2 &
T Aen, Az7} tHetm v Lo] s}

Hu2s
(13 M. Knudsen, “Radiometer Pressure
and Coeffiecient of Accomodation”, A.F.
Hast and Son, Copenhagen. Denmark,
1930
(2] R.J. Corruccini, Chem. Engr. Prog. 53,
262 & 342, 1957

e

(3] P. Peterson. Swedish technical
research council report. no. 706, 151,
1958

(4] T.M. Flynn, “Cryogenic Engineering”,
Marcel Dekker, Inc.., 1997

(5) Randall Barron, ‘Cryogenic Systems”,
McGraw-Hill, Inc, 1966

- 176 -



