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A variable-length vacuum41!4i.nsulated liquid hydrogen transfer Une ia deecribed. 

The vacuum system is semipermanent, and aegments of the line are assembled with 

only threaded vac:tlum fittinge. Thermal etreae calculationa are preaented for a 

statically indeterminate union coupUng. 
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This paper describes calcu.latione employed in the deaip of a variable­

length liquid hydrogen transfer line. The presentation of calculations in this 

report ia in general form; the original de sian calculations have been given in 

1 
an unpublished paper. 

DESCIUP.TION OF THE TRANSFER LINE 

The transfer line ia basically of the Johnston type, employing sets of 

interchangeable vacuum-insulated eections in the form of atraight rune, unions, 

z and elbows. The design of the flexible ends £or the receiver is similar to the 

type used at the National Bureau of Stanclarda Cryogenic Engineerin1 Laboratory 

at Boulder, Colorado. 

The line differs from those clescribecl above in that aeetione can be pemplete ~Y 

aaaembled with wrenches, and require vacuum pumping only U uaed or stored for 

extenc:led periods- not during assembly. The particularly undee,irable requirement 

o£ solderin1 sections of the Une at assembly in the possible presence of exploeive 

hydrogen gas ie eliminated. 

Fiaure 1 ia a photoaraph of the aaaembled. l.ine. Figure Z is a close-up 

of the Teflon3 seal of the straight section and the coupling of the flexible receiver 

end. The outer jacket of the flexible portion of the line ie amber gun rubber, , 

1 in. o. d. by 1/4 in. wall. 
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Figure 1. A portion of the assembled 
line with interchangable fittinga. 



Figure 2. Close up of Teflon seal on 
straight section and coupling 
on !lexible receiver end. 
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~---------- 10" ---------- - ---! 

"Swagelok" fitting ~ .,,,, ... , .. 

Mylar spacer 

- Brau be II ows 

Teflon ring 

Figure 3. Section through union and 
Z straight tube sections . 
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The thin-wall ata.inlesa steel inner tube and outer hose are kept separated 

by narrow Teflon ring• which fit loosely on the inner tube. The spacers are 

retained in position em the inner tube with a small gobber of soft solder on 

either side. The spacers for the concentric tubes in the 10-ft straight sections 

are 0.01-in. -thick Mylar 4 disks cemented sparinaly to tbe inner tube with a 

50-50 mix of Epon 18Z85 and Veraamid llZS. 6 

Figure 3 is a section. of the assembled union and two straight tube sections. 

The Teflon ring provide a the liquid eeal and the Swaaelok 1 fitting provides the 

gas· seal. The union bas a ,.straight- through" design, so that if the tubes are 

damaged when the joint is being mad.e the union may be moved slightly to either 

side and the Swagelok joint re-made. 

Because of the nature of the design, the union is subjected to high thermal 

streeaea. 

STATEMENT Off THE: PROBLEM 

The problem is to determine the eteady-etate axial thermal streasea in 

the UDion when the inner tube of tbe atraiaht eection is transferring liquid 

hycirogen at l6.8°R. The thermal etreaaea can be calculated alter the temperature 

distribution in Tubes Z of Fig. 4 has been determined. 

The outer tube and. the ende of Tube Z are essentially at the same temperature 

(a few degrees 'below room temperature), and the innermost tube and the center 

of Tube 2 are a few degrees above liquid hydrogen temperature. Radiation 

exchange occurs between Tubes 1 and l, conduction along Tube Z, and radiation 

exchange between Tubes Z and 3. Boundary temperature gradients are unknown, 

and the thermal conductivity and expansion coe£fic:ient of the tubes are not 

constant. 
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The simplified assembly is represented as follows. 

-----~-- --
----------~ ----------- ---~-----------------. 

r- Tube I 

Tubes 2 

Tube 3 

----X 

Vacuum 
- l 

SYMBOLS AND UNITS USED 

T Absolute temperature 

A Cross =sectional area of tube (ftz) 

1 / T l l 
K =A'!'"" j '\ dt Average thermal condw:tlv!ty between T 1 L T 3 (Btu/hr ft "F /ft) 

Tl 

a Stefan Boltzmann constant (O.l713X 10·
8 

Btu/hr ftz 
0

R.
4

) 
Tl + T3 

( !:missivity (c 2 evaluated at T = --z----
F Shape factor for cylinders 

A, B, C, constants 

p Perimeter of tube 

L Length of tube 

(ft) 

(ft) 
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Peri111eter, P 

Fig. 5 
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SOLUTION 

The f&Uowing assumptions al'e made in the solution of the problem: 

1, The outer tube ia at a uniform temperah1:re T 1 a.ncl the innermost tube 

is at a unifc-rm temperature T 3 • 

Z. The spaces between the three concentric tubes are evacuated, and gray .. 

body conditions eltist for radiation. exchange. 

3. The reflection is clilfuse. This assumption may not be trt&e for the long 

wavelengths, but will lead to a conservative re1ult in this example. 

4. The annular spaces are auificiently long and narrow that end e.ffecta may 

be neglected in the shape !actor. ·.;". 

5. The inner tube of the union and the outer tube of the atraight •ection are 

one homogeneous piece at temperature Tx • Actually the annular space between 

is a few mils thick and. contains hydrogen aas which offero some re•btance to 

radial heat £low. 

6. Conductiou along the two tubee (trea.tecl a.s one in AssU:mption 5 above) is 
\ 

unid.imensioniii.l, i.e. , axial. 
I 

\ 
' ~\ 

Figure i ahowe the isolated system an4 the steady-state heat baland, on a 
I 

cylindrical element of Tube l. 

Heat £tow by condu.ction into the left face of the cylindrical element 

is given by 

8T ...-x- . 
and out the right face by 

r 8T 
qcl ;: .. L KAz T'X + & -,;c 

Tbe net radiation exchange between surfaces 1 and Z is 

I• 

\ 
'~ 

\ 

\· 

\ 
(l) \ 

(3) 

(4) 

I 
\ 

\ 
'.\ 

\ 
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Similarly, between sur£aces 2 and 3, 

The averaae temperature o£ the element of length Ax can be described 

by 

and 

Substitution of Eqa. (2), (3), (1), and (5) into (1) gives 

6 8x ( KA Z :! ) All • a F ll p ZO All (T I 4 - T" 41 

- aF-.P~.Ax (T 4 .. T 3
4 ). 

~~ '1 X 

Substituting Eq. (7) into thie, dividing by Ax, and taking the li~it 

as Ax approaches zero gives 

Let 

and 

Cl 

KA 2 

thet-efore, 

AT 4 + B ·· 0 
X 

(6) 

('7) 

(9) 



/ 
./ 

' ! 
i 
) 

! 
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To solve this equation 

let V =.!!.!... ; thee .!!!.. : q a !,! . ~:V dV 

or 

clx dx cbt ax dT dT 

v~ 
dT 

= AT 
4 

- B. 
X 

Integration of (10) sivee 

vz A T S- BTx+C 1 , = -z s " 
""\ 

v _ dT ·[-:-- s . I 1/Z -- ATx .. ZBTx + ZClj 
dx 

Separa~ion of variables in (11) lea vee 

[

Tx 

dT X = ~--------_.._ ______ P-__ 

rl z AT 5 - zaT + zc I t/z 
T 1 T x: x lj · 

The constant of integration could not be determined from Eq. (11), 

bec::auae temperature gradienh were not known between T 1 and T 3 . In 

Eq. (ll), however, the distance L is known. If the integrand of Eq. (1-Z) 
l 

(10) 

(11) 

(lZ) 

is plotted against assumed values of T x and graphically integrated betwe~n 
,, 
i,' 

the limits of T1 and T 3 • the area ~.mder the curve will be numerically equ.al to 

L. 

~ \. ,. 

.. 
" / ~. 
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This h beat accomplished by assuming values of T and constructing 
X 

a table as shown below. 

CD ® ® @ ® ® 
Tx (~) (Tx )

5 2/SA Tx5 
-2BTx Q)+@ [@ 2C.]'I2 

515 

450 
~· 

•/ 

350 
250 

150 

68 

EColumn 6 = L 

J'or further clarity, the following sketch ma.y be assumed, showing the 

last column of the table plotted against Tx. Any deeired accuracy may be 

obtained, 'but the smaller the temperature incrementa the more difficult the 

final trial solution for the constant C 1• 
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Assu111ed curve 

Colu11n 6 

0 100 200 300 1100 500 600 

'------- -- ----------

To simpli£y the trial solution for C 1 , aaaumed values are plotted against 

L in the proper unite. The aketch below ahowa how thia waa done tor the parti­

cular hydrogen transfer line discussed in Ref. 1 

,----------- ---- --- --- --- - ------

I X 106 

\ ~------------ L=O. 396ft. 

\ 
I ."--
1 

I 
I 

0 I 

0 O. I 0.2 0.3 0.11 0.5 

L(ft.) ---
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Once the constant o£ integration ia found, the temperature dietrlbution 

is known and thermal stresaes can be calculated. Because of the drastic changes 

in the coe£ficient o£ thermal expansion of most metals between room temperature 

and liquid hydrogen temperature. it is desirable to solve this part of the problem 

numerically also. 

As shown below. the temperature distribution is plotted against L between 

the limits of T 1 and T 3 . The curve is then divide4 into a conven~nt· number 

of length increment&. The thermal coeUictent of expansion corresponding to 

the average temperature drop of the element below T 1 is taken £rom the 

literature. Curves of the expansion coefficient ~ as a function of temperature 

are inteara ted between T 1 and T x for each increment ot length taken. 

600 

1 ..• 

"" 0 . 
N 

.... 200 

----13--------

0~----~-------+------~------+-----~ 
0 0.2 0.~ 0.8 0.8 1.0 

\ 
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The coaxial tube assembly of the union is statically indeterminate, 

and geometric considera.tiona must bo used to determine the stresses. The 

"fixed .. endu representation of the left ball of tile union is ahoWt'l in the sketch 

below. 

I 
p .. c=:: 

~ 1 

p c=: 

-- ·-

~. ~2--
L 

We identify 

A 1 = thermal contraction of Tube l, 

A2 ..: elastic elongation of Tube l, 

A3 :::~ elastic contraction of Tube 1. 

---- -------~---. 

Tube I 

Tube 2 

I ~.__ 

t---_ 

1 

------f' - ........___ 
!--. ___ 

t------
r--

-
.....____ 

1---
t---
t----.._. 
t------
·-
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Therefore, from the sketch, and neglecting the small thermal contraction 

ol the outer tube which operatea at a few degrees below room temp\1rature, we 

have A 1 - Az .:1 A 3 . (I 3) 

Substitution of the appropriate expreaaion into (13) gives 

Lz f '\<IT • 
PL PL1 2. - =-
AzE A 1E 

f "tdT • 
p cl + ..L) (14) or ' E Az 

where ~ ie the temperature·depend.ent, linear coefficient of thermal expansion 

of Tube Z, 

arul f "t dT = ~O j Lo "t <IT=~ { 61a 1AT 1 + 6z•zA~z + · • •} . 

Therefore, we obtain 

:: E Al ( 1 ) { Ol"IATI + Oz"zATz +. • • 
Al +Az \I; 

where 6 i8 the length of the increments in J"ig. s·. 

}. (15) 
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DISCUSSION AND CONCWSlONS 

It two-ditrtensional eonduction had been included in the ddcula.tion, and 

an appropriate thermal resistance applied for the hydrosen gas, a measurable 

Tadial temperature difference would have existed aeroes the two tubes treated 

as one in the previous solution. Tld.e would have increased the average temper­

ature of the lllller tube of the union near the c:enter (x ; L ) where the gae waa 

c:oldest and the thermal conductivity low. Even thou.gh the expanai.on (contraction) 

c:oef!ic:iente are smallest at low temperatures. the etrees is lower, because the 

-7 rate of chanse of • with T ie very small (approx. !X 10 for stainless 

steel at 100°llt. 8) and the AT terms in the final eq\lt\tioa predominate. 

The thermal contrac::tl()n of the outer tube was also neglected in deriving 

the final expression, becau.ae this tube operate• at only a few degrees below 

room temperature. The expansion. eoefftcteDt is aenel'ally large in this region, 

however, and inclusion o1 thi8 contractioa term would also lead to a lower 

ca.lculatecl atrees. 

The annular ring that separates the inner and outer tubes of the union 

was as•umecl to b• ideally rigid in the analy.is. Any ..teflec:tione of the support& 

in the particular caae reduces the axial streaa. 
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