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Overview

The transfer line is used to transfer liquid helium from the liquefier dewars to the to the target
dewar. It is required to deliver 135L to the target dewar. To achieve this 200L will be transferred
from the liquefier dewar in 60 minutes.

Contents

Transfer line drawings
The transfer line is entirely vacuum jacketed, and is composed of stingers, flexible sections,
valves, and rigid sections. The drawings show the layout and dimensions of the transfer line.

Transfer line losses calculation

Some of the liquid helium that enters the transfer line is lost in the form of helium gas. As a result, the
amount of liquid helium that is delivered is reduced. This report estimates the amount of liquid helium
that is delivered by calculating the amount of helium that boils-off as a result of: (i) flash boil-off, (ii)

cooling down the transfer line, and (iii) heat leak through the transfer line.

Transfer line pressure drop calculation

Helium flowing through the transfer line will result in a pressure drop across the transfer line. This will
limit the flow rate of helium. This calculation is used to verify that the size of the transfer line is
appropriate to accommodate the required flow of helium.

Transfer line safety

The transfer line contains a cryogenic liquid, as a result, special consideration is required to ensure its
safety. The safety calculations include: (i) the sizing of the relief valve, and (ii) the required wall
thickness for the helium line.
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Transfer line losses
P504 - Los Alamos

Jan 29, 2019
Stefan S-G

The liquid helium transfer line is designed to transfer 200L Lhe (before losses) in

60 min

This report estimates the amount of liquid deliverd by calculating the amount of
helium that boils-off as a result of:

-flash boil-off

—-cool down of the rigid line, flexible lines, bayonets and valves

-heat leak through the rigid line, flexible lines, bayonets and valves

Transfer properties

Transfer volume V:i=2001L
Transfer duration t:=60min

i qui i i=124.3 29
Liquid density Pliquid = 3=



Flash boil-off

As the helium is tansfered, it moves from higher pressure to lower pressure. This result
in some of the helium boiling off. A pressure drop of 6psi with no subcooling of the
helium is considered to be conservative.

. . . o kJ
Enthalpy of saturated liquid at 23 psia fﬁimudl-—3.33-zg
. . . _ kJ
Enthalpy of saturated liquid at 17 psia Iﬁi@HdZ:_O'gol'Eg
. _ kJ
Enthalpy of saturated vapor at 17 psia H&qxw2:_20'66§§
. H, ., . -H, . .
Percetage boil-off - liquidl ll@ud21:001229
Hvapor2 N HliquidZ
Boil-off volume 4 i=x-V=24.58631L

flash '




Cool Down Losses

Before the transfer the transfer line is at 300K. The transfer line is cooled by
flowing liquid helium into the transfer line. This calculation assumes that the
helium temperature at the outlet is 50K. The assumption is not valid for the final
cooling of the transfer line, however, the heat required for this is relatively small.

Material properties

k
Density 304 SS P =7900 —
Integrated heat capacity I;J
(4K to 300K for ss 304) CSS =:92.2k—
(trc.nist.gov/cryogenics/materials) g
Helium Gas Enthalpy at 50K H ==265E
vapor3 kg
felium neat AHHe ::Hvaporj’ _HliquidZ =264.099 ]}E_J

Rigid Line Cool Down

Length of rigid line Lrigid i=38.5ft
Tubing OD OD:=0.375 1in
Tubing wall thickness €oa77=0.021n
Tubing ID ID:=0D —-2-t _,,=0.3351in
. o 2 2 . -5 2
Cross section area A._Z~ oD —[OD—2~twau] ]—1.439~1O m
Mass of tubing My bing T lrigia A Pss =1-3341 kg
Boil-off Mtubing'css
Vm,gl,d ::AH—:3.7469 L
He 'pliquid
Valve Cool Down
Number of valves valve =4
Mass of valves Mvalve :=0.18 1b
Boil-off v ._ valve .Mvalve 'Css o
valve = 3 =0.9173 L

Hye "Pliquid

Flexible Line Cool Down

. 1b
- - Mijex =004 —
Inner Flexible Line Mass per length ft
Length flexible Line L i=16ft
Mass of inner flexible line Mo =My Lpo, =0.2903 kg
Boil-off Moo Cos
Vi lex Y e 0.8153 L

HHe ’ pliquid



Bayonet Cool Down

Number of bayonets A%aymmt::4
Mass of bayonet ﬂ@aymmt=20.81b
Boil-off v L Nbayonet 'Mbayonet ’ Css o
bayonet e, =4.0767 L

He Pliquid

Transfer Line Cooling
Total Boil-off

Vcooling = Vrigid +Vvalve + Vflex + Vbayonet =9.5562 L

Transfer Losses

During the transfer additional helium is lost as a result of heat leak

. __ _ - kJ
Helium Latent Heat LHe"_quxwz HiimudZ‘_19'759'§§
Rigid line o~

Rigid line heat leak thﬂd'zo'6-E;EE' rnﬁd::6'7699W
Flexible line 57D
Flexible line heat leak ka“::O'7lTﬂ?fE' ka::3.3293w
Bayonet
0 =N 4.38Y =5 408w
Bayonet heat leak bayonet '~ Mpayonet "4+3 T =3+
Valve
Valve Heat leak o BTU _
Qvalve '_Nvalve 3.1 F *3. 6341 W
Total Heat Leak Qtotal ::Qrigid +Qflex +Qbayonet + Qvalve =18.7741W
Rate He Loss Qamal 1
rate :L— :27.5186 h_
He pliquid T
Flash boil-off Vﬁaﬁ]:24.5863L
Cool down losses Vémﬂing::9.5562L
L
v =27.5186 —
Transfer losses rate hr
Total Helium Delivered Y’—mesh—ﬂcmoung—VQa&}421138.3389L




Transfer line pressure drop

P504 - Los Alamos
Jan 29, 2019
Stefan S-G

The liquid helium transfer line is designed to transfer 200L LHe (before losses)in 60 min

The transfer line consits of the following components:

-Inlet stinger: 48"™, 1/2" outer tube, 5/16" (0.02" wall) inner tube
-Inlet flex line: 8 ft, inner tube 3/8" flex

-Rigid transfer line: 38.5 ft, 3/8" (0.02" wall) inner tube

-Outlet flex line: 8 ft, inner tube 3/8" flex

-Outlet stinger: 18", 3/8" outer tube, 3/16" (0.016"™ wall )inner tube

The calculation for pressure drop in two phase helium flow is as described in Chang et al
"Pressure drop of two-phase helium along long cryogenic flexible transfer lines...", 2016

A conservative approach is taken by assuming the flow consists of the highest gas
fraction for the entire lenght of the transferline. See "Transfer Line Losses" for
boiloff calculations. This calculation does not account for the inclination of the
transfer line minnor losses at inlets, oulets, transitions, elbows, and valves.

Flow properties

Batch volume meIh=ZZOOL
Cool down volume VﬁmﬂingleoL

Transfer volume transfer = Vbatch 7Vcooling

Amount of boil off %wihﬁf:ZSOL
. kg kg
D i=124.3 — =17.12 —
ensity Py 3 pg 3
m m
Liquid volume Vl = Vtransfer _Vboiloff =140 L
Gas volume P1
Vg = Vboiloff'p_ =363.0257L
g
. v .
Gas Volume Fraction x 1= _PotIofl o 5 eas
transfer
Density p=:—————%I———T::46.9499-E%
- X
S 0 m
g P
Transfer duration t:=60min
3
ViV, o
Volume flow rate QL———j?————O.OOOI-?:
. . -6 -6
Viscocity ul::3.1510 Pa s ug::1.26~10 Pa s

Surface roughness of ss €:=0.002 mm



Inlet Stinger

Tubing OD OD::?% in
Tubing wall thickness €oa7;=0.021in
Length L:=481in
Tubing ID ID:=0D —=2-t _,, =0.27251in
Velocity V¢=%=3.7136E
T.1p °
4
IDv-p ID-v-p
v 5 Re, i=m— =1.0143-10
Reynolds number Reg:: 9 —3.4925-10 1 H,
u
g
2 2| P
x“H(1-x)"| 2
pl 5
Re = > =5.2949-10
X2 + (1—X) pg
Re Rel E;
Friction factor
1 2
f:= =0.0162
1 5.0452 L1098 5.8506
€ &
-2)1logl0| —/———"— " ——+10g10 | —— | — +
(72)-10910| 5—=57= 55 ~~xa °9*% 1 28257 | D 2 0-8981
Pressure drop 1 2 L 1bf
AP =_.f. . . = j——
s > oV i 0.1337 >

in



Inlet Flex

Tubing OD OD:=0.375 in
Tubing wall thickness €oa7;=0.021n
Length L:=8 ft
Tubing ID ID:=0D —-2-t _,,=0.3351in
Velocity v=:%:2.45722
.
4

ID-v-p ID-v-p

Reynolds number Re_=— % =) 8409-10° Re,i=— = —8.2505-10"
g u 1 u
g 1
o
x“H(1-x)"| 2
P 5
Re := =4.3071-10

<2 (1-%)7| Py

ze 7| R o,

€ €] P

Friction factor
, r:=0.08
corrugated pipe
-1 2 L _ 1bf
Pressure drop APIF__E-f-p v -TE~—0.4713-——§

in



Tubing OD OD:=0.3751in
Tubing wall thickness €oa7;=0.021in
Length L:=38.5ft
Tubing ID ID:=0D—-2-t _,,=0.3351in
Velocity vi= 2 :2.45722
%-ID
ID-v-p 5 ID-v-p 5
Reynolds number Re_:= 2 =2.8409-10" Re,:= =8.2505-10
g M, H,
2 2| P
x“H(1-x)"| 2
pl 5
Re := > =4.3071-10
X2 + (1—X) pg
Re Re, p_l
Friction factor
1 2
f= =0.016
1 5.0452 1 b 1098 5.8506
€ . € .
-2)1logl0|———"——"———+10910 | —— ‘| — _
(72)-10910| 5—=57= 55 ~~xa °9 128257 [ID] _0.8981
1 2 L 1bf
P d AP :=_.f. . - = . —_
ressure drop = 5 o-v 5 0.4533 >

in



Outlet Flex

Tubing OD OD:=0.375 in
Tubing wall thickness €oa7;=0.021in
Length L:=8 ft
Tubing ID ID:=0D—-2-t _,,=0.3351in
Velocity v=:%:2.4572§
L 5
4
ID-v-p 5 ID-v-p 5
Reynolds number Re :— 9 —5.8409-10 Re, :=———— =18.2505-10
g Hy My
2 2| P
x“H(1-x)" |2
1 5
Re := > =4.3071-10
X2 + (1—X) ’Og
Re Rel P;
Friction factor £:=0.08
corrugated pipe
=1 2 L _ 1bf
Pressure drop APOF“‘E'f'p'V -TB~—0.4713-——§

in



Outlet Stinger

Tubing OD OD:Zi%-in
Tubing wall thickness €oa7;=0.0161n
Length L:=181in
Tubing ID ID:=0D —=2-t _,, =0.15551in
Velocity vi=— 92 —11.4043 "
.1 °
4
ID-v-p ID-v-p
Reynolds number Re -:———————2216.1202-105 Re, i= l;:1.7774.106
g Hy H,
2 2| P
x " +(1-x) 2
pl 5
Re = > =9.2789-10
X2 + (1—X) pg
Re Rel P
Friction factor
2
1
f:= =0.0173
1 5.0452 1 L1098 5.8506
€ . £ .
-2)1logl0| —/—— " — " ——— 10910 | —— | — _
(=2)-10910| s—52s 55~ %e °9 Y2 8257 | ID _0.8981
1 2 L 1bf
AP _ i=—-f-p- — = -
Pressure drop 0s > oV ) 0.8872 —
in
1bf

AP:=AP, + AP, +AP +AP _+AP _ =2.4168 —

in



Transfer line safety

P504 - Los Alamos
June 5, 2019
Stefan S-G, QTC

Relief valve sizing

The rigid section of the transfer line is located between two valves. If these valves
are shut they can trap liquid helium in the transfer line. The transfer line is equiped
with two pressure relief valves (one on either end) to vent the resulting boil-off. The
rate of boil-off is determined by the heat load. A loss in insulating vacuum will result
in the largest heat load and therefore, the largest rate of boil-off. This report
considers a loss of insulating vacuum in each of the sections of the transfer line
independently.

3
Helium tube OD OD=:§-1D::O.0095m
Atmospheric pressure Poini=14.7psi
Relief valve pressure Polier=10psi
(Generant CRV-4-FS-10) - -
Helium latent heat at 24.7 psia AH=:(19.5——4.08)E:15.42-EE
. i kg
Density of saturated me-—30.7-—§
helium gas at 24.7 psia m
-6
Viscosity u:=1.26-10 Pa s
Heat f1
ea ux , q:=5000 =
(for LHe cryostat with 10mm MLI 2
W. Lehmann & G. Zahn M
safety aspects for LHe cryostats
IPC Science & Technology (1978) 569-579)
Upper section
Length LW¥EK=:15Oin
Tube surface area A :=n-0D-L =0.114m
upper upper
Heat transfer wawr::q-wamr::570.0459W
0
Mass rate of boil off W ;= _UPPEr _ o 35 k9
upper AH ° s
Middle section
Length Lpidare =161 in
2
Tube surface area Ahimﬂe':n'OD'Ihimﬂe::O'1224m
Heat transfer Q%imﬂe::q'Ahimﬂe::6ll'8493W
Mass rate of boil off W :ZQMddk9:0 0397 X9
Lower section middle AH 5
Length lmmr=:159in
2
Tube surface area lmwr:zn-OD-lemr::O.1208m
Heat transfer lemr::q-Almmr::604.2487w

0
Mass rate of boil off ._ lower _ kg



A loss in insulating vacuum of the middle section of the transferline produces the
largest mass boil-off. This mass boil off is therefore used to determine the required

relief valve size.

The required relief valve area is calculated from

"Sizing Pressure-Relief Devices - American Institute of Chemical Engineers"

(https://www.aiche.org/sites/default/files/cep/20131068 r.pdf)

Compressibility factor
Temperature

Heat capacity ratio

Gas contant

Factor for simplification

Discharge coefficient
(Generant CRV-4-FS-10)

Relieving pressure
(absolute, 10% back pressure)

Backpressure adjustment factor

molecular weight

require area

required area per relief valve

Required diameter

Relief valve orifice
(Generant CRV-4-FS-10)

Z =1
T:=4.8K
y:i=1.66
R :=8.314 —2
Kmol
(v+1)-(v-1)

€= RL[ T ]

g 4 1
K, :=0.44

5
p,yw=pP +1.1-P =1.772-10 Pa

relief

M::4_02._g_
mol

Widdle T.Z

= —5.0551-10 °

A : .
relief . . .
C Ka Pl Kb M

_ Arelief
rv '_T

4-A

rv .

d=:1/ =0.2233 in
II

*=0.312 in

d ...
| orifice

m



Required tube wall thickness

The required wall thickness for the helium line is determined based on the maximum
pressure that could potentially be seen by the helium line.

The maximum pressure in the transfer line would result from a loss of vacuum insulation.
In this case the liquid helium in the transfer line would boil-off rapidly. The helium
gas would travel through the helium line to the relief valve. The helium line would
resist the flow of helium and result in a build of pressure.

The middle section of the transfer line is furthest from the relief valves so a loss of

vacuum in this section results in the largest pressure. In this case the boil-off is

releaved equally through each relief valve. The calculations below determines the

maximum pressure that would result due to half of boil-off being releaved through the

lower relief valve. This will equal the maximum %;essure in the system by the symmetry.
middle

— _ kg
Mass rate of boil off H%Oikff~———7?———70.0198 -
Myoitorr £ 3
o110
Volume rate of boil off Vooiloff ==p—:1.3693 —
gas
wall thickness twall i=0.02 in
Internal diamter ID:=0D —2-t =0.0085m
wall
L Vboiloff o m
Velosity in tube V'—ﬁ_ll-3644g
—-ID
4
e} -v-ID 6
Reynolds number Re:=—225 _ —5 3561-10
u
Surface roughness €:=0.002 mm
(typical value for ss)
-2
1.11
€
Friction factor . D
f:=]-1.8-1ogl0 §_2_+ — =0.0146
Re 3.7
Pressure drop in tube P 1 2 Tlower £ -
tube'_E'pgas'v —p =1.9868 psi

Maximum pressure in helium line P =P tier L1t P pe =12.9868 psi




Requried wall thickness coeffiecient calculations as per ASME B31.1-2016

Allowable stress for ss 304 O 110w =138 MPa
(Table A-1M)
Pressure relative to vacuum space P@u@e::RMXA%Pam7:27.6868psi

Longitudinal weld joint quality factor E:=1
for seamless tube (Table A-1B)

Wall thickness coefficient Y:=0.4
(Table 304.1.1)

Weld joint strength reducion factor W:=1
(Table 302.3.5)

P -OD
Required wall thickneSS = gauge :0'0003 in
(equation 3a) 2 '{Oallow B Pgauge 'Y]
Actual minimum wall thickness |t =t -0.875=0.0175 in

min wall |
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