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Introduction

In the General Dynamics cryostat design for the Collider Dipole Magnets, the extruded alumi-
num nitrogen lines are replaced by stainless steel pipes, and copper straps are used to provide
the thermal connections between the alaminum shields and the pipes. This design increases
the thermal path for the heat removal from the shields. The thermal resistance is higher not
only due to the strap resistance and the relatively low conductivity of stainless steel (com-
pared to aluminumy}, but also due to the discontinuous or discrete nature of connections
between the shields and the stainless pipes.

A study was conducted for the 80 K shield temperature distributions to understand the effects
of increased resistance between the shield and the nitrogen lines {sinks). Separate —-and con-
servative— heat conductance values were used for the straps linking the shield to the liquid
nitrogen line and to the vapor line which carries two-phase stratified flow. The steady-state
shield temperature distributions and the shield average emissive power for specified sink (lig-
uid and vapor line) temperatures were calculated. In the analysis, additional thermal contacts
between the shield and the pipes (e.g. at the bottom of the pipes) were neglected. The results
of the study are presented below.

Effective strap conductance

The proposed design uses copper straps to link the thermal shields (Al 6061-T6) to cryogenic
pipes (304L CRES). The straps are 12 cm long, and have a cross-sectional area of 1.55 cm?.
With a thermal conductivity of 5.1 W/cm K around 80 K, the thermal strap has a nominal con-
ductance of H = X/L = 0.425.W/cm?-K. There is an additional resistance, however, that results
from the periodic “discrete” mode of heat transfer to nitrogen in the stainless pipes, combined
with the relatively low thermal conductivity of stainless steel (0.1 W/cm-K at 80 K). This
additional resistance is estimated conservatively, allowing for temperature variations along
and around the pipes (60 mm OD, 1.5 mm thick). The straps are assumed to be placed approx-
imately 40 cm apart and connected to the pipes at the top. The total effective heat transfer con-
ductance for a strap connection, including the additional re51stance of the pipe, is estimated to
be 0.20 W/cm2-K for the liquid nitrogen line, and 0.05 W/cm?2-K for the vapor line with two-
phase stratified flow.



Shield temperature distributions

The 1.6 mm thick shield is assumed to be 15 m long with a circumference of 1.95 m. It is sub-
jected to uniform radiant heat flux of 0.6154 W/m? (18 W total) from the 300 K vacuum ves-
sel inner surface (through the MLI). The shield is supported at five locations by the support
posts (3.12 m apart), with an additional heat input of 3.2 W per post. Two series of straps, sep-
arated by approximately 71.5 c¢m, link the shield to the two nitrogen lines. Assuming symme-
try, only one-half of a section of the shield between the support posts (1.56 m long) is
analyzed (See Figure 1). The total heat load on this half-section is 3.45 W, of which 1.85 W is
due to radiation and 1.6 W is due to support post conduction. For simplicity, the support post
hole is represented by a square, 26 cm on a side. The section contains four straps per line, that
is, four heat sinks to the liguid line and four heat sinks to the vapor line, to remove the heat
load on the shield. A two-dimensional conduction code was developed to compute the steady
state temperature distributions on the shield under various sink temperatures and conditions.
These cases and results are summarized in Table 1.

The vapor line temperature is fixed at 80 K in all cases, while the liquid line temperature was
varied between 80K and 92K. Cases 1a-1d represent situations where the heat load is removed
by both the vapor and liquid nitrogen lines. The corresponding temperature distributions are
given in Figure 2. The temperature distributions display a peak next to the support post con-
nection, and dips at the strap connections. Results for Case 1 indicate that most of the heat
load is removed by the liquid line when the temperatures in the vapor and nitrogen lines are
close to each other. The vapor line becomes a more “active” sink if the liquid line temperature
is increased further, and will carry most of the heat load for relatively high liquid line temper-
atures. As the liquid nitrogen line temperature increases, the shield temperatures rise overall,
resulting in higher emissive power values. The emissive power values presented in the tables
are the average T4 values for the shield normalized with respect to the emissive power of the

shield at 84 K, i.e.

T 4
EmissivePower (Normalized) = ”(-—E;"—y)) dxdy

Thus the emissive power is indicative of the radiant heat leak from the 80 K shield to the 20K
shield. It can be viewed also as a measure of the relative error in the radiant heat leak calcula-
tions for the 20 K shield when a uniform temperature of 84 K is used for the 80 K shield.

Cases with good thermal contact assumed between the straps and the nitrogen pipes were also
analyzed. Neglecting the resistance of the pipes, the nominal conductance value of 0.425 W/
cm2-K was used for all the straps connecting the shield to the vapor and liquid lines (Cases 2a-
2d). With improved heat transfer conductance, the overall temperature levels and shield emis-
sive power are lower as shown in Figure 3. The heat load is divided equally between the two
lines for equal sink temperatures (Case 2a). If the liquid line temperature is raised, most of the
heat is carried away by the vapor line (Case 2b). For sufficiently high liquid line temperatures
(Cases 2¢ and 2d), the liquid line no longer acts as a sink, but as an additional source of heat
load for the shield (and the vapor line). This additional load indicated by the negative values
in the table, together with the imposed load of 3.45 W, is carried out by the vapor line.



Finally, cases were considered where there are no straps linking the shield to the vapor line
and the heat load is solely carried out by the liquid nitrogen line. The results for these cases
(Cases 2 and 3) are presented in Table 2. Cases 3a-3d are for a heat conductance value of 0.20
WicmZ-K. Figure 4 shows the temperature distributions for these cases. Compared to Case 1,
the overall temperature levels are elevated, due to having only one sink which results in higher
emissive power values. Results for Cases 4a-4d, where a conductance value of 0.425 W/cm?-
K is used for the liquid line, are similar to those for Cases 3a-3d, with lower temperature and
emissive power levels due to the improved heat conductance value.

Summary

The 80 K shield temperatures can differ substantially from the corresponding nitrogen tem-
peratures in the liquid and/or vapor lines depending on the location around the ring. The ther-
mal resistance of the copper strap connections between the shield to the stainless pipes has a
strong influence on the temperature differences realized between the shield and nitrogen lines
and needs to be quantified accurately for realistic predictions of shield performance.



Table 1: Heat removed by the vapor and liquid nitrogen lines, and the shield average
emissive power (shield connected to both lines)

Vapor line conditions | Liquid line conditions Heat Removed ShieldEmissive

Case Power
No T(elg;p c (%I;}E%ge T(ell(l;p C((&%':c%{;e Vap&l} )line Lian(:g) line (N‘;;trnglililgd

“1a | 8 | 005 | 8 | 020 | 095 2.50 112
ib 80 0.05 84 0.20 1.32 2.13 1.28
Ic 80 0.05 88 0.20 1.69 1.76 1.45
1d 80 0.05 92 0.20 2.07 1.38 1.64

2a 3 80 0.425 80 _OT-—T_T 1.73 1.73 0.93 |
2b 80 0.425 84 0.425 2.68 0.77 1.03
2c 80 0.425 88 0.425 3.64 -0.19 1.13
2d 80 0.425 92 0.425 4.59 -1.14 1.24

Table 2: Heat removed by the vapor and liquid nitrogen lines, and the shield average
emissive power (shield connected to liquid line only)

Vapor line conditions Liguid line conditions Heat Removed Shield Emissive

Case Power

No T(elgl)p fo}g}:g T(elx(x;p Cﬁg%{;e Vap(&l; )line Liq% line (ch;tmsxililgd

L —_— — —_—

3a 80 0 80 0.20 0 3.45 1.27

3b 80 0 34 0.20 0 3.45 1.51

3c 80 0 88 0.20 0 3.45 1.7

3d 80 0o . 92 0.20 0 3.45 2.10

4 | 80 0 | 80 | 0425 | ©0 | 345 111

4b 80 0 84 0.425 0 3.45 1.33

4c 80 0 88 0.425 0 3.45 1.58

4d 30 0 92 0.425 0 3.45 1.87




80 K Shield: Al 6061-T6, 15m x 1.95m, 1.6 mm thick
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Figure 1. Nitrogen shield schematic




§ a4ndty

PE ASVD

T AU OZ T W

012 = MO "M SFE "NZ5 U0 1

€ a3y

PT ASVD

7 anag]

B sty b e - H
F2°L = MOISIWI M P L THEE T

MUBS'F 0B A

PI ASYD

X 030 - W ST -
PO L T MMOISHUT A FE L 'HZE 1M LO'Z "HOT A

PR LR T
BE) = M04SIUIT A BHE "NEd SAme

L5} = MDgSIWE "M S¥E NP8 AuS T

tE SV

3T ASVD

AT On G2 0 = b= A

BL' % m040uiT Sha L0 "HOT 71 M F'E "HOB A

qz ASVYD

12°) = IMDQEILET S M SHE “H 08 Ao

HE-UCHM SIY O H Y A
ED'L = JMCASRAT M L0 Y8 1IN B9 0B A

el dSYD

°7 ASVD

a1 ASVD

WL 23 0= =

€670 = MOgSIWT M STL L “MOB T M SZL L OB A

81 ASYD

——

AEAEAOED ~ 1 500 = M
TE 1 = MDJSIUT M 92 L THBE 1 MBS L OB A

TN DZT = H 50" M
BZ'L = MMOdSILS M E1Z "HPE T M ZE) THO0F A

AL OT DT SO0 A
ZUL = mOgEnL I 05 2 "H0S 1 M S6'0 08 ‘A




