
dk Fermi National Accelerator Laboratory 

TM-1618 
[SSC-N-6611 

Thermal Performance Measurements of a 
100 Percent Polyester ML1 System for the 

Superconducting Super Collider; 
Part II: Laboratory Results (300 K - 80 K)* 

J. D. Gonczy, W. N. Boroski, and R. C. Niemann 
Fermi National Accelerator Laboratory 
P.O. BoxSOO, Batavia, Illinois 60510 

September 1989 

* Presented at the Cryogenic Engineering Conference, Los Angeles, California, July 24-28, 1989; submitted to Adv. Cryo. 
Eng. 

e Operated by Universities Research Association, Inc., under contract with the United States Department of Energy 



THERMAL PERFORMANCE MEASURMENTS OF A 100 PERCENT POLYESTER 
ML1 SYSTM FOR THE SUPERCONDUCTING SUPER COLLIDER; 
PART II: LABORATORY RESULTS (300K - BOK) 

J.D. Goncey, U.N. Boroski, .nd R.C. Niemann 

Fermi Nation.1 Accelerator Laboratory 
B.t.vi., Illinois 

ABSTRACT 

The plastic m.teri.ls used in the multilayer insulation (ML.1) blankets 
of the superconducting magnets of the Superconducting Super Collider (SSC) 
are comprised entirely of polyesters. This peper reports on test. 
conducted in three sep.r.te experiment.1 blanket srrangements. The te.ts 
explore the therm.1 performance of two candidate blanket joint 
configurations each employing a v.ri.tion of a stepped-butted joint nested 
berween .ewn blanket seams. The results from the joint configuration. .r. 
compared to measurements made describing the therm.1 performance of the 
basic blanket materials . . tested in an ideal joint configuration. Twenty 
foil .ensor. were incorpocsted within c.ch tee+ blanket to medsure 
inrersritiel 1.y.r .nd joint 1.~~1 tempcr.tuc.a. Heat flux and thermel 
gradients are reported for high and degraded insulating ".cuum.., .nd during 
trrnsient end steady st.te conditions. In complement vith this p.p.r is 
an .ssoci.te p.per bearing the ..me title head but with the title extension 
PART I: INSTRUMENTATION AND EXPERIMENTAL PREPARATION (300K-80K).i 

OVERVIEW 

The test. reported herein continue the work conducted in a heat leak 
te.t facility (HLTP) to evaluate the thermal performance of candidat. ML1 
systems for the SSC.* Besides meeting the dssign heat 1c.k requirement. 
for therm.1 radiation and residual gas conduction, 638 mW/M* to 80K, 87 

mWJM* to ZOK, and 3.3 mWlM* to 4.5K .t .n insul.ting vacuum of 1~10.~ Torr, 
ths SSC ML1 system must .lso m.int.in good performance during extended 
periods of operational upset conditions including therm.1 cycles .nd poor 
insulating vacuum. It is therefore essential to the operation of the 
accelerator that . functional SSC blanket dssign must include high XL1 
l.yer density tc. enabl. g.. conduction shielding , and mu.t h.*c sufficient 
ML1 material m.s. and heat capacity to dampen transient effects.3 

The material. selection and blanket design for the SSC were formulated 
after careful consideration of several published works reporting ML1 
material properties and operational performance. A comparison of HI.1 
properties is listed in T.ble 1. Table 2 summarizes the therm.1 
performance of SSC c.ndid.te ML1 systems as tested to date in the HLTF. 



Table 1. Comparfson of ML1 material propertiee 

Table 2. Sunxaary of thermal performance of SSC candidate ML1 eystems 
tested in the HLTF 

It has been shown that joint or crack characteristics in an Ml,1 
installation can ovewhelm the operational behavior of the ML1 system and 
contribute negatively tc. its thermal performance.' To ensure a consistent 
thermal performance in SSC MI blankets, an apparatus and blanket 
fabrication method was developed to mass produce pre-fabrichted blankets.5 
The apparatus and blanket fabrication method ensure consistency in mass 
produced blankets by providing positive control of the dimensional 
parameters that contribute to the thermal performance of an ML1 aystrm. 
The sewn seam technology developed for the SSC ML1 blankets has proven to 
be mass producible, maw installable, and cost and time effective. 

It is acknowledged that the sewn seama used in the ML1 bianket degrade 
the ultimate thermal performance of the ML1 due to thermal shorting of ML1 
layera by the polyester thread. The benefits provided by the seams, 
however, allow the ML1 blankets to have inherent features such as 
dimensional stability and controlled layer density. 
performance to aseure "consistent" 

Sacrificing "ideal" 

trade-off that is well made. 
therme.1 performance is an engineering 

Therefore, the sewn seams remain in the I4L.I 
blanket design, and measurements to determine the effects of altered sewn 
seam geometries are under study in the HLTF with the intent of identifying 
a seam geometry that meets the SSC heat leak budget. 
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MEASURING HEAT LEAK PARAMETER RELATIONSHIPS IN THE HLTF 
APPARENT THERMAL CONDUCTIVITY, k *p.nt, VERSES N-LAYERS HWLT FLUX, (N+l)q 

Implicit in the use of apparent therms1 conductivity is the 
understanding that'fcr heat leak cslculstions to sgree with the sctusl heat 
transfer through the ML1 system, the ML1 instsllation must hsve the ssme 
dimensional consistency snd opeeste under the same environmental 
conditions that were present when the value of *mean apparent thermal 
conductivity" w*s determined. In practice, the calculated snd measured 
quantities of heat transfer through sn MI.1 system using this method will 
often disagree by factors of two and more because of the difficulty in 
duplicsting in a global installation the same ML1 geometry (same 'me*n 
apparent thermal conductivity) ** YSS tested in the labor*tory. 

Although the apparent thermal conductivity is s c-on parsmeter for 
comparing ML1 systems, it contains two kinds of independent variables 
(4. and T verse* H) that are measured with different degrees of sccurscy. 
The meaourement of KLI height (H) (or thickness build) has *n inherently 
large reading error, due to the difficulty of maintaining s constant lsyer 
thickness and layer density during the fabrication of the ML1 and its later 
inst*llstion into a cryostat. The measurements of heat flux (q) per unit 
*re* snd temperature (both Th and Tc ) sre done with much better sccuracy. 
The N-layer*- hear 
performance. Its 
by the following: 

flux con*tsnt is s better psrsmeter for comnsrinc HLI 
rel*tionship to *ppsrent therms1 conductivity is shown 

Given, k , * a* nt 

By definition, ML1 

9 
H Where: 

(Th - T c 1 k . ap nt = Apparent k, (W/cm K) 
q = Heat Flux, (Y/cm2) 

(Heat Load/Cold Ares) 

Th - Hot Boundary Temp.,(K) 
T 

CN 
- Cold Boundary Temp.,(K) 
- Number of lsyers, (1) 

L = Layer density, (l/cm) 

layer density (L) is the number (N) of reflective layers _ . . ,.. 
per unit height (H), L = 
centimeter. 

N/Ii. and is expressed ss the number of layers per 
For MS.1 layers numbering N. the number of surfsces emitting 

thermal radiation to the cold surface include the w*rm surface, i.e., N+1 
Arranging for H and substituting, 

P (N+l) 
k. - ap nt 

- 

(Th-Tc) L 

The equivalent (N+l)q psrameter for kGpent is then, 

(N+l)q = k*p.nt (Th - T c ) L = Constant 
I 

Within identical ML1 systems having the *ame materials and fabrication 
conditions, and given the *Lune boundary temperatures and system pressure, 
the N-layers heat flux parameter is constant; and q varies inversely with 
the number of ML1 reflective layers. The N-layers heat flux constant is 
* more accurate parameter for describing ML1 thermal performance because 
the parameter inherently integrates in its measurement the difficult to 
measure variable of ML1 layer density. It does *o in terms that axe 
precisely measured, i.e., the number of reflective layers, which we csn 
count, and the heat flux, which we can accurately meter. 



MLI BLANKET TEST ARRANGEMENTS IN THE HEAT LEAK TEST FACILITY 

Thermal performance measurements were conducted in the HLTF in three 
experiment*1 arrangements of s pclyester~ ML1 system. Each experiment 
measured the thermal performance of s 32-layer ML1 blanket instrumented 
with twenty foil sensors that msesured incerstitisl layer end joint 
temperstures. Fourteen of the sen*ors were located in the main body of the 
blanket on reflective layers 1, 2, 3, 4, 6, 8, 10, 15, 20, 25, 29, 30, 31, 
and 321 end, six tempersture sensors on lsyers 1, 8, 16, 17. 24, snd 32 in 
the joint sres between sewn se-. The instrumentation snd experimental 
preparation required to do these thermal messurements sre discussed in 
detril in Reference 1. Herein, the reported temperatures, pressures, heat 
flux snd equilibrium tires are supported by that work. 

In the first errsngsment, the Design B Configuretion ML1 Test Blanket - 
test blanket employed s stepped-butted joint located between strright sewn 
*e- ss found in sn SSC Design B blsnket geometry. (See Pig. 1.) The 
blanket incorporstes 32 reflectiive layers of double sluminized polyethylpne 
teraphthalete (PET) film. Esch reflective layer is sepsrsted by s *ingle 
thin spscer layer of spunbonded PET msterisl. A thick layer of spunbonded 
PET materiel covers the blanket top snd bottom, and positions polyester 
hook and loop Velcro fasteners et the blanket edges. The fasteners sre 
secured to the cover layer by sewing. The multiple blsnket layers snd 
cover lsyers are sewn together straight through the ML1 assembly slang both 
blanket edges. Polyester thread is used in all sewing processes. 

The tightness of the blanket wrap during installsr.ion is fixed by the 
blanket design. Parallel Velcro strips sewn to the outer blanket layers 
serve to secure the blanket sf instsllstion to the cold plste test surface. 
The Velcro strips are separated by A distance determined empirically by 
trial fitting blanket sections to the test surface and adjusting the Velcro 
separation until the desired blanket fit around the test surface wss 
obtained. Since both edges of the blanket are sewn, the ML1 materiel 
locked between sesms is csused to wrinkle or wave as the blanket is wrspped 
around the surface. This wrinkling occurs es s result of the regimented 
layers being unable to slide sepsrately ecross esch ocher es would be the 
case, for example, if only one edge of the blanket were sewn. Because of 
layer-to-layer registration, these wrinkles or wave* usually have A uniform 
thickness along the wave chat is roughly the ssme thickness es in the main 
body of the blanket. The IUI layer density is therefore minimslly sffected 
by the wrinkles. A favorable element of these wrinkles is thst they 
provide additional materisl for thermal contraction of the blanket. 

Fig. 1. Design B blsnket - stepped Joint I straight seam. 
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The blanket joint is made ei installation by wrapping the blanket around 
the test surfsce such that edges of the blsnket overlap. Next, opposite 
edges of the lower cover layer are secured to each other by the full-width 
engagement of the Velcro strips. The overlapped edges of the ML.1 layers 
are then joined slag the entire blanket length using A stepped-butted 
joint geometry. The upper cover layer edges are drawn together over the 
stepped joint snd secured by the full-width engsgement of the upper Velcro 
strips. The completed blanket installation snd stepped-butted-joint are 
doubly secured from opening by the engagement of the two Velcro psirs. 

Polyester Materisl Ideal Configuration KL Blanket - The second test m*de 
modifications to the ML1 bl*nket of the first arrangement while the blanket 
remained in position on the test surface. In the second test, the threaded 
stitches in the *own seam end the hook snd loop fasteners were removed 
from the blanket. The psrent polyester blsnket material wss then tested 
with the joint closure secured using HLI adhesive tape, and approximating 
sn ideal joint configuration. Corresponding joint layers were overlapped 
snd each third lsyer exiting the blanket WAS taped. (See Fig. 2.) All 
sensors in the main body of the blanket and joint area remained intact. 

Design C Configuration ML1 Test Blanket - The third arrangement tested the 
Design C HI.1 blsnket joint geometry. The construction of the Design C 
blanket employs a stepped sewn seam et its blsnket edges, and s stepped- 
butted joint for the blanket closure. (See Fig. 3.) The blanket geometry 
uses the same 32-reflective lsyer construction es in the other blsnkets 
tested, but with the following differences. A thicker PET layer is added 
to the Design C blanket snd is located midway in the blsnket to separate 
the upper and lower 16 reflective layers of MLI. And et each blanket edge, 
the upper cover and ML1 layers are sewn together through to the midlayer 
with the thread ended in the thicker midlayer. The seam lccstion is 
incremented laterally along the midlsyer where the lower HLI layers are 
sewn through to the lower cover layer. The resulting stepped sewn se= 
attempts to reduce heat conduction through the blanket by interrupting and 
lengthening the solid conduction path of the thread. Velcro festeners 
attached to the blanket are used to close the joint. 

I 
Fig. 2. Basic blanket - taped joint I no seam. 

Fig. 3. Design C blanket - stepped joint / stepped seam. 
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TEST RESULTS AND DISCUSSION 

The thermal performance results of the sewn seam configuration and joint 
tests are compared to the performance of the basic blanket having en ideal 
taped joint. Heat flux snd thermal gradients were measured at different 
steady state insulating vscuums ranging between 1x10.6 and 1x10-z Torr. In 
Fig. 4, the N-lsyers heatflux parsmeter, (N+l)q, for esch test *rrsngement 
is plotted ss s function of pressure. It is observed from the plots that 
the thermal performance of the Design C sem geometry spproeches the 
performance of the ides1 joint. It is also recognized thst two ML.1 
blankets made in the Design C geometry, even if installed sesm above sea, 
would meet the SSC design heat lesk budget to SOK. In practice, the SSC 
ML.1 design specifies that the lower end upper blankets alternate respective 
sewn seam locations to different sides of the shield. As s result, the 
lower blanket seam snd joint ares is completely covered by the main body 
blanket region of the upper blanket. The net heat flux through a two 
blanket assembly (64 reflective layers) will result in even lower hest 
flux than that required by the SSC magnet systems design requirements. 

Temperature gradients scross each respective blanket st steady-state 
conditions near 5x10“ Torr see illustrated by Figs. 5 and 6. Figure 5 
compares the interstitial layer temperatures in the main body of each 
blanket away form the sewn 8eama. It is seen by Fig. 5 that the ML1 layer 
temperatures in the main body of the three blankets behave much *like. The 
colder layer temperatures between lsyers 6 snd 25 of the stepped joint- 
stepped sesm plot is attributed to incresaed conduction coupling between 
these layers due to a wider joint sree between sewn seams of the Design C 
geometry. Compared with the Design B geometry, the Design C joint 
configuretion places greater sesmljoint srea , and less main body ares in 
test on the fixed surface of the cold plate. Figure 6 compares the 
interstitial layer temperatures in the blsnket joint area between SW 
seams. Comparing temperatures of the Design B and Design C geometries to 
that of the ideal taped joint, it is seen that the ML.1 l*yers between the 
se- operate colder St the warm boundsry, end warmer et the cold boundary. 
The heat load performances of the different blsnkets described in Fig. 4 
are decidedly effected by the mount of solid conduction present in the 
joint area es evidenced by the MI temperatures and the degree of thermal 
shorting of interstitial layers. The flat heat leek response of the 
stepped joint/stepped seam geometry is witnessed by a reduction of thermal 
shorting in the seams, thereby allowing the Design C joint configuration 
to rivsl the performance of the ides1 joint et high vacuum snd to out 
perform the ideal joint et degraded vacuum. 
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Figure 7 shows the departure of the joint layer temperatures from the 
main body temperature gradient in the Design C configuration. Figure 8 
charts the temperature gradient measured in the ideal geometry of the basic 
polyester blanket. The graph shows the concurrence of joint layer 
temperatures with the main body layer temperatures and corroborates the 
slope of the temperature gradient ecross interstitial ML1 layers. Figure 
8 also attests to the qusli:y of the measurements es evidenced by the layer 
temperstures in the joint area of the first test arrangement equating with 
the temperstures of the main body sensors in the second test arrangement 
after the sewn seems were removed. 

Figure 9 compares the steady-state temperature gradients measured scross 
the basic polyester blanket et two steady-state vacuum conditions; the 
higher steady-state vacuum was 1.5x10-’ Torr; the lower vacuum was 5x10.4 
Torr. The move towards s linear gradient in the main body ML1 temperatures 
et the higher pressure is attributed to greeter conductive coupling arising 
from increased (factor of 33) gas pressure. 

A gas pressure rise (factor of 19) from 2.~0-6 t0 4x10.’ T0rr for the 
Design C blanket shows no significant changes in the temperature gradient. 
(See Fig. 10.) The near linear gradient appears to be s characteristic cf 
the Design C blanket due to conduction coupling of the layers by the sewn 
seams. The additional heating by gas conduction appears to be small 
compared with the solid conduction established in the ML1 by the seems. 

Other measurements that verify s coalescence of ML1 thermal performance 
et degrsded vscuume sre the similarities of thermal gradients scross ML1 
layers. ss seen in Figs. 9 6 10, and looking beck et Fig. 4, the N-layers 
hestflux heat transfer parameters St upper pressure regions. 
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CONCLUSIONS 

The plastic materials used in the Design C ML1 blanket construction are 
comprised entirely of polyester materials. Stepped sewn seams serve to 
control ML1 physical parameters that affect thermal performance while 
providing a" ML1 blanket package that is easy to handle and install. 

The thermal performance of a 32-reflective layer ML1 blanket fashioned 
in the SSC Design C geometry has been measured between 3002 and 80K. The 
measurement results indicate that two ML1 blankets fabricated and installed 
as specified by the dipole magnet cryostat Design C configuration will 
satisfy the SSC design requirements of heat load to 80K. 
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