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- Heat Conduction Through Insulating Supports in Very
Low Temperature Equipment’
R. P. Mikesell aud B. B. Scott

An apperaius is deseribed that i nsed to meassure the hest conduction through insu-
lating supports of storage vessels for eryogenic llqukds and presents the dats obteined From
the cnnd?mtinn messurements. Two types of supports were tepted: (1} multiple-vontast
supports in the form of atacks of thin metallie plates or spirally wound stripa, and {2) non-
metalliz spherea.  The high thermal resistanec of the multiple-contact supporis srises From
the numerous relatively poor eontacts between the individusl plates, Bome special treat-
menta of the plates were ided, and two of thess, perforaling and dyating, were found te he
effertiva.  Pyrek-glase gphered were alao found o be excellent insulators, but, of eourss,
are not a8 rugzed as a Atack of metel plates,  OF the untreated plates tested, those of stain-
lere stesl (DAMMHS inch thick) were found (3 be tha best ineglators per yoit fﬂmgth of ateclk,
The heat conduetion through these plates, Bt & Toad preseure of 1,000 pounds per squars
ineh, was found to be 2 percent of the conduction by a eolid semple of the same metal having

the seme dimensions,
1, Imtroduction

The mozt efficient containers for atoring and trans-
porting low-tetnpernture liquids, sueh ss liquid
0Xygen, hitropen, and hydrogen, aro the vacuum-
jaeketed type known as Dewar vessels. In the past,
several types of hest insulators heve been used to
bridge the vacuvum space and furnish support for
the inner eonteiner. For amall laboratory-type
Dewnrs, the design of insulators is not a major
prablem, but when designing a vecuam-ineulated
container of several hundred hiters ar more, which
muet have raggedness to withstand the shocks and
wvibration of transportation by any type of earrier,
the problem of insulating supports becomes a serious
ONe,

The recent development of a large aluminum
Dewar at the PBureauw’s Cyrogenic Engineering
Inboratory included the design of some new type
insulating supports, which were of such a nature
that therr insulating propertiea could noi be com-
puted from the thermsl conduciivity of the ma-
teriale from which they were constructed. For this
reasnil, AN SPRATRINS Was construcied o measure
the heat conduction through these supports. Some
of the supports were found to Lave such good in-
sulaling and struetural properiics that it is believed
they will have an extended uvsefulness, and that in-
formation obtained from the tests will have general
valua in the destgn of Dewar equipment.

2. Experimental Details
2.1, Deacription of Apparatos

In order to simulate conditions actuelly encoun-
tered in practice, the calorimeter Tor measuring the
heat conduction was itsell & Dewar vessel. ith
this apparatus it was possible to measure the total
heat conduction ef the specimen when it was sub-
jected to loads ranging from approximately 30
}munds to approximately 1,060 pounds and under the
ollewing temperature conditions: (1) room temper-

1 ThiE wrwk wrpd aponeirad by the U7, B, Atcmle Energy Commikeslon.
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ature to liguid-nitrogen temperature (206° to 76° K,
(2) liquid-nitrogen to Nquid-hydrogen temperature
{76° to 20° K}, and {3) room temperature to liguid-
Lydrogen temperature (296° to 20° K). These
temperatures are the boundary conditions epcoun-
tered in liquid-hydrogen Dewars, which are gromded
with a liguid-nitrogen-cooled radintion shield be-
tween the liquid hydrogen and the Toom-temperature

shell.
The apparatus (fig. 1) was designed so that tha
£ Lest Speclinen

calorimeter is a metal Denwar with
acting as & m}mmt.ing and insulating member. The
specimen is placed between the bottom plate of the
imner confainer, inte which is poured liquid nitrogen
or hydrogen, and the bottom plate of the outer con-
tainer, which is at room temperature or liguid-
nitrogen femperatura, A Sliter Dewar containng
liguid nitrogen surrounds the eelorimeter when 1t 1s
uired 1o %glve the exterior wall of the ealorimator
at liquid-nitrogen temperature. ) )

The outside container is secured in & vertical posi-
tion by means of the O -ring flange, which rests upon
a well bracket not shown in the diagram. The
Crming seal is completed by a top flange, through the
center of which passea a tube (8-18 stainless steel,
14%-in. outside diameter, ¥ein. wall), which ia con-
nected to the mner container. The vacugm system,
eonsisting of & cold trep, diffusion pump, and fore-
pumyp, is connected to the outer contaner.

The ceuniral tube serves both as the neck of the
calorimeter-Diewar and as the compression member
for transmitting the load from the fulerum point of
the lever armn to the specimen. This vertical load is
the force resulting from a movable waight mounted
on a lover arm, i metal bellows permits the central
tube to move vertically through guides that alse
prevent horizontal motion. The brass plate 1s
zoldered to the bellows, is sealed to the outer con-
tainer by means of an (-ring od is securad in post-
tion by four serews. The unit consisting of the inner
conteiner or celorimeter, the central tube, the bel-
lows, and the top flange mey be easily withdrawn
from the outer container to enable one to chango the
test apesimen.




In order to reduce heat radiation from the side,
the sorfaces that face the ineulating vacuum are
covered with bright alominum wheet. To intercept
radiation from ahove horizontal motal disks sre
placed elong the central tube both inside snd cutside.
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2.2, Tes Bpecimens

The spacimens measured in the tests are deseribed
1 tables 1 and 2.

The round plates (A, fig. 2) 1 in. in diarmeler, are
mounnted between brass end plates of the same
dismeter. Nylon threads tied through small holes
in the plates keep them in place. The rectanpulay
plaies are mounted in the same menner, with the
disgonal of each rectangle t{ﬁepmzimately the samc
length as the diameter of eircnlar end plates.
The spheres (B, fig. 2) sre held between two stain-
lessateel plates, sach of which has three matching
gpherical depressions of somewhat larger diametor
LEan that of the spheres {spheres ¥ein. radius,
depression ¥-in. radius}. Thiz assembly is alse ted
togather with threads to prevent dislodgment of the
sp%eres during test.
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TYPE 304
STAINLESS STEEL

Fiaoae 2. Method for stounting the ypectmens,

2.3. Exparimental Procedura

With the specimen in place, the calorimeter sup-

lied with liguid hydrogen or nitrogen, the requirad
oad applied, and an adequate vacuonutn (less than
1075 mm Hej in the insulating space, the volume of
gos evaporated from the calorimetric liquid is de-
termined with a wet test gas meter, Readings mre
continued until & constant rate of evaporation gives
assurgoee that equilibrinm has been reached. Vol-
unie determinations are sdjusted to standard condi-
tions and corrected for the partial pressure of water
vapor in the meter. Several szeis of readings are
made with applied load on the spacimen.

The rate of heat flow through the specimen cannot
be caleulated directly from the evaporation rate ba-
cause (1) part of the evaporation of the liguid during
the measurements is caused by heat transfer gther
than throveh the specimen, and (2) the reletion be-
tween evaporation rate and heat conducted th_mu%:
the specimen 9 not guita linsar because gome of the
heat flowmg down the central tube is intercepted by
the eold gee flowing up the tube; thus less heat 15
conducted down the tube when the rate of evapora-
tion of the liguid is increased. Instead of trying to
determine the mapnitude of these incidental] Eﬂ:ut
leaks, their effects were taken inio account simply
by calibrating the apparatus with a Jmown heat
input. This wae done by lifting the inver container
until it no longer mede contact with the specimen
and eonducting enother scries of messurements of
the gas evolvad when known values of eleclric power
ware supplied to a heater immersed in the lignid in
the irmer rontsiner, The amount of heat con-
ducted through the specimen during a test measure-
mant is assumed to he the same as that supplied to
the heater to produce a given rate of cvaporation.
Thi= aseurnption iz justified if the conditicns duriﬁ
the meassurements of heat comluction with appli

g are maintained during the ealibration measure-
ments.

3. Data and Discussion
3.1. Accuracy of the Dala

The values of heat conduction obtained with this
epparatus are securate in most ceses to approxi-
mafely 10 percent.  The main causes of error were
the following: (1) The fluctuations in the megmtude
of the incidental heat leaks, though small, did be-
come Importent in the messurement of the condue-
tion through the very good insulators, and (2} thera
wers small changes in heat conduction resulting from
variations in the exact manoer of mounting or loading
the specimen.

3.2. Untreated Stacked Plates

Six multiple contact specimens were teated hoe-
tween nitrogen (76° K) and room temperature: five
of thesa were stacks of stainless-steel plates, and the
sixih was & atack of Monel plates. Two specimens
were tested between lLiqud-hydrogen temperature
(20° K) and liquid-nitrogen ternperatura (7% K).
Eince the support of o Trawar is, in moat casea, loaded
wartn, i, &, load is a.gp]ied when the support is at
room temperetura, the data for each speeimen, with
the exception of the Monel stack, 13 presented for
warmn lordings. The Monel stack was loaded cold,
1. ¢, the load was applied when one end of the apaei-
men was af nitrogen temperaturs. It waa found
that the conduction by & stack of plates (01.004 in.}
subjected to & high pressure was approximately 30
percent greater when the stack was loaded warm than
when it was loaded cold.

The results on clean muitiple-contact, metal
supportz * are shown in figores 3s, 3b, and 3e,
wherein the heat current per unit ares is plotted
a3 & function of the pressure on the spoeimen. The
heat conduction through the plates inereased with
the pressure for two reasons: (1} the area of contact
surface was increascd, and (2) the heat paths he-
came shorter through a given stack of plates, The
conduction wes found to be proportional to some-
thing less than the first power of the pressure, thera
being a tendency for the curves to level off az in-
creased pressure Lisd less effect. Thus, the stask
of plates weted #= 3 good insulator, even at the
higher pressures.

he points below & pressure of 300 ps: were not
sspecially relisble becaose the exact values of the
lower pressures, as well az the measored conduction
rates, are somewhat in douhbt.

Figurs 4, on which these same curves arc plotted
on log-log paper, shows the condoction (o he pro-
pottional to spproxmately the 0,67 power of the
pressure for the nitrogen- to Toom-temperature
renge, and proportional to spproximaiely the 0.86
power for Sw hydropen- to pitrogen-temperatora
TED Az the heat eonduction by a stack of plates
was found to be proportional to less than the firat
power of the load, it is conduded that such & support
should ha designed for high laading per unit area,
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The concept of thermal resistance iz introdueed
here as an aid m comparing and correlating data
on different specimens, Thermal resistance ia de-
fined a3 the temperature difference divided by the
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heat currant (in snelogy to it electrical equivalent).
Thermal resistance is temperatura dependent, buot
it is permiseible t¢ use sn average value for com-

aring two stacks under the same femperature

ifference. As there were a large number of stacked
pletes in these tests, it waa reasonable to cxpect
that the resistance would be proportional to the
numhber of plates, 1. e., that the end effects would
be negligible.

Three specimens of the 0.0008-in.-round stainless-
steel plates were teated, each with a differont number
of plates. In figure 5 it is shown that the thermal
resistance of a stack of plates varies linearly with
the number of plates in the stack. Thermal re-
sistance of unit arca per plate as & function of the
thickness of each plate is shown in fipure 6. For
many design applications a certain volume may be
available for tﬁe insulating member. Hence, eon-
gistent with strepgth and cost considerations, it is
desirable to know what thickness the plates should
have to provide adequate heat ingulation. Thermal
resistance of ynit area per unit length of stack as
a function of plate thickness is plotted in figure 7.
The lenﬁ:.h of the etack was determincd by mondlii-
plying the number of ul]ilntes by the thickness of
each plate; this celenlated lenpgth wae in close
apreement with the length moesured when the
stack was subjected to a pressare of 1,000 pa.
Points for the curves of Agures 8 and 7 are taken
from the eurves of figurca 3a, 3b, and 3e for the
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NWEER OF FLATES

Fiarre 5. Obserred linetr dimeredss of e thermal resislance
with the number of piates confoined in a sack,

‘The plate ¢bbokness 18 0 0505 1o ; the bowndsey temperalures srs 78 snd 24" K.

0.0008-in. sisinlessstes] round plates, the 00195
in, stainless-gteel rectangular plates, and the {.004-
in. stainless-steel round platea. It i sean that the
0.0185-1n. atmnless-steel round plates had a higher
thermal resisiance per plate than the others, the
explonstion being that the thin plates were pressed
into better contact with each other with a given
applied pressure. However, for a given langth of
stack, the thin plates produced a greater total
thermal resistance. This is showm by the dotted
curve, I, figare 3b. No imphestion is intended that
the slopes of approximeately ¥ and — ¥ of the lines of
figures 6 and 7 have any significanes other than
that of repres.e:ntin% the ohservations. It is probable
thet for different loads or plate thicknesses these
would have other values,

The heat conduction through s stack of plates was
eongiderably less than the conduction by a solid
member of the same metal having the same dimen-
gipns, showing that the difference in conduetion was
due meinly to the totel contect resistince of the
apecimen.

The conduction through a stack of C.O008-in.-thick
steinlessstee] pletes under a pressure of 1,000 E:!“l
was found te be approximetely 2 percent of the
condustion by a solid member; for the 0.0188-in.
steinlese steel round plates at 1,000 pei, 5.6 percent;
for the 00044n.-thick stainless-steel rectangular
pletes at 1,000 pei, 4.5 percent; and for the 0.017-4n.-
thick Monel round plates at 800 pai, 6.5 percent,

Tha 0.0008-in. &nd the .004-111. plates were teatad
between liguid-ntrogen end liquid-hydregen tempfra-
tures. Table 3 shows the comparison between these
specimens.  In the case of both the 0.0008-in. and
the 0.004-in. plates, the apecimen was loaded warm
at the higher prassures; the load was reduced to the
lower pressured after the specimen was cold. The
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ratio of the heat conducted between 2906° and 76° K
to thet conducted beween 76° and 20° K is of
interest. The conduction ratio of & solid member of
the same type of metal and the same dimension
hatween the two temperaturr intervals would be
# to 1. The greater ratic in the case of the stacked
platas ia an indicatiom that the thermal resistance of
the conlacis increases as the temperature is decreased.

Tanie 3. Compaericen of O.0008-in. and §.004-r. plates
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3.3. Specinlly Trected Stacked Plates
a, Dpated Flates

Because the objective of the work was to devise
sturdy supports with the best possibla insulating
properties, methode of decreasing the hest conduc-
tion wera siudied, 8, U, Collins of Massachusetis
Institute of Technology pradicted that n very slight
coat of dust would grestly increase the thermal
resistance. He had observed that a few dust particles
detectable only under 4 microscope were cient t0
apoil the effectivencss of o thermal switch. Manga-
nese dioxide was chosen to be the insulating dust
for several reazons. Tt is only a fair conductor of
heat and has moderate hardness, It ¢an be ground
inte a fine powder that will cling to the surface of
tha plates, so that little of the dust i logt in the
ssgembling of the supports. The dust coat on each

late was of such 4 amall magnitude that the total
ength of the multiplate specimen wes not signifi-
cantly changed. The results for the dusted plates,
as lustrated in figure 8, curves A and E, show that
the heat resistanse of unit aran por plate of the stack
of dueted plotes is much higher than that of the
stack of e¢lean rectangular plates.

b. Parlorated Plates

Ancther good insulating devics was found to be
& atack of perforated rectangular plates. The risuits
on these plates arc shown in figure 8, curve B.
Figure 9 shows the plan of a perforated plate. The
net ares i9 60 parcent of the zrea of & plain rectengular
plate, The thermal resistence of these plates was
found to be higher thar that of the plain ractangular
plates becausa of the smaller ares of the perforated
plates and becsuse the plates were stacked 1 such a
manner that the holes of the adjacent plates did not
alive, resulting in longer heat paths through the

stack. PBecsusa the production of the perforated
pletes that might be used for an ineulating support
in o specific easo wag fonnd to be expensive, it was
also decided to try stacking the parforated and plain
rectanpuler plates in alternate layers. In comparing
the thermal resistance of the stacke of the three
types of rectangular platcs, each tested st a total
load of 422 ib, it was found that the stack of Plu.in
platez Lad a registance of 0.260° K-inZ-wati™ per
plate; the stack of perferated plates, 0.420, and the
alternate layered stack, (.370.

o Telon-Separated Flates

A ateck of rectangular plates with thin (approxi-
masely G.00025 in.{: films of Teflon placed batween

cm was found to be a comparatively poor insulator
at the low pressures. The high compressibility of the
plastic resulted in & greater srea of contact hetweon
it and the metal layers thap would be realized
hetweon metal layera alone. However, at the higher
pressures, the Teflonlayered stack was a
wmsnlator, the area of the thermsl contact having
approached a constant value, At all pressure= the
pfa:at.ic acted a8 & good insulator because of its low
thermal conduetivity. The conduction ecurvefor the
Teflon-layered plates is shown in figure 10, curve D.

4. Grecsed Flotes

The application of grease t0 the Monel plates of a
atack rasulted in a decremse of hesi resistence of
nesrly 16 parcont at a prasaure of GO0 pai, as shown
in figure 10, curve B (the ztack of pressed plates was
loaded cold}. A very thin layer of Dow-Corning
high-vacuum gresse was applied to each plate. The
considerabls inersase in conduction by the preased
platez may be explained in thiz manher: The coating
of greass filled in the small spaces batwoon the plates,

7/864"DIA.

*
iy
-

QOO T

O O O O o/i6"

HEAT ARMTANCE oF wiT Ma Aoh AT, -
o
o
»

i

S

Q0O
0000 l

3/4" >-[

Fraone 2. A perforaded plaie.

PREEIURE, pai
Ficure 8. Comperison of M ket resdnlamnes of cloan platea with thal of specially freated plales.

ars CH"andd 288° K. A 40, B sbaek of 0.004-0h. Ak
d plates, B (‘% O.0M-Lri. durshed prlafsa;

T'ive beillindery tomperatane:
layered slaske of QM0 plain and perforata

soaldadunaiad plates: B ¢, 0.0M-1n, mﬂm pleteg; T (A, wltimbte
{10, DIDDA-R. oban plaplr.:a: F {0}, 0.0008-ln, Dtatea.

e




T

1.
5, “,Q%mﬂ_
L [ T ——r—

Fravee I, Cowmparfaoe of iie heod restalanee of ricon plafes udth

that of snectally freated ploted.
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reauliing in & more positive thermal contact, It is
geenn, therefore, that caution shonld be taken when
one sssembles & stack of pleies, keeping each plate
a3 clean as possihle.

3.4, Application of Multiple-Contact Supporls

A liguid—hydroi?n Dewar, designed at the NBS-
AEC Cryopenic Engineering Laboratory, wes con-
structed with myltiple-contact supporting membera.
Each of these separating mambers was made by
tightly rolling a strip of type 304 stainless steel into
& coil, the stop being 0.0021 in. thick, approximately
400 ft loug and 1 in. wide, The inner diameter of
the coil was approrimately 2 in. and the owter
dismater spproximnately 5 in. The coil was tested
for conduction in &n apparatus similar in operation to
the originel multiple-support testing equipment.
The results of the conduction tests between mtrogen
and room temperature, vsing & strip dusted with
mangansse dioxide, are shown in figure 11. Tt was
not leasible to compute the heat conduction by a
eoil from the conduction by a steck of plates bocause
it was not known how much heat flowed along the
circumierance of the eoil nor how | was the affec-
tiva crosa-sactional srea through which tha heat

flowed,
3.8, Nonmatallic Spheres

The resuits of tesfa on nonmetailic spheres are
shown in fieures 12a, 12b, 12¢, and 12d, wherein the
hest current per sphers is ?lcrtted 83 a function of the
load per sphere. Each of the spheres in itz socket
mads littla more than peint contact st no load, The
conduetion inersased with incressing loads because
the ares of contact was increassd, but it tended to
lovel off at the higher loads as this area approached
a constant value. The dependenes of conduction
on pressure also varied with the type of material of
the sphere, . g., if the material was soft, the sphere
waould flow allfiutl}r at the higher loads, resulting in a
greater aves of conlact,

ave 707 wid 0" K A (B, & Sleok of 0.017-l0, elaan
grapsed Bonel plaeea; € (OF, N.0MH-bi clews plaled L

]
E /"F
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o5 BOG 1000 8O0 [
LoAD, 16
FicoRe 11. Heat conducted g1 0 Tunclion of

iofal lood on o fype S05 Mainlesx-pieel strp,
OO dm, ek, 1 rn. wide, whichk &
dusted with manganess diomide and rolled
inta o Hghf cotl,

‘Tl banndasyr bemIsralured ars 760 and 26~ K,

It i5 scen that of the four types of spheres tested,
ceramic was found to be the bhest conductor and
Fyrex plass was found to be the poorest conductor of
boat, A load has more effect on the flow of heat
through the cersmic spheres because the contaet
resistance has proportionally more effect in the case
of the better conduetor. though the conductivity
of Micertn is less than that of Pyrer, the conduetion
through the Micarta apheres was found to be grester
than L the x spheres, poszibly becausa of
tha slight How of Micarta st the higher loads,

Thera was 2 small error due to & comparatively
smsall temperatura drop across the stainless-steel

lates that were used for support of the spheres.
;E'hﬁ conduction through the spheres was actuslly
graater than wes measured.

In all eases, the conduction from 76° to 20° K is
very much less than thst from appromimately 206°
to 767 K. This is a cohsequence not ooly of the
emeller temperature interval but alse of the great
decrease of the thermal conductivity of noncrystalling
materials below 76° K. '

Bacanse the pu e of these measurements wes
to provide informsation about members that would be
axpected to have usefvlness ss ingulaiing supporis,
somo tests werg conducied on the spheres to detser-
mine their crushing strength. The P}'mx-ﬁlzas
spheres failed at approximately 2,000 Ib per sphers
{two messurements). The ceramic spheres supported
10,000 1k pach without failure.

The conduction deta on the spheres should be
considered in relation to their compressive strength.
At first sight it appears that tha higher strength of
tha ceramic spheres offsets their larger thermal con-
duetion, This, of course, assumesa that they will be
used at high losds, I a su;g:ort is designed for loads
that would take the full advantage of the atrength
of the ceramic spheres, it would be necessary to
provide hard bearings for the spherea 1o reat agamst,

oasibly of the same cersmic material. For aver
nads, the Pyrex spheres would be the most suitable.
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4. Previovs Experiments

The use of multiple eontact members as inselating
SUPPOTEE Was E::iggﬂsmd by the experience of other
workers who had to po to great pains to ablain good
thermal contact in & yacuum.

K. B. Jacehs end C. Starr, in an effort to design a

od thermal switch, carried out experimenis sl

IT in 1939 ? wherein the heat conducted beiwesn
two optically fiat metallic surfaces in close contact
with aach other in a vacuoum was messured as s
function of contact pressura. Three different thermal
awilchas were tested, one made of copper, another of
gilver, and tha third of gold.

In 1949, 5. C. Collins directed experiments 1 gt
MIT zimilar in osture to the Jacobs and Starr
experiment. The thermal resistence between op-
tically flat copper sutfaces was measurad.

In both these experimants it was found necessary
te apply considerable pressure to obtain low thermal
resiELe nea,
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5. Couclusicns

The most importent conclusions to ba drawn from
these results arve (1) the principle of multipla thermal
contacts offers the designer of cryogenic squipmont,
8 simple rugged support that occupies small Bpace,
(2) the best assembly tested consisted of a stack of
stainlesa-steel plates, 0.0008 in, thick. Tts therinal
conduclion when supporting a load of 1,000 psi was
only 2 percent of that of & =olid conductor of the
game dimensions, (33 the insylating value of such &
support is enheanced by introducing & tiny amount
of dust (Mn(k) between the plates, and (4£) for hest
results the support should be designed for Ligh Joad-
ing per unit ares.

The authors thank B. L. Powell for his sssistance
in designing the apparatus am! developing the
experimentel procedure,
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