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ABSTRACT T

A temperature a.nd pressure-actuated pla.stzc sea.l is descr1bed This

‘ "v-,‘sea.l may be used w1th opt1ca.1 wmdows that have greater or lesser therma.l

'

coefficients of expanslon than the matenal of the flange by whmh the wmdow

is 1 held.’- These_ seals showed ‘very low gas leakage at 60 atmospheres test

’ s i l
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- ! pressure a.t.'_?_v7°K.§;.
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Thé cryoge.ni.s.t ié oft‘e.n _-f#eed v.vith ‘the problem of making ,dismdunta.ble
vacuum seals b.et\:;v'een. rx"nat.eria.is of,g‘reatly ,diésimilar coéff.icients .of expan-
sion, as metal-to-glass or metal-to-plastic. Usually he adopts a t'éc‘hnique.
long employed in %ﬂgh-vaeuufn work by using two leaky seals (which are the

best that he has) in series and maintaining a reasonably low pressure in the

‘'space between the two seals by means of a small mechanical vacuum pump. ‘

Glass windows in liquid-hydrogen bubble chambers are commonly

sealed by means of two indium gaskets in series and have a maintained pressure

of 10 to 41000 p in this p\imp-out spa.c:e.1 Plastic windows in bubble chambers

have been sealed by a somewhat similar technique with two gaskets in series

I and differential pumping in the"interép,ace.

A recent'éhysics experiment3 required the use of.130 liters (STP) of

6 inches in diameter with optical windows at each end, It was desirable to use’

L one seal of great reliability on each window rather than the typical two-seal

system to avoid the awkwardness of acé.vengihg He3 from the gas pumped from

N ‘ . » .
- The scheme shown in Fig, 1 was tried for a Pyrex window,’

~ ring gave a slight ihitial compre'sslion to the Kel -F O-ring. This system

‘showed a small vacuum leak at room temperature; when cooled to 77°K the

stainless steel flask shrinks 0.044 inch more than the Pyrex'disk'when both -

are cooled to 77°K, That the seal is also pressure actuated was shown during

the proof test when the assembiy was tested to 60 atmos internal pressure, .

Each increase in internal pressure caused a transient increase in leak rate to

©107® atmos cc/sec, then'in a few minutes the O ring would find a new seat and

the leak rate would fall to less than 1X 410" atmos cc/sec,

" The metal .'

: -_He3'. This gas was to be held at 30 atmos pressure at 77°K in a target vessel .

- leakage decreased to leés than 41X 10-7_ atmos-cc/sec., For this geometry the .
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- | -Because of.the experimenters'_‘reéuirements fer windows ch le.sser
dens'ity than Pyrex, the é.rrarrgement of Fig, 2 was devised to use. Plexiglas
windows," The:seal Betv"veen tﬁe Plexiglas window, the Kel-F O ring, and the C
stainle‘ss‘steel vessel is shown enlarged irx Fig. 3, While the seal on the |
' Pyrex window worked the first time it was tried, the seal on the Plexiglas
" ~window worked only a.fter long and arduous development.
It was necessary to have f1n1shes of near opt1ca1 quahty on the sealmg ‘ "L. '
surfaces of the metal flange, the Kel-F O ring, and the ca.w.ty of the Plex1g1as o
- window. The stock for the Plex1gla.s windows was selected for m1n1mum
g interna.l'stress by means of a portable,p_o]:a.riscope. - The finished w1ndows'
were similarly inspected before and s.fter assemblyr. The ‘wihdow was
rough-machined slowly to minimize ioca.l heating and orer-stressing ef the ‘
Plexigls.s; the window was then arrnealed and finish-machirred very carefully.:
. The O rings were made from "amorphous'" or "quick-quenched" KeliF
- ‘because of the 1mproved low-temperature physma.l propert1es of that type of
. : _Kel-_F over those of the "crystalline" or 'slow-cooled' type.li These ) rmgs E
' -Awere sized wit}rtexcruciatihg care to be tangent to'both the flat and the 15 deg '
tapered' surface of the stainless steel vessel and also to be a sl'ip'fit in the
, - window cavity. ‘.Grooves were cut in the O ring to give it more flexibility.
i _i _Belleviljle wasﬁers were used under the wir‘xdow»hold-évlox'v'n bolts to maists.in

prelioad..during axial shrinkage of the 1P1.exig1as. " Teflon shims on both surf'ace-s“' —
| of the windows minimized friction d\rring radial shrin‘k.a.ge'._v These shims we>re"'r_iw“/“"
g sised to give 017 mch ax1a1 compresslon on the O ring when assembled

For thls geometry the rad1a.l shrmka.ge of the Plex1g1as is 0 044 inch

"-‘.,: g more than the shrmkage of the sta.mless steel. This shrinkage of the Plexxgla.s

" over the sta.mless is d1v1ded as £ollows' from room temperature down to 180° K

(the glass transition tempera.ture of Kel F) the d1f£erent1a.1 shrmka.ge of the
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Plexiglas is 0.029 inch; from 180°K to 77°K the Plexiglas shrinks an additional-
0.015 inch more thé.n the stainlésé steel, Since the stainless steel véssel was
cooled by direct contact with liquid nitrogen, the temperature of the metal |
. flange was always less than that of the Plexiglas window, From 40 to 15 houré
were taken to warm the s‘ea‘.l to pfevent the flange from over-stressing the |
, : o window by expanding more rapidly than the Plexigla,s.

It is hypothesilzed that the vacuum seal is axial on the O ring at room
temperature Becagse of the initial 0.047-inch compression, and that during‘
cooldown the poin@ at which the seal is made shifts around the circumference

" until the vacuum seal is radial on the O ring at final éooldqwn. The seal \';vas
helium leak-tes,te& ‘both warm and cold at pr.essurés to 60 ;tmos. ‘ Typicai
leak rates were less than ix 10'7 atmos cc/secil During coo‘ldown there w'a‘s_\
a transient increase in leak rate by a factor of 100 to 10§0, which usually . |
occurred at the maximum temperature difference bétween the metal'ffange and

the Plexiglas window,

Admittedly the devel’opment of this seal was more work than had been o

i

'a‘.nticipa.ted, but the seal performed excellently during the physics experiment - v:

for which it was built, = o
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. FIGURE LEGENDS
' ;' - Fig, 4. Vacuum seal‘.on’_PYrex window,' o
L "Fig. 2. Vacuum seal'on;Plexiglas window.

‘Enlarged view of Kel-F O-ring seal on Plexiglas window,
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or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
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or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
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