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a trough through which cooling or warming liquids are passed
from two reservoirs. The reservoir temperatures are kept at
2 C and 45 C with the flow arranged to integrate with the

stage and progress of the surgical procedure. Roller pumps -

are used to transmit blood from an extra corporeal storage
container to the body vascular system via the cooling (or
warming) system, and to maintain circulation during the
operation.

The body temperature is reduced to about 10 C, resulting in
complete cardiac cessation, as well 85 apparent cessation of
all other vital functions. This procedure has been' used suc-
mﬁﬂ!yfors\ugerylasﬂngonehourormom As noted it is
used only in lnghly selected cases where other less drastic

isfactory, and is fraught with higher
danger to t.he patient. -

Many problems naturally exist in these applications of -

refrigeration anesthesia, being mostly in regard to patient
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6. Ipwmoxymdemandabyumhsmeaudthemfmm
be used to protect the brain while circulation is totally ocelugy
di o}mhwtopcnhon.s. and the liver, hdney, or WM
cord during occlusion of the arterial blood supply to ese parte.
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Local Hypothermic Anesthesia
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In summary, it may be stated that hypothermis may be
induced locally, or applied to the entire body, mducmg an-
algesia (insensibility to pain). Current interest in physiolog-
ical problems and clinical application is responsible for con-
tinuing study Although knowledge of this subject is far from
eomplete it is apparent that general hypothermia:
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3. Depresses the respiratory center.

4. Lowers puise mte, blood prmsum and cardiac output.
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CHAPTER 65

CRYOGENICS

Liquefoction of Helium; Liquefuction of Hydrogen: Problem: and Propems, Liquefaction Cydes and Equipment; Measurement of
Thermal

gnpa-afum nsulaﬁ High Yacuum R ductivities of Supports, Multiple Layer Insulation,
Low Porous Ever ,g‘h’ Powd ngnd Focm lnwlahon, Properties of Structural Moterials: Specific
" - Heqgt, Thermal Expansion, Thermal Cond: Y, hanical Properties; Cryogenic Fuid Properties

LTHOUGH man has been interested in the nature of
things at very low temperatures from early times it
was about the first of the 20th century that any real inves-
tigations were made. The hquefacf.wn of bydmgen ’( 423 F
by James Dewar in 1898) followed soon by the lig tion of
helium (— ﬁZFbyKAmmerhngOnneamlws)madem
pos:blcwsmdynahuenwnbaoluwm( —460 F). Before
this it was ible to reach only as low as
—mFto—aoOFunnghqmdmoruneafAupnmnry

oxygen ol
Up until World Warnmwchnnddevelopmantmthe
field of cryogenica were carried on only in s few of the major
umversttmsmthe Umﬁedsmtaand&mpemdmafew
Ag:u mcryogemcre—

ptriane? et dev;::edb 8. C. Collins t
ﬁheCoIhnshehumﬁqueﬁer( y a
by YALAOT‘ "IAMTilef lyhytbg
growing interest in uses of liquefied gases. lew commer-
uﬂmmtsmtmﬁeldupwthlshmewmpmrﬂy
wntuedmpmdumonmdusesof hqmdoxygensndhquxd

siderations in the liquefaction of helium and hydx-ogen as com-
pared to the simple Linde cycle used in the hquefactmn of air
or either of -its constituents, muogv.n or oxygen; describes
the basic ‘methods of 1& ot.:: c;yo-
temperature H oovem the pnnclpal me of in-
genic uﬁi range; ot

properties of many engi ing mat " atlow

The chapter also includes a number of tables and gmphs of
ofcryogemcdauthatmconmdered most helpful to the re-
fngemtmg engmeer who may oceasionally encounter prob-
lems in the cryogenic engineering range.

UQUEFACTION OF HELIUM

The normal boiling point of helium is 4.2 K (—452.1 F)
and the critical temperature (the highest temperature at
which the liquid phase can exist) is only 1 K deg (1.8 F)
higher. Other properties of helium are indicated in Figs. 2
and 3. In the temperature-entropy diegram of helium Fig. 2,
lines of constant pressure and constant enthaipy have been
addedsndmﬁg 3hnesofoonstmnempemwmhsvebeen

nitrogen: This area also has exhibit t expan- ’uponan halpy ]
sion in the last fifteen years. \ . A Many ordinary refrigerant: dense at room temy

As a result of i and ;
interest in appli¢ations in the very low temperature ranges,
thencwﬁe]dofcryogemceng;neennghaaemerggd.hxsgen— ~
u‘uy iated with the d r 4 and use ax2F — - 4

in the range of —250-F to near . E
nbsolum zero. It includes , the mu:s;;mmenfs of pmperhes o{ e d L -
materials; chemical phy P

bases; the liquefaction of gases; pump port, storage cros |-
u?duseof' efied gases; aud dev ‘a;ui‘ ‘oiamxifzrmgesuch -+ [ n-dvry 98
:ork insts - ~258 ]7}- METHANE

Probably the most important field of application for cryo- i 77 ol s
Eenics today is in the missile and rocket industry for de{ex:lse 2320 AT aithoues
and space rogracs. There are many other important de- £

; that have d for the great P 3 W

mtemmth:sﬁgldmdnsmwthwabxﬂwndolluayw B S A
“‘dm‘? ~452 L3 HELIUM —

The name. eryogenics was coined from the Greek, eryo- -"O-E
(b'vﬂ)mmmngmyeold,andgemc (genes) to become or
produce. Tt is appropriate in that it refers to the coldest area
known in natyre. Fig. 1 ilustrates this temperature range,
separating it from the range generally referred to as ultra low “ .
temperature. Fg.1....Cry Showing

ts the fund tal principles and con- Boilmg Temperc’ures At Atmospheric Pressure
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