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ENltAKXD IXCAT WSF2R COWWATIONS POE
IWYXKNALLY~LED CUM MfPCRCONW~OR

John D. Rogar&

Abocract

krpvrconductin~ MSTIa CC ●rc built with cooductoro

that ●ro pool bath coolod, iotcmslly coolad with the
oup-rcooduccor csbhd ●nd contained within a eooduit,
or conduction cmohd. n), first two ●whdy

●uporconductora in direct contact with liquid halium.
?rsctical doaigno of iacomally coolad emblc
supcrconduccor (ICCS) ●rc 00C cryostmbla. Such
suparcooduccora ha V@ mhoum wltipla ra~iono of
stsbility ●nd iosttbilicy. A computational rnthod of
●djuacing tha haac transfer cmvfficiont of ● ona
dlmonsiomml syatsn of ●quationa to ●mimnca joula host
ramoval, priurily 10 the c~ntral ra~ion of ● wlao
hamtod modal Of ?CCS, hmo bon uaod to ●ctampc

●imulacion of tho mJltiPlo @cobilicy/iastsbility
cxporiuot.

Conmldaracion of thla bohavtor lad to mn imqul!y

about ●mparlmoncc with diffortnt and conditions.
Hillar’ indicfittd thtt ●xpcriwnto condurtcd ufth th~

ttrt sactlon ioolat~d ●t the ends did not ohow tho
dual instability, Thus, onw ●lsht concludr thot th~
phanownon doos lndccd dcpond upen tho ●nd uondltions
and flow oocillat iona that sra ●mplified by coupling

●

to moro comproscibl~ zf~id ragloaa not unlika the

hrdro~co ●mparimoto. ‘ “

. Tumar ●nd Shindlor5 Umr- ●ble to ●iwlmto tho
Nltiplo stabilit~/instability ?@giona of tha LJa,
Millar, Bra-mar ●mpcrirnnt with ● e-putar wdal chat

spprodmmt~d chac work. ha hmror laogth for th~
wdol w-s urkadlr shortgi in tho simulation to SSVQ
conputar tirn.. Tho duration of tho haat pulaas waa
radurmd to raproduce tha mltisaluad raglmva. ‘l’h@
●uccooaful computor ●i-lation Wm8 mot raalirod if
prcasuro oocillscionm umra pmmlttod to occur boforc
tha haat PU190 was taminacod. Both of thooa mdcl
wriaciorm from th~ trparimvntal cooditiona Uy havo
producad ● syatam uniqua to th~ ctlcularion that WJO

not ●ctually charactariatic of tho cmpariwnt. Tu mc r

●nd Shindlcr ●lao found that cho wcccaoful oimlation
roquirod ltighl~ tmrntric ●od cooditiona for cha
mmdcl ●nd that sy-otric ●md cooditiooa thwartad tho

●imulatioo. Uhathor or mot tho ●ctual ●sparimvnt was
bi~hlr ●oygmcric io difficult co ●ocortain from the
litaratura.l

kparirnnc ●ad model

Tho physical parsmvtaro of chc ccat o?ctlon for
th~ ●xp~rimvnt ●ra thoma of raforancc 1 ●nd ●rc liattd
in Tabla 1. Tha modal, uoatl in this computstlorml

●fforc, ●ttmp:a to ●ccornodJt@ thg ●ctual heated
length of the rosl ●~arimont, the oaw hca: pulsa

cngr-y ●nd duratioo, ●nd to pwmt t prcsourc

ooeillationa, sa am,puted, to occur durins the hmt
PU1OC duration. Ram comditiooo mrt listed in Tabla
11. ?l@ra ~ of raforoncc 1 plots the hOJt pulsa

input to the conductor -r#us flow rsta ot tha helium.
~a wlcivsluad ●tability/iascabilic~ rcglmv ●fists
from moro to ●bout 0.15 c/m flow rata. ?or chic ~ork
●n intomvdiato valuo of 0,05 g/m wao checon for ●ost

TABLl! 1
lCCS TEST SE~lON

9up*rconductor
Strand dimwtar, E
hn~th, ~

Cu/NbTl

Shaath irrmido ditmotar, g
kluid frsction
Conductor cross ooctlon, -t

Critical currant, A ●t ? T, 4.? K

TASLC 11

cUNl~lTIONS FOR THE CXPCRIHXNT AND COMPUTATION

Current, A hoo
Piald, T 6.0

.Wllum inlat tamptrsturo, K 4,2
Ihllum inlet Drcoauro, ats 5.0●! -*-.-..4-- 4--- t m “,,,-- * -..--”--- m 4-------- “-... ---- .,,



,$

of CM oalcwlacloms ●md tho hoac pulm input was used

●s CM Waclpd varlablo parantor of cha

Cmmputattoma.

bsultm

Am C&r tha calcuiationc parfomd by Tunwr ●nd
Shlndlor, rocow~ from the nor-l cmnductln~ ●taca

did not occur utw hlshlf ●YstrlCOl h-at transfer
profilon ●mlmtad ●bout tha cancer of th- hoatcd to-t
ooctton. A numbar of wodal chmtas uara usad for
●tlompto to Oimlata tha caparlmantal -ltlplo
;tobllity/inocabtllty obcarvatlona. ThQ lon~tho of

tha flou path wora adjuotod on th. cndo of thm taat

scct!on. Thaaa wra troatod ●a adlabatlc flou
channclo. A llmitad urbalanca to croatn ● si~lficant

●o~try had lniclslly kon invasclgatad by raducln~

tho ●mit flcu i~danca co rcproduca th- mlclplc
phenonnon with no ouccoaa. This ●pproach was than

●xtcndod to roduco tho ●mit flmu impadanco ~roatly in
● mannar ●lmilar to tha work of rtfaranc~ ~, ●~ain co
no ●vatl. For ●ll Ca.aO, lnh.rant Lrr tha on-
dlmen~lonal cquactona upon which tha computer code la
b~oad,’ the pattarno ramalnod highly ●y~trlc with
wv low heat tranafor ●t or naar tha cant~r of tha

toot Soeclon. Although praaaura oaclllattona wtth

r~la:.d ●lctratlona of h~llum proporclaa ●nd conductor
tmptraturaa wor~ oboawed to hava bacn goncracad, tha

~oncr.al pactarn wao flroc for ● roduccion in joula
haatln~ ●way from tha central portloo of tha taat
●accionp than ● narrow paakiog of haat ~cnaratton ●t
tha canc~r, ●ll followod b~ ● rumaway condition with

lncr~aaad h~ac gamaracioo ●nd lantthanin~ of tha

raalattva lol.a.

fir comput-r progra-’ uaad in thlo work h~a
optlon~ for ●odlfyln~ thl heat tranafar ao ● function

of the saloclty Sradldnt. Sacaus@ of :ha ●yoecry,
tho vtloclt~ at tha CCOC,? of tha hoacmd s.cclon
rcvarsom ●nd gocc through scro with the VQ1OC1CY

dapandaat portion of
soln~ co cato.

&h~ h~ac Cranofar coafiicicnt
Arp o discuosan tho llm.ttatlono of

tha ona dtmmnmto?,al systcm of ●quaclonn ●nd •us~c-ta

th~ IIaC of ● coda OPC1OO co ●ohancm th, htat cranofor

coafflctont in cha aaro Voloclry raglnn. Thto ia

●ccomplithcd by ●n ●ddlttva ccrm co thm Reynolds
numbar, used to calculata tha haat tranofcr
co~fflclanc. me term contalnm tha produce of cha
wlocitf Eradl#oc. tha ~~noldc numbs r, ●nd an

arblcra”~ ‘multtplltr ●vailablm
●djuatabla paramec~r.

40
40

6S
66

68

u
6a
03
05
102
102
118
171

Tlto problo. uich cho on~ dlunolomal croatwnt is

that it cannoc raproducc ●ny curkulenco or fluid

dmln~ that cmrtatnly -at occur throughout tho

contalnad conduccor cable imteracican. Although the

tarn, ●old-d to chg b~noldo numbar, doma noc ramow

ch on- dimamsional macura of tho ●nalyslo, nor

●lldnacoc chc baolc •~~trlcal hmat patcsm. ic doca

●ccomplish ●n ●nhancornnc of che haac tranafcr

coafffclonc 10 cha rm~imma *or. tho walocicy gradient

la larsc. Th9 para~ctro cho wltlpllcr of che

ralocity Sradianc, waa ●rplorod ●c ●n ●djuocabla valua
in ● numbar of compucatlona Co in=amtigato tha mod-l
with haaccd Iangth ●nd hoac PUISC ●mar y and

f
duraclon

tha ●ame ●s for cha raal ●mpmrirnnt whila ●llowins
prosmur- oac.illationa to -cur durins cho h.ac PU1OQ.

“. Closrly, tho cmmpuc~cional manipulation uaod hare

im an arcifica co ●occrtain cha lidcaciona of cha ona

dimmnoional coda ●nd thm implicatiomo of ●nhanccd host
tranafar whora gho wIocicy Cradiant la largmat in

ro~ions vhorm thraa dimanaional ●ffocca would km
●cpactod to b prooouncod. Tho dafinitisc ●uccesm of
TurnJr ●nd Shindlor to ●inulatm tha aulctpla
stability/inac@bilicy ragimao for conditions Oowwhsc

dloaimilar to thooc of tho ●mpariment uas not ●chlaved
hara. A numbar of comparaciva ra.ult- ●ro prananccd

in Table 111 with flow race, haac input, ●nd chc

wltiplior Uoafl to ●nhanca chc haac tranaf~r
cocfficicoc ●. paramotmro of tha study.

Thm ronulco ●rc noted ●a hari.g raturiltd to thm
cupcrconducting state, R-racowrad, or not, NR-noc

rccovorod. ma tirn daoignacaa cho ●i-laced rasl
time lapoc ●ftar initiation of tha 7.14 as duraclor,

hoac PU1OG ~n raco-mry occurrad. Por thm ●ctual
●aperim9ncc, rocovcry occurrad in sou caoos tfccr 70
to 140 U. In Qvmv coos for which rccovary wao

indicated in tha ealculationn, tha p~riods warg

substantially loos. Ucovaq to kha ●uptrconducclns
@taco for ● h~ac PU1OO of 60 ~/cml roqulrao ha-c

cranafcr ●uchanc~mcnt with ● Raynold~ ❑umber Nlrt?la
of 0.12. SGnoitiviCy co tha wlciplior 1. low with
th. v.lu. incraa:;:t~::~o.l~for r.covev at 05
mJ/cm]. Ac thm valua for recovc~

incraaoad ●ubatantially to 0.10. Ac pulead crrer~y

inpuco of 120 ●nd 171 mJ/cm’ racowv Wao not
obocrvod, ●vaa with mulclpliars up to O.1O ●nd naarlf
doubled flow racao. hco-ev ●t choa hmac lmvmla
would rmquira 9v9n -rcater flow raeam. The

6*naitiviCr batwocn rtcovem aod nonrecoven for

puload ●n;rgy input. frou LO-CO 10Z diem] wa~ lees

TABLE 111

RESULTSOF ICCS CALCULATIONCN’IWKEOWAT TSMSFER

Heated l.ngth- 3.2S ● , Haae pulse duration= 7.14 ma

Veloclt~

B/n

0.03
0,05
0.03
0.03

0,09
0.06,0.09,0.11

0.09
0,05
0.09
0.0;
0.03
0.03

0.03 ro 0.09

Re~nolda No.
Multiplier

0.12
0.11
0.12
0,12

0.12
0.12
0.13
0.1)
0.12
0,10
0.17

0.18 co 0.30
0.13 to 0.25

time To

Mcovor, M

14
.-

16

lb
21
--

lb

--
--

R-racowred

NWnot recovered

n

Nx
R

m

m

n
R

:
R

m
m

Nn

.



than 0.01, the fncramentml lltit used in chsngint the
multiplier. If n-her increments had been used, the

calculation would converge on r precieely determined

multiplier for the boundan condition between recovery
●nd nonrecove~.

CoWnt

Hmny other cmlcula”iona we~a parfomed. Tho
unusual aspect of Nltiplo stability for the
conditions of Tmbl@ 11 was not found.
■L#te ‘e6,6:!’;::of development of the ●vailable codcm

cmlculmtins the perfommnce of ICCS 10 ●uch that they
have not been ehom to simulate the ranulta of

●-erimnco’ whan the inpute to th~ codam are like the
test conditions of chose ●mperi~nco. Tha codae ●re

eercntially the mmm becsuee the SSICC coda
Incorpormcos the code of Arp6 with modifications. Tho
code- give uoeful trends in lCCS periomncm, can be

●ade to simulmca tha multiple ●tobility condition if
cartain inputo ●re used in the calculstiona, s ●nd can
be uead to infer information ●bout the hmt transfgr
parfomence raquired for recove~ under ●ome
condltlorm, with such performance not fundamentally

●pparent in the ona dimensional mtmctura of tha
●quatlonm upon which the coden ●re built. Am such,

the code- ara ~ood diasmootic tools but should bm ukad
with cmution for ●ogineerins d~nisn. ?or daaign
purposco

COWOrker.16~11 !9pirica1 Correlation Of ~0
●nd

* should be uoed to #void the multipl.
●tsbilit~/instability reSio]o.
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