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THER$KKHm:CAL CORRELATION OF MATERIAL TRANSPORT
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by
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MSTMLT

TIN USQ of hl@-~r lwat pips In
spsm -r systas rwwims a ~ns of life
ptilctlonm Tiu *sign llftt190s m~f W
msko 0xp9rl-ntildetormirmtiomof Iifr
IqrHtfcal . TM-klctl wdslfng of
Iwat pips co-llw failurs mdrs Ms hen
lnwstl@t8d as s mmns of ~king such
pmdlction. R@sults Iuw kn applied to
t8sts of Boly’ww-litlsim hat Plpcs
opwating f- 1403 to 1S00 K. A frw
●mrQy niniuizetlon mutins coupld to a
hydmdyndc til of tlw O mtl~ Iwat

rpips hss Mm used to give ocal •~ilfbri~
volu9s of mwtion products as a function of
Opsrtting tl~. TM pmdlctid mactlons for
crltfccl m !ons of th futt plpa mm ca-

?PSIV2 with I=itod results of Post-test
●~mirntfons Cormslm dmsge to tlw hat
pips wick structure uss cormlatcd with high
owgm and nltrown actlvlty in tb cv4P -
orator rngion of t~ IWat pipe.

lIkTROOUCT1ON

TtN USS Of hi@-tQWbry, alkali
Httl bat pl~s for hat t~n>r-- in
critical applications in space -r Systms
mqIlms t~t thlr *rationsl 1 ifttl- bs
●ccurately pmdictablo. It wuld k
postfblo to cawrlwntally pmdlct tlw
oprr..:, ng lif~tim of such Iwat plpQs if it
WI’Q tit for tlw high -r lewls ati long
llfctlms m~imd. Ttwtt tw factors
c~fm to mkc ths dotcminstlon of
owratlng llfo by prototyp~cal t8stin
pmhlbltiw In both tiu and Dorwy. ? or a
typical *sign llf~tlm of 7 years, an

%-tin’ ‘-mu” ‘f (Y’r ‘m”K, aA a bat thmblo ut of 6 to 10 KW,
th t.astpmgm ltrccsss~ to @Il@mt*
mliablllty predictions with a masonsblt

confideme lCW1 muld mt be possible
wlthfn typfcal progrsa constraints.
Thcmfors, life p-dictions and thei evalu-
ation for cti tical mission applications ■ust
bc M$sd on S- -ans of t8st sctillng tht
psmlts an acctlcmtrd Wst progrm.

Wh ualing ●ight h bss@d on tests
COndUCtd at iIKm#s8d ~mturw, with
Immascd USS tmnsport or hat flow, or by
msns of a msterial substitution thst
mld lmd to lncma~d fallurt rate uittmut
CIU* In tb bsslc failure ~hsnl~. Any
of tlmsc mans of Wst scallng ~st h bssed
on und~fita!xllng tits ftilurw -IMnisms
which can tsmlnsto ~ratlon at design
conditions.

In wmml , high-t~rstum imt plR
failure umlor dsslgn condltlons, t~t 1s,
wltlmut ●xmssive tsmprratum or pmssum
tmnsimtso will bs mlatod to t~ transfer
of rtss sithfn th hat pip assablv. Such
msss trsnsfcr w l~tid to Mtorloratlon of
ttm capillt~ wick StWturW and ]0SS Of bat
pips prfom.sncc, duc Qltlmr to lncrwased
cap fllary $12. or decmasad hmoablll~.
Gmcontrmtlon of transform msterial locally
ulthin tlm Mat pip., for cxqlc in the
●wpordtor rvglon, w also load to oprr-
ating lwrformnct chn~s due to alteration
of the props rti~s of tlu wrklng fluld;
fimlly, ln~rnsl mss trsnsport my cause
failure of tlu Iuat pfp4 contalmont
●wlopo, loss of mrking fluid, and t@mi -
nstlon of oporotion. In Otc’l of thssc
~t80ti*l fallum Bd5s, tb. trsnsf~r of
mst~rltl within ttu hat pfps will bs bounded
by local tlw~ltmlcal ●qulltbrim condl -
tlons. Unskrctotiing tbsc themochmlcal
-&nlms i8, thsmfom, tss8ntial to the
tiwlo~nt of Ilfotims scalln mtimds and
Ulth. $tily tO tb UM Of hi@v- & rd:ure
fmt PiWB in critical 8PSCC systas. Th@
4Hlo~nt and ~nstration of such
utimtanding Is ths mtfvation for ths
pmsant effort.
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DESCRIPTICM W THE TWHXKMICAL ~EL IWLT
(MAT PIPE LIFE TEST)
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EXPERIMENTAL DATA

~t duavd ama Of th wick structure
MS l~atod at tk stagnation ●nd of the
@v#porator hnd e?tondcd over a length ot
appmximtoly 10m. In tlw mp~ir of tM
iwat PIP, this arta MS -veal find ●he
bat pfpa Itmrmn+d pm~rtion~lly. The
section of ulck mwd was subjtcted to
varlout analys41. Scanning oltctron
●lcrutcopy (SEM) ml corductt~ to provide
chractorflatlon of ttm wick structure and

hg+r ol~tmn sp+ctroscop iAES) MS u~ed
fto idantlfy ttu ctwlcal s rents in the

region of tito * d structure.
aMlybts ttid a RMar p#tt,rn 0%9?
pamllcl tc th ctiltorll~ of the heat plpr
and Mparation of tlm cimmfomntial WI-S
of ttm scmon wick at ttm c~nttr of ttw
~~d amt. llnclor hi~h magnification, the
MM phtopm hs slm-d Uwring of th win
stmnds to t~ ctntrt, crtct mglon (F,g. 6).
MS aMlysis showod w mgatlon of tim wick

LMtorlal into Its mly cnm and rlmni w-n
cwstltwntt omr a distimc uf appm~imtcly



Fig. 6. SEM microgmph of scman at
the failure psltion (lIXOX].

0.5 cm fnn ttw conttr of tku cor-d
mgfon. Tha $EM pbtographs 1-O C~Stil
l~qhs In thlt rwgfon, suwsts~ daposi -
tfon of *ni~ and mlyMmm frm solution
in a m Ion mtr ttu peak cormslon ●ma

!(Fig. 7 . Tlw alkSlyS8C dfd not show abnoml
lCWIS of rmn-tilllc cent.uinants In the
mglon. tbwwr, In roving the daa9ad
wick 8tmCtum f- tt?a btt pip8, tkW
lithlm mtilng fluid -S dlstfl l-d wt of
tk heat pip., CM tlm Imtt pip9 -s ttwn
cut opan In tha c-sphere. Volatlle
●l~nts on ttu turf~c of tku wick Wld Lm
rnovad by this PMICCSS, and tlm 10W18 of
surf act ccm~in.ants on tlm wick ~los
brought to $Willbrim with air. As a
result, tlu *vldancc of rntal tmnsport md
Mdepotitlon 1s of -rw consoqumca t~n tk
Indicatad ltwls of non-a@ tallic conwinant.

CCW!RELATION W CWROSION PATTIRHS

cormsp9ndlng to m cvtpomtor (contai nlng
an OPtioml d~ zmM). an adlabatlc zona. a
cm’dmsor (soctlmmd Into tm Mrts), md a
-l containing ●xccss wtiing fluid, a
WiMnlsm 1s Indlcatad.

In tlw HPLT analysis, vapor-phast
cmcontratlons of ttm constltuonts othr
tmn llthf~ ~ra fmsnd to h low, lmdlng
to concontmtion of rmn-wtallic cl-nts fn
th ovawrator region of Ma h8at pipe
through tb tmnsport pmvltid by the
tirking fluid undar IMrBSl opamting
circulation. TtK @tcr mat8rlals In th
cvaprato) m ion of tha treat pipe tlmmfore

!machd ●QJI1 bdm with dvapomtor concen-
trations of non-tall tcs, mt~r ttmn with
tiw awraw mlu8s for tha owrall systam.
Tlm Wa.ult of this pmcms ms #n Increase

:,&O%K :2!?wt: %%;%
●vapomtlon into, thls PMCQJS could pmccad
to a lcvol of concontmtlon tlut wuld
par’mltthe fomation of llthf~ oxide.
tiwr, Qmn In this o it- th models do
not Indfcato th fo~tion of mtallic

bf~m or timJfy OXIMS of th wick
Nudals. &Ily In tlm drlod-out rwgion of
* btt Piw, mm 10COlly m Ii id

Tllthf~ 1$ pm~nt, MY oxldas ba ormrd,
-Vor, fn such a m Iw tits wick material
may b oxldlxad and t L rosultlng oaftis
transform In tlta vapor pha M W frca th
dIy rwglon. [xposum of tfmst oxidas to
1 ithi~ l~dfat~ly adjtccnt to tha d~
region ~ld result fn mductfon of ths
c~nds to pum ~tals wfth sogmgation of

Mrri~n/Faber
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*IU ●ti ml~ ~s of *
UJckkwlrll * to mf’lstlm in Uu Smw

TM lliwtiam of this *po*sis 110s
in t& m9d for a WIlc -55 w ~laln
CM Ml- A *tlw of OXI*S ms-
Osly & ●* * wick St-mm in *
--F -mod. As an ●ltomti m, cm-
Sf*_tfOft -S ~m to - ~sfblc foms-
tlon of a Wmssy Ilthlml

Y
-lt~

cvd hvlng Mamblc so cbfllty in
Ilthfm. tilysls Msd on this Smtlon
●d using mtsonsbla m:ms for hat of
solutlnn Is ~blc of explaining t(m
ComWslWl Pstwm$ *t Wm Obum. h
●xlcxo of a ddcd-mt mglm of tb Mat
pipe In this case wuld not constitute tti
tirlylng CMM of commsloo, ht muld
load to pmclpltatfon of ~lYWM and
Hksnlm In th vicfnqty of Um drio+out
mglon ~s tms bon *mti. This corrosion
M&l su~ats Oat tlm Qroslon of ttm ulck
stmcum as olmrwd In thse tists Is a
consc~nce of Uu nlt~ lQwIc In tho
Ilthlm, Nrtlcularly 19 * ovap4mtor
-gIon of tiu lmt pl~, and will occur ●vm
In tlw abs8Mo of a ●vapofmtor dv+ut.
Thst 1s, It can take pl~c In t~ pmsance
of llqlld littlla. If this Is tree, th
wctirmnce of th plm-mn In this tist
treat p!~ ad rmt tn otimr ~llcr test heat
p!pes thst IMW bnn qwmtod with slnllar
matsrlals for ~rlods as long as 33, WCl
hours !~ probsbly a con~cpence of tlw ratio
of evapomtor ara to con&nsor amh In the
pmsznt test hat Pipe, which results In
hi~;wr concentmtlon of nltm~n contmi -
rwnts In the evaprator. This ckfctl

conccntmtion tmtlo will h of crucial
concern In heat piIM applications sl’ch as
spacecraft radiators whre high ratios of
condenser to ev~~rator a-a am ●awcted to
exist.

CONCLUS1~S

The c~imd hydrodynamic and tlwmo.
clwalcal wdslfng W%iwe descrl Md in
this paper prcntses to h a ~-rful rnthod

of a~lysls for mm In pmlctlng t~ cor-
mslon mclmnlm In. ●ml thrcfom tlw
lffetlm of. ht*-qmtum, alk411 mtal
tit plpcs. At Its present suw of *velop-
-nt ti toclmlw Is llmlted fimt of all
by th lack of controlling klrmtlc cmsidam -
tiom ad xondly by t19 1191M dstJ avail -
Cblc M * UWmMstfy of c of th
ctwlcal speclos Involwd In W gmture
mnp of lnt4mst. Cbsplte *54 limlt?-
tlons, w ~LT •~1 Ims -n successful in
l~ntlfylng pmhblr Mcmnlrns of cortwslon
to oxplaln ths hl@-Xratum llfc test
ms.ul ts. In ●ddttlm,, * DMslfng has pm-
Vlad a ratlorbsl Imsns for d?timlnlng the
~ll~ble le~ls of Conwinsnts for hlgh-
~rsturw *at plpQs ●nd hss *nstrated
ttw lqo~me of -r throughput and geo-
wtrlc proportions on tlm c-lccl tmnspoti
within e hat PIP. Extension of this uoti
to lncorpomte klmtlcs and mm accurtte
tk~~lc?l pm~fiios will lead to the
ultlmstc goal of a mans of life prediction
ad t.ost scalfng for high-~rstum hat
plws.
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