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Mtrtct

Start-w. shut-dmm. ●d msk wr tests
hAW bo8fI Conductd ulth a mlybdm’ieltthtm
It@#t OIW at t~raturos to lSW K. TIw haat
Dtp4 ws mdtattom cwpld to ● St&r C~14d

calorl~tor for tIw tests with rf lnductlom
haatlng usd for th4 l~t to ths ●vapormtor
r~lon. MIIM xr thro@tput in th@ tests
ws 36.0 kw corrcspodlnq to ● -r donslty of
23 ku/cd for the 1.4 cm Olator vapor SPACS
of tho annular ulci Mat BIM. TM carrospondlng
●vaporator flux d~slty UAS approxlrntoly 1S0 w/c~
ovor #n @vaporator loftgth of 40 cm ●t p9ak -r.
Cord4nsor length for tfm tests US augroxlmtoly
3.0 ● . A vartablt gomtry radlatlm Shtold MS
used to vary tho load O?I tkW fmt DID4 durl~ tho
tests. Results of tha tests SM thAt l!quid

deplrtlon tn the ●vawrator rqlon of the twat
Dlpa could occur In shut.d~ and provont restart
of the hgct Btpc. Changes in surface mlsslvlty
sf tha heat DIPS cordonsor surfaco wr? shm to
affect tho shut-din ati r~-start lim’ts.

~iw?

Mny of tho htgh t~raturs SDACO .mr
syst- dsslgns urdcr current consldoratlcn
Incorporate@ htgh t~raturc heat DIDOS for
Prtmry Mat tlansport, thwmsl cmd!tiontng, and
heat rojtctlon. Ths wrattng chsractorlst!cs of
typ~cll hlgn t~raturo, hl@-porfo~ncc heat
DIDOS for th,st hppllcatloms IMvo boon trw subject
of h contlnu!ng •xpgrl~nttl tnvostlgatlons at

Los ml-s Utlonal Laboratory.l ,2.3.4. Rocont
dovtlo~ntf In th!s qolng DrogrA9 Includo trw
wrformnco ctmrcctorlzatlon of a 4*tQr lon~
llthl~ heat D\~o. This IWt PIN h4t b44n tSSt4d

in trmslcnt and steady-state mratlon at tm
poratures to lW K. Tests corductgd !ncl@e
~tirt-up frm th solid stito tier load, shut-
d~ frm high t~raturo Wratlom tith con-
ttnwaus rtilatlon loadlng. ●nd hlqh -r stody-
stato *ratton. Tha lntont of thso tests MS
to rosolvc q~stlons ~rtalnl~ to tho ~ratlon
●ti CWfomnco Chsractorizatlon of high length
to dlator radto (L/D) Mat DtpQs under condl-
ttons of Ittqh radlatton l@adtng. Start-uD tt~s
and -r hsndllng cmablllty, shut-d- Mhav!or
tith radlatten Sink t~crcturcs bal~ ttw
fr~ztng paint of the wikln~ fluld, and accuracy
of prosfitly usd rnrfo-ncc mdcls wrc spoclflc
Qu4St10nS thJt -r@ addr@sssd In the test program.

u. bSC~!Dt On O1 f Tg$t ~r~r~

Tti test Mat Dlpo MS fabrlc~tod fr- l.9-cM
outsldo dl~tor. lW carbon arc cast -lyMonum
tubing hAvlnq a WA1l thlcknoss of 0.15 cm End
closures Wro Mchlnsd frti bar stock of the sam
mtorlal. A cross swtlon of tm heat DIW IS
Sh- in Fig. 1. Overall Icngth of tht heat DID?
us 4.0 rotors.

Tho scroon wick ws fabrlcatsd frm a single
PIHO of 4N-~sh, Dlatn sauart wave ulrs cloth
Wv@n frm 0.02S-D dlatcr mlyMonm-41 w/o
rhon!- wlro. In fabrtcatlnq the wick tfm scrctn
-s waD@ on a 1- carbon stocl tube msndrsl to
fom a structur~ 7.25 layers thick. A sorlcs of
spot wlds alomg tfw loadtng and tra~lln~ rdge of
tho ur#D u4ro us4d to hold tht @dQQs In Dlacc
during forming ati Procoss!ng. A sheath. also of
1* Farbon stotl. uss fltt8d ovor th* scrcon
Iay@rs and the sss~ly dr~ through a slzlng
dtt to c~rcss tho I@y@rs. Tho rductlon In the
scrocn cross soctlon uAi apuroul-toly 20X Tht

TESTFEATPm

tVAPWATOR CmMwn
.4

F\Quro 1. Crosl SOCtiOn of tho test hmt p\Dc. /

@

d

DISIRtB.UTIONOF THIS DWUMENT IS IJILIMITED



f~hSOf MS t9At PiDl

mnum WmEM

ilkLWINS POT (S8} “

C441LL
lE— HEATER MO

5s)

I

3

(Mel



*S accmllshoa dthout atffltulty

4m - HEAT PIPE TEST SET-UP

R.F. Colb-!
RIDIATION

RADIATION CALORIMETER
\ SHIEI.D8

-

—— — ——— .

—— ———

t

UOOLING INOTRUMCNTATION

WATIR / VACUUM

VAOUUM OtlAMDq~ PUMP

QYOTCM



Ftg.

a

i!

4. Mjustable radtatton shtelds used f:r therasl control.

I

40 -8N)lJrmnsmN mcoATz
●aao

3~ . 8=0.0
NUTTEn8WCNWE UNOOATEO

20 -

10

owmn8aomm UNOOATED

1200 1300 1400 1600

TEMPERATURE (K)

Ftg. 5. Moat pipe llmtts and radlatlon llmlts,

TABLE I

Thermocouple LOC4t\OnS Moafurod from
Th8 Evaporator End of the that Pipe
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In a SUC-lW test t- -t D~H -f wk-
to a xr throm#wt lowl of 10.4 ku ●t 1525 c
●M Stwt e -r er ulth tbo shlclds m.
Folltihg this test tho Mt p\p9 -S rmwd
fra th4 test c-r for l-ray ond mutrom rtil -
~r@y to titeml~ tM c~lttm of *k wick
strwturo ●M tho dlspmltlm of UM lttklm In
ths wmulus. _ mtrm rodlqr*y s- th
●nulus r~lon of tho 4waPorator to bo fllld
with llthlm ●xcopt for ● rogtom opprox!-toly
1 9 In dtmtcr Iaatcd ooorol!~ttly 16.5 cm
Frm tfm m of tb heat PIPO. Tho Scr- wick
-s dmttod in this arm. Tho x-ray ●-natlm
#td not S* any -W to t~ scrm structuro
in ttto d~tted r~lom ht did s- Sllght Euck-
lleg of tho scrw locatd about 32 cm fra tfw
gva~rator W of tho hoot ptpo TM buckling

u4$ ●ss - to ba causal by ●monslm of tfn
●vmorator tick duri~ stirt-up ●nd wos not ●l-
tons~vo Cnough to affect *t DIDo p8rfomnce.

TM heat p~m as th+n proccssad for ln-
croasod mlsslvlt~ of t!w outor surfacs ovor ●ll
but tho evaporator rogfon. Th~s *S ●ccmllstwl

by had Dlastlna tho outor surfaco of th.s 1=
carbon arc cast rnlybdms~ tubs ●rd ttW M Dlas-
●rc sprartng zlrconi~ dlborld~ M tho SurfaC@.
F1lB thlcknoss of tho coating ws a~rexlutcly
O.M = tith a coot~~ dwslty of tbut 05X of
W40rctical . An argon carrlor gas ws: usti for
tfst DlaSM spray Dr4cos J . ~lssivlty of the
rosulttng coat~ng MS aDDFOXt-tOIY 0.6.

TM haat 9104 UAS then r-t ●t 10T5 K for
211 hOurs in a hor~zontal vacu~ furnaco Foll~-
lng tho Droc@sslhg It tis neutron radloqraphd
●nd found to M c~l@tol# -t in. Aftsr c~tlnq

●na Uot-in the Mat D1D4 IIMS lnStall Od In tn. tsst
chtior. ro-lnstr~ntrd. and o~ratod to vorlfy
~rfo~nct with ths radlat~on sh!~lds CIOSQd
PO#k Dtir tnrCuQhDut during th!s test US 10 3
kw

At thll Do~nt th~ ~nvastlgatlon of shut-d-
●nu r-start llmlts *5 tntorruDt4d to pcrfom a
high rate start-uD test For thlS test tho rad~a-
tlon shLtt~rs in th~ calori-ttr ~r@ oD@n@d to

tfw MIIU COUPIIW posttlm. At tho start of

tho test tW h8At D1D9 -s at Unlfom t~ra-
turo of ●pproxtrntcly S@ K. TM cwa~rator

r~lon of tttg Mat BIW -S brm~ht to a t~ra-
turo of 1350 K owr ● rnrlod of amsroxl-tcly 40
m.nutos ●- then Mld Comstant by incroaslng the
rf t-t -r as tho mlt front proqross4d along
th length of th9 bot Dtpo. br throughout
during tho test ws d8tormlnod fr~ fl~ rat~ ar.d
AT msurmts for tSw calortmttr. The

rmultlng tmraturm h!story 1s sfsm In ‘Ig 6.
A t!= history of ~ tyD~CCl point m the coamnser
(tM~o@lo M. 5) 1s gtwm in Flour. T. Total
tlm to bring ths kat PIDO to tmrature over
lts 44 lgngth -s aBprorlMtoly 3 hrs ~th ● DOJk
-r thr~hDut of 15 kM. At th .nd of this

test ttw mr InPut as shut aff and the heat
Dl~ anti to coal fr~ t~raturc with the
radlat!w shutters OWn. T~eratures along the
host DIW -r. rocordoa throughout the coolocm
An ●xial t~raturc plot taken s- ●inutes after

pmtor shutoff 1s shm !n Fig. 0. Trm t~-rature
profllo sh~ that the llthl~ near the cvaDorator
rnd of tha condenser nas roachti the solldlflca-
tion Mint *11o ths l~thlm In tho ●vaoorator
mctton of th4 h-at Dlcw Is Still almst 240 K
●bovt frmzlng. After c~loto solldlflcatlon of
tfso llthl~ ● r~-start U4S attmtod dth nogatlwe

results. The heat DID4 UAS aga~n rcmvti froa
tho test c-r ad rad~~rtDh@d. Tht rad~ograon
Shwsd a llthl- void In ths ●nnulus In the
~vaDorator r~lon. A dcclSiOn wss Mae ●t thlS
:elnt to ZrB2 c~t the gntlrt heat Dlpe.
including the ovaDor4tor rog~on. in ●n ●tt-t to
Drtivldc a mrs unifom cooldw rats c,cr tne

lomgthof the htat D~Pe lt WAS felt that tne
fo~t!on of Shrlnk#g# vofds in tht ●wJoOratOr
during lltnlm sollaiflcat~un

this tOChmtQuC bCaUSC Of the

tmoraturcs at tfw tle th4t
first ctccurrro In th~ tnnuluS

thortforc roproccssul for ful

u-wt. ~M install~a in the i
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TABLE 11
W-Stirt Test -ry

S.*
Q.u
S.a

to.-
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m.6
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0
4 i Power density 23 kU/cm2

36.8 kbi
1510 K
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Fig. 10. Hlqh p-r test t~eratures and p-r levels.
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Shutdom f~=ostlgatlons camducttd with the
4+ heat pipe ~rc also of Intorcst tlthough the
results WI”e not as sl~ly lntcrDreted as those
for the st~rt-up c~sc. Prl~ry lntorost in tn.
shut d- Inwcstlgatlon was dtrocted to the
●blllty of the haat DIDO to restart under no-l
loads follwlng shutd~ ●nd freez!nq. lost
results lnd\Catad thJt rOStart Of thO fW&t Dtw
wltnout furttmr cond~tionlrq follting a shut

d- was d@Dendent on both tho rad!al pr
Censlty In the condenser. controllao by the
surface ~lsslvlty of the hOJt D~DO. ●nd On the
rol~tlvo radltl Dmr donslty of the cvaDorator

●na condenser reqlons of the h4at PIW aurtng

cooldti. It aDD@arS that the cr!t~cal ~SSuO Is
the axial locat!on where froez~ng f~rst occurs
dUrlng the snuta~ •~ the ●bll?ty of the tick
structure to acc~at~ shrlnklng Of the flu!d

In the rqlon of trm heat VIW furthest fra the

condenser WG Iiquld DOO1 in the ~riad follwlng

ti ●st4blls-t of th froozc SIW. W Dr~lc-
tl~ of rostirt cA8abllity for ● givm radlatlm
Cmld -t plm dosl~ till M gtrmgly d9pon-
tit am tho cmtornal -try AM thorml mvlrom-
~t of ● -t Pfm ●s -11 ●s m tho lntwnal
wtry of * Mat plp4 ltgolf. It Is hep9d
*t th4 -t pfpe transloiit ●nalysts progrm
promhtly tir dcwol~t ~ LOS Al-s ulll h
c~blo of thts rrdtcrtm *r roallstlc syst-
cOMltlms.

TTIO hlgtI -r ltmlt ~stratcd In tha
tests of th 4- -t plpo has sorvd to advance
MO hwsM#rlos of Mat Plpo perfo~mco by wrr
than ~ ●nd MY servo as tfba *515 for tha use
of h8at pipes in rnro advanced spaco -r systn
dsslgns.
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