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HEAT TRABSFER AND THERNL STRESDES
I8 TUBE~FOREAT BLITS AHD COLLIMATOR

I Istroductiom

Farther investisaiion to develop o )it and collimeior deslign capuble
of absorbing staticnary the TUil beem power of 2.18 W st 20 C@V has led
te n mey comesgh. Beeall that in SLAC TH-Ab-29, Re?. (1), teo fifferent
collimator concephs were dealt with, namely &) the vobating drumetype colli-
motor, capeble of sbsorbing 2.18 MW beom power; and b} the staticnary box-
type colllmator for stert-up powers of 200 ¥¥. It wes ghown that both devices
WEEE r%”mm;ﬁém frow o hest {rsosfer, thermel strees, snd corrvalon polnt of
view, and that the Lifetlme of these devices was probably limited by redis-
bion dopmge. The rotating drup-bype *:cgiwwr@wﬂwm? in addition soue

problens zesociated with the operation of oy and gsals in vaouum

upder bigh radiation doses. To gel sround these vroblers a third desigs
ig levestigated, slso capeble oF abeorblmg full beam power; in stsilosary
gperation. Recall thet the powver sbsorptlon of ithe 500 ¥ ﬁtﬁ’ﬁiﬁmm’ device
wag Limited by the a@agll thickness snd the 2 of the material, C&mfzﬁ ine
vestigablon of materials with lov 2 Seg 0 fay led o the sceeplance of
alualsun alley. This is 2 good sogiaeering maberisl end Is slac quile
corrobice resistant, Bef. (2}, Thus, any new device capable of absorbing
more oower nust mindmize the well thickness of the material o keep the
terperature gradients down. This pressuts problsss; sirce the pressure
difference bebwesn the coolant and the vecuum is ¢ mecessity for functione
iwg. Thus, the geometry remsins the only verisble. The thimmest possidle
wall thickeess for a given prsssure conditiom is obtalned vwsing the geo-
getyy of & hallow clrculsr cylinder, l.e., 3 tube., ThersTore, 1t should be

possibie to build a collimmtor uslog an nrray of tubses or what we might call
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Erlish Tetier Bymbols

b - gep opening of collimstor P - PIDSSUTS
ansd Blite ] ,
a' - beat tranefer rete per unit lengia
x‘vl # 4, WY -, e 2
o im constanto g% - heat trapsfer raie per unit amsa
Gls«g r - radius
L - diameber &;ij

?w heat sources

H

thermel comductivity B

do W
!

langtb T - Semperabure
P - poser

Greek Letter Symbols

£ o« coniTiclent of llnesr & = ShIess
thermal exparmion

& - gltralp ¢, - standsrd devistiom,

effective bean radius
2 - spgle

Subscripte

& - slumigun g = oubside
o= copper th ~ thersal
e = copper-aluminus Lot botal
inberface
ne = het core | wh = wanier bulk condltions
i« ipgide ‘ I~ wield tennile
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Bo wem
& "tubeeforest”. This ides is pursued im thig peper. Sinee the phyeicnl
size of such s device should be kept s ®mnll a2 pogsible, in particular the
length, variation of the btube wall thlcimess sccording to the develovment of
the electrompguetic cascade shomer 12 o pecesslty. Furthermors, es alisady
mentioned in Bef. . {1}, lov 2 materimls Go not cast & derk shadey apd o 4iffuss
benn boundsry reoulis. To corvect this 1% was suggested to add s block of
copper  al the end of slite and colllimators, where pover deposition allowe
introducticn of & higher 7 weterisl. Therefore, e podsibility to build
a collimabor would ba Lo use an sveay of slumimog dPubes, tellored in thicke
pees sccording to shower develupment end termimated with & sclld coppew
plodk. A varistlion of thise concept was sdopted ip this peper. It consists
again oF an arzay of sluminum tubes, ell tubes hevipg the seme original wall
thickoess. The tubsa would have copper electrodepositad on the subside
{vacvum imberface) im verying thickeesses, sccoxrfing to shover developsent.
Dus to the high thermsl :::e:mﬂmcm‘vi’ay the temperature rise scrues the copmr
would be small, bub at the seme time o relatively large musber of squivalest
redistion lengths of weberisl could be imtroduced over & shord dmmﬁw
Thig peihsd will minimize phyrlesl length apd at the same time reduce U

danger of m&%&&wg the copper biock due to misaligament of the onllipmior.
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For well thickrzesoss smeil compered to the bsen size we cun ssguwe

wnlforn beet sourse dletyl

Gen, Thee the tengerature distylbaiion ina

compusite copper-sluominun
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ve dn given for stendy stete conditicon by

conditions
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T o= B & Q, dafEel - g;?;w o {Bn)
a4 3 %'f.’l A a i

e = ) - . e e it F e I % ey . D g
in the pome wey one obielss, usizg B,C. Hg. () end Eg. ({7s)
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8 o
o frr 1} 54 & 2 .
l‘j;! I~ LI “!" c ‘U{ig:“:" s Tf"“@ (3" b ’i’* ) (?b)
oc:) s T i on
{Fen ¢
Difarentintiag Bg. (7b) and substitubing B.C. Bg. (5) yiclds

8 8
" It <. ,,2 ? )(3’ \H C ¢ m‘?‘ - WQ ,
TelatE Y m%_. } g M "ca) (7¢)
e cn e

end the moximum temperature dyop scros? bhe copgper is

‘ﬁc 2, ifI‘O '?'SQ = 2
A S 1 B BT Y 24
e T &, o m’“:%} 5:*-1{,& ('"o rcm} (7a)

ozt use B.O. Bg, () exnd Ba. (8b) ana ’:}3 is obbained to be

-

5o
4 B Wi b - 3 o 4
c’3 2}1& Eﬁ@z o se(ru 'Lca)"
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Tow P, o 2 2 r | “a 2
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e 3 3 )

and the maximm Semperabuye drop acrons the elonimam is

= 1 s
= ke F v 2 234 9 [Tcn a 2 2 ‘ a
m& TR E%ef"m * ach’c c:sa)" = Y o * N (84)
Y r, &
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sad the ifotal Sempersiure drap aorons the tube is
A s
T oy 2 2 2 " eg @ 2 2.
BE omrdvonms g el ( - y - P P
ot Ba¥en BT, ?m} }{%g %m %: (r@ E”:1}
% !' r B ” o~
c 2 o 2 z 2 ‘
o e f PSr Vg Py -
Z?Ln o %g,z" EKQ rfiiv rmE (93
L3

& 1
q i) g n
o ¢ @ 2 2
iﬁ‘: = 2 = Py ?{% - g’% ‘; ( }"Q}
- Ton ea -

snd ot the alunlou-vaber interface froa B.0. By. (6)

g + ég; B ” P
" ¢ 8 z ey o O R 2 . ,
ot © ar, = er, (ym - i} ‘ 2r, Fo ” Tog) (31)
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I3 Bescriptieon of Apyavatus epd
Charsoteristlc Mopusions
& alveally jullented In Becblium T, e beslc structuzel oueprment
in Whe tube. The tubse dlemeter of B » 1.92 ap (=075 inch) wes set with
ey eesbloss e slads
a) Wet tube dlsseber compaved to the hemm dlumeter ls peces REATY

o zefiuce e temperabere differepesy i clvemmleremblal divscbios, d.e.,

4o salvbain

Aty et
\3& T clone 0 waliy?

B) P csn the tolal ooy of tubes be niniwizsd in ovder to reduce

ES]

the econt Yor prefvetise of the wald

Toe wall thichuess of the shusime tube vas selected 4o be ihe siep-
fmpd £.035 lsch. The tubes will have capper slechroloposited on the oud-
wide (vacoum side), teiloeed iz thidkbueas seerding o the bhent 2 wausfer

rognivementy Iuposed by the slecbrovegestic casends showey development .

% e
A P T

Viijﬁfl[i{sf"([&’!&fffi "f"tfilfﬁj LS !i’fﬁ?l’fl/i'g f//‘/gﬁfﬂll.é'ﬂiﬂﬂlyfr
‘!‘«, i e b B it 30 g AR A ALY

N 4t made
R\% &% Pube

Heaseotsszronias {:g

Fig, 1. Alwisoe Tube with Copper Sepositios.
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gsirable to defocus the benm g8 much aoad an Test es noonsibls

Sigee it is € % . .
sud sines lov L materisls spresd the bsem mose thas high 2 meberis s, if
exprensed in acbual lesgth (mot in »l), ome introduces Pirst a mumber of
tuhe cé‘éﬁmh with oo eopper deposited, up to et the shover mamimom. (Fote,

zous e referrnd to apb belng zurellel o the besa's axis sad coliwms o

A “‘amaﬁ_ of 95 columms of ploin alumizus tubing defocus the been m
and bring the besm 3est the chover mawlmum., Prow column 96 o 190 coppeD
iz added in verying thickuesses, incvessing from 96 to 380. Columm 96 han
& 0.00% imch thick copper Gopositici f:ﬁil?l!ﬂ&% 190 cze of 0,400 imch, see
Teble 1. The minmlmun pussible za (ﬁ.&a%‘:‘laﬁ zxe.zmufta in the system is 31.05,

obtaimed by adding up the partial ol of Cu, 20 s2d 0.0 for & 1ime through

fo

the tﬁ“a& conlers of & zrow, see Flg, 2. 48 me be geen from Fig. 2, any

»

otuex’ lime, porticularly the ope through the wall oo the rerithery of the

tubes snf puraliel wthe row azes will give move »L per unlt of actusl

.

lepgth, Figure 2 glves & disiriin

[

ttion of 2l introfuced by 1 tube unit, for

variovs uell bhickeesses sud copper deponiticn thichneszes.
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The present deslgn cellsp for & tube lemgth of 1 £6. The covper is
deposited wnlforwly over the whole tube surface, except for & narvow hond
on eitber tube ezd, 0.57 wide. The schuelly usshle leagth, i.e., the lemgih

pver which the beam cem implmge on the tube is 7 inch (= 18 ).

It 1z sugeested that the collimsbor should be lndsxed withln this rapge
on o short-time intervel bupis and aceording to ergs/gr deposited in a perti-
evdor pogiticn. This way rediatics demage 60 the materiasl would be nore or
less wnifowdy siveed over the whole wuble range, sad when the materisl
Fiaally {alls st ome lecetiom, 1% iz sbout to foll over the vhole T«inch
leagth

& b.5 ipeh high flow beader adds o the height op elther side of the
tube shest. The depbh of the tube fovest, i.e., the muwheyr of ross, is
presently set to be & for beth collimetor and @13%. This figure is com-
sezvetive wirk respect to ity cdilizntor reguiresguis, but im the case of
the allis one say wapt to add cpother roy of tubss, Jdepending ¢ the Leanm
orofile.

The spaciag of the tubss is chosen bo be 17307 winlous awm@ to
sliow for gocd pumpeout of the wecuum sraten. This will resvlt iz & depth
of gbout 6.5 iach (wié,ﬁ ca) anf 8 length of = 13.5 £% (=418 om).

Fopr fabricetion parpozes, 1t is suggested that the uwlt is sapsnbled
Troz moduler ssctlioms, which are made izdividually and bolited to 2 stromg-
back, such o8 sz I-beam or & oz, The oz could combain waler, which would
sct as podaretor for exisiing neubresms .

Since slumlnmum suffexs frop pittimg corrosion lp stogmebiag weter, pro-
vigion for complete draimege of the ualt ip the case of & long shul-dcmn
han ¢ be mede. To accomplish this, the 4 jwws of the collimetor will

operate wmder 45° to the horizomtal asd vertical.
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IV  COIPUTATIONAL BESULTS

The data veed to eveluate actuel temperatures ond hest trensfer rates
yore extracted from Cuiraguveaiom, Re?. (3). The eguatioms developed im
Section II were programed snd e digitel conpuler wes uled for the computation.

Toe breatment is comservative. Only e hob coze of the besem is apalysed,
which is sufficient to show that the devies, il.e.. the tubs, will opevate
vnder full beam power. The gize of this hot core is exbitrarily defined to
extend frem rel So that radius where the power deposition iz 80% of the peak
value accu‘nﬁ.ﬁg at =0, and evalusted &t the shower maximum. Inm the cese of
s chosen beem size of ¢ =0,3 o, this correspoads Lo r,mﬁ(u% cn and for
e @901 o besm, ome obtaiss & =0.1 cm. Culvegossiam, Bef. (3); gives
the radisl shower develogment cnly et 3 locaticms. Sinee one wants to
tailor the tubs nise sccording to shoiver developsent, additlonsl values
were cbtalngd by interpolsticn and exbtrupolasticn. Figure 3 is the losl to
obiain the desired veluss. It gives (Pereent of Power Deposition/Unlt
Lengih) vs Badiatiom Lemgth for 6,=0.3 om 2ad aluminun { for rhcao,,zé) o
For convenloncs® selke, all materials sre expressed in terms of eguivalent
rl of alumimm. It should be poimbted out that this glves comservative
vmives in the froat secticn up Lo gast the shoves maximm due to the pre-
genece of woter with & lover Z than slumisum. With the iatroductios of
copper the opposite would be true 1f it were pot for the fact that with
inereasing depth the slope € & similer copper curve syprosches that of
the given alumimug curve., With respect to beun sise and radial esergy
dlstribution, ome $hould poimt out that at the begimaing of the shower
develogmept o sigalficanpt ﬁapsndeac& om &, exists. TFor ipcreasing
depth, these factors become less importent and scatterliag smd shower
spresd domivete, For sz egusl size of the above-memtioned hot core the
two curves approach each otherx,
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For Pl JBE end %,90.3 o, ome cbleins in the fremt section af the
shoper soxisun asd for »0 coprey depositioe & msxloum poesible temperatuze
rige soress the tube wall of i.\i‘fm mlakzﬁm This 12 for the cuse whers
he team's axls is elther btongendlisl to the tube or lntevsechz it., The
heat trangfer rate at the slvsisupe-water interfece iz for this paebiculiar

¥ v ¥ E ‘
cage 4.3 ¥ e,

& comparisan of the tTubs size o the sedial powey distribution shows
thet conditions eupportisg boliling heat transfer mecheniss prevsil over the
whals clrewetference of the tube ol the syisl loosbion of besw lmpiogesmsot.

The effsctive temperature for the meximus stress development 13 then

haged oo Pl PEig antd ?\%wﬁ,&)@c

21 + 28
M‘tﬁiz ® ’imtsai * %:i‘llm

w By 4 7h = 137%.

The: maEimos metal tenperatores op the veowm interfece éﬁ:‘ e i:u‘%;é i thean
157% ~ 315%F,
% N
The yileld sbrength for slupinum alloy 5052-H32 at 33,5&.’%? is
The sarioe pesidls oompressive styess in This cozsiraiped tube iz

% 25,000 psi

; I - -5,
gy @ & mmmﬁ,mo Koo yaaT

L %g 500 pei.
Bote: This ig & primcipsl stress and the actually eoffective stress is a Lfew

percent lower.

)

Becent imvestigatloms heve shown that 5052 1s supericr to 6061 with
regpect to vacwum tight welds., 2 nobte suvmperizisgz this iovestigstion
iz upder preparabtion.
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and luto the beam spd incrsese the somentum spresd fofp. The styais for
sn vorestralned tube amd 0=00° would be op the bot side
& = paE = 20 Ox90
= 2,160 e/ om.,
The yesultlpg incrssse In lepghbhk of a laonglbudinsl flber on the pide of the
tube might e
A = 1,300 el 7500 ¥incn) .
ol ror the opposite tube side is essentially sero., The resulting buckling
is negligible for &ll prmobicn) purposes. It Is much less then febrication
tolersnces for the callimsting face of & jou.
Bext, let ve compidey the cuse where abao.,z. o« The tube sizes ghall
te the pame &5 above. The highest temperature rise scruvss the tube wall

3 L i o a " ¥ '} }' O S e , ~ ﬁ'
iperesses fren Mmmfias C to mm% af% 0VC, Additlom of T mm.z,x@ C

il
vesults in T=260°C V. (~500°F). Tne yield strengih of 5052-H32 is down Lo
%’ 5 oodFm? »500 pai azd aluminuvm iz mot & suitable englreerimg meterial at
puch temperatures. A fov pulses will nobt couse any damege bubl for contlmuous
coervation one must reduce the beam POILT, 1.,y the repe-rabe.

A situetion casparable to & «0.3 o and Pe2 18K would be for g, =0.1
PlMH, 1.2., & reperate of 150 _ta' 180 pulsesfeec st 20 CeV end 50% besm
londing. ‘

The present tube slze distribution, heet trazsfer rales apd tesperalure
rises acress the tubes based cn an incident beam of 0,=0.3 an and P2 2008
aye summerived in Toble 1. Hote that the rediation leungtbs ave based om 2

lizne through the ceaters of the Lirst rovw of tubes.,
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Tube fu g, Rod. Potal Totl Heeb &

Ho. Dapoaiticy Lenath Imogbh Trawel - Dale metal
o Inch crm/ AL o B/ rom S
i5 0.0 0,985 30.8 0.42% 13.2
2 0.0 1060 Sy C.916 8.5
15 6.0 2.05% 52.6 1.213 37.8
55 0.0 3611 113.1 1.360 ok
&5 0.0 b, 268 133.7 1,366 k2.6
75 0,0 hooak 15%.3 1.282 koo
g9 0.0 5 58L 174,90 1.148 35.8
95 0.9 6.237 15%.5 0.,9h2 29,3
) 0 .00 6,307 197.5 1.1bk 4y .6
105 0,001 6,038 26,1 0.870 1.9
106 0008 7 .00 @2 0,978 38.5
115 0,002 7.8662 236.5 0,776 30.7
118 0.00h 77k 238,59 0.957 bh b
125 0,00k 8.%59 257 6 G687 30.9
125 C.006 &.35k5 250 .6 0 .84 5,9
135 0. 006 9,385 2785 C.56% Z7.5
136 0.008 G418 240 .5 0.873 3k 6
145 0.008 1C¢.26L 200 & C.h61 23.7
146 0.012 10.368 301.5 o.812 33.7
155 0,012 11,336 320.6 0.375 20,7
155 0,020 11473 322.8 0,573 3.7
160 0,020 12,021 33L.% 0,366 22,0
161 ¢.030 12,193 333.6 0.521 33.6
165 0.020 12.88 3%2.5 G200 25.8
168 0,050 13.123 3%k.8 0.651 6.6
170 0.050 1h.095 35L4.0 0.318 22.7
171 0.G70 1k,.4o9 356,4 0.4k7 34,8
173 0.070 15.038 361.3 0,333 26,1
17h 0.100 15,458 363.8 0,487 ho.2
79 0,100 17 .560 376.6 0.206 7.7
180 0,200 18.336 379.7 0.8ko 50.56
183 0,200 20,661 388.9 0,068 7.6
18k 0,200 22,148 393.0 0.163 25,5
150 0.400 31.05% 0.6 w 0,0 0 0,0
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YV Copclusion

It wae shown thel e stationary operating collimstor canm be built whi

ich
will absort 2.3 continuvously, provided theb a, 2 0.3 cm. In the case of
@ﬁwoal cm the power has {o be decresssd Lo eboul 1MW in order to obhain
conditions comparable to @%mﬁwﬁ cn. The basic structural component iz s
thin-walled aluminum tube, water-cooled op the inside. A large ounber of
tubes are ssserbled 1n what is called a “tube-forest”. Aluminum slloy
5052-H32 iz the suggested walerisl. To keep the length short epd also to
cast 8 dense, dark shadow the szluminum tubes ia the rear section will have
copper electrodeposited on the gutaide. The thickness of the copper is
deternined by the slsctromagnstic cazcade shower developument and heat
trapsfer Limltstions. The expecied lifetime of & upit is prodbebly several
years, unless radiation damsge to the alumipum turpe out %o be aove severe

than pres=ntly sssumed.
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