CHAPTER. 5

SERVICE CHIMNEY

5.1 General

The pervice chimney in the saemm inmilated traoefer line that carries the cryogenie and
electrical services from the coofmol dewrar o the magnet ermatat. The inmilating waennm
space of the service chimner perves am the relief line for the solencdd sonnm space, and
pumpant of the magnet ayostat and contral deerar vacunm spaces is done throngh the
pervice chimney ianlating vaqmm space.

5.2 Routing

Fignure .1 shown the path that the service chimney follows between the eoobrol dewar and
the mamnet ermetat. The patleray in pevecly conntrained by ecsting detector dementsn. The
chim ney connects o A narzle in the sonth bulkhead of the magnet orpetat At Approxima tely
the 4:M a'clack location mo that it can exbend radially to the paint at which it hends i
eegreen and prooeeds semith oo A harizonfal path.

The norle an the magne: cryoatat ilkhead I8 & 1524 mm (f in] OD alnminnm fube
angd the eervice chimner saomm jacket has an aliminnm to strinless transition oear the
bulkhead. At appreximately T8 mm (3 in] semth of the bulkhead, the sarvics chimney tirns
eart, Andl makes A shape tranmition to & 78 mm (3 in) x 177.8 mm (7 in] abrond shape for
the apan Acromm the face of the OO apetat. The vammm jacket followm the enrving coofonr
of the smth face of the OO an A path inclined dowmward approximatel v 27 degoees foom
the horizental. The abronnd shape was chosen o fit in the available space hetereen the C0
ansl the sith EC erromtata. The vaennm jacket males A shape transition fom the aboonndd
ghape to A 228 cm (§ in] OD sfainless steel tnbe ot the anter edge of the BC where it
tiroe and eontinues sonth onee Again. Along thie path it mne harizentally throngh An Avea
eurrently aeeuped by the santh EC east: cable trengh. After & min of nearly § m (9.5 FR)it
next: tniroA eastward and npward at & Bl degoee angle to the contral dewar.

The chimney eotems into the botbam of the control dewar and the vacimm pumping
shatirm i comnected to the chimnes just beow the contral dewar.

The chimney in mpparted aleng the face of the O aAnd at painta along the 45 degree
mn. The length throngh the eable tremgh in bept clear to allow the cable trongh to mowe
saith with the seth EC when the detector i apemesd.
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5.3 Vacoum Jacket

The wacimm jacket for the service chimner in designed for (1044 MPa (f4 pei] internal
preesnire and (1207 MPa [N pei] external pressire.

The abrennd length of the sammm jacket was atoeen Analyzed per ASME Sectinn VI
Divimion 1. Appendix 13, *Vesseln of Nonciroular Cromm Secticm ™ The wall thickness for the
abrennd in A 8 mm (3/18 in). The maximum allowable internal ar external working presnimes
waA caleilated tn be (.36 MPa (K2 pa]. The aAllowahle shome need wan redineesd by 0% an
recuires] by Fermilah Envircnment, Safety, & Health miles for special preesire veesels [1].
The abronnd shape wan Alen cherded for buclling stability. It wan conehidedd that the (.36
MPa axternal pressice 16 leen than 17100 of the eritical extamnal pressire that woinld canee
colla pae.

The 234 (¥ in] type N4 staiolme eteel tibe has o wall thickness of 3.18 mm ((1.135 in).
Per ASME oode sections U(z-27 and 28, it has An Allowable internal working preemire of
248 MPa (3] pei] and an allowable exbernal working preesire of (141 MPa (8 pei]. The
Allcmeable rtreen 118 wam rediieed by 200K o (L8] x (LU0 MPa] = 8% MPa.

54 Internal Contemnts

A lasout of the inheroal eontents of the service chimnes in the abronnd section is shown in
Figure R.2. A lapont of the chimney eantenta in the meare fraditional cirenlar eross section
far the remainder of the chimney isn shown in Figire £.3.

The firt and last faroe of the onil coneiet of donbled condnetom which exit the winding
And serwe AR the mpereandneting buses of the masnet. Theee e areimmedia tely attached
ta coe mide of the liquid belinm mpply tnubing as it leaves the coil mpport evlinder. The
arrangament of the e and shape of the mpply tnbing in the abromd eection of the
chim ey wan carally chaoeen to minimize the thiclmess of the servics chimner betwemn the
(0 and EC calorimeters. The liquid helinm mpply tibe i epecially exctmided for pressime
pervice per ASTM-B-210 ar ASTM-B-211. The tube in the abrrind portion is rectangilar,
12 7mm ((1.50in) x A1 R mm (1.2F in] x 3.1% mm ({119 in] wall. In the larger droilar pipe
partian of the transfer line, the tibe in kpare, ALE mm (128 in) x AL.& mm (135 in)] with
1Y mm (1175 in] inside diameter. The MAWP of this fubing in efimated to be at least 11
MPa [180N] ped).

The twa phase limid helinm rebirn fiuhing in 1§ mm (.75 in] OD. x L.&8 mm (11085 in)
wall HIEL-TH alnminnm. The MAWP for thin tnhing is 9.88 MPa (LA pei]. A KR MPa (R0
kri] allowable shreen wan nAed in calenlating the MAWP R,

There are separate liqud nitrogen cirenita far the salencid radiation shield and mppart
intercepts. The ghield cirenit 1usea 12.7 mm (1.8 in) OD. x LA&K mm (085 in] wall SI6L-TH
Alnmimm tihing in the chimner. The mppart intereept cirenit in of the aame mze bt of
N4 gt.ainless ated material. Theae fiubes have MAWP's of greater than LA MPa (2000 pei].
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All frmr nitrogen fixbea are tharmally crmneaeted ta the radiation shield.

The chimney conkaine no inAtmmentation or witage tap wires. The mltage tap leads
from the magnet terminals exit the hillthead on the chimney md near the chimney oozele.
The leards mn almmg the aufride of the chimney sacunm jacket back to the canfral dewar
aren . An ingtrumentation part: in located oo the sol eonid nllkhead apporite the chimney snd
far the remaining solencid wltage tap and instmmentation leads.

5.5 Thermal Movement and Stress

The LHe axxl LN2 lines in the rervics chimney were analyred for combined] presmire. thermal
mawement, and dead waght. The tubing wan atresn analyzed per ASME oode for Preamire
Piping, standard ANSI/ASME BALA, for the thermal cames shown in Table 5.1

The commereial pipe stoees mﬂlmﬂnnddmgmﬁﬂmh.ﬁlgm@ [2] was 1ed in the
analwmin. All ntreesea are wdl helow cade alloweables. The lecations for mppert of the L2
tnhing from the vaennm jacket walls ave shown in Figore 5.4, Supparta for the liquid belinm
linea are lorated As shown in Figure 5.5, The radial mpparta are of (U] spider type midea
that allow mowemeot: in the axial direction The spider fype mpparts are L/R in thick as
recqiires] tn mppart A maximnm reaction fores of 201 N (88 1) in the direction erthogonal
ta the piping centerline. In addition to the spidem, line skope Are lacated at points HETh
andl THTA to Anchor Axial momement of the tubing. The line stope Arve low heat leal deeizn
stainlesn ateel wire cables which attach the heinm fnbing to the radiation shield and the
nitragen tuhing to the vaamm walls.

The eematructicm of the chimney in mich that the LHe and LN2 linea are built with warm
affeets At variome locations sa that the fubhing can dinplace to & oeotered pomition during
ermzenic aperaticm. Sep Table .8 for a linting of the mamnitnde and locatione of the built-
in warm affrets. The LHe piping and LN2 piping hawe built in fleedbility at the eantrol dewsr
ta allowr for 200 em (1.2 inches] of movement. Clearances are ndected to be large mangh o
preelide thermal sharta due to thamal mowemmt,.

5.8 Fabrication and Location of Field Break

Becaime of the greatly restricted pathway of the abrannd poartion of the service chimnes soeat
care mueh e talen to eomire that this parkicn of the sacnnm jaclet of the chimney will fik
againat the OO vaemm weesel correctly. Detailed meamirements of the shape of the end of
the {0 wammm wesmd hawe e made so that & veodar can propercly conform the saeinm
jAcket to the dedired path. A cheeling fixtiire will be made nrog A casking teehnique oo the
actiial OO head: thin item will e 1med to cheek the conbir of the aboonnd section at the
wodlar 's.

A field brealk must e provided in the service chimner in the middle of the horizental
nerth-amith eecticn A shown in Fignre i1, ao that the cootral dewar and remaining attached
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length of chimney can be inetalled in the detechor.  Libewries, the magnet erpetat and
attached pertiom of chimner can be inekalled in OO if the chimner in parted an indicated.
Thin parting «of the chimney aleo facilitates shipping the aystan to Fermilab.

The major consequaes of thin requirement in that provisions for enthing and then rejoin-
ing the mipeaonnducking aeea in the chimney must be made. The chimnes is tempararily
eloped et for full teata at the wendar's. Then the chimnes in sesered for shipping and anoe
Azain rejained after the magnet and eaofrol dewar are inetalled in the IN? detector. Ooe
appraach might be tn make the harimontal portion of the chimoey overlong sa that after the
chim ey in parhed aufficient extra s exinte to make the fild joiok during inetallation.

Becanee alignment: of the senlenaid in CC is eritical . some Sexibiity in the norzle regon of
the chimney in desirahle. A circnmferential seam in the abronnd section near the ooezlemay
b left noerelded to parmit small motiooe during final alisnment ap the magoet and chimney
are ingtalled]. Theinner cootentn of the chimney aremifficiatly Sexible topemit thismaticm.
Thin serm can b temperarily sealed for the teets at the wendar's And the chimner splinted fo
permit handling, and then fully welded after installaticn at Farmilab, Becanuse the location
of the contral dewar in nat so eritieal it can be adjueted A fewr centimetem Ar peguired while
the field splice is made and oo Sexibility is reqiiced in the chimnes af the contral deecar end.

5.7 Heat Loads
The eetimate] heat loade for the chimney are lisbed in Table B3,

58 Vacuum Pumping and Relief Capacity

The chimney nees low emimivity alumimm tape [3] oo the inside mufaces of the saennm
jAcket, the mirface of the radiation shidd, and the LHe tnbing. Mo multilaper inmilation i
1eed in the chimney in arder to maximize the pumping path to the maznet ermetat waennm
spaoe. Calenlations show that the eanduetanes of this apace Along the length of the chimney
eoceecln 11 1/ heinm at MWK af a presmive of LIF® Torr. The small clearances hetween the
radintian shield ansd the liquid helinm b preclile the 18e of miltilaser inmilation in that
wlime.

The dear space in the chimney aleo srves AR the magoet croetat inmilating vacunm
relief wenting path. With (1122 MPa [17.7 paia] presure at the solenaid and a 0.112 MPa
(LA.2 peia)] vacunm liff plate at the cantral dewar, the relief weofing path has L3 g /s helinm
ar N z/s nitrogen capacity. That in wel below posrible filire mede fow rates for the teo
piping syetemA Bo mptire of either will not eaneed the relieving capacity of the chimney.
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5.0 Mapgnet Cryostat Nozzle

The ranting of the crmgenic linem And mpercondoeting buses from the chimoey into the
magnet ermetat throngh the erpatat noezle in oot ecpected to be trivial. The mipereon-
dueting buses miwt e carAfilly anchored againet maotinn in the magnekde fild and must
be everywhers thermally sharted ta the helinm mipply fiibe while carefilly isalated from ik
electrically. Custnm franmition pieces for the helinm mipply tinbing are lilkely fo e 1hilized
in the noeele regicm. A posrible salution to the deaign probleme this section of the chimney
presentn 1A indicated in Figurea f.fia, B.6b, and f.fe
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Takle 5.1: Stress Analyer Thermal Cases
Case | LM% Line | LHe Line Balenoid

1 YWarm Celed Warm

a3 Warm Cald Cald

| VYWarm YWarm Cnld

4 Cald Cald Cald

h Cald Cald Warm

i Cald Warm Cnld

T Celed Warm Warm

R Warm Warm Warm

Tahle 5.2: Buili-In Ofleete For Thermal Movement

Locatan | ™37 (Meat | "Y™ Oifeet =E" (iffeat;
THR S5 7 cm
THT 41 41 cm H1.71 em
HER S5 7 cm
HET 41 41 cm H1.71 em

Table 5.3: Heat Loade for the Chimney

Item AMNMKto MK | MKt K
Hadiation, Obronod Section LA W 123 mW
Hadiation, Cirmilar Section B W TR mW
Field Jointa - i mW
Cnoduetion (Spiders] TR W 440 mW
Tatal e W Lh W
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