CHAPTER. 7

REFRIGERATION SYSTEM

7.1 General Requirements

The INY salennid aystan will require A cryogenic refrigaration system to mpply LNE and
LHe ta the magnet. In addition ta the magnet, A Vihle Light Photon Conober [VLPC)
mratem with limid helitm erpostats will Aleo be Added to the nperaded detector. The teeo
new ayatans will apecate Amnltaneosly and are thus eoneidered together in derigning the
required refrigecation ayetan needed for the nperaded detecor.

An sxirting ermgenic ambem At INAY mipplies LNE refrigeration to the thres meinting liqid
argon calarimeter cryostata of the detector And provides for storage of puoe liqud argon
resqiiresd by the calorimetars. An evisting enntrol syetem eoables the Antoma tie aperation of
the calarimeter arpetata At fixed pressee and liquid argon lewel.

Eeoncmie and aperational eansideratinm indicate that and npgradefmadifieation of the
exinting IM? ermgenic ayatem is most Appoopriate. An existing LN2 dewar shoring 757 kl
LHM2 han adesuate capacity for the liquid nitrogen oeeds of the magoed copostat, the VLG
erynetats, and A helinm refrizeratorfliquifier of adequate capacty.

A standard Farmilab satdlite 8Tand Alone Befrigerator (STAR) will he installed ta
pravicle the helinm refrigeration required. The capacity of the STAR in mifficient: for nonei-
multanemn eoaldown and mimnltanecs apacation af heth the salenoid and VLPC syetems.
The STAH refrigerator will make LHe into & 3000 L storage dewar. This dewar will mpply
Liquicl ia peparate tranafer lines to the magnet coobeal dewar and the VLPO ermetats.

7.2 Building Requirements

There in adequate apace in the DA Amembly Building (DAB] to hense the STAR mpansion
engines, heat mchanger. helinm storage dewar, and valwe hax

An annex will be added to the eusking INY Tevatron eampressar oilding ta honee tea
Additicmal Myeam eompreasam: the mass flow from one compreasar will e alleated ta the
¥ STAR and the other compressar will serve AR An on-line spare for athe DY or the
Tewatron. Additinnal helinm purifier equipment will be inatalled At the compressar building
annex far the added Myom compreasam.
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7.3 TFlow Diagram

A mimple box diagram of the refrigers tor gpetem is shown in Fignre 7.1 and the correaponding
simplified flvwr diagram in shewn in Fignee 7.2,

7.4 Hardware Componenis

The hardware components that male up the oew LHe refrigerator system Aok the campre-
more, A heat eachanger, expanaion eogines, A valwe hox, A LHe storage deerar, trandfer lines,
and & malanaid (ineliding the seevics chimney and eontral dewar).

T.4.1 <Compressor

The tera A0 HP two-stage Myeom eompreesar o e inekalled for the DY@ refrigees tinn ayetem
are identical to thase need in the Tevatran, They are specified to provide 8 g /e helinm af
& ¢incharge preemire of ] atmes, it menmirements shaw they typieally provide B7 g/n mass
fleer. T mtandard fill-flow three stage purifiers will Alea b inatalled with the compreesoms
tn ramaowe il and water fonm the discharge helinm. Piping in the IM? eompressaor hoilding
annex will permit the eweotual connection of the compressam imha the Tesatron helinm
mratem. The dircharge And metion linen of the INY compressom min acrom the Tewatron
berm to DAR; & dirhy gan et line And ioveobory maoagement line are pravided ta a
helinm buffer tank near DAR. The syrtem is sery fimilar to the syetem presmtly used At
the Tewvatrom, and in partenlar to the STAHR used af the collider detector Tacdlity af B,

¥.42 Heat Exchanger

The STAR heat mshanger in A harizoofal sammm weesel cootaining the LN2/He and He/Ha
beat pachangers. B will be located in the DAB amenbly hall.

7.4.3 Expansion Engines

The STAR unea a dry reciprocal ecpansion engine Acomss the process sfoeAam And & wet
recipracal expanAion eogine in the process sioeam . Theee eogines are prosided in individial
vamm weeeels And conneat ko the heat emchanger with U-tnbes. They will e located near

the heat mechanger in the DA B amembly hall. Theee expaomion mgines arenaed threong ok
Fermilab and thers are available rpare eogines in ease of failnee ar other serece prablams.

T44 Valve Box

A valw b serees AR A Junetinn beteen the heat eachanger, et mgine, shorage dewar and
transfer line with intereanoectioos made with T-tutwes. K is A sacunm box with external
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baynoeat fittings And walve apaators and internal eald piping and walwa. The box enohaios
t#m onntral valwes: the high to low preemire hypam valve and a J-T valvein paralld with the
wet engine. The valve hax will e lncated near the sapaoaion mginen and heat exchanger in
DAR.

T.4.56 Storage Dewar

The STAR refrigerator will male LHe ioka A #3100 L starage dewar. Thin dessmr will be a
commercially pracured ASME Boilar and Pressmire Vessel Codedd desear with an MAWP of 7

atmoapheres. The pressires rating in apprapriate far presmires eoonnobered during quenches
andd saldowns. In the sheady-stabe condition the dewar will aperate at L8 atm, 4 9K which

will b the driving preemire of the flow thrangh the magnet. The storage dewar will he
lncated in AP near the expansion engines.

T.48 Transfer Line

TI-fabes will ennnect: the shorage dewar, beat pachanger and L2 header to the LNE {LHe/ GHe
trandfer lines. {Yoe tranmber line will deiver ermgens to the detecfor shandby pasition in the
Amembly Hall and ancther will deliver eryogens ta the Callinion Hall. T-tubea sonnect the
fransfer line fn the magnet syabem contoal dewar.

T4 Comrol Dewar and Solenoid

The cantral deecar in describes] in Chapter 6. It in the ioherface betwesn the pamaneotly
installes] erpugenic bnilding piping and the service chimney and solenaid meanted oo the
e hla deteckar.

7.5 BSystem Heat Loads and Capacity

A detriled] descriptinn of the low temperatime compements and the identified haat lonrds ta
the L2 ax] LHe systems are given in Table 7.2, The total identified steady state belinm
heat laad in approximately A0 W phis 38.8 L fhr with an additienal 20 W during charging,
The nitragen beat laad in approximatdy 241 W oequivalmt to approxdmately §.4 L fhr.

Figure 7.3 shown the nominal caparcity of the 8TAH refrigecator with the idemtified aned
expected] hent loads. It can be seen that there i adequabe refrigeration to handle the heat:
lnad from beth the magoet syetem and the YLPC aytam.

7.6 Refrigerator Control System

The refrigerator compressor crntral spstem will be mpperted by the eistiog DN erpogenic
cemtral gyetem. The confral ayetem 18 dereribeed in chapher 4.
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TeHe 7.1: A STAR Hefrigerator Loads

Srutem

Hefrigeration

Ligquafaction

Salenaid Sywtem
VLI Syutem

BiW
a7 W

lg,-"n

Tirtal

NEAW

lg,-"ﬂ

Table T.2: Hent Loads for the Solenoid System

Ttem ANt RO K BlitoniK

B' T-Tuhe (Valwe Bax o Dewar) Alw
200 L He Dewrr THW LEW

B' T-Tntwe (LHe Dewar to Transfer Line) Alw
27" Tranefer Line AREW BRW

LE' TI-Tube (Transfer line to Contral Dewar 1.1W
Contral Dresrar BEwW J9W41g/m
Salmnid L8R W EEW

LE' U-Tube (Cantrel Dewar ta Transfer LIne 41W

LIl T-Tube (Transfer Line tn Valve Boax) AW

B' T-Tubwe (LN2 Tank tn LN2 Transfer LIne| ZEW

LiN' LM% Tranefer Line LEEW

B' T-Tuhe (LN2 Tramfer LIne to LHe Line) BEW

LHe Refrigeratar U1 L fhr

Tatala 07T W4 W Libr | MA WL Lafs
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FIGCLEE 7.1: Refrigrenting Syatem - Box Diagram
Syebods:  N-ligeid witrcgen Lk, Coeumiprasion; STesmmgs 2 dTer tanks

HTX=hear exchenzer GFegis cupansion engine: LE=hquid
exRpaasion crare YTovaloe sox, =1 He desoar, TLA =rursfer
Lire far cageet;, CO=connul dewir; M=migrer, TT.¥armnsfor ine
lire for VLPC ervasman V1A=V RO eryosia
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Valve Legend

Heat Exchanger L3 Contral Yalwe
HX1 Flow Contral Valwe

HX2 Flow Contral Valee

Dirr Engine Flow Caotral Yalve

Wet Engine Flow Cootral Yalve

J-T Valen

Bypam Valm

Storage Dewar Preemirizing Yalwe
Contral Dewar Preamirizing Valve
Maznet Flow Ceontral Valwe [(J-T Yalw)
Coal-down Yalee

Vapar Conled] Lead Flow Cantral Valse
Salennid Valves for Open Cyele Opecatinn
Suetion Side Ihventory Cantral Yalee
Dircharge Side Inrentory Contral Valwe
Let Btage Slide Yalw

Compressr Bypam Valve

Interatage Blide Yalwe

Clean Gas Supply Valve

Drirty G:an Discharge Valve

Magnet LN2 Contral Valwes

VLI Cryeatat Contral Yalees

VLP Nitragen Ceontral Yalve

Figure 7.2h
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