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Ahstrnct 

iVe prcscnt computer codes for heat transfer in water 
cooled rf cavities. ItI; parameters ohl.ained hy Sl~I’F:R- 
FISH or analytically arr opcrat~ed on l)y a sc,t. of codes us- 
ing I’I,OTDA’I’,I\, a command-dri\,t~tl program devclvl)c,cl 
and distributed by TRI~JILll~ [l]. Emphasis is on prac~icai 
solutions with dc:;igric~r’s interactive input during the con- 
~~lrt;liions. Rc3ults prexnb,tl in sun~niar~ prillt,c,uts ;tnJ 
grnplis inclutl~~ f,hP t.emperaturct, florv, and prc:ssurc d4t.;i. 

1 INTRODUCTION 

The design of a cooling syst.ern for a rf cavit,y is a rnult,idis- 
ciplinary txsk, usually carrind out by a reltlci,nnt, rf physi- 
cist, a mc:chanical engineer or botll. They ha\r two kinds 
of tools to IISC: sophisticated finite element, programs wit11 
c~lal~oral,c inpli ts and long CI1li t,irne5, or thr classi~~al ways 
of cooling/heating specialists. In most cazes t,lleq hotll first 
leave to learn how to understmd exII OI her. The work prc%- 
sented is an attempt t,o hridgc: i,lit> gap, and offer a seat of 
progranis with simple inI)lil /olltput, files wllich Ilrovidt, rt:-- 
suits within seconds or minut.rs. One program is writ,ten in 
Hasir, the rclst. t~rnploys l’LOTDAT~1,, which is now used at 
a. number of accrli~rator laborntorirs. Its main adv,ant,agcys 
are t,ransparent programming and superior graphics cap:t- 
hilitjy. In some of the programs simplifying asstlrrlpt irius 
are made; in all cases conservat,ive solut~ions are oht.itiilcti. 

2 PROBLEM DESCRIPTION 

2. I Heat generation 
It is assumed tha,; t,hr magnetic component of t.hc, rf field 
on the cavity walls (or wall currents) is known LVe have 
found S1JI’ER.FISH most. useful since it.s out,put, directly- 
contains rnofit, of t,he cavity parameters (gcomet8r\;, frc,- 
qu~‘ncy, Q, tot~al power) as well as a file i=i(r, z) for indl- 
vidual segments. Cases with circular and cylitldrical seg-- 
ments arp then solved I)); edit,ing the file OU’I’SI~O.LIS 
and operat,ing on it as shown in the, flow chart. When a 
SIJI’FRI~ISII solution is not availabl~~, a11 input, iile of tllc, 
SH~IP format rrlust, ht: gclierat,cd ot,herwisc. 

2.2 Heat transfm 
Tl~e problrln is d<,scrihcd in three part,s (SW Fig. 1): 

Conductjion between t,wo heat sinks CT,,,,, --i Tslnk j 
Ci~!-it,y segments:; are generally of l~llrt~c basic t ypf5~ wllicli 

can 1)~ dealt, wit,h PS follows: 

l cylindrical; rf surface is developed into a rect.angle 
with pnrallcl heat sinks; 1-D problem in rectangular 
coordinates 

l annular disks with circular hc:at sinks; 1-D iu I)olar 
coorcliiiatc~s 

l planar geomc~try; a 1-I) niodel can I)(, rincd 1~1, divicl-- 
ing area into tcxct arigtllnr sect ions c,nclosrtl hy straigl,l 
13-l It CL, Slllk? Filld 1)s tilt, suillrll;3t,ictrl of individ11ill s~‘(‘- 
lions 

017~ ~li~~~nsion:il ~-;LGc’s in hoC,li coor(liniit(~ svsttbrrls art‘ 
treatP(I ill fif,f. [2]. wtir,rcy dc,tails of cl(,c(ric lii,;tt g!~,ii~ri1- 
tion ant1 carlduction are give>n. Iiiclutlf:ci is a dis~~llsslon 011 
approximate solutiults and t,hcir accuracy, and a m&od 
of determining t,lic, spacing betwccll heat. sinks in a 1-D 
array such that. tfic? local maxim:i arc equxl 

2.3 F~r(‘eti convfx.tioxl jTsil,k - Th j 

Nf>wlon’s cquntiori for f’~~r~~<~tl c’r~l~\c,c,t IC>~ h(,at, I [.i;llhf;:l. 
takc,s a deceivingly simple form cl = IIA(T,,, -Tb) \rllc,rc> rl. i5 
I hc ~surfac~: art’a. T, arid ‘1.6 xc (he wall alit1 hulk trslrll)c:r- 
aturcs and t.he problcnl is in dt>trrminillg t,l~ty heat tl-arisfc-r 
coi>fficient’ h. Exact I hein ical .iolutic?!ls do not I~XIS~ Ilut 
empirical formulait arc generally iisc~l with good rc5ul!,s. 
It, is lx:yorltf t,hc scope iif i hi5 pp~~r ti-t rr-I)rodllcc> st-:t if ,115 
of handbooks ~II forced CC~I~\‘C ct.ion ht’at. tr;msI;-r A SOlll- 
tilxl for this case CRII 1)~ ~,t)tainrd 1,:; ;1sslllliing ttl;ii tllc, 
half-t,uhc sect,ion is :I lorigilllcliIlal fin cjf r~cl ni~gular [Brc,- 
filr with a devclopc~d length I2 A s(.antlard fortllula for I tIf$ 
t,f:mperat.ure difference (‘T,,,,h ‘Tb) ran bc used (Ii4 [3]). 

2.4 Zricrernc~n tal change in i~rdk te112pcr.a t 111.f’ Tt, 
This incrc:as~~ is t.aken frortl t hi- energy bal;~~l(.(~ in tllfi ill- 
t,erval. In the programs for cylinders, disks and annuli thr 
t~~rnperaturc Tt, is cortsidcred conshIt for each he:lt sillk, 
and the point, of maxinirml t~empcrittllre is postul;tt~~8,1 t,o 
IF halfway t)i~twwn t1 I(’ dlrcts. III citS<‘s \vitld plall:tr g(s- 
om!fry ‘l’b is increiiien~td in SPvf’ral Sm~lll hf,s!I)S &)llg th? 

twt,irt length of thr duct,, and thr lock iou c>f ‘I‘,,,,, is f~lulltl 
rxnctly (“ccntinent,al divide”), 

r- TSINK I 

Fis. 1 Sclkcrriatlc of llrat. llo\+ 
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2.5 Water Aow in ducts 
The water in the cooling ducts must be supplied to thr> 
cavity in sufficient quantit,y at a given temperature and 
within an ncctrpl,ablc prcssllre rauge. The flow rate is COW 
puted from the energy balance for the cavit,y scgmrnt, and 
it detcrmincas the sizing of the cooling duct.s, which in turu 
affect the conduction in the segment, through changrs of 
geom&y and tcmpcrat,urcs at, t,hr: sinks. 

2.6 Prfvistm~ diffmwlf ials 
Computing of prcsslire drops iI1 cooling ducts is again 
based on standard empirical formulae. In the programs 
corrections arc’ t,akcrr for changes in water properties as 
a furrct,ion of temperature (viscosity, specific heat etc..). 
Increase in friction factors for curved ducts (helical coils, 
spirals and bends) is also t.akcn into account,, while effects 
of t-11~0~s arid t,rcs arc: oxprc,ssc4 as additional effective 
lengths 

3 1D PROBLEMS* 
(see Fig. 2.) 

3. I Generate/edit SEG.IN (ATD) 
- frequency and total power from OUTSFO.LIS 
- chosc,n in&/outlet ternperat,ure of thr cooling wat.car 
- chosen maximum desired temperature in segment, 
- segment wall thickness (gauge) 
- antiripat,ed reduct.ion in Q for cavity as built 
- estimated corfflcient. for reduction of cooling channel 

spacing due to Tsink -+ 71 
- correct name of SEG”.FILF: 

check SEG.OUT for excessive flow 
Plot,?, for historical reasons SEG.TN is a dual purpose file,: 
all other execution filf>s arp named R.I!N. 

3.2 Generate/edit Si!IW.IN jB,E) 
- iulet/outlet watrr tert+lcrat,urt, from SIX.IN 
- flow from SEG.OI!? 
- chosen dimensions of round/flattrntd tubing; if rect,- 

angular channel: FRACXION corrects for special 
cases. 

- selected flow direction: positive sign - increasing z 
coordinate; 0 + double helix 

- locations of heat, sinks chosen from SEG.Ol!T 

check SINK.OIJT for maximum segment temperature 

3.3 Generate/edit COIL.15 JC,F) 
- inlet/outltt, water temperat.ure and flow same w 

SINK.IN 
- diameter of cooling coil 
- 3 hydraulic diameters of tubing (0 is a valid c,nt,ry) 
- coil turn spacings same as SINK.IN 

check CIOIL.OIIT for cxccssive pressure/velocity 
Note: if coil cooling duct and/or segment wall thick- 
ness require corrrct,ions, changes have to be made in the 
SINK/SF% input, files. 

*description is worded for rrctangular coordinatm: for dis-s file 
names have a prefix RAD except for COIL, where the corresponding 
file is SPIRAL 

LYI.KTR 
I- 

i;LN;,~Kl:/tDIT .a @J 
S’NK IN 

E 

lXtC”lE HUN SIUK 
SIN< OUT 

PEDO NO cI( vc RLDr 
SNK YES 

Fig. 2. Flow chart for 1-D prohlrrns. 
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READ: INPUT DATA 

t 
G JESS OVERALL 

FLOW RATE - WATER 

I 
FOR EVEN TUBES 12 TO 2 (LHS SUPPLY MAIN) L CALCULATE 0 

GUESS ALL CONTINENTAL DIVIDES 

1 I I 

3.4 Prwwss TL’BE (H) 
tksigrlt?l (0 hr~it’ wtvcl ihe cwlillg rliici t):1raIiIcwrs. 
C;rnerate/edit> TTJHP:.tN 

- idet/oui~tet wd~:i- relqwratlurr and ftow 
- rrljrlir,,,i,ii/illc,,,Ilent of/lnxxirrkuril III_) of clloicc 
- total cffcct.ive 1e~rgt.h from COIT,/St~ttIAI, 

Cll<Tk graph and ‘r~~t~l~:.r,u’t 

3.5 Mmif0ld.s 
LVhen all design pari~mvlrrs satisfied, cooling nlilnifolds 
consisting of st.raigllt swtions. elbows and bends wilt hc 
added to t,he st,ruct urv. Constant. hydraulic di;urir~t,c~r ii; 
assume d 
Gcwratc/c4it, 11lCND.IK 

flow, hyclralllir diariwlt,r arIG1 total l~ngf.11 of st.raiglrt, 
runs 
inlet/or~CI~:t w:cl,+~r lc>tilpcraturc 
Ilrlllltwr Rilll t~y[” <If i~ihC~\VS. kc3 illi(l h~ll<iS 

ot)tairi 13EK;D.OI!‘I 

4 PLANAR PROBLEMS [4] 

‘I‘tic flow chart for n solved case ((Xl tiLZ’ skill loss in ii flat 
c~lcct rod<,) is shown in Fig. 4. 
IIipul data: ilklet wa!er temptraturc~ 

‘L-1) 1 utw array layout 
tube sizing 
rliosen pressurr: tiiffcrcrlc~c~ 

A,I3,C‘: IIydrodynnniic i-alculations 
13: 7‘h~rmodp;tm~c c.alculat i<blls ot)taill c’,-lllt inentat di- 
vidcs 

Output, tlat a: outtrt~ watrr kmperature 
segment maximum tC~l]>criltilrc 

incremental sink tclnpcraturi,s 
‘I’he results were verified by dirwt tclnperat.ure measurc- 

ments on the rf cavity and found to he within wvc,ral pcr- 
cent,. l’hc frequrncy stability of the resonator is rxtremelg 
high. 
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Fig. 4. Flow chart for plnnar ~~rohlems 
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