
The problem of maintain:ng a constant spatial average temperature 
of the waveguide at all accelerator power levels has been investigated. 
Particularly, the pos;!%bllity of cooling Lne waveguide and accelerator lay 
a series flow arrangmnent was examined. The concllx3foas WkziCkL can be drawn 

from this investigation are that a single-pass series arrangement (water 
fron: the water temperature control sy5tem cools the waveguitk, then cools 
the accelerator) cannot maintain a constant accelerator terqerature and a 
constant waveguide te:mperature at all power levels. A two-pass Eeries arrarlge- 
ment (the water flows along the waveguide, alor@ the accelerator, and then 
back along the wave&de) is r.mthenatic;al~y ?easible, 'but appear8 difficult 
to execute. It, therefore, appears to the writer that the same water 
cannot be used for cooLing both the wavegtxide aad accelerator conmxted in 

sertes and that a pazailel flow arraagement mst be used. 

Let us first determine the condEtions which nust be satfsfied in 
order to maintain a constant mxelerator wall tenqerakf-a. 

Assuming there is no heat gain froii or loss to the 5ussoun&3.nags 
and if we &mmd that the accelerator wall tea~emture does not vary 
axially (with x), any heat generated at a givers axial position nust be 
transfermd to the water at that axial positiorr. ThereTom, the water 
tmpeyature must rise Iislearly as fo~losjrs for constant gradient operation: 

t(x) - t(0) = $2 
P 

and 



If we now consider an element of the accelerator pipe of length dx, 
its heat transfer area is (A/-e;\dxJ th e enthalpy rise (heat Pickup) of the 
water while it traveled the length dx is 

and the heat transferred from the accelerator wall to the water must be 

dq = h(x) (ta - Lcx,)$ dx 

Coa&inia$ Eqs. (1) through (41, we get 

From Eq. (5) we can deterzuine how the heat transfer coefficient h 
must vary with x in order to maintain a constant accelerator wall tempera- 
ture. !lThis, however, is not our problem here.. we can a.160 see that if Wz 
do in fact vary the heat transfer coefficient in this mamer and retain a 
con&ant flow rate at all power levela, 

i bisx + s&x J 
is a constant, Ka, and 

that the accelerator pf~e to water inlet t&Perature difference is a fun&Ton 
only of the power le-$el. We, therefore, know how the inlet water temperature 
must be varied with power level. At any two power levels then 

Let w look now at the waveguide cooling problem Yt is not necessary 
to maintain the entSre length of wave&de at a constant temperature, but only 
to maintain a constant spatial average temperature (to maintain a constant 
length) at aU.power levels (within limits). St is, therefore, not necessary 
to vmy h with axial poelticm. Thw, with a cooling-channel of unifom 
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~066 section, h wi.lZ remain essentially constant and, since the heat 
generation is axially uniform, the waveguide temPerakz.re HXl vary linearly 
along with the water temPerature. That is, the w&l to water tempexatuxe 
difference will not vary wfth axLa1 position. The average waveguide 
temperature is then obtained from 

!Ehe avexage water tmperatme Iti Is simply an average of the inlet ami 
outlet water temperatures. !Pherefore 

(9 -h&it - 
i: 

t(o) + t(J? 
w-3 2 J 

Bow, from the water entiza3Py rise, 

t(4.J - t(o) = ;+- 
P Combfjaing with IQ* (7) 2 t *!3 - t(o) = q & -#- & c ! P 

we find that the average waveguide tempexatura m5,.nua the i&let water tempera- 
ture met be proportional to the heat gener&tion rate. And a~ before 

Fur a sin@.e-pass asEz~ngement, let UG call the waveguide water inlet 
temperature t,, and the accelerator water inlet temperature t d 

2 
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Equations (6) and (LQ) now become 

ta - tear %a ~"------ 
ta - t 232 %xX 

The heat generation rate in the waveguide ' gw,, wi.12. be a constant fraction 
of the heat generated in the accelerator, q . a Itcmwing this and with the aid 
of ~g. (81, we can coasbfne (6)’ and (kQ)' to yield 

Since we demand that the values of ta and t 
WE3 are fixed regardless of 

power levei,we see from EQ. (11) that thfs is true only 19 %I = qafseS 
Therefore, the single-pass serees arrangement cannot be made to woxk-at more 
than one power level. 

Let us now examine a two-pass axrangement where the waveguide is 
cooled by the water 2%wing to the accelerator pipe (pass m> and also by 
the water xetuxning from the accelerator pipe fp~ss EI)~ We can then write 
equations similar to Eq. (9) for each of the passes. Calling the pass m 
water inlet temperatuxe j,, pass m outlet and accelerator inlet t2, and 
accelerator outlet and pass a inlet t,, 

t J WIEI - tz = %I Kwg 

and 

t > -t wg n 3 = % xwg 

-4, 
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xn mainta.Zni~ a constant wavegu5.ae length, it iI3 not ~portaalt that fg)iti 
and. t 1 Wg’n remain constant for all power levels (and we have Provo in The 
single-pass case that they cannot "be), bu.2; that their average, twgJ rem&zs 
constant. Therefore, 

t SJ coni3-t. w3 = t, -+ t, -I- 4% + QJ q.Jg 

Wow, for the aciteleratox pipe, we obtain fxom Eq. (5) and from 
wep (t3 - t2) = a, that 

( lb.) 

Xf we note again that the total heat generated in the wavegui&z, qm + f+, is 
a constant fraction of the accelerator pipe heat generakion, combk3aM.o~ of 
Eqs. (lb) eand (15) yieX& 

It shotid, Cherefore, be possible to maintain the aceel~tor @ ipe at a COD- 
&&ant tempe,Pa-t;irre and the wavegdde at a constant sv@rage temperatare far all 
power levels by properly ad.Just.~ tk. 

A pxactieal problem arisen Ilied, -that of maiataini~ a paxt of -me 
waveguide at an average tezzper&~e t ) w&z m aad another part at tkte hi&es 
t emtme t ) wg r,i * It is etident th& at the low heat gaeratfon rate of 
the wavqpide, it would not be pol;sXble to run an kCk?t cooling tube aad an 
outlet cooB.ng iAbe In cLoae prozLm3ty along the waveguide wall wfthout 
transferxing heat from the otrtgsing cooling mter to the ini333Ing cooling 
water (a coaaraterfl~~ heat exchanger). 

3!-o-a.T c 
rappxeciated. 

on othex putssible water flaw arxangements would be 



9. 

t 

ta 
t wg 
W 

X 

total heat transfer area 

cooling water specific heat 

convective heat transfer coefficient 

accelerator constant = 

waveguide constant E $$- + - hA P 
accelerator section length 

heat transfer rate 

temperature 

water temperature at position x 

accelerator section temperature 

average waveguide temperature 

cooling water flow rate 

axial position 

Subscripts 

1 waveguide inlet, first pass 

2 waveguide outlet, first pass, and accelerator inlet 

3 accelemtor outlet and waveguide inlet, second Z#LBS 

m first waveguide, coolir~ pass 

n second waveguide, cooling pass 


