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COOLIRG OF STANDARD ©-BARD WAVEGUIDE

uring sccelerator opersation it is important that the 60 feet of wavegulde feeding
exch 1 feet of scoslerntor pipe be maintained ait e tempevaiure vhich does not vary
with time, The temperature level ag well s spacisl temperature variotions which
e less then 2-3° 7 gre relatively wnlmportant.

Yo mre given in TH-6L-26 thet the standard S-band waveguides are 2,880" 3.:350"
inside and that st 24 M¥ operstion (Stege II) the waveguide sitin heat generabicn
e, ¢, 18 11.1 x 10-3 ealjema sec, '

1ot us nssume that the sbient temperature mmy vary froea 0% F 2o 110° F, that the
wwegelde oparates ut about 100° 7, the vaveguide wvall thickopess is 7{32' inch, that
tte sllowable woveguide tomperature veriation (with time) i * 1/4° ¥, apd that the
wivegolde is covled by o parallel wnler chormels, one on elther of iis larger sides.

Our problem then 48 %o design & system in vhich the vavegnide and cooling wuber are
clogely coupled, apnd the waveguide and the spbient alir are ithermelly isclated. We
mst, therefore, obtain o high convechive hest trensfer coefficient on the wnter side
avd & low effective coefficlent on the air side.

To stay within the 2-3° F allowcble spacial temperamture veriatiom, we need a water
fiow vate of 3070 - 2050 1bfhr. So, let ue pick 5 gm (2500 1b/br) for 2-1/2° F
temperature difference. There are two parallel chamnels so 1250 Ib/hy flows through
oach.

To keep the convection beat trensfer coelficent high we must demand that the flow
be turbulent end to essure ourselves of the latter, let us require that Re > 5000,
Since Re = v DefAe p we find thei ve wust choose & flow passage which catisfies the
copdition : :

| Defie > 0.566 1finch.



For & rvectanguler fube with inside dimensions o ﬁ: :
A = mb, D, = 2 abf(a + b)
Trom which
| & + b < 3.53 inch.
This gives us m-a ides then :éf the maximm wmmm size of mﬁﬁng chma‘é;l..

For mza%atim, heat ﬁx‘msf@f ve have the vdimeﬁaicmleés correlation
8t Pr 2/3 = 0.023 R 02
from which

_ 023 gpy 9:2 08

Fur water around 1(30‘:’ F and for our flow rate of 1240 ihfhr;

w2?5(a+b)02
%agz

New, ‘ne host removal rate
Q= BA (tug - Lagep)
‘therefor: '
teg - tynter = 18.5 ___ &
2 A ET B2
Siace we cav tolerate 1/4° ¥ temperature variations in the vavegiide, we can efford
to lome 0.25(tyg - tyutep) OF the total heat gemerated to the suwrrownding alr when
the vaveguide ‘o alr temperature difference is & mazimum ('m”) The heat Loss to
the alr ‘thmmgh an imula*t:ion hmm; is

q kﬂ&t[x.

The average heat tlm- sren through m mgulatim vill be abcut 55 f‘ka (mmm‘lng
gbout 1 inch insulativm thickness). The At is 70° F and the lowest, thermal con-
ductlvity we can expeev 15 k = 0,025 Btufur ~ £t - OF, Then the thickeess must be
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Tivun, w0 bheve obisined the pecessary insovlabliop thickoess 2 & function of the cooling

dipensiong. Wove shal the orpaller the wabter chioonel dimensions, the smellisy
Sl mevespayy losvlovicn thickeess beoomes. It nuat be ropermboered that since we s

Foawd the Cov rate, the yresture drep and consequenily the pusplng power incrensos
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(h deowvessing channal gize. Fersy, Chemical Baglneers Hendbock, indiontes thai o

wipe with 8 1/2 sguere inch flow arew is uot for fram the ectoomice optimum. Tt w

smberred that we mre not veing comercisl plye, ot something wmove expensive.

e eeonomie optimen would then tend foward sopevbat smalley obsonel dinessicnz. T

rerbalonee thig, we must resspber that the yectanpgular channel bas move surfsce
wres per it flov sres which results in & larger precssure loss.  The lf'::? x L dmek
reohanmulny chaznel is therefore o romgonsble size and one whleh will reguive that &
veseowble spovnt of imsuiaticn {7/8 ineh) be ploced il srownd the waveguide. This

size 1o mleo well beleow the & + b = %.53% upper Mwdi we found sariier.

srguping & 0.0%50% wall thickeess the 120 Teey of ceoling channel associated with
seeh 60 Toot wavegwide ria will welgh abouds 75 1b/wg.

¢ ;
e mexima temperature difference around the peripbery of Lhe standard S-band wave-
guide {mid-point of small gide to mid-point of lurge gide! was caleulated for the
copling configurablon described. The macisun tempersturs dlffereace expected is
shout 1% F,



