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DISCUSSION OF ACCEIERATOR COOLING WATER REQUIREMENTS

INTRODUCTTION

A series of recent technical notes and memoranda have discussed
various aspects of tempersture control of the Two-Mile Accelerator.
Xt is the pwrpose of this note to attempi to clarify some of the
gquestions which have been ralsed in the reference studies and thereby
to proceed further along the path leading to the final design .of this
important sub-system of the accelerator complex.

REVIEW OF BASIC PRINCIPIES

To cbtain maximum electron ensrgy from esch accelerator section,
it is necessery to meintain its temperature at that value which will
cause the section to assume the dasign dimensions, i.e., the physical
size which will result In rf wave propagation at the velocity of light.
A temperature deviation BT from the design temperature will cause
a phase velocity deviaticn av? glven by
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where g is the linear coefficient of expansion of the sccelerator
structure materisl (g for copper = 1.6 X 10™° per degree C) and

vg‘ is the group veleocity in the accelerator structure. This change

in phase velocity causes a phase shift B9® of the rf wave with respect
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to the electron bunches (assuming electron velocity = ¢) which is given

by:
5v5 z
P = - 29 i {radians) {2)
V§ &Q

vhere 2z i3 the distance along the accelerator sxis and lo is the
free space wavelength.

The fractionsl beam-energy loss in the constapt impedence acceler-
stor structure caused by the gbove phase shift is given byt:

~
s
N

vhere 1t is the attenuation constant of the asccelerstor structure in
nepers.

Inserting the appropriste values for the M Accelerator in Egs. (1),
(2), (3), we obtain the results

8P = - 0.234 38T (radians) ()
E‘%. = - 8.1 x 1073(87)3 (5)
(o)

vhere O®T is the temperature error in degrees C. For example, tc obtain

§¥; < .005, the temperature deviation OT must not exceed * 0.8% (x 1.h°F)
o

and the resulting phase shift in this case would be 10.7 degrees.

EFFECTS OF TEMPERATURE DEVIATICONS
Tempersture deviations have twe effects on the output beam
characteristics:
(1) They cause a reduction in beam energy as indicated in Eq. (5);
(2) They may result in & broadening of the energy spectrum.

'xNEal, M.L. Report 185, pp. 55-57, February 1953. [The fractional
energy loss in the constant gradient structure is somevhat lgss then
thet given in Eq. (3) - see Neal, Report No. M-165, May 1960.]
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The second effect does not cccur if the temperature deviations of the
accelerator sections have a random distribution such thet the algebraic
sum of the phase shifts in all the sections is zero. In this case, the
electrons are shead of the wave crest as much on the aversge as they are
behind the crest during their transit through the accelerator and the
percentage spectrum width remains unchenged.

DISCUSSION OF SECTOR CONTROL

In the case of sector control of cooling water temperature, the
temperature devistions of individual sectlons are the sum of three
separale components:

(1) The error in the determination of the "correct” temperature

at which the sector should be maintained;

(2) The error in the temperature of the water to the entire sector;

(3) The error in the temperature of the metal structuresof

individual sections.

The “correct” base temperature for the sector cooling water depends
upon the averege power level. In this discussion, it is presumed that
the klyétrons 1a the sector are all operated at the same nominal beam
‘voltage, pulse length, and pulse repetition rate. It is desired to
maintain the accelerator sections at a constant temperature at sll
power levels. To accomplish this, the input cooling water temperature
mist be lower than the temperature of the metal structure of the sccel-
erator section by en smount proporticnal to the average rf power input
to the section. Among the severel weys by which the correct input water
temperature may bé determined are the following: (a) by monitoring the
temperature of the metsl of the accelerator structure using spproprisate
sensing devices end msintaining the mesn metal temperature constant® by
adjusting the:input cooling water temperature (for improved sccuracy,
the average temperature of all the sections camprising the sector should
be maintsined constant; the average might be determined, for example,

11t is importent to take into account the temperature drop ecross
the metal wall of the sccelerator structure. For copper walls and for
the perameters of the M Accelerator this temperature drop is given by
BT = 0.053 t Pgy, where +t is the wall thickness in inches amd Pgy
is the aversge rf power input in kilowatits to the eccelerator section.
At the meximm Stage IL power level of 21.6 kw and for t = 3/8 inch,
8T = 0.43°C. The pertinent temperature drop governing cavity dimensions
is approximately 8T/2 which hes a maximum Stage II value of
0.22°¢(0.39°F).
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by connecting all the sensing devices attached to the individual sccel-
erstor sections of the sector in series) (b) by monitoring the average
ocutput power of the de supply connected to the sector modulators and by
wultiplying this output by the known klystron efficiency factor; (c) by
measuring the water temperatures in the supply and return menifolds of

the accelerator sector and by maintaining the imput weter tempersture at

a value determined from this difference; (d4) by monitoring the rf phase
difference between the input end ocutput of the "control” accelerstor
section and by adjusting the input water temperature to keep this phase
difference constent. Of the four methods cutlined here, method (d) should
be most accurate and has the ‘advantage that the {termperature drop ecross the
accelerator wall is sutometically teken care of; however, it would probably
be more expensive to instrument then the others. Method (a) would probably
, glve sufficient aecuracy with reasoneble cost. The accuracy of methods

(b) end (c) is affected by beam loading variations but they might still

be adequate.

The magnitude or errors in class (2) depend upon the accuracy to
which temperatures cen be maintained in economically feasible control
systems. Rogers in TN 62-20 states that & control system has been
developed which can easily msintain water temperatures within = 0.2°F.

For the purpose of thls note, it will be assumed that the sum of errors
in classes (1) and (2) cen be held to % 0.4°F, except during transient
pericds.

Errors in class (3) arise primarily from veristions in the average
output powver of individual klystrons. Since the difference in the
temperature of the metal accelerator structure and the input cooling
water temperature is proportional to the average rf power input, a
dgviatidn of input power from the standard value on which the inmput
water temperature is based will result in & deviastion in the tempera.ture
of the metal wall from the correct value. At the meximum Stage II pover
level, spproximately 15 kw of rf power 1is dissipeted in each accelerator
section (in the absence of beem loading).

Iisin' has calculated and experimentally verified the temperature
difference between the input cooling water and the metal accelerator

 structure at v.eirious valuesA of power dissipetion and weter flow rates

15, V. ILisin, "Mentetive Water Jacket Reguirements", TN 62-23,
Supplement No. 1, 4/19/62.
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Por a 10-foot accelerator structure equipped with 16 - 0.43 inch
Inside dismeter pipes carrying cooling water in a counter~flow
srrangement. He finds, for exsmple, thet for a power dissipation

of 15 kv and & flow rate of 20 gallons/minute the tempersasture differ-
ence is 1o.h°F. At a given flow rate, the temperature difference is
proparticnal to power dissipation. However, for a given power dissipa-
tlon, the temperature difference does not incresse proportianallquhen
the flow rate is decreased {e.g., at 15 kw dissipation and 10 gal/min
flow the difference is 16.2°F). From the sbove results it is clear
that, at a flow rate of 20 gal/min, veriations of % 10% in the cutput
of individual klystrons (due to manufacturing tolerances, aging, varia-
tion in rf drive, etc.) fram the nominal value would {at meximm Stege II
power level) cause * 1°F variations in the temperature of the acceler-
ator sections receiving the power from the affected klystrons. The
corresponding temperature variations in the case of 10 gal/min £low
rate would be % 1.6°F, ete.

"CONCLUSIONS

If the output of all klystrons in the sector fall within a 209
band and if the correct sector water tempersture cean be determined
and maintained within = O.hOF, then, Por a cooling water flow rate
of 20 gal/min to esch accelerator section, the reduction in electron
energy galn from temperature effects in the caée of sector control of
cooling water temperature will not be grester then 0.5% for the max-
imum Stage IY power input. For e flow rate of 10 gal/min and with
other assumptions the same as sbove, the electron energy reduction
from temperature effects ﬁiil not be greater than 1.0%. At lower
values of average power input the percentsge reduction in energy
will be even less.

If the variation in klystron power ocuiputs are randomly distributed
with respect to the "norm" used as the basis for sector water Lemperature
determination, the energy spectrum width will not be incressed by the
spread in rf power ocutputs.

If the temperature eccuracy assumptions made in this note can be
realized in an econcmically feasible‘control systen 1t would eppesar
that sector control of cocling water temperature is precticaeble under
both Stage I and Stage IX conditions and that it should be adopted.
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