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1. Introduction

It is extremely desirable to achicve a light water flow pattern through the
photomultiplier sphere which is everywhere rudially outward to avoid the risk
of contamination, radio-active and optical, frow the relatively dirty components
outside the sphere. To do so it is necessary to obtain un over-pressure within
the sphere which is large enough to prevent the turbulent convection current
outside the sphere from passing through the sphere.

1n the ASC Report 10.90-1022-1 il was cstimated (with some uncertainty)
from the preliminary turbulent convection calculutions that a sufficient averpres-
snre would be obtained with the recirculation flow of 135¢/min if the photomul-
tiplier sphere blocked Lhe flow to -~ 99.9%, - equivalent to an orifice of ~ Jem?
per photomultiplicr (sce Section 4.6 and Appendix B of the ASC Report). Sub-
sequently the target for the flow impedance of the sphere was set at an orifice
of 0.4cun’ per photomultiplicr.

The pressure drop Ap through an orifice, of diameter > thickness of na-
terial, is related to the velocity of flow V in the orifice by the Bernoulli equation
Ap = %;;V ?, and is approximately independent of the viscosity. For the re-
circulution flow of @y = 2.25 % 107"m?/s and an oarifice of 0.4cm?, both per
pliotomultiplicr, V = 5.6 x 1072ms~! and Ap = 0.0157 Pa. This pressure hiead
Ap and the recirculation flow () are tuken as the design paraucters for the
water tightness of the photomultipher sphere. For impedance il is convenient to
work in unite of Z, — Ap/Q).

The flow apertures which ocenr hetween the photouultipliers, concentra-
tors, hexagons and other components of the photomultiplier splierc are gencrally
such that the better approximation is an aperture of lincar dimension small c.f.
the thickness of material. In this case the flow is controlled by the viscosity 5
and Q 1s proportionnl to Ap. For the purpose of waking estimatces of the low Q
on impedance Z = Ap/Q it suffices to consider a few cases of simple geometry:

(i) Circular pipe of length L and radius R,

Q — nR*Ap/enL

I
=4720YT © m?s? 1

for Ap = 0.0157 Pa and 7 = 1.307 % 10~* Pa.s for water at 10°C.

(it} Long elit of gap z, length I in the flow direction, and width w, -

Q = Apzn.‘rrs/] L

(1I
= 1.001we?/L  m3s7} A1)
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(i11) Annular pipe of radii R; and R, = Ry + AR, and length L,

Q =71Ap{R; - R} (R} - R})’/(Ra/Ri)}/8nL
~ rApRyAR® J6q ], for AR <€ R, (IIT)
=6.29R;ARY/L s}

2. Calculation of Flow Rates and Impedances

¥ig.1 shows the geueral asscmbly of the phoatomultiplicr, coneentrator, and
hexagon. It is of intcrest to consider the water flows and impedances without
the use of the silicone rubber indicated in the figure, or clastomer gaskets.

(r) Air bleed holes

These are sets of 6 holes of 2 or Jinm diameter at the vertices of the hexagon
ond also in the concentrator disk (not shown). The thickness of the materiol is
nbout Smmn. Using equatiou {[I) gives:

R—-10x107m J.=$x10""m
Q, =252 x 1072Qn per G holes

R=15x%x10 *m L=5%x10"°m
Qs = 0.128Q per 6 holes
Z3 = 1.84Zq per 6 Livles

(b) Front rim af concentrator/lkexagon

Thie concentrotor is free ta mave in the axial dircction relative to the PMT-
baffic and is held in place by the spring loading on the photomultiplier whick
is indicated schematically in Fig.1. The nct load on the concentrator, allowing
for bouyancy, might be chosen to fall in the renge 2 to 10 Kg, depending on
the vrientation of the hevagon. This is a modest loud and the magnitude of
tlie cflective gap, = in equation (J7), between the rim of the concentrator sud
the frout of the hexagon will depend on the flatness of the injection moulded
plastic components and the possible use of webe at the vertices of the hexagon
to stiffen the front. For the purpuse of making an estimate it will be assumed
¥V <z¥> = 0.5mm, L = 3mm, and 1 = §60mm in equation (IT) giving

Qr =0.159 Qg
and Zp = 6.28 Zg

with an uncertainty of something like « factor of 10.
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(¢) Concentrator/PM1 Baffle
This is a cylindrical eliding joint for which the flow ie given by equation
(17I) with AR = 0.26mm (maximum), Ry = 111mm, and I — 16mm (nominal).
This gives
Qer=32x107%Q,
and Zop = 309 7,

(d) PMT Baflic/Ilexagon

The periphery of the licxagonal flange of the PMT Baflle has a length
w = 990mm and a thickness L = bmm. The effective gap will probably be
dctermined by the distortiou of the hexagons under Joad but ¢ —~ 0.5mm might
be a plausible guess. Theu from cquation (11)

Qpn = 0.110 Qg
ZB’[ - 9-09 ZO

(e) Hexagon/Hexagon

The pertiphery of the hexugon is w = 1024mm and the length I — 160nun.
For un effective gap z = 1mun betwecn adjacent hexagons, the half flow which
can be assigned to one photomultiplicr unit is given by equation (/1) as

Qun —3.04x107%Qq
Zui =329 2y

f} Concentrator/Pliotomultiplier
( p

Where the photomultiplier is in contuct with the concentrator the pho
tomultiplier surfacr has a hoop radius of 08mm and a meridional radius of
59.4mm. The difference of muximum and minimum diameter of the photo
multipliere at the concentrator lucation hae been measured at Queen'’s U. and
LBL for 60 photomultiplicrs with similar results: Queen’s 0.064 3. 0.030mum;
LBL 0.069 + 0.052mun; (mcan and standard deviation). The wating surfuce of
the concantrator is & muchined cone of half angle 20° thie surface of which is
tangential to the pholumultiplicr and has a length of 4. Treuting the con-
centrator /photomultiplicr as o circle enseribing an ellipse and averaging over
the geometry and the statistical distribution gives an effective gap perpendica-
lar to the photousultiplicr surface of ¥ <73> = 0.0275m1n in cquation (1/), with

.= 4mm and W — 616mm.

Qcp =142 % 107° ()

Zep =7.04 X 10* Zy
It iy clcar that the eccentricity of the weasured photomultiplier is a negligible
consideration. The actual gap could Lecome larger becaure of distortion of the

plastic conrequent on the relaxativn of the moulding stresses after muchining,
but the geometry and loading are very favourable and it seems uulikely that
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Q would cxcced one per cent of Qo. and we shall adopt Qeop < 10 2 @,
Z(;y 2 100 Zo.

3. The Net Ilmpedance to Flow

From Fig.1 total flow impcdance per photomultiplier amounts to
: _ _ o - _ el
Zr= { (270 + 250 V27 + (U + 2G5 + 251)7

Zih | ZEL} 1
with Zy =39.7T Zo
23 — 1.84 74
Zr = 6.28 Zy with an uncertainty of a factor of ~ 10.
Zeop =309 Z
Zpj = 9.09 2,
Zyy =329 Zq
Zep > 100 Zg

With the estimates as given Zp = 7.34 2,. If Zp 12 small then Z+ = 5.59 Z.
In both cases Zyjr is the controlling impedance and if this were made laige, by
reducing = or increasing L or sealing with silicone riubber, Zr could be made ve
large as 14.5 Z, indepaudent of Zf.

4. Conclusiuns

(3} The hupedance for water flow through and betwuen the hexagons could rea-
sonably be made an order of magnitude higher than the cflcctive inpedance
of » 40mm? orifice per photomultiplicr.

(31) Whether a correspoudingly high impedance can be achieved with the scala
between the hexagon pancls is something which LBL will waut to consider.

(iii) If an overall net impedance of 10 Zg could be obtained this would raise
the pressure head to 0.157 Pa and give o much more comfortable safety
factor with respect to couveclion currente flowing inwards through the
photomultiplier sphere.

(iv) Therc is no case at all for sealing, with silicunc rubber or clastomer, the
concentrator to the photoynultiplier or the PMT Baffic to the concentrator.

(v) There is a case for improving the seal between the PMT Buflle and the
hexagon, which is a matter which rests with LBL.

(vi) It will not be possible to predict the impedance Zp with any confidence
until injection moulded prototypes are ovailable,

(vii) If Zp is small e.f. Z; there will be very little flow through the concentrator
dishi, However even if ZF is large it is still Jikely that the turbulent con-
vection currents within the photomultiplicr sphere will mix any leaching
products from the concentrator and pholomultiplicr into the maim body of
watcr.,
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(viii) It is quite impractical to simulate in the lsboratory the flow conditious
under the minute pressurc head Ap. On the other hand it is easy to
measure gaps of significant nize, typicelly several tenths of & mm.

(ix) There is a powerful case for mountiug directional flow sensors on the PMT
bafles inside the hexagons. How clse will we know whether or not. there is
radially inwards flow?

(x) The impedance of the blecd holes for air is a factor of 1.4 x 10~2 less than
for water.
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