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A. B. Carson, Head

Reactor Design & Development
Design Section

ENGINEERING DEPARTMENT

VENTURT THROAT DIAMETER AND PROCESS
TUBE CONNMECTOR CAVITATION ANALYSIS
CG-65

INTRODUCTION

When a "K" type process tube is operated without a slug columm, demage
may take place in the connector because of the cavitation that originates
in the venturi. Reported here is a study of this cavitation problem as
related to CG-654 operating conditions. A series of curves were developed
to present the effect of the venturi diameter on the venturi 4P for
instrument operation and on the cavitation problem at the higher flows
which are experienced when the tube is operated without a slug colum.

SUMMARY

From the curves presented, it can be seen that to prevent cavitation in a
tube with no slug column with CG-654 conditions, a minimum venturi throat
diameter of about .41 inches is needed for the eluminum cese end .39 inches
for the zirconium case. With these throat diemeters the pressure drop in
the venturi for instrument operation becomes 35 psi end 28 psi respectively.
These instrumentAP's are considerably smaller than those of "K" pile

since the normal operating flows are less and the unloaded larger I.D.

tube flow is higher. Thus, the cavitation is more severe than that of "K"
pile. If, for instrument operstion or for a different sensitivity, a
larger AP is selected, then the venturi throat could be reduced to say a

«30 inch throat diameter giving an instrument AP of 130 psi which would
Indicate that at no time a tube would be allowed to operate without a

slug column in order to prevent the cavitetion. Actual venturi throat
diameter selection should consider unrecoverable pressure drop since this
pressure drop is equal to approximately 20% of the pressure drop through the
throat, and it can be shown that pumping costs are equal to about $.008/gpm/
psi/year, the larger unrecoverable pressure drop through the .30 inch throat
diameter ventur means that when based on a ten-year life, $LL.50% more cen
be spent on the .41 inch throat diameter venturi instrument.

It is concluded that the AP's ere so low for a venturi that will not cavitate

when the tube is operested without a slug column that the venturi throat
dlameter should probebly be based on instrument requirements. This

Ry - DECLRSSIFEE
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cavitation problem of an wmloaded tube will exist in all piles upon the
completion of CG-558.

Figure 1 is a series of curves for various venturi throat diameters showing
the instrumentAP or pressure drop in the venturi throat for various flows.
‘From these curves, figure 2 was developed which presenis a plot of the
pressure drop in the venturi throat for various venturi throat diameters

at CG-654 flows. Also from figure 1, the curves of fi,-ure 3 are obtained.
Figure 3 gives the flow at which cavitation will occur in the venturi for
various venturi throat diameters at inlet pressures for the zirconium and
eluminum cases of CG-654. Indicated on figure 3 are the CG-654 tube flows
with no slug columm vhich are obtained from figure 4.

Figures 5 and 6 are added to provide a quick check of the changes in velocity
head with various tube diemeters, flows and temperatures.

USE OF THE CURVES

Example 1. Given a desiredAP of 100 psi for instrument operation. To
find the venturi throat diameter, enter figure 2 at 100 psi instrumentAP
for CG-654 flows and for the aluminum case, read the venturi throat diameter
of .32 inches. Check for cavitation on figure 3 by entering at venturi
diameter of .32 inches end for the aluminum case, read the cavitation flow
of 56 gpm. Thus, since the unloaded tube would have a theorstical flow

of some 90 gpm, this venturi dismeter will cavitate.

Exemple 2. Given a desired flow of 90 gpm at wvhich no cavitation will occur.
To find the venturi throat dismeter and the instrumentd4 P, enter figure 3

«t 90 gym end read the venturi throat dismeter of .40 inches for the alum-
inum case. Enter figure 2 at .40 venturi throat diameter and read instrument
AP of 40 psi.

It must be noted that because of the assumptions necessary to arrive at these
curves, they are not highly accurate nor are they meant to be - rather,

they are meant to be a useful aid in understending the cavitation problem
and selection of the venturl throat diameter. The ultimate selection must
be based on experimental flow data.

In the following discussion, the methods used to obtain the curves are given
in detail.

. DISCUSSION
To obtain the curves in figure 1, first reference was made to HW-31992

which gives experimental curves for the pressure drop vs. flow of g "K"
tube and the pressure drop vs. flow for the .37 inch "K" venturi(l).

e S A e O GBS P -

(1) EW-31992, " 'K' Pile Tube Pressurs Drop - Flow Characteristics",
June 1, 1954, H. H. Greenfield

= ECLASSIFE
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Sub:tii(gsmg this known data intoc the discharge equation for a venturil

meter: O - a l/%—g’[.\

DI-‘I

"-’.-—'

‘ [
The coefficients of discharge which varies with Reynolds number, were
established where:

Q = flow

D2 = venturi throat diameter

Dy = pipe dlameter

a = area of the throat

h = difference in piezometric head between a section

Just before the reducing taper and the throat

Thus, with the coefficients of discharge established for a "K" type venturi
the curves for figure 1 were cbtained.

The design criteria for CG-654 establishes the process tube flow for alum-
inum {rgcou tubes as 29.8 gpm and 23.8 gpm for the zircalloy-2 process
tubes 3 . The curves for figure 2 then are taken from figure 1, (the
vertical dotted lines), at the designated flow rates giving the pressure
drop of the venturi for instrumentation vs. the venturi throat diameters.

Figure 3 shows the flows at which cavitation will take place vs. the venturi
dismeters. These curves are derived by figure 1, (the horizontal dashed
lines), since vhen the pressure drop through the venturi drops below the
vapor pressure of the water, cavitation takes place. The design criterias
places the inlet pressure for the aluminum case at 340 psi and for the
zirconium case at 600 psi. With the inlet temperature at ebout 11C° F.,

the vapor pressure of the water is about 1.3 psig. Thus, cavitation takes
place roughly when the pressure drop through the venturi egqials the inlet
pressure. '

Figure 4 is simply curves of pressure drop vs flow for the "K" process
tube which is taken from experimental data and a "J" process tube loaded
and unloaded based on theoretical calculations. Figures 5 and 6 are self-

(?) Engineering Hydraulics, Rouse
(3) Bw-hk2116 RD, "Design Criteria for 105-J Reactors Fundamental Design
Bases - J Reactor", May 18, 1956, E. R. Astley, R. J. Shields
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explanatory and are included for ready referencs.

Reactor Design & Development
Design Section

ENGINEERING DEPARTMENT
WJ Morris/cg
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AYPENDIX

Pumping Cost Calculations

1gpm = 8.345 #/min. 2 .139 #/sec.
50 sec/min.

lmi-&3ﬂ.xJ$#ﬁw.-3B7N#hn.
.3197 £t - #/sec. = .000433 KW
T3T.7 £t - #/sec./EW

$22 .50 per EPA-EW Year x .000433 KW x 80%
efficiency = $0.0078

26 psi - T psi = 19 psi

19 psi x 30 gpm x $0.0078 = $4 .45

lEBlA%S HED
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