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This is a historical document that is being released for public availability. This
was made from the bestavailable copy. Neither the United StatesGovernment
nor any agency thereof, nor Battelle Memorial Institute, nor any of their
employees, makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or usefulnessof any
information, apparatus, product, or processdisclosed, or represents that itsuse
would not infringe privately owned rights. The views and opinions of authors
expressed herein do not necessarilystate or reflect those of the United States
Government or any agency thereof.
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_RODUCTYON
i

When a "K" type process tube is operated without a slug column, damage
may take place in the connector because of the cavitation that originates
in the venturi. Reported here _s a study of this cavitation problem as
related to CG-65M operating conditions. A series of curves were developed
to present the effect of the venturi diameter on the venturi dP for
instrument operation and on the cavitation problem at the higher flows
which are experienced when the tube is operated without a slug column.

SUMMARY
L.

From the curves presented, it can be seen that to prevent cavitation in a
tube with no slug column with CG-65_ conditions, a minimum venturi throat
diameter of about .hl inches is needed for the aluminum case and .39 inches
for the zirconium case. With these throat diameters the pressure drop In
the venturi for instrument operation becomes 35 psi end 28 psi respectively.
These instrumentdP'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. Yf, for instrument operation or for a different sensitivity, a
larger_P _s selected, then the venturi throat could be reduced to say a
•30 inch throat diameter giving an instrumentZbP 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 cavitation. 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, $44.50" more can
be spent on the .MI inch throat diameter venturi instrument.

Yt is concluded that the_P's are so low for a venturl that willnot cavitate
when the tube is operated without a slug column that the venturi throat
diameter should probably be based on instrument requirements. This
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cavitation problem of an unloaded tube rill exist in all piles upon the
co_letion of CG-55.8.

Figure I is a series of curves for various venturi throat diameterm showing
the instrument_P or pressure drop in the venturi throat for varioum floel.
From these curvu, figure 2 was developed vhich premen_a a plot of the
pressure dx'op in the venturi throat for various venturt throat diameters
at CG-65M flows. Also from figure i, the c_rvea of fiL_re 3 are obtained.
Figure 3 gives the flow at which cavitation will occur in the venturi for
various venturi throat dlameters at lulet pressures for the zirconium and
alumin_ cases c_ CG-65_. Indicated on figure 3 are the CG-65_ tube flows
with no slug column which are obtained from figure _.

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

D_3E0F THE CU_

Example I. Given a desired_P of I00 psi for _nstrument operation. To
find the venturi throat dlawter, enter figure 2 at I00 psi instrumentzhP
for CG-65_ flows and for the aluminum case, read the venturi throat dlameter
of .32 inchea. Check for cavitation on figure 3 by entering at venturi
diameter of .32 inches and for the aluminum case, read the cavitation floe
of 56 gl_n. Thus, since the unloaded tube would have a theoretical flow
of some 90 gl_n,this venturi diameter will cavltate.

Example 2. Given a desired flow of 90 gl_aat which no cavitation will occur.
To find the venturi throat diameter and the instrument_P, enter figure 3
_t 90 _ and read the venturi throat diameter of ._0 inches for the alum-

case. Enter figure 2 at ._0 venturi throat diameter and read lustru_ent
P of _0 psi.

It must be noted that because of the assu_ptlons necessary to arrive at these
curves, they ere not highly accurate nor are they meant to be - rather,
the7 are _eant to be a useful aid in understanding the cavitation problem
and selection of the venturi throat dia_ter. The ultimate selection must
be based on experimental floe data.

la the following discussion, the n_thods used to obtain the curves are given
in detail.

.. DISCUSSION

To obtain the curves in figure I, first reference was _ade to HR-31_2
which gives experimental curves for the pressure drop vs flow o$ _ "K"
tube and the pressure drop vs. flow for the .37 inch "K" venturi_l).

o_

(I) H_-319_, " 'K' Pile Tube Pressure Drop - Floe Characterlstic_",
June I, 1951_,H. H. Greenf leld
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Substituting this known data into the discharge equation for a venturi
hater:(2)

I
The coefflclent8 of discharge which varies with Reynolds number, were
established where:

Q = flow

D2 = venturi throat dlaneter
D1 = pipe diameter
a = area of the throat
h = difference In piezometrlc head between a section

Just before the reducing taper and the throat

Thus, with t_ coefficients of discharge established for a "K" type venturi
the curves for figure I were obtained.

The design criteria for CG-65_ establishes the process tube flow for altun-

in_ _ocesg tubes as 29.8 gpm and 23.8 gpm for the zircalloy-2 process
tube8_3). Thincurves for figure 2 then are taken from figure i, (the
vertical dotted lines), at the designated flow rate8 glviz_ the pressure
drop of the venturl for instrumentatlon va. the venturi throat dlameters.

F_n2re 3 shows the flows at which cavitation will take place vs. the venturi
diameters. These curves are derived by f_gure i, (the horizontal dashed
lines), since when the pressure drop through the venturi drops below the
vapor pressure of the water, cavitation takes place. The design criteria
places the i_let pressure for the alumlnum case at 3_0 psi and for the
zirconium case st 600 pal. With the inlet temperature at about II0e F.,
the vapor pressure of the water is about 1.3 pslg. Thus, cavitation takes
place roughly when the pressure drop through the venturi eq_als the inlet
pre|Jure.

Figure _ is simply curves of pressure drop vs flow for the "K" process
tube which 18 tampa from ex_ri_al data and a "J_ process tube loaded
and unloaded based on theoretical calculations. Figures _ and 6 are self-

(_) E_Ineeri_g Hydraulics, Rouse
(3) R_-_2116 RD, "Deelga Criteria for lO_-J Reactors Fundamental Design

Bases - J Reactor", May 18, 19_6, E. R. Astley, R. J. Shields
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explanator7 and are included for ready reference.

Reactor Design & Develol_nent
Desiga Section
ENG_ERI_G DEP_

WJ Morris/cg

Q

DECLASSIFIED



: DECLASSIFIED
i

Fap ?

i,,a

• Pu_i_ Cos¢ Calculatlons

z m_,- 8._5. #I_-. - ._39#I,,_.
60 sec/,.tn •

z p,i ,, z.3 ft. x .z39#/,,ec. = .3197Ft-#/=ec.
• .

.3197 _'t- #1,ec. ,, .000433mr
737.?_t #/aec./m_

$22._0 per _PA-_ Year x .000_33 KM x 80%
efficielcy = $0.0078

26 psi - 7 psi = 19 psi

z9 pel x 30 ram,x $0.0078 = $_._5
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