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STATEMENT OF PROBLEM

A fuel element assembly (designated as SU-9) has been fabricated to
test in the SRE & variable orifice similer to the Hallam design. In order
to accurately prediét the performance of this element in the SRE and to i
formulate an effective in-core experimental prdgram. pressure drop-flow
date ere required. To obtain such datﬁ. hydraulic tests in éﬂwater loop
were performed. | | E 7 k
SUMMARY OF RESULTS AND RECOMMERDATIONS | \

Preasure-drcp'heaaurementa were made aciosa a mockup of & Eéglan
‘prototype fuel elemeni in a test section installed in‘the‘Hallangydraulic
Loop. The flow channel,i;a identical to an SRE fuel chamnel and imcluded

‘~fé£muiated upper and lower plenums. The fuel element nockup was equipped

with a Hallam-type variable orifice at the channel exit and a fixed orifice

in the straimer basket at the bottom of the element. Tests were performed

to determine the optimum size for the fixed orifice and the temperature.

adjustment capability of the variable orifice ueing this optimum fixed ’

orifice. ' ‘ : iRy
- To obtain the predicted k 1 lb/sec sodium coolant requirement at a

core pressure drop of 1. 85 psi, & a 3/b-in. fixed orifice was determined to
first several copies of page 1 of this TDR are for tear-off and retention,

TDR can then be passed on to others who wish to see 1t. Please d not re-
the final copy of page 1. S AINA ‘ —

} 18 Kl
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Iv.

be the optimum., With thie fixed orifice size the variable orifice
will be approximstely 1 in. withdrawn during full-power operation.
Adjusting the orifice over its entire range of 3 in. from fully
inserted to fully withdrawn covers a temperature range from 104O°F
to 875°F which is approximately + 80°F about the nominal outlet
temperature of 960°F. - This adjustment temperature range is almost

identical with the desired range of «+ ?5°F.A

Curves are presented which will aid in determinetion of opere-
ting characteristice of the element with other fixed orifice sizes
should the core pressure drop or required flow rate of coolant be
changed. ' |
EQUIPMENT USED ,

An existing mockup of an SRE process tube, which is located in
the HNFF water test loop and includes simulated upper and lower
A description of the test
Water,

plenums, was used for this experiment.
loop and process tube is given on Page 2 of Reference 1.
which was heated to approximately 150°F, passed from a storage tank
through a 750~gpm pump, & throttling valve, an ASME standard flange-
tepped square-edge orifice plate, up through the process tube, and
returned to the storage tank. Pressure drops across the flow=-
metering orifice and test section were measured with both inclined
and U-tube manometers using mercury or Meriam No. 3 (sp. gr. 2.96)
as indicating fluids, Test section pressure drope were measured
across the fuel bundle and also from plenum to plenum, see Figure
la. The fuel element mockup was supported in the test section at
the same elevation (relative to the moderator spacer-ring mockup)

it will have in the SRE when the element is hot. An extenmsion to
the orifice drive tube projecting through the element support flange
was used to adjust the orifice plug position. The plug position
was measured,with a 6~in. scale using the fully inserted position
as ‘a referencej the maximum error in plug positioning duripg the

" experiment is estimated to be less than 1/32 in.

METHOD USED AND DISCUSSION OF RESULTS
The initial series of tests consisted of preesure-drop mea-~
surements across the test section from plenum to plenum with.the

204 003
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plug of the varisble orifice adjusted from fully inserted to 3 in.

- withdrawn, at 1/2-in. increments. The first element design included
& 2-in. fixed orifice in the strainer assembly. The results of these

tests are presented in Figure 2. Measurements were repeated three
timee ‘at each orifice blug position to determine the reproducibility
of data. No variations between successive test rune were cbserved

 indicating that the orifice plug could be re-positioned precimely.

To obtain the desired outlet temperature of 960°F with this
fuel element in the SRE, the required flow rate is estimated to be
4,1 1b per sec (Ref. 2). The fixed orifice plates attached to the
standard 5-rod fuel elements now imn the SRE core are sized to produce
a core pressure drop of 1.85 psi at full flow (Ref. 3); therefore, ‘
the SU«9 variable orifice must be adjusted to provide the same core
pressure drop of 1.85 psi at a flow rate of 4.1 1b per sec. To
eneble a more accurate determination of the orifice plug position to
obtain the desired value of 4.1 1b per sec, a curve (gee Fig. 3) of
flow rate vs orifice plug position at a core preaaure drop of 1.85
psi was cross plotted from Figure 2. For the 2-in. fixed orifice,
the plug pesition at 4.1 1lb per sec is noted to be 3/32-in. open.

Since the primary purpose of the SU~9 element iarto'obtain in-
core data on the operation of a varieble orifice, flexibility inm
the flow sdjustment about the nominal flow rate ie e necessity.
Admustment of the varisble orifice in the reasctor will result in
changea in the channel ocutlet temperature and thig change in tem-
perature is a good measure of the flexibility of the varisble ori-
fice. : _
" The power, Q, removed by the coolant in & fuel channel may be

‘calculated by

-7, ,) (1)

The inlet temperature, Tin' is qssumed.to bev5005F and the nominsal

" outlet temperature, Tout' is assumed to be 960°F at full power.

The butlet temperature may be calculated by the following formule

T =L9-‘§1-]=x1+60+500 (2)

out
204 004
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with L (the power level expressed as the fraction of full péver) and

W (the flow rate through the channel), Figure 3b was constructed
ueing Equation (2) and Figure 3a. Figure 3b shows that, with a 2-in.
fixed orifice, the outlet temperature may be varied from 980°F to
790°F by adjusting the variable orifice plug over the entire range
from fully inserted to 3 in. withdrawn. This is & range from +20°F
to «170°F about the nominal outlet temperature of 960°F. 1In the
SRE, the desired range of temperature control is + 75°F about nomi-
naly thus, there is a wide disparity between the desired and obtain-
able temperature range.

In order to approach the desired control-temperature range, the
minimum flow rate (flow rate with the orifice plug in the fully

_ inserted position) mpst be reducedj an obviocus solution is to increase

the flow impedance of the fuel element aessembly. The stralner~-guide
asgembly, which attaches to the bottom of the fuel bundle, contains
a fixed orifice plate which supports the upper conical screen
(Figure 1b). The channel ccolant flows through the 2-in. hole in
this fixed orifice plate and also through the annulus formed by the
plate OD and the process tube ID. The plate OD was dictated by
clearance considerationsy the 2-1no hole size was dictated by
strength considerations to support the basket rods and upper ecreen.
Reducticn of the hole diameter (hereafter referred tec as fixed ori-

-fice diameter) would: (1) increase the totsl fuel-element flow

impedance, (2) increase the stiffnees of the plate, and (3) change

~the portion of the total coolant flow passing through the fixed

.

orifice. Use of smaller fixed orifice pizes was discussed with SRE
personnel and received tacit approvalscontingent upon acceptabdble
hydraulic characteristics (Ref. 3).

~ To increase the tiow impedance by this means, the consequences
of increasing the bypess flow mﬁat be considered. The screen open-
inge in the strainer are 0.059-in. square; the annulus surrounding
the fixed orifice plate is 0,061-in. thick. The annulus iz there-
fore approximately as effective as the screen openings in trapping

| eny particulate matter in the channel coolant. Of the total par-

ticulate matter trapped by the strainer, the fraction trapped in

o Qns
REMETENA L
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the annulua may be assumed to be directly proportionel to the frac-~
tion of the flow through the annulus to the total flow. Since the
screens and the annulus are equally effective strainers, reduction
of the fixed orifice sige should have no effect on the eftigiéncy

of the strainer. Any particulate matter trapped in the annulus is
unlikely to be removed with the fuel element during handling and will
fall back into the lower plenunm; however, if the 8U~9 fuel element

is removed from the SRE and particulate natter is observed on the

strainers, a method of estimating the total matter contained ia the
coolant iz desiradble. The following anslysis provides a means of N
s0 estimating. . ,

Pressure drop across the flow paths through and around the fixed
orifice plate are equal. The pressure drop across the annulus ig

AP = Kap iaz : (3)
e, 2 2
0% 28
The pressure drop across the fixed orifice and screen is
. 2 2
AP Kgp‘::o + pr wo (t'_)
o+8 2 . 2
A" P% 28 &, O° 2
Since -Apdm = A P+ then
s 2
K W X K
e 2 .Wf |55 (5)
A © [a® a
a K 8
oy
%
) 2 . 21
W K A K A
'r"a' = Eg (Ta.) + 'K"E' "A-a') (6)
wo a <] a 8
end since
i‘t = i: + w (7)
then
W W ’o
e (8)
Wt 1+ B/ o . :

730-V-45 (REV 5-59)
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;5 is the fraction of the total flow rate which passes through the

aﬁnulua. Loes coefficients, Ka
Ref. 4. The fraction of flow through the annulus for orifice siges
from O to 2-in. diemeter is plotted im Figure 4; the bypass flow

 varies from & minimum of 21% with a 2-in. hole to the obvious 100%
with no hole. The fraction of total trapped material accumulated
in the annulus therefore also varies from 21% to 100%.

Use of Figure & and estimation of'any cbserved quantity of par-

’ Ka. and'xo were determined from

ticulate matter on the screen may then serve as a means of estimating
the total matter removed by the strainer; hence, the quantity coné
tained in the coolant streanm, o

Hydraulic tests were performed with different fixed orifice
sizes. Tests with a 1/2-in. fixed orifice were run at varieble
orifice positions from fully imserted to 3 in. withdrawn, at 1/2-in.
intervals (Fig. 5). Tests with 3/4-in., and lel/b~in. fixed ori=-
fices were performed only at settings of fully inserted and 3 in.
withdrawn (Fig. 6 and 7); the intermediste positions were skipped
to reduce the total number of tests required. _ '

Date from Figures 2, 5, 6, and 7 for fully inserted and 3 in.
withdrawn plug positions are cross-plotted in Figure 8 for core
pressure drops of 1.85 pel and 2.50 pei. The range of flow rates
for & particular fixed orifice size may be determined from this
Figure. For example, at & core pressure drop of 1.85 psi and using
a l-in. fixed orifice the flow rate may be adjusted between 3.7 and
5.4 1b/eec.. ‘

Daia are presented in & more useful form in Figure 9, in which
the coolﬁnt exit temperature is plotted ageinst the fixed orifice
diameter. For examplé..at & core pressure drop of 1.85 pel &nd
using & l-in. fixed orifice, with‘the reactor operating at full -
power, the chamnel outlet temperature mayvbp varied betweem 845°F
and 1015°F by adjusting the variable orifice. 8ince the permissible
channel outlet temperature may be varied only + 75°F from the nomi-
nal outlet temperature, the variable orifice should not be adjusted
over its entire range when the reactor is at full power. However,
this problem may be overcome by obtaining test data ‘on the variable

204 007
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orifice while the reactor is operating at s 50% power level and full
flow. The core temperature rise will then be 50% of the fulle-power
core temperature rise and variations in temperature due to orifice
adjustment will be halved (Figure 10). .

This method for obtaining teast data on the variamble orifice cver
ite entire range im not necessary for all fixed orifice siges. For
example, the range of temperature adjustment (at full power and with
a core pressure drop of 1.85 psi) using & 3/k-in. fixed orifice is
from 875°F to 1040°F or~ + 80°F. Almost the entire range of adjuste

ment may be utilized without resorting to the above method of flow

not matching power level.

Using a smaller fixed orifice diameter results in & narrower
possible temperature range. The smaller fixed orifice may theres
fore be concluded to be szefer for two reasons: (1) lese chance of
operator error, (2) less effect if the orifice drive fails. The
3/bein. orifice appears to yield a satisfactory tempereture range
end is recommended for use on the SU-9 fuel element if & core pres-
sgure drop of 1.85 psi is used 4in the SRE, If & core pressure drop
of 2.50 psi is used, a 1/2-in. fixed orifice appears p:eferable.
Since the c¢ore pressure drop might conceivably be changed irn the SRE
(by instellation of different orifice plate sizes on the 5S-rod
elements) Figures 11, 12; and 13 plotting flow rate and channel
outlet temperature vs core pressure drop were constructed for fixed

-, orifice sizes of 1/2-in., 3/b4<in., and l-in. diameter. Operating
- characteristice for any core pressure drop ranging from 1,2 psi

to 3.2 psi may be observed from these curves.

In sddition to operation st tke extremes of orifice adjustment,
the intermedizte plug positions sre of interest. Figure 3 ghows the
channel exit temperature and flow rate vs vaiiable orifice plug-
position for the 1/2-in. end 2-in. fixed orifice sizes. In addi-
tion, the exit temperature ve plug poeition for 3/4-in. and 1l-l/4-in.
fixed orifices was estimated and dotted im. The effect on exit
temperaéure of & particulér orifice adjustment may be determined.
from this figure.

~n4 008
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In previous Eallam variable orifice development reports, the
temperature sensitivity of the orifice (which ie defined as the change
in exit temperature per change in plug position) has been determined
_ and plotted. This criterion, while useful, may be construed to imply

that an operating hezard could exist while, in fact, none does.
Figure 14, a plot of temperature aeisitivity ve plug position was
constructed to show that eensitivity in itself may be misleading.
For example, the eenéitivity ip the range from fully inserted to
1/bein. withdrawn is noted from Figure 14 to be 135°F/in. to 300°F/in.
or an average of 220¢F/in. This average sensitivity is greater than
the entire temperature change from fully inserted to fully withdrawn.
Perhape & more useful tool for indicating the effects of orifice
adjustment is the curve in Figure 15 of temperature sensitivity in
°F/eingle orifice adjustment increment., For this variaeble orifice,
the maximum increment is 0;0333-in. without removing the orifice
adjustment tool and resetting the drive mechaniesm. The meximum tem~
perature change per adjustment is less than 10°F, which is not appar-
ent from the usual sensitivity curve. The sensitivity of this
variable orifice is obviously low, ﬁhich is degireble to minimize
the effects of any operator error during orifice adjustment.

ond (009
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Symbol Item Dimension
A area fta
c'p specific heat Btu/1b=°F
g gravitational constant ft/sec2
K form loss coefficient ~ dimensionless
L power level dimensionless

Ar pressure drop psf f
Q power Btu/sec
T temperature °F
v velocity ft/sec
W flow rate 1b/sec
e, density 1b/1¢3

Subscrigt Itenm
a8 annulus
-] orifice, fixed
8 screen
t total

REFERENCES

a2 4eRod Fuel
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