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Hydraulic Tests  of a Prototype Hallam Fuel Element (SI?-9) to be 
Tasted in SRE 

SIIBJECT: 
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i STATEMWT OF PROBLEH 

A fuel element assembly (designated as SU-9) has been fabricated t o  
t e e t . i n  the SRE a variable o r i f i c e  similar t o  the H a l l -  design. 
t o  accurately predict  the performanae of this element i n  the  SRE and t o  
formulate tm effeutive ia-core experimental program, preesure drop-flow 
data are required. To obtstin 8UCh data, wdraulic tests in h, rater loop 
were performed. 

fn  order 

Cf. SulriMARX OF’ RESULTS AND RI;CO”ERDATION$ \ 
1 Freesure-drap meaeureaentcs were made mrom a mockup of a &+larn 

prototype fuel element in a t e s t  e rc t ion  i n s t a l l e d  in the  Hallam’wdraulia 
Loop. 

with a Ilallam-type variable orifice’at the channel e x i t  and a f ixed o r i f i c e  
in the s t r a i n e r  basket a t  the bottom o f  the  element. Tests were performed 
t o  determine the  optimum trim f o r  the fixed o r i f i c e  and the temperature 
adjustment capabili ty of the  variable o r i f i c e  using this optimum fixed 
or i f ice .  

To obtain the predicted 4,1 lb/sec sodium coolent requirement at  a 
aoro pressure drop of 1.85 psi, a 3/4-in. fixed o r i f i c e  WBB determined t o  

Phe first several  copieer of page 1 of this TDR are for tear-off and retention. 

The flow channel wae identical t o  an $RE fue l  channel and ineluded 
mulated upper and lower .plenuns. The fuel element slockup was equipped 

* 

rhe TDR can then be pa68ed on t o  others  who w i s h  t o  see 1%. Plsa6e do not re- 
novo t h e  f i n a l  copy of page 1. ?!?A 033 - 
S O - Q - 8  
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be the  optimum. With t h i a  f ixed o r i f i c e  sim t he  var iable  o r i f i c e  
w i l l  be approximately 1 in .  withdrawn during full-power operation. 
Adjust5ng the o r i f i c e  over Ate e n t i r e  range of 3 i n .  f r o m  f u l l y  
in se r t ed  t o  f u l l y  withdrawn  cover^ a temperature range from 10408F 
t o  875°F which is approximately 4 808F about the  n~miaal o u t l e t  
temperature of 9600F. This adjustment temperature range i e r  almost 
i d e n t i c a l  w i t h  t h e  desired range of 2 75°F. 

Curvee a r e  presented which sill a i d  l a  determination of opera- 
t i n g  c h a r a c t e r i s t i c s  of t he  element with other  f ixed o r i f i c e  s i t e e  
should the  core preeeure drop or required flow rate of coolant be 
changed. 
EQUIPMENT USED 

An ex i s t ing  mockup of an SRE procersa tube,  whieh is located i n  
the  3NPF water t e s t  loop and Includes simulated upper and lower 
plenums, wae used for t h i s  experiment. 
loop and proaeee tube is given on Page 2 of Reference 1. 

A deecrlpt ion of the  t e s t  
Water, 

which was heated t o  approximately 150°F, paseed from a storage tank 
through a 750-gpm pump, a t h r o t t l i n g  valve, an ASME standard flange- 
tapped square-edge o r i f i ce  p l a t e ,  up through the procees tube, and 
returned t o  the storage tank. 
metering o r i f i c e  and t e s t  sec t ion  were meaeured with both inc l ined 
and U-tube manometers using mercury or Meriam No. 3 (sp. gr. 2.96) 
RE indicatfag fluids, Teet section pressure drops were measured 
acrom the  f u e l  bundle and tal60 fron plenum t o  plenum, see Figure 
la. The fuel element mockup was supported i n  the t e a t  aeotion at 

the ~ a m e  e leva t ion  ( r e l a t i v e  t o  t h e  moderator spacer-ring mockup) 
i t  w i l l  have In the  SKE when the  element l a  hot. An extanrrion t o  

the  o r i f i c e  dr ive tube project ing through the element support f lange 
wae used t o  adjuat  tha, o r i f i o e  plug poaition. The p lug  pos i t ion  
was measured with a 6-An. sca le  using the  f u l l y  in se r t ed  pos i t i on  
as 'a reference4 the  maximum e r ro r  In  plug posi t ioning during the  
experiment i a  estimated t o  be leas than 1/32 i n .  

Preesure drops a c r o e ~  the flow- 

IGTHOD USED AND DISCUSSION OF RFAULTS 

The i r r i t i a l  series of t e s t s  consisted of pressure-drop mea- 

suremante B C ~ O B B  the t e s t  eeot ioa from plenum t o  plenum with-the 

730-V-45 ( R E V  5 - 5 9 )  
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plug of t h e  var iable  o r i f i c e  adjuated from fully i n s e r t e d  t o  3 in. 
withdrawn, at  1/24n.  iacrcments. 
a 2-in. fSxed orifice i n  t h e  s t r a i n e r  assembly. 
t e s t a  are presented in Figure 2. He&uiurements were repeated three 
time *at 6abh o r i f l o e  plug poalt ion t o  determine the regroducib t l i ty  
o f  data. No var i a t ions  between ~UCCSBS$.V@ ted,  run6 were observed 

The first element deaign Included 
The r e s u l t s  of theee 

indiaatirag t h a t  t h e  oriffoe plug could be re-positioned precisely.  
To obtain the desfred o u t l e t  temperature of 9604F wlth thi6 

f u e l  element i a  the  SRE, the required flow r a t e  is estimated t o  be 
4.1 lb per 8ea (Ref. 2). The f i r e d  or i f i ce  pla te8  attached t o  the  
standard 5-rod f u e l  elements now i n  the SRE core are s i zed  t o  produce 
E core preeaure drop of 1.85 p s i  at f u l l  flow (Ref. 311 therefore, 
the Sa-9 variable orlfioe must be ad$usted t o  provide the  erne core 
pressure drop of 1.85 psi at  a flow rate o f  4.1 l b  per  see. To 
enable a more accurate deter8oinatioa of the  o r i f i o c  plug pos i t i on  t o  
obtain the  desired value of 4.1 lb per 880,  la curvy (see Fig. 3) of 
flow r a t e  vo orlf ioe plug  poslt ion at a core preeaure drop o f  1;85 
pal  wae c ross  p lo t t ed  from Figure 2. For the 2-1a. f ixed  o r l f i c e ,  
the  plug potritioa at  4*1 lb per  eec l e  noted t o  be 3/;32-in. open. 

Since the  primary purpoae of t he  Sa-9 element is t o  obtain ia- 
core data on the  operation of a variable o r l f i c e ,  f l e x i b i l i t y  in 
the flow adjustment about t he  nominal flow rate $8 a necessity.  
Admustment of t h e  var iable  o r i f i c e  i n  the reac tor  w i l l  r e s u l t  in 
changes i n  the channel o u t l e t  temperature and this change i n  tam- 
perature  is a good measure of the  f l e x i b i l i t y  of the var iable  ori- 
fics Q 

The power, Q, removed by the coolant i n  R f u e l  channel may be 
calculated by 

The i n l e t  teaperature ,  Tins l e  assumed t o  be 500°F and the nominal 
ou t l e t  temperature, Tout, is assmed t o  be 960°F at f u l l  power. 

The b u t l e t  temperature may be calculated by t he  following formula 

730-V-45 ( R E V  5 - 5 9 )  
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with I, (the-power l e v e l  expressed as the  f r a c t i o n  of f u l l  power) and 
( the  flow rate through the  channel), Figure 3b was constructed 

using Equation (2) and Figure Ja, 

f ixed  o r i f i c e ,  the ou t l e t  temperature may be var ied from 980°F t o  
790°F by adjuet ing the var iable  o r i f i c e  plug over the  e n t i r e  range 
from f u l l y  in se r t ed  t o  3 In. withdrawn. This l a  a range from +2OQF 
t o  -170°F about t he  nominal o u t l e t  temperature of 960°F. 
SEE, the  desired range of temperature control  is  2 75OF about nod-  
nal;  thus,  there  is  a wide d i spa r i ty  between the  desired and obtain- 
able  temperature range. 

minimum flow r a t e  (flow rate  with t h e  o r i f i c e  plug 'in t h e  f u l l y  
in se r t ed  poe i t ion)  must be reduced; an obvious mJolutionis t o  inc reas  
the  flow impedance of the f u e l  element aesembly. 
assembly, which a t taches  t o  the bottom of the  f u e l  bundle, c o n t d n e  
a f ixed  o r i f i c e  p l a t e  which supporte the  upper conical  acreen 
(Figure l b ) .  
t h i o  f ixed  o r i f i c e  p l a t e  and a l s o  through t h e  annulus formed by the  
plate  OD and the  process tube I D .  The p l a t e  OD was dictated by 
clearance con side ratio as^ the  2-ino hole size wae d ic t a t ed  by 
strength considerations t o  support the basket rods and upper screen. 
Reduction of the  hole diarneter (hereaf te r  r e fe r r ed  t o  ~ B B  f ixed or%- 
f i c e  diameter) wouldr (1) increaee the  t o t a l  fuel-element flow 
impedance, (2) inoreaae the  s t i f f n e s s  o f  the plate,  and (3) change 
t h e  por t ion  of t he  t o t a l  coolant flow passing through t h e  fixed 
or i f i ce .  Uee o f  smaller f ixed o r i f i c e  eieea waa diarcuesed with SRE 
personnel and received tac i t  approval contingent upon acceptable 
hydraulic cha rac t e r i s t i c6  (Ref. 3) .  

To increase the  flow impedance by t h i e  ~ E ~ R I Z B ,  the  coneequenoas 
of increasing the  bypass flou must be considered. 
ings i n  the  s t r a i n e r  a r e  0.059-in. square; t h e  annulue surrounding 
the f ixed  o r i f i c e  p l a t e  %e 0.061-in. thick.  The a ~ n u l u s  is there- 
fore  approximately as e f fec t i+e  BB the acreen openings i n  trapping 
any par t iou la t e  matter i n  the  channel coolant. 
t i c u l a t e  matter trapped by the  e t r a i n e r ,  the  f r a c t i o n  trapped i n  

Figure 3b shows t h a t ,  with a 2-10, 

I n  t h e  

In order  t o  approach the desired control-temperature range, the 

The strainer-guide 

The channel coolant flows through the 2-in. hole i n  

The acreen open- 

Of the  t o t a l  par- 
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the alululue may be aP;sumed t o  be direotly progortiosal t o  the frao- 
t l o n  of the flsn, through the annulua to  the t o t a l  flow. Since the 
ecrecnei and the annulue: are equally e f f ec t ive  atrdnera ,  reduotion 
of the fixed or i f i ce  s iee  should have no e f f e c t  OB the sffioiency 
of the strainer.  AnJF peultiaulate matter trapped i n  the olnnulus i s  
unlikely t o  be removed with the f u e l  element during handling and w i l l  
f a l l  back Into the lower plenum! however, i f  the SU-9 fue l  element 
I s  removed from the SRE and partfeulato matter i 6  observed OA the 
8 t ~ a I n e ~ s ,  a method of estimating the to ta l  ntatter contained ia the 
codlent f a  des irable .  The followlag analgels providse a means of 
60 ecstimating. , 

orifice plate are equal, 
Preseure drop acr088 the flow path8 through and around the fixed 

The precr8u.m drop acroeri the annulus is 

The preesure drop across the fixed or i f i ce  and 6creen i s  

since = A pa, then 

and since 
1, = * f to (7 1 

(B 

then 

730-V-45 (REV 5 - 5 9 )  
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w 
2 i e  the  f r ac t ion  of the t o t a l  f low r a t e  which pa88ee through the  
W 
aknulus. Loa6 coef f ic ien te ,  ICa, Kg, and KO were determined frola 
Ref. 4. 
from 0 t o  2-in. diameter 16 p lo t t eb  in Figure 4; the bypass flow 
var ies  from a miailnun of 21% with a 2-in. hole t o  the obvious 100% 
with no hole. The f r ac t ion  of t o t a l  trapped mater ia l  accumulated 
in the  annulue therefore  a l s o  var ies  from 21% t o  100%. 

The f rac%ion of flow through the  annulus f o r  o r i f l a e  siees 

Use of Figure 4 and eetlrnation of any observed quantity of par- 

t i c u l a t e  matter on the screen may then serve ae a means of estimating 
the t o t a l  matter removed by the s t r a ine r :  hence, the quant i ty  con- 
ta ined in the  coolant etream. 

Hydraulic t e s t s  were performed wi th  d i f f e ren t  f ixed o r i f i c e  
s i t e s .  T 4 6 t 6  with a 1/2-in. f ixed orifice were run at variable  
o r i f i c e  poei t ioae from fully inaer ted  t o  3 i n .  withdrawn, at 1/2-in. 
i n t e rva l6  ( F i g .  5 ) .  Teetcr with 3/4=in., and l-I./bin. f i r e d  ori- 
f icse  were performed only a t  erettings of f u l l y  Inser ted  and 3 i n o  
withdrawn (Fig.  6 and 7); the  intermediate poe i t ioas  were ddpped 
to reduce the  t o t a l  number of t e s t s  required. 

D a h  from Figures 2, 5 ,  6, and 7 for  f u l l y  in se r t ed  and 3 in. 
withdrawn plug pos i t ions  a r e  cross-plotted i n  Figure 8 for core 
preeeure drops of 1.85 pe i  and 2.50 pel.  The range of flow r a t e s  
for a particular f ixed orif ice  e lee  may be determined from this 
Figure. For example, at a core preoaure drop of 1.85 psi and using 

a 1-in. f ixed o r i f i c e  the  flow r a t e  may be adjusted between 3.7 and 
lb/sec. 
Data are presented in a mere usefu l  form i n  Figure 9, in which 

the  coolant exit temperature l a  p lo t ted  against t he  f i xed  oriffae 
diameter. For example, at a core preseurs drop of 1.85 psi cind 

w i n g  1 4 n .  fixed o r i f i c e ,  wi th  the reac tor  operating at f u l l  
power, the  channel o u t l e t  tearperature may be V a r i Q d  between 845OS 
and lOl5OF by adjus t ing  the variable o r i f i c e .  
channel o u t l e t  temperature m a y  bo varied only 2 75OF from the no&.- 
nal outlet tenperature,  the variable o r i f i c e  should not: be adjusted 
over i ts e n t i r e  range when the reac tor  i s  &t f u l l  power. 
t h i e  problem may be overcome by obtaining t e e t  data bn the  var iab le  

Bfnce the  perlllisoible 

However, 



ATOM ICs INTERNATIONAL 
A Division of North American Aviotion, Inc. 

1 

i 

. 

i 

. ,  

.. 

L 

- 

r - 

orifice while the reac tor  is operating at  a 
flow. 
core temperature riae and variations In temperature due t o  o r i f i c e  
adjustment w i l l  be halved (Figure 10). 

This method for obtainfng t e a t  data on t he  var iable  o r i f i c e  over 
its e n t i r e  range i a  not aeceserary f o r  a l l  f ixed o r i f i c e  sizes.  For 
example, the range of ‘temperature adjuetnont (at f u l l  power and with 

a core pressure drop of 1.85 psi) ueing a 3/k-in. f ixed  o r i f i a e  is 
from 875OF t o  1040*F or- - + 8 0 0 ~ .  

merit may be u t i l i t e d  without reaortirrg t o  the  above method of flow 
not matching power leve l .  

possible teaperature  renge. 
f o r e  be concluded t o  be aafer f o r  two reasons: (1) le86 chanoc of 
operator errort (2) lese e f f e c t  if t he  orif iae dr ive  falls. 
3/4-ia. o r i f i o c  appeewa t o  y ie ld  a Bikti6fRCtOry temperature range 
and Is reconmendeli f o r  urn8 on the Sa-9 fue l  element if a core pres- 
gure drop of 1.85 p o i  i r r  used i n  the  SRE, 
of 2.50 p s i  Is used, a 1/2-ine f l x e d  orifice appearis preferable.  
Since the core preasure drop might conceivably be changed in the SBE 

(by i m t a l l a t i o n  of d i f f e r e n t  o r i f i c e  plate sites on the 5-rod 

power l eve l  and f u l l  
The core teaperature  r i s e  w i l l  thra be 50% of the full-power 

Almost the e n t i r e  range of adjust-  

Using a smal$er f ixed  o d f i o s  d i a e t e r  rasultar in a nwrower 
The smnllcr f ixad orifioe may there- 

The 

If a core pressure drop 

elerzents) Figures 11, 12,  and 13 plotting flow rate and channel 
ou t l e t  temperature v6 core presaure drop were constructed for fixed 

, o r i f i c e  aleerr of l/i?-in., 3/4-in., and b i n .  diameter. Operating 
cha rac t e r i s t i c s  f o r  any core pressuro drop ranging from 1.2 p a i  
t o  3e2 psi may be observed from these curvelje 

t he  intermediate plug pos i t ions  are of in tores t .  
cbanncl e x i t  temperature and flolr rate os variable or i f ice  plug- 
posit ion for the 1/2-in. and  2-in. f i x e d  ori f iae  s izes .  In addi- 
t i o n ,  the e x i t  temperature va p lug  p o d t i o n  f o r  3/4-in. and l-1/4-iae 
fixed or i f i ce s  war3 eetimated and dot ted  in. The effect oa exit 
temperature of 6. par t icu lar  o r i f i c e  adjustment may be dctamined 
from t h i o  f igure.  

In addl t lon t o  operation et the extremes of o r i f i c e  adJustmeat, 
Figure 3 ehowa the 

9 0 4  o@j 
730-V-45 ( R E V  5 -59 )  
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I n  previous Eallam variable  o r i f i c e  development reporte ,  the 
temperature s e a s i t i v i t y  of the  o r l f i o e  (which l e  defined as the change 
In e x i t  temperature per shange in plug poei t ion)  has been determined 

that an oporatiag haeard could exiet while, in f a c t ,  none doe@. 

. and plot ted .  T h i s  aritsrlon, uhile u ~ e f u l ,  m a y  be aoaatcued t o  *ply 

. 

, 
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Figure 14, a p l o t  of tsmperature aensitivitg vc plug pos i t i on  rae 
oowtrua ted  t o  show t ha t  s e n s i t i v i t y  i n  i t s e l f  may be misleading. I 
For example, the ssne ' i t io i tp  in the range from f u l l y  i n se r t ed  t o  

1/4-inO withdrawn is noted from Figure 14 t o  be 135*F/lrt. to jOO°F/fn. 
or  an average of 220*F/in. 
the entire temperature change from f u l l y  in se r t ed  t o  f u l l y  withdrawn. 

adjustment is t h e  curve i n  Figure 15 of temperature s e n s i t i v i t y  in 
OF/s%ngle o r i f i c e  adjuetment inorement . For this variable o r i f i c e ,  
t h e  a r a x i m u m  increment is O.OJJ)-ia. without removing the  o r i f i c e  
adjuetment too l  and r e s e t t i n g  the d r i v e  mechanism. 
perrntura change pe r  adjuetatent i e  less than lOV, which I s  not appar- 
en t  from the  usual eensit ivity cwve. 
variable orif lee  i s  obvloualy low, whiah $6 desirable, t o  minimlse 

T h i s  average s e n s i t i v i t y  I s  greater than 

Perhapa a more useful t o o l  f o r  indicating t h e  e f f e a t s  of o r i f i o e  

The m a x i m u m  tern- 

The s e n s i t i v i t y  of this 

730-V-43 ( R E V  5 - 5 9 )  
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NOMENCLATURE 

Symbol 

A 

0 P 
6 
K 
L 
A P  
Q 
T 
V 

t 
P 

Subscript 

a 
0 

e 
t 

Item - 
area 
apecifia heat 
gravitational conetglnt 
form loss coeffiaient 
goner level 
preesure drop 
power 
temperature 
velocity 
flow rat e 
denaity 

It em - 
annulus 
orifice, fixed 
screen 
total 

REFERENCES 

Dime ne i  o n 

ft2 

ft/aec2 
Bty/lb-OF 

dimeneionleas 
dimensloaleas 

Btu/sec 
O F  

f t/sec 

Wf 

lb/6eC 
lb/f t 3 

1. TDR 4644, “Pre6sUre-DrOp Heaeurements Across a b R o d  Fuel 
Elemeat to be Teeted In SRE,“ 5 November 1959, by R e  J. %gley. 

2. Personal communication with N. King. 
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