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ADVANCED TWO-PHASE FLOW ~ ~ ~ U ~ T A T ~ O N  PROGRAM QUARTERLY 
PBOGWS REPORT FOR JANUABY-MARCH 1982 

J. E. Hardy 6. N. Mi l l e r*  
S. C. Rogers" W. L. Zabr i sk iee  

ABSTRACT 

The performance of the  Westinghouse Reactor Vessel Level 
I n d i c a t i n g  System (WLIS) was analyzed f o r  a s e r i e s  of t e s t s  
i n  t h e  Semiscale Test  F a c i l i t y ,  A summary of the r e s u l t s  and 
conclusions from those small-break s imula t ion  experiments i s  
presented.  The Westinghouse RVLIS i n d i c a t e d  a l e v e l  measure- 
ment t h a t  was lower than t h e  v e s s e l  coolant  l e v e l  f o r  a l l  
t e s t s .  The RVLICS i n d i c a t i o n  w a s  a t  times higher  than the  ves- 
s e l  co l l apsed  1 i q u i d  l e v e l .  This  discrepancy was appa ren t ly  
c r e a t e d  by s t r u c t u r a l  d i f f e r e n c e s  i n  t h e  Semiscale f a c i l i t y  
and B Westinghouse pressurized-water r e a c t o r  (WYR). Modifica- 
t i o n s  were made t o  Semiscale t o  b e t t e r  s imulate  a Westinghouse 
PWR, and a r e t e s t  was completed. The RVLIS measurements 
showed much b e t t e r  agreement w i t h  the  v e s s e l  co l l apsed  l i q u i d  
l e v e l  f o r  t h i s  r e t e s t ,  

In a d d i t i o n  t o  t h e  RVLIS a n a l y s i s ,  an u l t r a s o n i c  sensor  
i s  being developed t o  measure simultaneously t h e  1 eve1 * tem- 
p e r a t u r e ,  an d e n s i t y  of t he  f l u i d  in which i t  i s  immersed. 
The sensor  i s  a t h i n ,  r e c t a n g u l a r  s t a i n l e s s  s t e e l  r ibbon, 
which a c t s  a s  a waveguide and is housed i n  a p e r f o r a t e d  tube. 
The waveguide i s  coupled t o  a s e c t i o n  of magne tos t r i c t ive  
m a t e r i a l ,  which i s  surrounded by a p a i r  of magnetic-coil trans- 
ducers.  These t r ansduce r s  a r e  e x c i t e d  i n  an  a l t e r n a t i n g  se- 
quence t o  i n t e r r o g a t e  the sensor w i t h  both t o r s i o n a l  u l t r a -  
sonic  waves, using t h e  Wiedemann e f f e c t ,  and ex tens iona l  
u l t r a s o n i c  waves, using t h e  J o u l e  e f f e c t .  The measured t o r -  
s i o n a l  wave t r a n s i t  time i s  B f u n c t i o n  of t he  d e n s i t y ,  l e v e l ,  
and temperature  of t h e  f l u i d  surrounding t h e  waveguide. The 
measured ex tens iona l  wave t r a n s i t  time i s  a f u n c t i o n  of t h e  
temperature of t he  waveguide only. The sensor i s  d iv ided  i n t o  
zones by the  i n t r o d u c t i o n  of r e f l e c t i n g  s u r f a c e s  a t  measured 
i n t e r v a l s  a long i t s  length.  Consequently, the t r a n s i t  t imes 
from each r e f l e c t i n g  s u r f a c e  can be analyzed t o  y i e l d  tempera- 
t u r e  and d e n s i t y  p r o f i l e s  along t h e  l e n g t h  of t h e  sensor.  
Improvements in a c o u s t i c  wave dampener and transducer-sensor 
i n t e r f a c e  designs enhance t h e  c o m p a t i b i l i t y  of the probe wi th  
h i  gh- temper a t  ur e, high- r a d i  a t  i on, water- s t e am e m  i r o m e n t  s and 
i n c r e a s e  t h e  l i k e l i h o o d  of s u r v i v a l  i n  such environments. De- 
s i g n  and breadboard of a high-voltage p u l s e r  f o r  d r i v i n g  t h e  
magnetic-coil transducen: have r e s u l t e d  i n  an o rde r  of magni- 
tude i n c r e a s e  i n  s i g n a l  s t r e n g t h ,  This i nc reased  s i g n a l  

*Instrumentat ion and Con t ro l s  Division. 
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s t r e n g t h  i s  needed to improve 
e n s m e  m i n a i m m  a t t e n u a t i o n  o f  
l o n g  wiivegnides, P re l  iwinziry 
e l e c t r o n i c s  package %hat w i l l  

~ ignwi- to-n0is8 r a t i o  s91a to 
aaconsti@: W a v e s  t r a a s m i t t e d  over 
design i s  i n  progress f o r  9 ncv 
make mu1 t ip1  e z 0ne measurements 

f a s t e r  and FOX-& f l e x i b l e ,  allow output  d a t a  t o  be d isp layed  i n  
r e a l  - tiffis engineer ing  u n i t s ,  and iprapa.ovc dynamic response,  
r e s o l n t i o n ,  and accuracy. 

A v a r i e t y  of spec ia l  iaastr-aments f o r  weasurrmeuts i n  high-tamnspera-- 
t u r e ,  high-pressure two-phase flow has been developed a t  the Oak R i d g e  
Nat ional  Laboratory (0 L). One such recent  a c t i v i t y  has been t h e  devel- 
opment of an u1tzasoni.c sensor t o  measa t h e  water l e v e l  i n  the r e a c t o r  
v e s s e l  of a pressurized-water  areaceox ( B).= 1~aeseairch hats been sponsored 
by the U.S .  Nuclear BegnPatosy Conmission ( N I X )  D iv i s ion  of A c c i d e n t  Eval- 
u a t i o n  a s  a p a s t  o an e f f o r t  tu develop and implement improved instrumen- 
t a t i o n  f o r  u s e  i n  Bs t o  provide an unambiguous i n d i c a t i o n  o f  the  ade- 
quacy o f  core m o l  ins .  This  advanccd in s t rumen ta t ion  m i l s t  surv ive  acci-  
dent  cond i t ions  a n d  provide i n d i c a t i o n s  usefai l  f o r  pos tacc ident  a n a l y s i s ;  
i t  must a1 sa f u n c t i o n  1properPy under bo th  natural- and f srced-convection 
flow cond i t ionsS2  Mat iva t ion  f o r  this e f f o r t  stews from ana lyses  of the 
acc idea t  a t  the Thrsc Mile I s l a n d  CTKI nuclear power p l a n t ,  dur ing  which 
a cond i t ion  of Iw warier l c v e l  and inadequate  c o r e  cool ing  v a s  ne t  r ecog-  
n i zed  f o r  an extended per iod ,  becrtnse no d i r e c t  i n d i c a t i o n  o f  water l e v e l  
i n  the reactor v e s s e l  Several  concepts  f o r  s a t i s f y i  
requirements hawe been proposed ana are unde-~- aave iopmm.  a t  o 
elsewhere.  Cont imif ig  progress  i n  t h e  d ~ e l ~ p ~ ~ i e n t  of the ultrasonic  sen- 
sor a t  OPNL has l e d  t o  improved d e s i g n  and accuracy, 

'Fhc raltrlrassnic l e v e l  sensor  is BL promising long-term solution f o r  
monitor ing c o r e  coa l ing  adeqazapsy, becaase i t  can d i sp lay  t e m p e ~ t i t ~ e  and 
dens i ty  p r o f i l e s  ia  a d d i t i o n  t o  co3lapsed l i q u i d  and frot-h l c v e l s .  Corre- 
l a t i o n  o f  these ou tpu t s  w i t h  those frum other  p l a n t  sensors  would provide 
a s e l f -  checking capah i l  i t y  f o r  t he  yrobe, The a]. t r a s o n i c  sensor provides  
information r e l a t i v e  t o  l e v e l ,  temperature, and dens i ty  i n  c&rntinuoans 
€ o m ,  as  opposed t o  sensors t h a t  simply i n d i c a t e  f u l l  or o the r  d i s c r e t e  
l e v e l  p s i n * , s , 4 , 5  Compatibility w i t b  cu r ren t  reactor des igns  and t h e  ab i l -  
i t y  t o  perform under both noma1 r s e c t o r  operat ing  canditions (340"@, 17.2  
b P a )  and acc ident  conditions a r e  r e a l i z e d  by t he  simple, al l -metal  con- 
s t r u c t i o n  of  t he  sensor and by isolation of  thc t r a a s d ~ ~ e r  from the  harsh  
environment of the r c a c t o r  core .  The remote l o c a t i o n  of e l e c t r o n i c s  and 
absence o f  moving p a r t s  i n s i d e  t h e  r e a c t o r  v e s s e l  mike t h e  probe very 
a e l i a b l  e armd minimize maintenance ~ e q n i r e ~ e n S s .  

vesse l  c o o l a n t  l e v e l s  by m a n s  of d i f f e r e n t i a l  p r e s s u r e  (dP$  c e l l s  covet- 
ing s e l e c t e d  ranges. mis Reactor %'esseJ. Level  I n d i c a t i n g  System (WLIS)  
and i t s  b a s i c  requirements and components were  descr ibed  yrevions ly .6  
E~alaathoan ~f the pe+formance of t be  RQLIS f o r  t he  upper--he3d i n j e c t i o n  
(mBJ s e r i e s  (S--UT-3s S-UT-6# and S- UT-71 hac hean reported ea~lier,7,a A 

A measnreaent system w 3 - s  developad by Yrstinghonse t o  monitor in- 
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summary of the results for all the experiments, which included four UHI  
tests, three natural-circulation tests, a system time-response test, and 
one intermediate-break test is presented. 

. .  



n e  tbpony desc r ib ing  magne t s s t r i c t ive  t ransdac t ion  of extea- 

i n   iti in r ? a ~ J e ~ l l i a c ~  slay be found i n  t i l e  iitersi~re.9-12 A brief s w i ~ ~ a ~ y  o f  
sirpns? and t o r s i o n a l  1x1 t r a s i m i c  waves and t h e  yropagatioil of these waves 

the basic p r i n c i p l e s  may b e m f  i t  those who B P C  not acqnzintad wi%h this 
a p p l i c a t i o n  o f  u t t r a o o n 3 c s ,  

ne tustrictive ma I y u t i l i z i n g  abc J o u l e  and Wiedemann e f f e c t s ,  re- 
s p e c t i v e l y .  p A c u r r e n t  pill se iutrodncrd into R c o i l  sn~rounding  a ferrs- 
ilragnetic rod csr-eafes a magnetic flux t r a n s i e n t  i n  the rod, which c~uzses  a 
change i a  its l e n g t h  (Joule  r f f c z t ) .  This sudden changc P x i  length gc~a:r- -  
a t e s  an a c o u s t i c  pu l se  that yrapagates  a s  an ex tens iona l  wave a t  tlna SppCGd 
o f  sound w i t h i n  ihi? m a t e r i a l ,  A r e t u r n i n g  s t r e s s  pulse g e n e r a t e s  IL chaxng- 
ing flux, 3y the: V i l l a r i  e f f e c t ,  that  l i n k s  the coil. T h i s  change i n  f l u x  
proda;ses 8 voltage across the c o i l  as a r e s u l t  o f  Faraday's l a w ,  The 
Visdcniem e f f e c t  i s  a two-dimensional extension of thc Joule effect. If B 

c i r cumfe ren t i a l  magnetic b i a s  e x i s t s  i n  t h e  unagnetostr ic t ive  rod,  t h e n  an 
a x i a l l y  charging f l a x  will twist the rod h e l i c a l l y ,  i n i t i a t i n g  a shear 
stress pulse .  Thia s t r e s s  pulse  propagates I O  a t o r s i o n a l  w a v e ,  w%Ech, on 
i t s  ratuazk, produces sin output  v o l t a g e  'Try the inve r se  Wiedemann effect and 
Faraday's  1 awe 

In thin wsvegiides,  z i~ous t fe  p u l s e s  propagate a s  vavo~s a t  a phase 
v e l o c i t y  of the penera1 form 

Both ex tens iona l  a torsiornal s tres s  pn l ses  can be generated in mag- 

s t i f f n e s s  tera  
y = J -.-- 

i n e r t i a  term e 



. .  

. I  

. 

e nonc i r cu la r  geometry of t he  wavegaride ( q u a n t i f i e d  by K) al lows cou- 
p l i n g  of i n e r t i a  from the  surrounding f l u i d  t o  the  waveguide. An addi- 
t i o n a l  i n e r t i a  term caused bgr t h i s  coupling i n c r e a s e s  t h e  e f f e c t i v e  in-- 
e r t i a  of t h e  waveguide, thereby decreasing t h e  t o r s i o n a l  wave v e l o c i t y  
[Eq. ( 1 1 1 .  

The c h a r a c t e r i s t i c  impedances a s  seen by an ex tens iona l  wave and by a 
t o r s i o n a l  wave a r e  given by Z 
A i s  t h e  c ros s - sec t iona l  area and J i s  t h e  c ros s - sec t iona l  p o l a r  moment of 
i n e r t i a  of t he  waveguide, The p a r t i a l  r e f l e c t i o n  of an inc iden t  wave a t  a 
boundary of the waveguide depends on t h e  impedance match of adj acent 
sidles. The x e f l e c t i o n  c o e f f i c i e n t  a t  t he  i n t e r f a c e  between two reg ions  
f o r  a p a r t i c u l a r  wave mode i s  given by 

= p v A and Zt = p v J r e s p e c t i v e l y ,  where 
e s e  s t  

A t t enua t ion  of t he  amplitude of an a c o u s t i c  p u l s e  r e s u l t s  from the  p a r t i a l  
t r ansmiss ion  of t h e  i n c i d e n t  wave's energy t o  an adj  s cen t  medim and from 
i n t e r n a l  abso rp t ion  l o s s e s .  

trum of f r equenc ie s  about a cen te r  frequency f . The r e l a t i o n s h i p  be- 
tween t h e  wavelength &, frequency f ,  and v e l o c f t y  v of t h e  t r a v e l i n g  wave 
i s  expressed by k. = v / f .  Dispersion, or t h e  dependency of v e l o c i t y  on 
frequency, causes  t h e  pu l se  shape t o  spread out  i n  time i n t o  many h a l f  
c y c l e s  of pu l se  amplitude, an e f f e c t  known a s  ch i rp ing .  For dispers ion-  
l e s s  propagat ion,  t he  r a t i o  of waveguide diameter o r  width t o  wavelength 
must be kept  below a c r i t i c a l  value.12 'Piypically, t h i s  value i s  1 : 8 .  

A t r a v e l i n g  a c o u s t i c  wave pu l se  con ta ins  a broad, symmetrical spec- 

2.2 P r i n c i v l e  of Operation 

The o p e r a t i o n  of t he  u l t r a s o n i c  probe developed a t  ORNL for measuring 
t h e  l e v e l ,  temperature,  and d e n s i t y  of t h e  f l u i d  i n  which i t  i s  immersed 
i s  based on t h e  p r i n c i p l e s  o u t l i n e d  i n  t h e  previous sec t ion .  The complete 
system c o n s i s t s  of a sensor ,  B t r ansduce r ,  s i g n a l  cond i t ion ing  eleckron- 
ics, and a microcomputer (F ig .  1). The sensor  is a r e c t a n g u l a r  waveguide 
housed i n  a p e r f o r a t e d  tube and coupled t o  a t ransducer  by a lead-in wave- 
guide through a transducer-sensor i n t e r f a c e .  The t r ansduce r  c o n s i s t s  of a 
1 . 6 - w d i a m  s e c t i o n  of m a g n e t o s t r i c t i v e  m a t e r i a l  surrounded by a p a i r  of 
c o i l s .  The t ransducer  i s  terminated try a back-length waveguide, which i s  
f e d  in to  an  impedance-matching a c o u s t i c  wave dampener. The t ransducer  
c o i l s  a r e  e x c i t e d  by the s i g n a l  cond i t ion ing  e l e c t r o n i c s .  which both 
t r a n s m i t  and r e c e i v e  t h e  s i g n a l  p u l s e s  t o  provide da t a  t o  t h e  microeompu- 
t e r  f o r  processing. 

The e l e c t r o n i c s  provide c u r r e n t  p u l s e s  t o  each c o i l  i n  an alternat- 
ing sequence t o  launch ex tens iona l  wave and t o r s i o n a l  wave pu l ses  i n  the  
m a g n e t o s t r i c t i v e  sod i n  each d i r e c t i o n .  The end echoes from the back- 
length a r e  dampened so as not  t o  i n t e r f e r e  w i t h  the  s i g n a l s  from t he  sen- 
sox. The forward-launched s i g n a l s  propagate i n  t h e  waveguide through t he  
transducer-sensor i n t e r f a c e  along t h e  lead-in to t h e  sensor ,  Inc iden t  
waves a r e  p a r t i a l l y  r e f l e c t e d  a t  the i n t e r f a c e  of the lead-in and sensor ,  
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Fig ,  1 ~ Ultrasonic:  l e v e l  d e t e c t o r  system design,  

a t  t h e  sensor t e rmina t ion ,  and a t  any notches used t o  mark t h e  zones along 
t h c  l eng th  of the  sensor;  ref1el ; ted pulses  t r a v e l  back t o  t h e  t ransducer  
c o i l s ,  mere, they a r e  converted t o  e l e c t r i c a l  s igna l s ,  rece ived  by t h e  
s igna l  cond i t ion ing  electronics, and used t o  maasaxe the  round t r i p  tran- 
s i t  t i m e  of each wave i n  the sensor, The measured torsional t r a n s i t  t i m e  
i s  a function of dens i ty ,  l e v e l ,  and temperatare of t h e  surrounding Elnid,  
T I e  measxired ex tens iona l  transit t i m e  i s  8 f u n c t i o n  of t h e  temperature  
G O B I ~ O E ~ ~ ~  o f  the t o r s i o n a l  s igna l .  These s i g n a l s  a r e  s t a t i s t i c a l l y  s a w  
p l e d  by t h e  microcomguLer and processed  znsinp a lgor i thms t h a t  output  
l e v e l ,  te~peratare, and dens i ty .  

2 . 3  gampener 

A n u c l e a r g r a d e  a c o u s t i c  wave dampener has  been developed t o  el imi-  
na te  undes i r ab le  back end r e f l e c t i o n s  of t o r s i o n a l  and ex tens iona l  waves 
from t he  waveguide. Dampening preven t s  these  s p ~ l r i ( ~ u s  echoes from i n t e r -  
f e r i n g  with signals of  i n t e r e s t  i n  t h e  echo d e t e c t i o n  e l e c t r o n i c s ,  By t h e  
e l  i f f i inaf ion of r eveabc r s t ions  from !.he bmck--Xerngkh t e rmina t ion ,  the gn l  se 
repet i t ion1 rats may be increased ,  T h i s  i n c r e a s e s  t h e  amount of informa- 
t i o n  .;;Pat czm be gathered and improves t ime c o r r r l a t i o n s  between the tor.- 
sional and extens iona l  mode s i g n a l s ,  A4pplicat ion of a dampener r a t h e r  
than a long  back l e n g t h  (which c a u s e s  back end r e f l e c t i o n s  t o  return a f t e r  
t he  sensor echoes) s e s u l t s  i n  t h e  r e d a c t i o n  of t h e  probe l eng th  by marc 
t h a n  a f a c t o r  o f  two. This w i l l  f a c i l i t a t e  i n s t a l l a t i o n  by keeping t h e  
proSe w i t h i n  dimensional c o n s t r a i n t s  of carrent r e a c t o r  designs.  

P ignre  2 ( a )  i l l u s t r a t e s  the basiG des ign  of the dmapener. The damp- 
e a e r  cons i s t s  of s t a i n l e s s  s t e e l  w m l  t h e $  surrounds t h e  wclvegnide asad i s  
samhiched  be tacez  tan s t a i n l e s s  s t c e l  brackets ,  Suppor t  screws may be 
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STAINLESS STEEL WOOL 

LSUPPORT SCREW 

Fig. 2 .  Basic design of ( a )  a c o u s t i c  wave dampener showing t o r s i o n a l  
s i g n a l  (b) with dampener and ( c >  without dampener. 

t i gh tened  t o  compress t h e  s t a i n l e s s  s t e e l  wool a g a i n s t  t h e  waveguide. 
Th i s  can be used t o  e f f e c t i v e l y  tune t h e  dampener u n t i l  t h e r e  i s  an imped- 
ance match between t h e  dampener and t h e  waveguide, allowing most of the  
a c o u s t i c  wave energy t o  pass  i n t o  t h e  dampener from t h e  waveguide. High 
i n t e r n a l  abso rp t ion  l o s s e s  r e s u l t i n g  from the  inhomogeneous n a t u r e  of the 
s t e e l  wool causes  t h e  a c o u s t i c  waves t o  be g r e a t l y  a t t enua ted .  An example 
of a t o r s i o n a l  mode pu l se  t r a i n  t h a t  i nc ludes  end r e f l e c t i o n s  i s  shown i n  
Fig. 2 ( c ) ,  F igu re  2(b) i s  t h e  same s i g n a l  w i th  a l l  t he  echoes, except 
those of i n t e r e s t ,  removed by the  dampener. 

2.4 Transducer-Sensor I n t e r f a c e  

A disk-type waveguide p e n e t r a t i o n ,  which could i s o l a t e  t he  probe 's  
t r ansduce r  from the sensor wh i l e  allowing a c o u s t i c  waves t o  pas s  between 
them, was designed by t he  au tho r s  and L. C. Lynnworth of Panametrics,  Inc. 
Development of t h e  design d e t a i l s  and a c t u a l  f a b r i c a t i o n  of t he  i n t e r f a c e  
were c a r r i e d  ou t  by Panametrics,  and t h e  i n t e r f a c e  was subsequently p u r  
chased by ORNL and i n s t a l l e d  on t h e  probe. The i n t e r f a c e  p r o t e c t s  t h e  
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t ransducer  from the h igh-  tempexature, high-pressure w a t e ~ - s t e n m  snviron- 
merit i n s i d e  t h e  ~ e a c t o r  v e s s e l  and sallass t h e  magne tos t r i c t ive  m a t e r i a l  t o  
remain belcw t h e  c r i t i c a l  tempesatnec necessary for t he  su rv iva l  of t he  
t ransducer  ( t h e  magnetic b i a s  of t he  magne tos t r i c t ive  m a t e r i a l  vanishes  a t  
-2tsOOC). T h e  i n t e r f a c e  i s  a 1 .6-m-thich d i s k  t h a t  i s  machined t o  0.13 m.m 
a t  i t s  center  where: an enlarged section o f  waveguide passes  through [ F i g .  
3 w l .  

disk ,  thus nea r ly  matching the ir  r e s p e c t i v e  impedances, The r e f l e c t i o n  
c o e f f i c i e n t  R i s  t h e r e f o r e  small enough a t  t h e  d i sk  t o  allow t ransmiss ion  

This geometry wakes the: waveguide look massive i n  c o m p a r i s o ~ ~  w i t h  the 

of m d l s t  o f  t h e  a c o u s t i c  waye energy thesugb the s e a l .  
Figures 3(b) and 3 ( c )  axe  oseil logrwms o f  extens iona l  and torsional 

waves t h a t  were  lalmar;hed i n  8 waveguide using t h e  i n t e r f a c e  d e s c r i b e d  i n  
Fig. 3(aB. Extensional  waves a r e  t r a n s m i t t e d  through t h e  s e a l  with  v ir -  
t u a l l y  no reflections a t  the s e d .  Even though some acoust ic  energy of 
t he  t o r s i o n a l  wave is r e f l e c t e d  by the seal, an adequate amount of energy 
is t r ansmi t t ed .  Some dispersion of t h e  s igna l  pulse  i s  p re sen t  i n  t h e  tor- 
s iona l  waves because of t h e  l a r g e  diameter of t h e  waveguide a t  the d i s k .  
Continued development w i l l  address  t h i s  problem, 

ORNL DWG 87-5971 ETD 

6.35 m m  
3 

......... 

.2 mrn 

I 
T 

? 

> 
D . 
N 

100 p s l d i v  (c I 100 p s l d i v  

Fig. 3 .  Using t h e  ( a )  i n t e r f a c e  of t ransducer  and sensor, (b) exten- 
.sionsl waves arid ( c )  torsional waves were launched i n  a waveguide. 
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An a l t e r n a t i v e  s o l u t i o n  t o  the  transducer-sensor i n t e r f a c e  problem 
may be t o  use 8 long, narrow r e s t r i c t i o n  surrounding t h a t  s e c t i o n  of wave- 
gaide e i s  r e s t r i c t i o n  would reduce hea t  and mois ture  convect ion t o  the  
transdvlcer wi tboa t  i n t e r f e r i n g  w i t h  a c o u s t i c  wave t ransmiss ion  because 
t h i s  i n t e r f a c e  would n o t  phys i ca l ly  contac t  t h e  waveguide. 

2.5 E l e c t r o n i c s  Design 

Signal  l e v e l s  i n  t h e  sensor  a r e  o f  p a r t i c u l a r  i n t e r e s t  f o r  r e a c t o r  
v e s s e l  app l i ca t ions .  igh-energy acous t i c  s i g n a l s  a r e  needed t o  minimize 
a t t e n u a t i o n  of a c o u s t i c  waves t r ansmi t t ed  over  long waveguides, t o  o f f s e t  
t h e  accumulative e f f e c t  of p a r t i a l  energy r e f l e c t i o n  a t  an  increased  nuflr 
be r  of notches,  and t o  main ta in  s igna l  d e t e c t a b i l i t y  i n  the  presence of 
high noise  l e v e l s  found i n  a r e a c t o r  v e s s e l .  Recent l abora to ry  t e s t s  have 
shown t h a t  t he  a c o u s t i c  s i g n a l  amplitude can be inc reased  s i g n i f i c a n t l y  by 
us ing  a more powerful d r i v e  c i r c u i t .  For a 1.6-rmn-diam waveguide, 12-mY 
peak-to-peak s i g n a l  l e v e l s  a r e  obta ined  by using t h e  20-V dc d r i v e  output  
of t h e  Panametrics Panatherm lFig. 4 ( a ) l .  I n  Pig. 4 ( h ) ,  s igna l  l e v e l s  i n  
t h e  same waveguide approach 1.2 V peak-to-peak when a s p e c i a l l y  designed 
300-V dc e l e c t r o n i c  d r i v e  c i r c u i t  i s  used. Figure 4 ( c )  shows 0.3-Y peak- 
to-peak s i g n a l  produced i n  a 3.2-tnnr-diam waveguide by the  300-V dc dr ive .  
For l a r g e r  waveguide diameters ,  lower ope ra t ing  f requencies  a r e  needed t o  
prevent  d i s p e r s i o n  and reduce a t t e n u a t i o n  caused by the  establ ishment  of 
s tanding  waves i n  t h e  waveguide. 

Pre l iminary  des ign  of a new, complete e l e c t r o n i c s  package has  begun. 
x i s t i n g  des ign  philosophy uses  t h r e e  l e v e l s  of ope ra t ion :  (1) hard- 

c i r c u i t s  for s igna l  genera t ion  and de tec t ion ;  (2) microprogrammed 
c o n t r o l l e r  f o r  d i r e c t  con t ro l  of t hese  c i r c u i t s  and t h e i r  a s s o c i a t e d  high- 
speed t iming components; and ( 3 )  embedded microcomputer f o r  c o n t r o l l e r  
i n t e r a c t i o n ,  da ta  a c q u i s i t i o n ,  p rocess ing ,  and d isp lay ;  and ( 4 )  opera to r  
and p e r i p h e r a l  i n t e r f a c e .  The hardwired components inc lude  t h e  high- 
vol tage  p u l s e r  (p rev ious ly  mentioned) ; p u l s e r  d r i v e  and power supply re-. 
ce ive r ;  p u l s e r / r e e e i v e r  i s o l a t i o n  switch,  mu l t ip l exe r ,  and echo ampl i f i e r ;  
de t ec to r ,  blanking,  and i n t e r v a l  t imer.  The c o n t r o l l  e r  w i l l  sequence 
through a microprogram (firmware) t o  con t ro l  i n t e r a c t i o n  between va r ious  
high-speed components such a s  blanking and i n t e r v a l  t imer and t o  manage 
flow of da ta  between these  components and t h e  microcomputer through a 
bu f fe r .  By s h i f t i n g  t h e  burden o f  high-speed con t ro l  from the  microcom- 
p u t e r  t o  t h e  microprogrammed c o n t r o l l e r ,  a medium-speed misrocomputer may 
lee used wh i l e  main ta in ing  f l e x i b i l i t y  in firmware. Speed is not  cornpro-- 
mised because t h e  microcomputer can process  da ta  and d r i v e  o ther  i n t e r -  
f aces  i n  p a r a l l e l  wi th  the  c o n t r o l l e r  opera t ion .  

computer manufactured by Re W *  Elec t ronics .  This computer w i l l  run both 
$ ~ ~ ~ / $ Q $ ~  and 280 programs and inc ludes  72 p a r a l l e l  inpntt 'output ( I /Q)  
l i n e s ,  keyboard c o n t r o l l e x ,  1 2 K  EPROM, 2K RAM, 8 16-bi t  counter-t imer 
channels ,  2 s e r i a l  I f 0  p o r t s I  and a high-speed a r i t h m e t i c  processor .  

A primary candida te  f o r  the  microcomputer i s  a single-board Z8O-based 
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F i g ,  4 .  Signal obtained w i t h  (a4 comme~cciaX e l cc tron ics ,  ( b )  spec ia l  
300-'or electronics, and ( c )  larger waveguide combined w i t h  300-V electron- 
i c s .  
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3 .  ~ ~ U A T I ~ ~  Op; TBE WESTINGHOUSE 

"he Westinghouse RVLIS  monitors t h e  in-vessel 
of dP measurements. 
w i th  t h r e e  p re s su re  

1. from t h e  v e s s e l  
2 .  from t h e  v e s s e l  

3. eve1 ( WlESLVf ; 
3 .  from the  b o t t m  

RVLIS 

l i q u i d  l e v e l  by means 
The Westinghouse R V L I S  c o n s i s t e d  of t h r e e  dp- c e l l s  

t a p  l o c a t i o n s  on t h e  v e s s e l :  v e s s e l  t o p ,  hot l e g ,  and 
t h r e e  p o s s i b l e  measurement spans were 

top t o  the  hot l e g ,  the upper-head sensox (WUPRLV); 
top t o  t h e  bottom of t h e  v e s s e l  l e v e l ,  the v e s s e l  
and 
of t he  v e s s e l  t o  t h e  top, a dynamic measurement f o r  

when coolant  pumps a r e  ope ra t ing  (WDVNLV). 

The e f f e c t i v e n e s s  of t h e  R V L I S  i n  monitoring in-vessel coolant  l e v e l s  
was judged by comparison of t he  RVLXS d a t a  wi th  d a t a  from a combination of 
Semiscale instruments  t h a t  measure t e s t  v e s s e l  f l u i d  dens i ty ,  flow, f l u i d  
temperatures,  and dip over s e l e c t e d  spans. 

The d e f i n i t i o n s  of two terms should be c l a r i f i e d .  Collapsed l i q u i d  
l e v e l  i s  an  equ iva len t  water l e v e l  i n  t h e  v e s s e l  i f  a l l  voids  a r e  col- 
lapsed (measured by a dP c e l l ) .  The f r o t h  l e v e l  i s  de f ined  as the  l e v e l  
a t  which an i n f l e c t i o n  oeca r s  on a densi tometer  curve wi th  the dens i ty  
dec reas ing  sha rp ly  to I steam value.  

The Westinghouse WVLPS w a s  i n s t a l l e d  a t  Semiscale, and i t s  p e r f o r  
mance was eva lua ted  for the  t e s t s  l i s t e d  i n  Table 1. The R V L I S  p e r f o r  
mance i s  evaluated i n  d e t a i l  for each t e s t  i n  Refs. 7, 8 ,  and 13. Only 
t he  c o n ~ l u s i o n s  w i l l  be p re sen ted  i n  t h i s  sect ion.  

The conclusions o f  t he  a n a l y s i s  of t he  RVLIS performance a r e  
1. In S-UT-3 and S-UT-6 t e s t s  t h e  RVLIS  i n d i c a t e d  a lower l e v e l  than 

t h e  two-phase f r o t h  l e v e l .  However, t he  RVLXS i n d i c a t i o n s  were a s  much a s  
206) em above the  v e s s e l  co l l apsed  l i q u i d  l e v e l  a t  t imes during t h e  t e s t s .  
This  discrepancy was apparent ly  r e l a t e d  t o  t h e  s t r u c t u r a l  d i f f e r e n c e s  be- 
tween t h e  upper i n t e r n a l s  i n  Semiscale and a Westinghouse W R .  [Modifi- 
c a t i o n s  were made t o  t h e  Semiscale f a c i l i t y  t o  b e t t e r  s imulate  the  flow 

i s t r i b u t i o n  of a Westinghause IPWP, A r epea t  t e s t  S-VI-8 was conducted 

2 .  I n  t h e  S-UT-7 t e s t  (UHX: was used) t h e  RVLIS  measurement agreed 
See COnGlUSiQn $ 1 1  

w e l l  w i th  t h e  v e s s e l  c o l l a p s e d  l i q u i d  l e v e l ,  and t h e  RVLIS  l e v e l  was we l l  
below the  two-phase f rotb l e v e l  e 

3 .  The natux-al-circulat ion t e s t s  S-NC-2B, S-Ne-3, and S-NC-SIB r e  
s n l t s  showed t h a t  t he  l e v e l  i n d i c a t i o n  by the RVLPS agreed we l l  w i th  the  
v e s s e l  co l l apsed  l i q u i d  l e v e l  and was always Sower than t h e  v e s s e l  two- 

( a  r epea t  of S - U T 4 1  t h e  agreement between the RVEXS 
i n d i c a t i o n  and t h e  v e s s e l  co l l apsed  l i q u i d  l e v e l  was much improved over 
S-UT-3 and S-UT-6, The d i f f e r e n c e  was reduced from as  much as 200 cm t o  
only -30 cm for %-UT-$. The t e s t  r e s u l t s  i n d i c a t e d  t h a t  the mod i f i ca t ions  
performed on the  Semiscale f a c i l i t y  enabled i t  t o  b e t t e r  s imulate  a West- 

R and, with the mod i f i ca t ions ,  the RQLIS performed adequately.  
e t i m e r e s p o n s e  t e s t  confirmed expected v a l u e s  de r ived  from 

OWL-developed dP system response equat ions and i n d i c a t e d  t h a t  t he  RVLlS 
was f a s t  enough f o r  l i qu id - l eve l  de t ec t ion .  



Table  1. Semiscale  t e s t s  w i t h  Westinghouse RVLIS 

Test  Test  
type 

%--UT-3 

s-m-6 
s-UT-7 

s-- NC-2 3r: 

S-- NC-3 

s- Ne- 8 B 

s- UT- 8 

s- XB- 1 

7 ,  

9, 10, Ila 

8 ,  10, blQ 

1 P  

12a 

13” 

a 

b 

14 - 
a 

b 

NOTE: Data f o r  a n a l y s i s  were obtained fxam NRC Data 

Informal t ransmiss ion  of da ta  f r  W. W. Ting le  ( Idaho 

Bank v i a  phone l i n e  hookup. 

National  Engineering Laboratory)  t o  6. N. Miller (ORNL). 

6 .  ‘ f i e  Westinghouse RVILIS surv ived  a n  i n t e r  ediate-break t e s t  
(%-D-l) and was  a b l e  t o  produce trending infQrinat iQn a f t e r  t he  blmdown. 

t e s t s  a t  Semiscale the  RVLZS d i d  n o t  produce any measurements 

the  coolan t  l e v e l  b a t  r a t h e r  t h e  co l l apsed  l i q u i d  l e v e l .  In a l l  t he  t e s t -  
ing a t  Semisca le  t h e  co l lapsed  l i q u i d  l e v e l  was tower than ox equal t o  t h e  
coolan t  ( twwphase f r o t h )  l eve l .  This cond i t ion  is expected t o  be t r u e  

bigaous a s  t o  t h e  coolan t  l e v e l .  The RVZIS does not measure 
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