
ULTRASONIC LIQUID LEVEL DETECTOR USING 

SURFACE WAVE ATTENUATION IN A TUBE 

A.E. ARAVE 

nuclear Company 

NATIONAL REACTOR TESTING STATION 

ldaho Falls, Idaho - 83401 

DATE PUBLISHED-JANUARY 1972 

PREPARED FOR THE 

U. S. ATOMIC ENERGY COMMISSION 
I D A H O  O P E R A T I O N S  OFFICE UNDER C O N T R A C T  AT(10-1)-1d75 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



Printed in the United States of America 
Available from 

National Technical Information Service 
U. S. Department of W e r c e  

5285 Port Royal Road 
Springfield, Virginia 22151 

Price: Printed Copy $3.00; Microfiche $0.95 

L E G A L  N O T I C E  

T h i s  r e p o r t  was p r e p a r e d  a s  a n  a c c o u n t  o f  work  sponsored  by t h e  U n i t e d  

S t a t e s  Government .  N e i t h e r  t h e  U n i t e d  S t a t e s  n o r  t h e  U n i t e d  S t a t e s  A t o m i c  
E n e r g y  Commission,  nor  any  o f  t h e i r  emp loyees ,  n o r  any o f  t h e i r  c o n t r a c t o r s ,  
s u b c o n t r a c t o r s ,  o r  t h e i r  emp loyees ,  makes any  w a r r a n t y .  e x p r e s s  or i m p l i e d .  
o r  assumes a n y  l e g a l  l i a b i l i t y  o r  r e s p o n s i b i l i t y  f o r  t h e  a c c u r a c y ,  c o m p l e t e -  
ness o r  u s e f u l n e s s  o f  any i n f o r m a t i o n ,  a p p a r a t u s ,  p r o d u c t  o r  p r o c e s s  d i s -  
c l o s e d ,  o r  r e p r e s e n t s  t h a t  i t s  use w o u l d  n o t  i n f r i n g e  p r i v a t e l y  owned r i g h t s .  



I N O T I C E  I ' 
.This report was prepared as  an account of work 
sponsored by the United States Government.'Neither 
the United States nor the  United States Atomic Energy 
Commission, nor any of their employees, nor any of 
their contractors, subcontractors, or their employees, 
makes any warranty, express o r  implied, or assumes any 
iegal liability or responsibility for the  accuracy, com- 
pleteness or usefulness'of any! information, apparatus, 
product o r  process disclosed, o r  represents that its use 
would not infringe privately owned rights. 

U L T R A S O N I C  L I Q U I D  L E V E L  D E T E C T O R  U S I N G  

S U R F A C E  WAVE A T T E N U A T I O N  I N  A T U B E  

A.  E .  A r a v e  

AEROJET NUCLEAR COMPANY 

D a t e  P u b l i s h e d  - ~ a n u a r ~  1972 

P R E P A R E D  F O R  T H E  U.  S. A T O M I C  ENERGY COMMIS.SION 

IDAHO O P E R A T I O N S  O F F I C E  

UNDER , CONTRACT NO. A T ( 1 0 - 1 ) - 1 3 7 5  

I n s t r u m e n t s  

T I D - 4 5 0 0  



ACKNOWLEDGMENTS 

Spec ia l  r ecogn i t i on  i s  given t o  t h e  fol lowing:  

S. B. Engler t  f o r . l i i s  e f f o r t s  i n  fabr ica t ion- , ,  B.. D. Stoddard 

f o r  h e l p  i n  au toc l ave  t e s t i n g ,  D. G. Larsen f o r  h i s  e f f o r t s  

i n  c i r c u i t  des ign ,  and J. F. Turpin f o r  c i r c u i t  f a b r i c a t i o n .  



SUMMARY 

The u l t r a s o n i c  l i q u i d  l e v e l  d e t e c t o r  was developed f o r  

t h e  '200 t o  1 0 0 0 ~ ~ ~  2500 p s i  co r ros ive  water environment of 

t h e  Loss of F lu id  Tes t  (LOFT) r e a c t o r  a t  t h e  National  Reactor 

Tes t ing  S t a t i o n  (NRTS). The d e t e c t o r  i s  a new c o n c e p t - i n  

l i q u i d  l e v e l  d e t e c t i o n  which i s o l a t e s  e l e c t r i c a l  s i g n a l s  

from co r ros ive  environments. 

The d e t e c t o r  i s  t h e  w a l l  of a 112-inch diameter  s t a i n l e s s  

s t e e l  tube. At tenuat ion  of an  u l t r a s o n i c  s u r f a c e  wave a s  it 

propagates  i n  t h e  w a l l  of t h e  tube  i s  a func t ion  of t h e  water 

covering t h e  tube.  The magne tos t r i c t i ve  t ransducers  f o r  t r ans -  

m i t t i n g  and r ece iv ing  t h e  u l t r a s o n i c  s i g n a l  a r e  mounted 

a x i a l l y  i n  t h e  tube and ope ra t e  a t  250 kHz i n  t h e  b u r s t  mode. 

The d e t e c t o r  i s  rugged and meets t h e  tube  conf igu ra t ion  

requirements f o r  compa t ib i l i t y  wi th  t h e  r e a c t o r  core.  Tes t ing  

has shown t h e  d e t e c t o r  t o  be r e s i s t a n t  t o ' d e t e r i o r a t i o n  by 

the  environment. The s e n s i t i v i t y  t o  l i q u i d  l e v e l  changes 

i s  good. But,  t h e  temperature s e n s i t i v i t y . o f  t h e  t ransducer  

causes t h e  accuracy of t h e  l i q u i d  l e v e l  measurement t o  be 

worse than  expected. A b e t t e r  des ign  of t h e  t ransducer  and 

t ransducer -de tec tor  i n t e r f a c e  would e l i m i n a t e  t h i s  problem. 
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I. INTRODUCTION 

The u l t r a s o n i c  l i q u i d  l e v e l  d e t e c t o r  was developed f o r  t h e  ex- 
tremely co r ros ive  environment of t h e . r e a c t o r  v e s s e l  i n  t h e  Loss of 

F lu id  Tes t  (LOFT). The ope ra t ing  requirements f 'or t h e  d e t e c t o r  a r e  

a s  fol lows:  

Temperature Range 200-650'~ wi th  t r a n s i e n t s  t o  1 0 0 0 ~ ~  

i n  t h e  r e a c t o r  core  re.gion 

P res su re  2500 p s i  

Media Water, a i r  and/or steam 

Range 2 t o  6 f t ,  depending on t h e  l o c a t i o n  

Accuracy - +3.5 inches 

R i s e  time <I00 mi l l i seconds  

Operating L i f e  2000 hours 

Cross s e c t i o n  <0.5 inch  diameter  

Radiat ion 1015 nvt  

The p r i n c i p l e  of opera t ion  of t h e  d e t e c t o r  is based upon t h e  
a t t e n u a t i o n  of an  u l t r a s o n i c  f l e x u r a l  wave i n  a  meta l  t ransmiss ion  l i n e  

being a  func t ion  of t h e  a c o u s t i c a l  impedance of t h e  media surrounding 

t h e  t ransmiss ion  l i n e .  The a t t e n u a t i o n  of t h e  f l e x u r a l  wave i s  a 

func t ion  of t h e  l i q u i d  surrounding t h e  meta l  t ransmiss ion  l i n e .  The 
c l o s e r  t h e  a c o u s t i c  impedance matches t h e  surrounding media the 

more u l t r a s o n i c  energy i s  d i s s i p a t e d .  

Various modes of propagat ion of t h e  u l t r a s o n i c  s i g n a l  a r e  poss ib l e .  

The r e p o r t ,  "An Ul t r a son ic  Liquid Level Detector  Using Shear Wave 

At tenuat ion  i n  a  ~ a r "  1'1 , exp la ins  some of t hese  modes and t h e  app l i -  

c a t i o n  of them t o  l i q u i d  l e v e l  measurements. 

-- ~ 

Ill LN-1442, by A.  E. Arave, November 1970. 



11. THEORY OF OPERATION 

At tenuat ion  of an u l t r a s o n i c  s u r f a c e  wave b u r s t  i n  a  meta l  t r ans -  
mission l i n e  i s  a func t ion  of t h e  l i q u i d  l e v e l  covering t h e  t ransmiss ion  
l i n e .  This  can be  expressed a s  . 

where 

a = a t t e n u a t i o n  cons t an t ,  , 

A = s i g n a l  ampli tude w i t h  no l i q u i d  surrounding t h e  d e t e c t o r ,  

y  = u l t r a s o n i x  pu l se  amplitude, 

x  = l i q u i d  l e v e l  covering t h e  probe. 

The a t t e n u a t i o n  cons t an t  "a" i s  a func t ion  of t h e  t ransmiss ion  l i n e  
conf igura t ion .  I n  t h i s  ca se ,  when t h e  diameter of tube  is i nc reased ,  
t h e  s u r f a c e  a r e a  i n c r e a s e s  and more u l t r a s o n i c  energy i s  l o s t  from t h e  

t ransmiss ion  l i n e  i n t o  t h e  surrounding media. 

Since t h e  s i g n a l  ampli tude is  a logar i thmic  func t ion  of t h e  l i q u i d  
l e v e l ,  c a r e  must be taken t o  r e s t r i c t  t h e  d e t e c t o r  l eng th ,  "xu, t o  less 
than  "2/a1' t o  maintain good l i q u i d  l e v e l  s e n s i t i v i t y .  An a t t e n u a t i o n  
curve of s i g n a l  ampli tude versus  l i q u i d  l e v e l  f o r  a  112-inch diameter 
tube  wi th  a  60-mil w a l l  i s  shown i n  Figure  1. I n  water  t h e  tube  con- 

f i g u r a t i o n  has h igh  l o s s e s .  A l eng th  of seven inches between t r ansmi t  
and r e c e i v e  t ransducers  was s e l e c t e d  t o  g ive  adequate  s e n s i t i v i t y .  

To d e t e c t  t h e  l e v e l  change over a  70-inch reg ion ,  t h e  l i q u i d  probe was 
d iv ided  lengthwise i n t o  t e n  .seven-inch d e t e c t o r  a r eas .  Transmit and 

r e c e i v e  t ransducers  were a l t e r n a t e l y  mounted i n  between these  reg ions .  
See t h e  b lock  diagram in Figure  2. This  no t  only provided t h e  requi red  
s e n s i t i v i t y  bu t  i t  increased  t h e  r e l i a b i l i t y  and accuracy. 

The c i r c u i t r y  i s  designed f o r  one p reampl i f i e r  t o  r e c e i v e  s i g n a l s  

f o r  two seven-inch d e t e c t o r  regions.  A s  can be seen  i n  t h e  block 
diagram of F igure  2,  every o t h e r  t r ansmi t  t ransducer  i s  pulsed a l t e x -  
na t e ly .  The r ece ive  t ransducer  a l t e r n a t e l y  r e c e i v e s  t h e  u l t r a s o n i c  
b u r s t  t r ansmi t t ed  through one ' reg ion  and' then  t h e  .one.on t h e . o t h e r  s i d e .  

Logic c i r c u i t r y  g a t e s  t h e  s i g n a l s  i n t o  t h e  proper  channels  f o r  processing.  
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F i g .  1 U l t r a s o n i c  l i q u i d  l e v e l  d e t e c t o r  s e n s i t i v i t y  
f o r  100°E and 650°F w a t e r .  
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111. DETECTOR DESIGN 

In order acoustically to attach the transducers to the tubing wall, 

the tube was split down the center. The transducers are TIG welded to 
a 30-mil thick, 112-inch wide bar and the bar is welded in between the 
two halves of the split tube. A photograph of the bar before assembly 
is shown in Figure 3. 

Permanent magnets are mounted next to the transducers to bias the 
magnetostrictive core oE the transducer coil for a better flux to strain 
coupling coefficient. Alnico V permanent magnets have been proven12] 
to be good up to temperatures of llOO°F and withstand nvt neutron 
exposure in a fast flux reactor. 

1 @ 
121 ANL-7705, p. 39 (June 1970). 
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Fig. 3 Ultrasonic liquid level detector assembly. 



I-. TRANSDUCER DESIGN 

The transducer'is a 318-inch long coil wound on a 0.04-inch 

diameter magnetostrictive13] stub. This stub length generates a 

low Q 200 kJlz resonate signal. The coil is 225 turns of 0.007-inch 

diameter wire with a ceramic insulation. A photograph of the assembly 
is shown in Figure 3. The magnetostrictive stub is TIG welded to 

the 0.030-inch thick stainless steel bar. 

[3] The magnetostrictive material is Remendur, which is a metal alloy 

consisting of 49% cobalt, 49% iron, and 2% vanadium. It is 

manufactured by Wilber B. Driver Company, Newark, New Jersey. 



V. CIRCUITRY DESIGN 

Refe r r ing  t o  t h e  b lock  diagram i n  F igure  2 ,  each probe has  two 
p u l s e r s .  The p u l s e r s  a l t e r n a t e l y  pu l se  every o t h e r  t r ansmi t  t r ans -  

ducer .  A r e c e i v e  t r ansducc r  r ece ives  s i g n a l s  from t h e  t r ansduce r s  on 

each  s i d e  of it.    he s i g n a l s  a r e  a l t e r n a t e l y  s epa ra t ed  by t h e  g a t i n g  

c i r c u i t s  and then processed.  A peak d e t e c t o r  provides  a dc output  

p ropor t i ona l  t o  s i g n a l  ampli tude i n  a  p r e s e l e c t e d  window width  (see 
Figure  4 ) .  The peak d e t e c t o r  ou tput  ho lds  a t  a  sampled l e v e l  u n t i l  
i t  is  r e s e t  j u s t  b e f o r e  another  b u r s t  of in format ion  i s  reached. A 

mul t ip l exe r  samples each of t h e  peak d e t e c t o r  ou tpu t s  a t  a  200 Hz 

rate and provides  an  ou tput  i n  s e r i a l  form f o r  record ing  on magnetic 

tape .  
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Fig. 4 Ultrasonic signals in and out of water. 



V I .  LABORATORY TESTING 

Detector  t e s t i n g  was d iv ided  i n t o  t h e  fol lowing a r e a s :  

1. Cold water  s e n s i t i v i t y  t e s t i n g  

2. Thermal shock t e s t s  

3. Dry temperature t e s t s  

4 .  Autoclave t e s t i n g .  

S e n s i t i v i t y  was checked by i n s e r t i n g  t h e  l i q u i d  l e v e l  d e t e c t o r  i n t o  

co ld  water i n  one inch  s t e p s ,  genera t ing  s t e p  func t ions .  A t y p i c a l  

ou tput  response is  shown i n  F igure  5. A p l o t  of ou tput  vo l t age  versus  
inches  of l i q u i d  covering t h e  d e t e c t o r  i s  shown i n  F igure  1. A s  d i s -  

cussed in t h e  theory  t h i s  a t t e n u a t i o n  curve changes a s  a  func t ion  of 
0 

media a c o u s t i c a l  impedance. The 650 F a t t e n u a t i o n  curve was ca l cu la t ed  

a t  LOFT condi t ions .  The change i n  s e n s i t i v i t y  i s  discussed  below i n  

t h e  s e c t i o n  on Er ro r s .  A t  cons tan t  water temperature,  t h e  a t t e n u a t i o n  

curve  was r epea t ab le .  

A thermal shock t e s t  and s u r f a c e  b o i l i n g  e f f e c t  a n a l y s i s  were ob- 

t a ined  by hea t ing  t h e  probe t o  1 0 0 0 ~ ~  i n  t h e  furnace  and then  immersing 

i t  i n  water.  This  t e s t  was repea ted  f i v e  t imes without  any f a i l u r e .  

F igure  6 shows t h e  s u r f a c e  b o i l i n g  e f f e c t s  on t h e  a t t e n u a t i o n  seen a t  

t h e  t ime of immersion i n  water .  

A kemperature s e n s i t i v i t y  t e s t  was obtained by hea t ing  t h e  probe 

t o  1000 F, i n  a  tube  furnace ,  over  a  one-hour per iod.  A thermocouple 

was a t t ached  t o  t h e  w a l l  of t h e  tube  and output  was p l o t t e d  a g a i n s t  

temperature.  The temperature s e n s i t i v i t y  was no t  t he , same . fo r  each 

d e t e c t o r  i n  t h e  probe. See F igure  7. This v a r i a t i o n  is a t t r i b u t e d  

t o  t h e  incons is tency  i n  t h e  magne tos t r i c t i ve  s t u b  t o  a  s t a i n l e s s  

steel weld. The a c o u s t i c a l  coupl ing  a t  t h e  weld v a r i e s  from weld-to- 

weld. 

Tes t ing  was done a t  t h e  6 5 0 ° ~ ,  2500 p s i  LOFT cond i t i on  i n  t h e  

autoclave.  The au toc lave  i s  36 inches  long,  8 inches in diameter ,  wi th  

access  through t h e  head i n t o  t h e  v e s s e l .  See F igure  8. The autoc lave  

was plumbed f o r  blowdown, r e l e a s e  of p re s su re ,  by rup tu r ing  disc-shaped 

diaphragms i n  t h e  e x i t  p ip ing .  Flooding d a t a  were obtained by f looding  

t h e  au toc lave  v e s s e l  fo l lowing  blowdown. Blowdown d a t a  were obtained 

wi th  t h e  e x i t .  atl the.  t op  an& wi th  i t  a t  t h e  bottom of t h e  v e s s e l .  Blow- 

down time from the  top  was 21 seconds wi th  a  30% r e s t r i c t i o n  and 1 3  

seconds from the  bottom wi th  a  30% r e s t r i c t i o n .  

Blowdown response curves f o r  a  fou r - l eve l  p robe . a re  shown i n  

F igure  9. 
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Fig. 8 Autoclave usea ror environmental testing. 
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Flooding of t h e  a u t o c l a v e  fo l lowing  blowdown he lped  t o  de te rmine  

t h e  d e t e c t o r  s e n s i t i v i t y  t o  a b o i l i n g  w a t e r  f l o o d i n g  l e v e l .  The auto-  

c l a v e  was f l o o d e d  i n  t e n  seconds  by pumping w a t e r  i n t o  t h e  bottom 

th rough  a  t u b e  e x t e n d i n g  from t h e  t o p .  F lood ing  d a t a  can be  s e e n  i n  

F i g u r e  10. 

Autoclave t e s t i n g  was s u c c e s s f u l  and i n f o r m a t i v e .  Although i t  d i d  

n o t  s i m u l a t e  e x a c t l y  t h e  same LOFT c o n d i t i o n s  expec ted ,  i t  d i d  h e l p  

t o  unders tand  what t o  e x p e c t  from t h e  d e t e c t o r  under clyna~uic c o n d i t i o n s .  
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F i g .  Autoclave f l o o d i n g  t e s t .  



VII. SOURCES OF ERROR 

Severa l  sources  of e r r o r  a r e  p re sen t  and must be considered:  

1. Transducer t o  d e t e c t o r  a c o u s t i c  coupling i s  a func t ion  

of temperature 

2. Acoust ica l  coupl ing from d e t e c t o r  t o  surrounding 

media i s  a  func t ion  of media a c o u s t i c a l  impedance 

and b o i l i n g  a t  t h e  d e t e c t o r  s u r f a c e  

3.  U l t r a son ic  n o i s e  is  generated by hj.gh v e l o c i t y  
steam 

4. Output ve r sus  water  l e v e l  i s  a  log  func t ion .  

The i n t e r f a c e  between t h e  t ransducer  magne tos t r i c t i ve  s tub  and 

t h e  d e t e c t o r  i s  a  po in t  of a c o u s t i c a l  impedance mismatch. The ampli- 

tude and mode of u l t r a s o n i c  energy t r a n s f e r  from t ransducer  t o  detec-  

t o r  depends upon t h e  impedance mismatch of t h e  bonding conf igu ra t ion  

between t h e  two. This  impedance mismatch i s  a  temperature dependent 

func t ion .  The temperature s e n s i t i v i t y  of a  d ry  probe is  shown i n  
F igure  11. A s  can be  seen t h e  temperature s e n s i t i v i t y  v a r i e s  from 

t ransducer  t o  t ransducer  and i s  hard t o  c o n t r o l  i n  t h e  c y l i n d r i c a l  

probe conf igu ra t ion .  No a t tempt  was made t o  compensate f o r  t h i s  

temperature e f f e c t .  The e r r o r  in t roduced  must be considered when 

tempera tme e f f e c t  t ime cons t an t s  approach t h e  same va lue  a s  t h e  

l i q u i d  l e v e l  change time cons t an t .  When d a t a  a r e  taken on a  r e l a t i v e  

b a s i s  r a t h e r  than  an a b s o l u t e  b a s i s  t h e  temperature e f f e c t s  can be 

i d e n t i f i e d  i n  t h e  d a t a  and a r e  t o l e r a b l e .  

The u l t r a s o n i c  coupling c o e f f i c i e n t  between t h e  d e t e c t o r  and t h e  

sur;ounding media i s  a  f u n c t i o n  of t h e  surrounding media a c o u s t i c a l  

impedance which changes w i t h  p re s su re  and temperature.  The a c o u s t i c a l  

impedance is t h e  product  of d e n s i t y  and v e l o c i t y  of sound propagat ion 

in a  media. For wa te r ,  F igu res  12  and 13  p l o t  d e n s i t y  of water  and 

v e l o c i t y  of propagat ion i n  water  a s  a  func t ion  of temperature.  The 

product of t h e  two, a c o u s t i c a l  impedance, i s  p l o t t e d  i n  F igure  14. 

Film b o i l i n g  on t h e  s u r f a c e  of t h e  d e t e c t o r  can t ake  p l a c e  during 

blowdown depres ' sur iza t ion  o r  during f looding .  These e f f e c t s  on ly  

l a s t  f o r  t h e  s h o r t  t ime requi red  t o  cool  t h e  d e t e c t o r  s u r f a c e  down 

t o  t h e  s a t u r a t i o n  temperature.  F igure  6 shows t h e  b o i l i n g  e f f e c t  

dur ing  f looding  and F igu re  9 shows t h e  dep res su r i za t ion  e f f e c t  a t  t h e  

t ime of blowdown. The du ra t ion  of t h e  f i l m  b o i l i n g  is decreased 

by s l o t t i n g  t h e  s u r f a c e  of t h e  d e t e c t o r  t o  provide cool ing  f i n s .  





100 200 300 400 500 600 730 

Temperature (OF ) 

A ~ C - 1 3 - 3 0 8  

Fig. 12 Sonic propagation velocity in water versus water tempsrature. 
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Fig. 13 Acoustic impedance of water' during autoclavg' heatup. 
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Some u l t r a s o n i c  n o i s e  i s  generated a t  t h e  time of blowdown by 

h igh  v e l o c i t y  steam and s teambubbles  co l laps ing .  Most of t h i s  no i se  
is  removed by a  bandpass f i l t e r .  

No at tempt  i s  made t o  t o t a l i z e  t h e  e r r o r s .  The d e t e c t o r  was de- 
s igned wi th  a  knowledge of t h e  e f f e c t s  ou t l i ned  above. Short  detec-  
t i o n  reg ions  provide semi-discrete-continuous output  s i g n a l s  t h a t  

must be analyzed on a  comparative b a s i s  t o  ad j acen t  d e t e c t o r s  on t h e  
l a i ~ ~ i L u c l L ~ a l  axis. 'I'his t ype  of a n a l y s i s  a l lows t h e  l i q u i d  l e v e l  t o  
be monitored as i t  moves from d e t e c t o r  t o  d e t e c t o r .  Th i s  c'an be  seen  
i n  Figures  9 and 10. 
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V I I I .  CONCLUSIONS 

The u l t r a s o n i c  l i q u i d  l e v e l  d e t e c t o r  descr ibed i n  t h i s  r e p o r t  
i s  rugged and compatible w i th  t h e  LOFT environment. With an a l l  . ,,. ..,, 

s t a i n l e s s  s t e e l  housing t h e  c o r r o s i v e  hot  water environment i s  no 
problem. The tube  conf igu ra t ion  meets t h e  phys ica l  requirements  of 
compa t ib i l i t y  wi th  t h e  core  conf igura t ion .  

Tes t ing  has shown t h e  d e t e c t o r  t o  have good s e n s i t i v i t y  t o  
l i q u i d  l e v e l  changes. The temperature s e n s i t i v i t y  of t h e  tube  con- 
f i g u r a t i o n  is  worse than  expected. A b e t t e r  design a t  t h e  t ransducer-  

d e t e c t o r  i n t e r f a c e  would g r e a t l y  reduce t h i s  temperature e f f e c t .  
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