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157.l ABsrRAcr 
An ultrasoak depth gauge 20 for liquids under high 
pressure is comprised of a transducer asscmbiy 21 and a 
SUPportiag CI- . unit 22. The transducer assembly 
is mounted into the bottom wall of a storage vessel 12 
with its resonating surface directly exposed to the 
highly pnssnrized liquid 13 in the vesscl. The trans- 
dwxr assembly consists of a conventid transducer 
element 38 rigidly bonded to the inside wall of a bored 
out conveLltional high-pressure plug 30 thereby forming 
a composite resonator 50. The element and the plug 
wall resonate as one upon electrical excitation of the 
elemcnt while the transducer element is completely 
shielded fnnn any exposure to the liquid under high 
pressure The composite resonator sends a vibration up 
to the surface of the liquid where it is reflected back to 
the COmpoBite resonator. The supporting electronics 
unit measurrs the vibration round-trip transit time 
which is proportional to the depth 15 of the liquid. 
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ULTRASONIC DEPTH GAUGE FOR LIQUIDS 
UNDER HIGH PRESURE 

ORIGIN OF THE INVENTION 5 

The invention descn’bed herein was made jointly in 
the performance of work under NASA Contract NO. 
NAS1-17099 with Old Dominion university and an 
employe of the United States Govanment. In accor- 

retain title. 
dance with 35 usc a the contractor ekcted not to lo 

BACKGROUND OF THE INVENTION 

p a r t i u h  toan u l d  depth gauge for lisuidplmda 
high pressun. 

to 
=aP- * gastotrausfcraliquidfiomowloca- 
tion to am-, for uample, to transfer cryogenic liq- 
uids from a holding v d  to a rocket engine, or to 
transfercoolingwata f m a s t o r a g e  vesseltocompo- 
nents situated in a high-tunperam envinxmcnt. Con- 
ventional instrumentation to messun liquid depth does 
not have the capability to operate under the extreme 25 
pnssurcs which prevail in many such liquid trazlsfer 
systems. 

This invention ldates gmaally to gauges and in 

In certain applicatiom it is desirable or 

Prior mahoQ of liquid level sensing operated on one 
of four principles: (1) floats, (2) conductancu (& 
tancrs), (3) ultraSonia or (4) hydrcetatk pressures The 3o 
float type indicatorhasa float incontact with the liquid. 
As the liquid level varies. the float moves dong a seas- 
ing device which indicates the liquid level. The conduc- 
tance (or rrsisturce) type of sensor has probes which 
contact the liquid at acatain beight. When the liquid 35 
ccnltacts the proks, 811 dectric circuit is complctcd 
indicating the liquid level. The ultmsmic sensor works 
in one of two warn With the first method, the liquid - andrrtlector tills a gap h e m a  ultmscmic mosmacr 
at a certain level. ’Phe ultrasonic t . .  

Propa- 40 
gates to and from thennectOr when the gap is filled by 
the lkpid. The second method involves meaSnring the 
time required for an ultrasonic pulse to propagate from 
a transducer through the gas above the liquid, to the 
surface of the liquid, and back to the transducer. The 
transmit time is proportional to the height of the liquid. 
However, none of the above systcms arc suitable for 
measuring the dcpth of a liquid uudcr extremely high 
gas prssurization (ie: exceeding 3OW p.si). 

The fourth mahod uscs hydrostatic pressure to mea- 
sure the level o f a  liquid. The prcswt at a puticub 
point of a liquid varies with the beight of the liquid 

bottom of a liquid indicates the height of the liquid. 
above that point. Thus, mcaming the press= at the 

fen a limitation too. When a liquid is pnssunrcd, the 
G U I ~ Y ,  however, the hydrostatic prcswt fn” suf- 

hydrostatic device will yield a false indication of liquid 
depth. 

Thus, it is the object of the present invention to pro- 
vide a method and apparatus to accurately and continu- 
ously measure the depth of a liquid subjected to ex- 

It is a further object of the present invention to em- 
ploy a depth gauge apparatus that is hpcrvious to ex- 
treme hiah Drcssures. 

tremely high gas prrssurization. 

of the present invention. BRIEF DESCRIPTION OF 
THE DRAWINGS 

F I G . l i s a c m s + u A ~  ’onal schematic of a storage 
vessel containing liquid under high pressure with an 
ultraaonk depth gauge assembly installed in the vessel 
base Bcconling to the pnsent invention; and 

FIG. 2 is a cross-sectional view of the transducer 
assembly portion of the ultraxmic depth gauge assem- 
bly according to the present invation; 

F I G . 3 i s a c m ~ ~ e c b  ‘onal view of the transduca 
assembly highlighting the portion of the assembly that 
acts as a composite resonator according to the present 
inVUltion. 

SUMMARY OF THE INVENTION 
An ultmscmic depth gauge assembly for liquids under 

high pressure is comprised of a transducer assembly and 
a supporting electronics unit. The transducer assembly 
is mounted into the bottom wall of a storage vessel with 
its resonating surface directly exposed to the highly 
pressurized liquid in the vessel. The transducer assem- 
bly consists of a conventional transducer element rig- 
idly, bonded to the inside wall of a bored out conven- 
tional high-pressure plug whereby the transducer ele- 
ment is oomplctely shielded from any exposure to the 
liquid d e r  high gas pressurization. The plug wall 
protects the transducer element from the high pressure 
in th vessel while providing a resonating surface in 
direct contact with the liquid. The elanent and the plug 
wall. to which the element is bonded thereto, act asa 
composite rcsoI1.Btor upon electrical impulse excitation 
of the tnrmducer element. The element and plug wall 
resonate as one causing an ultrasonic pulse to emanate 
from the resonating surtaCe directly into the liquid. 

The ultrasonic pulse p r o p a m  upward through the 
liquid to the liquid-gas interface in the storage vessel. 
When the ultrasonic echo returus from the liquid-gas 
interface, it re-cxcites the composite resonator into vi- 
bration. The supporting electronics unit measures the 
round-trip transit time for the ultrasonic pulse and its 
return echo to traverse the depth of the liquid. The time 
measwd  is proportional to the depth of the highly 
pressurized liquid. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring now more particularly to an embodiment 
of the invention selected for illustration in the drawings, 
FIG. 1 shows a cross-section of the basic components of 

50 a system utilizing the invention designated generally by 
10. A storage vessel U contains a stored liquid 13 sub- 
jected to from above by a pressurizing gas as indicated 
by the arrows 14. The pressurizing gas maintains the 
pressure of liquid 13 at a very high level ( ie more than 

55 3OOO psi.). Such high pressure is required, for example, 
to transfer cryogenic liquids from a holding vessel to a 
rocket engine. The ultrasonic depth gauge assembly, as 
indicated generally by 20, is comprised of a transducer 
assembly 21 and a supporting electronics unit 22. 

A cross-section of transducer assembly 21, designed 
to withstand the extreme pressures imposed upon stored 
liquid 13, is shown in FIG. 2. A flat-bottom hole 32 is 
bored into a conventional high-pressure plug 30 per 
specification (eg: American National Standards Insti- 

65 tute B16.11-1973. Forged Steel Fittinna Socket Weld- 
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Othcr<b&cts and advantages of the present invention 
will k readily apparent from the following description 
and drawings which illustrate a preferred embodiment 

ing, and ThreadA Standard) to a dGth leaving a re- 
maining plug wall, designated by the area between sur- 
faces A-A and B-B of a thickness 42, sufficient to 
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withstand the extreme pressures per specification (eg: forming a high-pressure seal to the wall of the storage 
American Society of Mechanical Engineers Code for vessel; or the plug may be eliminated altogether, if the 
Pressure Piping B31, 1980 Edition). For illustration, if flat-bottom hole is fabricated in the wall of the vessel 
the hole diameter 34 is 7/16 inch and the operating itself. The vibrating surface in contact with the liquid 
Pressure is 6OOO P.S-i., then the Plug Wall thkkness 42 5 may any geometrical form O r  enlist any vibra- 
between surfaces A--A and B-B must be at least 4 tional modes which will successfully transmit the vibra- 
indl to m e t  the above-mentioned code. The tion to the liquid. For example, the piezoelectric ele- 
Plug 30 is into the base Of the wall Of storage ment may be replaced by a magnetic, eletrostatic, pneu- 

12. The threads 36 and wall l2 form the matic, magnetostrictive, electrodynamic, or any other 
pressure 4. The exterior surface of the Plug 10 transducer that d l  Convert an electrical excitation into 

to the pres- a mechanical force, and conversely. Furthermore, a 
liquid 13' The interior surface indicated by buffer rod, made of a suitable material like fused quartz, 

indicated by 'IUface B-B is 

A-A has a conventional piezoelectric element 38 rig- can be inserted the piezoelectric element and idly bonded to it by means of a bonding agent 40. A 
bonding agent is M-bond GS-2, manufactured plug wall for operation in liquids at high temperatures, 

by Micro-Measurements, Inc. The element 38 is accessi- e.g. molten metals. Finally, the piezoelectric element 
ble from the of storage vessel 12 to elec- can be fitted with a means of external cooling for opera- 
trical connection to the supporting electronics unit 22. tion at high temperatures- 
Without the protection of the plug wall thickness 42, The advantages of the present invention are nm~er-  
element 38 would fail at pressure levels far inferior to 2o Ous- The Wall of the high-pressure Plug Protects the 
the rated levels of the high pressure plug 30. However, transducer element thereby allowing the invention to be 
in the present invention, element 38 is protected from used at much higher levels of gas pressurization then all 
the high pressure by the plug wall thickness 42. other depth gauges. The resonating surface, being in 
The principle of measurement is bascd upon' the direct contact with the liquid, is not required to transmit 

round-trip transit time of an ultrasonic pulse propagat- ultrasound through 8 gas above the liquid surface, as is 
ing up from assembly 21 through the depth 15, as shown 25 the case in many prior ultrasonic depth gauges. This 
in FIG. 1, of liquid 13 and back to assembly 21. Trans- features enhances signal strength, accuracy, and range. 
ducer assembly 21, upon excitation by supporting elec- The invention can be used with any chemically compat- 
tronics unit 22, launches an ultrasonic pulse into liquid ible liquid capable of sustaining ultrasonic propagation. 
13. The ultrasonic P* Propagates UP to the liquid%= Finally, the invention, with modification, lends itself to 
interfa 16. where it suffefi reflection and  return^ to 30 operation at high temperatures, e.g. molten metals. 
transducer 21* Here the Pulse is converted The new feature of the invention is the configuration 
back into an malog electric pulse, which is detected by of the transducer assembly in the form of a composite 
ek~ t r0n . i~~  unit 22. Unit 22 provides a readout of the resonator. The wall of the high-pressure plug, excited round-trip time between the transmitted and into the vibrational modes of a plate, transmits the ultra- 
received pulses. From the measured round-trip transit 35 sonic vibration directly into the liquid and thereby pro- 
time of liquid tects the piezoelectric or other exciting element from 

computed from the formula 

and from the known s~~~~ 
13, the depth H (dS0 indicated by 15) of liquid 13 Can be the high pressures imposed upon the liquid. 

What is claimed is: 
1. An active method of continuous measurement of 

H = = + + K  the depth of a liquid maintained at a pressure of at least 
3000 pounds per square inch in a storage vessel compris- 
ing the steps of: K is an offset equivalent to the height 17, as shown in providing a composite resonator as part of a trans- FIG. 2, that plug 30 protrudes through the wall of ves- 

said plug having tapered threads providing a pres- characteristic of the type of plug used or method of 
sure seal in the base of the storage vessel wherein scaling the plug into the wall of the vessel. 

In operation, supporting electronics unit 22 provides the resonating surface of the composite resonator is 
a of impulses of high voltage . exposed to the liquid and is impervious to pressures 
350 V) for a brief duration (typically 20 nanoseconds) to 50 in excess Of 3000 pounds per square inch; 
excite piezoelectric element 38. ~l~~~~~ 38 then excites exciting the composite resonator wherein the resonat- 
the plug wall thickness 42 between surfaces A-A and ing surface transmits a vibration directly into the 
B-B, hereinafter referred to as vibrating plate liquid under high pressure; and 
A-A-B-B, into a plate vibration, whereby element measuring the round-trip transit time for the vibration 
38 and vibrating plate A-A-B-B vibrate together as 55 to propagate up from the resonating surface to the 
a composite resonator designated generally by 50, the surface of the liquid and then to reflect back to the 
solid lines in FIG. 3. The frequencies of vibration for resonating surface wherein the round-trip transit 
composite resonator SO are essentially the natural fre- time is proportional to the depth of the liquid under 
quencies of vibrating plate A-A-B-B, loaded high pressure. 
slightly by the mass of element 38 and liquid 13, and are 60 2. A method according to claim 1 wherein the reso- 
much lower than those of element 38 itself. For exam- nating surface of the composite resonator impervious to 
ple, in the prototype invention, the fundamental fre- pressures in excess of 3000 pounds per square inch 
quency of vibration is 10 MHz for the isolated element serves as a high pressure protective covering for an 
38 but 175 kHz for composite resonator 50. exciting resonator means which is rigidly bonded to the 

tion are possible. The threads of the high-pressure plug 3. A method as in claim 2 wherein the exciting reso- 
may be repl: ced by an O-ring. gasket, cement, or other nator means and the resonating surface which is rigidly 
bonding agent, solder, weld, or any other means of bonded thereto vibrate as one upon excitation of the 

40 

sel 12. Height 17 is not critical and is generally only a 45 ducer bonded in a high pressure Plug, 

Several alternate embodiments of the present inven- 65 resonating surface. 
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of a liquid maintained at a pressure of at least Moo 
pounds per square inch in astorage v d  v g :  

a COmPOJitC rrsonsting means for tnmsrtuttmg an 15 
ultrasmic vibration M y  into said liquid from 
the brrse of said storage vegcz said resolutm ' g  
m ~ l w  bcing bonded in a high pressure plug, said 
plug having tapered threads providing a prrssurr 
seal in the base of said storage vessel; and a means 20 
for messUring the round-trip traaSit time for said 
viiration to propagak up to the surface of said 
liquid and rrflect back to said composite resonating 
means wherdn said round-trip transit time is pro- 

a high pressure plug tiat has been bored out to a 
depth leaving a moaining plug wall thickness suffr- 
cknt to Withstand pressures in excess of 3000 
pounds per quare inch wherein said remaining 
plug wall thickness SCIVCS BS said resonating sur- 
face; 

said exciting resonator means rigidly bonded to said 
rcmainhg plug wall thickness wherein when said 
transducer assembly is sealed in the base of said 
storage vessel, said exciting resonator means is 
protected from said liquid maintained at said prs-  
sure in excess of 3000 pounds per square inch. 

9. An ultrasone gauge as in claim 8 wherein said 
pomonal to the depth of said liquid. 25 exciting resonator means is a conventional transducer 

6. An ultrasonic gauge as in claim 5 wherein said element. 
cOmpOSitt resonam * g means for transmitting includes a . + . . .  

M 
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