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157] ABSTRACT 
A method is provided for minimizing sticking of the 
transmission line to the protective sheath and prevent-

. ing noise echoes from interfering with signal echoes in 
an improved high temperature ultrasonic thermometer 
which includes an ultrasonic transmission line sur-
rounded by a protective sheath. Small isolation stand-
offs are mounted on the transmission line to minimize 
points of contact between the transmission line and the 
protective sheath, the isolation standoffs serving as 
discontinuities mounted on the transmission line at 
locations where a signal echo is desired or where an 
echo can be tolerated. Consequently any noise echo 
generated by the sticking of the standoff to the protec-
tive sheath only adds to the amplitude of the echo 
generated at the standoff and does not interfere with 
the other signal echoes. 

6 Claims, 3 Drawing Figures 
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known distance are used to determine the average 
ULTRASONIC THERMOMETER ISOLATION propagation velocity in the sensor and hence determine 

STANDOFFS the average temperature over the length of the sensor 

CONTRACTUAL ORIGIN OF THE INVENTION 5 R e a l l y , the reflection of the ultrasonic waves occurs 
The invention described herein was made in the from the discontinuity where the sensor wire is at-

course of, or under, a contract with the UNITED tached to the lead-in transmission wire and from the 
STATES ENERGY RESEARCH AND DEVELOP- end of the sensor wire. However, in actual practice it 
MENT ADMINISTRATION. has been found that at the extremely high temperatures 

D A y-it/-/—«D/-vf TKir* -T-uc R i u r x m n M 1 0 encountered in these measurements and particularly at 
BACKGROUND OF THE INVENTION temperatures above approximately 1600* C, the trans-

This invention relates to the measurement of high mission line often diffusion bonds or "sticks" to the 
temperatures and is particularly concerned with the protective sheath at points where they make contact, 
measurement of the very high temperatures encoun- The "sticking" is very troublesome because it produces 
tered in the core of a nuclear reactor. More particularly 15 an acoustic impedance mismatch and correspondingly, 
the present invention relates to the determination of an ultrasonic echo. This noise echo can interfere with 
temperatures employing a high temperature ultrasonic the measurement of the propagation time between the 
thermometer and is specifically directed to an im- sensor echoes. In fact, since an echo will be generated 
proved design which prevents noise echoes from inter- at any discontinuity along the transmission line, includ-
fering with the signal echo of the ultrasonic thermome- 20 ing those produced where the transmission line bonds 
ter. or sticks to the protective sheath, noise echoes can be 

The research and development as well as the opera- generated which at times can even mask out the signal 
tion of new energy sources require the determination of echoes. Since tests are to be conducted at temperatures 
temperatures including extremely high temperatures in excess of 2500° C, a satisfactory solution to this 
which cannot be measured employing common ther- 25 bonding or sticking problem must be found, 
mometry techniques. In nuclear reactors, and particu- A more complete description of the ultrasonic ther-
larly experimental reactors, it is extremely desirable mometer as well as the sticking problem is contained in 
and necessary to measure the temperature at various U.S. AEC Report ANCR-1091, "High Temperature 
points within the reactor including various points Ultrasonic Thermometer In-Reactor Fuel Rod Center-
within the reactor core. While thermocouples are com- 30 line Temperature Test Results," coauthored by the 
monly employed for the determination or the measure- present applicant which report is incorporated herein 
ment of temperatures in many locations about and by reference as though fully set forth, 
within the reactor, extremely high temperatures such as One proposed solution to the sticking problem has 
are reached in the nuclear reactor core preclude the been to use a spacer wire between the transmission line 
use of thermocouples which are limited at very high 35 and the protective sheath. This spacer wire is helically 
temperatures by electrical shunting effects in the insu- wrapped about the transmission line. However, it has 
lation material. Consequently, the extremely high tem- been found that the spacer wire sticks to the transmis-
peratures reached in the core have been measured by sion line and protective sheath creating a line contact 
the use of ultrasonic thermometers. between the transmission line and the sheath which 

An ultrasonic thermometer utilizes the temperature 40 generates an exceptionally undesirable broad noise 
dependent ultrasonic propagation velocity in a thin echo. Consequently, it is an object of the present inven-
wire sensor as a temperature transducing mechanism. tion to provide an improved design and a high tempera-
Since the propagation velocity is temperature depen- ture ultrasonic thermometer which will minimize the 
dent, the device is calibrated and the temperature is sticking of the transmission line to the sheath, 
determined by measuring the propagation time be- 45 It is another object of the present invention to pro-
tween the signal echoes generated at discontinuities vide an improved design to prevent noise echoes from 
placed along the sensor and a refractory metal wire interfering with the desired signal echoes, 
ultrasonic transmission line, the propagation time of It is another object of the present invention to pro-
the ultrasonic signal along the sensor and the transmis- vide a method for minimizing the points of contact 
sion line being directly related to the temperature. 50 between the transmission line and the protective 

A high temperature ultrasonic thermometer has been sheath, 
employed in tests being cnducted in the Loss of Fluid Other objects and advantages of the present inven-
Test (LOFT) and Power Burst Facility (PBF) reactors tion will become apparent upon reading the following 
at the Idaho National Engineering Laboratory located description and with particular reference to the specific 
at the National Reactor Testing Station in southeastern 55 embodiment described hereinbelow. 
Idaho. These tests have included the measurement of C I I . . . . . D V „ „ „ u c a n a : M T T n w 

the extremely high temperatures reached at the fuel SUMMARY OF THE INVENTION 
rod centerlines. For these fuel rod centerline determi- In accordance with the present invention small isola-
nations, a specific high temperature ultrasonic ther- tion standoffs are mounted on the transmission line of 
mometer was designed which included an ultrasonic 60 a high temperature ultrasonic thermometer, which 
transducer, a refractory metal wire ultrasonic transmis- includes an ultrasonic transmission line surrounded by 
sion line with an ultrasonic sensor at the end of the a protective sheath, to minimize the points of contact 
transmission line and a protective sheath surrounding between the transmission line and sheath thereby mini-
the transmission line and sensor. Since the length of the mizing the sticking of the transmission line to the pro-
sensor is known and the propagation velocity is temper- 65 tective sheath. The isolation standoffs are mounted on 
ature dependent, the device can be calibrated for tem- the transmission line at locations where a signal echo is 
perature as a function of propagation velocity. The desired or where a noise echo can be tolerated. Conse-
reflections of the ultrasonic pulses that travel the quently, the isolation standoffs prevent noise echoes 
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from interfering with signal echoes since the noise echo 24 generated at the discontinuity formed by the end 28 
generated by bonding of the standoff to the sheath only of the sensor 16. Since the time of propagation of the 
adds to the amplitude of the signal echo generated at signal from the discontinuity at the junction 27 of the 
the standoff itself. sensor and the transmission line and the end 28 of the 

RRIFF NPCRRIPTIONI OF Twp nBAWiNfiC 5 s e n s o r i s d e P e n d e n t u P o n t h e temperature along the BRIEF DESCRIPTION OF THE DRAWINGS , e n g t h o f t h g s e n s o r u t h e p r o p a g a t i o n time between 
An understanding of the features in the operation of signals 23 and 24 can be used to determine the average 

the present invention can be obtained from reading the temperature over the length of the sensor 16. 
following description and with reference to the draw- In the absence of isolation standoffs, such as 18 and 
ings in which: 10 19, the transmission line or the sensor may come in 

FIG. 1 is a sectional view of a specific embodiment of contact with the protective sheath 17 and, at elevated 
the present invention; temperatures such as above approximately 1600° C, 

FIG. 2 is a graphic representation of the ultrasonic the transmission line can bond to the protective sheath 
signal which can be obtained from the specific embodi- at the points of contact. Noise echoes will consequently 
ment illustrated in FIG. 1; and 15 be generated by the discontinuities created at these 

FIG. 3 is a cross-sectional view taken along the line sticking points and, because the bonding may occur 
3—3 of FIG. 1. randomly at any point along the length of the transmis-

r»Dc^DiDTi™ AC TUC u i u c M T i m i s i o n , i n e a n d sensor, the noise echo generated by the 
DESCRIPTION OF THE INVENTION discontinuities may interfere with or even mask out the 

While the invention is hereinafter described in con- 20 signal echoes, 
nection with a particular specific embodiment, it Since the isolation standoffs mounted on the trans-
should be understood that it is not intended to limit the mission line create discontinuities which will likewise 
invention to only that specific embodiment, but it is generate a signal, it is preferred that the isolation stand-
intended to cover all alternatives, modifications and offs be mounted on the transmission line at locations 
equivalents as may be included within the spirit and 25 where a signal echo is desired or a noise echo can be 
scope of the invention as defined by the appended tolerated. Consequently, the echoes generated by these 
claims. discontinuities will give a signal from a known location. 

Turning now to FIG. 1, there is illustrated a specific In addition, any noise echo which is then generated by 
embodiment of a high temperature ultrasonic ther- the sticking of the standoff to the protected sheath will 
mometer embodying the features of the present inven- 30 only add to the amplitude of the signal echo generated 
tion. The ultrasonic thermometer includes a transducer at the standoff rather than creating ah additional noise 
indicated generally at 11 which includes a transducer echo. Since the standoffs will prevent sticking of the 
housing 12 and coil 13. Power for operation of the transmission line to the sheath at points other than the 
transducer is supplied such as through cable 14. The standoffs, the points of contact between the transmis-
coil of the transducer is coupled with ultrasonic trans- 35 sion line and the sheath are minimized and random 
mission line 15 which is integral with the ultrasonic noise echoes are prevented. 
sensor 16 located at the end of transmission line 15 While the isolation standoffs can be any of a variety 
opposite the transducer 11. The transmission line 15 of materials and forms, it has been found that small 
and sensor 16 are surrounded by a protective sheath 17 sections of thin wire are particularly adaptable for use 
and spaced therefrom. Small isolation standoffs, such 40 as the standoffs. In one specific embodiment of the 
as 18 and 19 illustrated in FIG. 1, are mounted on the invention employing small sections of thin wire for the 
transmission line 15 and serve to minimize the points of isolation standoffs, the thin wire standoffs are mounted 
contact between the transmission line 15 and protec- on the transmission line perpendicular thereto, 
tive sheath 17. Since the isolation standoffs create dis- Referring to FIG. 3 there is shown another preferred 
continuities along the transmission line which will gen- 45 aspect of a specific embodiment of the present inven-
erate an ultrasonic signal echo, it is highly preferred tion. FIG. 3 is a cross-sectional view through isolation 
that the small isolation standoffs 18 and 19 be mounted standoff 19 which shows the transmission line 15 sur-
on transmission line 15 at locations where a signal echo rounded by and spaced from the protective sheath 17. 
is desired or a noise echo can be tolerated. Small isolation standoffs, 25, 26 and 19 are seen as 

An understanding of the operation of the ultrasonic 50 being composed of thin wire, standoffs 25 and 26 not 
thermometer and the improved results obtained by being visible in the segmented drawing of FIG. 1. These 
incorporation of the features of the present invention standoffs are mounted on the transmission line 15 per-
can best be obtained by referring to FIG. 2 in conjunc- pendicular to the axis thereof and the adjacent stand-
tion with FIG. 1 where there is shown a graphic repre- offs, such as 25, 19 or 26, 25 are mounted about the 
sentation of the type of ultrasonic signal which will be 55 circumference of transmission line 15 approximately 
obtained from the ultrasonic thermometer as illustrated 120° apart. As shown in FIGS. 1 and 3 the isolation 
in FIG. 1. An ultrasonic signal represented by the pulse standoffs are spaced apart along the length of the trans-
20 is transmitted from the transducer along transmis- mission line and the adjacent standoffs, such as 25 and 
sion line 15. When the ultrasonic pulse encounters a 19, in addition to being spaced apart along the length of 
first discontinuity on the transmission line, such as the 60 the transmission line 15 are spaced apart approxi-
isolation standoff 18, a signal echo represented at 21 mately 120° about the circumference of the transmis-
will be generated. Similarly, when the pulse reaches the sion line. Alternatively, a plurality of standoffs can be 
discontinuity on the transmission line 15 created by the mounted circumferentially spaced apart at each given 
isolation standoff 19, a second signal pulse 22 will be distance along the length of transmission line 15. 
generated. The signals of interest for the determination 65 While the above described isolation standoffs are 
of the temperature are the echo signal 23 generated by preferred, it should be understood that the present 
the discontinuity at the junction 27 between the trans- invention is not limited thereto, but is equally applica-
mission line 15 and the sensor 16 and the signal echo ble to other configurations or standoffs which will pro-
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vide point or minimum contact between the sheath, the transmission line. The signals generated by the 
standoffs, transmission line and sensor element. standoffs located at these points will not interfere with 

For example, another possible isolation standoff is a the signal echoes from the sensor element, 
square shaped washer with a square central opening. While the invention has been described with refer-
The square shape and square opening would provide 5 ence to preferred embodiments and with mention of 
for point contact between the standoffs and the sheath specific materials, it should be understood that the 
at the four exterior corners of the square washer and invention is not so limited but is equally applicable to 
approximately point contact between the transmission other embodiments and materials as may be included 
line and the washer along each of the four interior sides within the spirit and scope of the appended claims. As 
o f t he washer forming the central square opening. An- 10 an example, while the protective sheath was described 
other possibility is to grow crystalline hairs such as i n the preferred embodiment as being composed of 
tungsten hairs, for the standoffs at locations along the tungsten-26% rhenium, an alternative embodiment 
transmission line. Such tungsten hairs would function w o u l d b e t o e m P I o y a protective sheath composed of 
very similarly to the standoffs composed of sections of tantalum. Other materials or variations are also appli-
thin wire 15 cable to the present invention. 

Although the thin sections of wire can be mounted on . ̂  embodiments of the invention in which an exclu-
the transmission line in any of a variety of manners, f ™ Property or privilege is claimed are defined as 
welding of the wires to the transmission line has been follows: . 
found to be an acceptable technique. Resistance weld- J : u

In . a , high-temperature ultrasonic thermometer 
ing may be used, but it has been found that laser weld- 20 ^ i c h includes an ultrasonic transmission line sur-
ini is a particularly convenient method for mounting ™ u n d e d by. a P r o t ^ v e sheath the improvement 
the standoffs on the transmission line and is therefore t h e j e l " to /mmmize sticking of said transimssion line to 

f , said sheath and prevent noise echoes from interfering 
. • . , i c * i with signal echoes comprising: small isolation standoffs 

Various materials can be used for the different ele- m o u n t | d on said transmission line to minimize points of 
ments of an ultrasonic thermometer in accordance with 25 ^ ^ ^ ^ ^ t r a n s m i s s i o n H n e a n d s a i d

F
s h e a t h 

the present invention A specific embodiment of the s a i d i s o l a t j o n s t a n d o f f s b e j n s e c t i o n s o f t h i n w i r e 
present invention which also serves as a preferred em- m o u n t e d o n s a i d transmission line at locations where a 
bodiment incorporates a tungsten-2% thona transmis- s jg n a i e c h o is desired 
sion line and small sections of thin tungsten-26% rhe- 2 . The thermometer of claim 1 wherein said thin wire 
mum wire as the isolation standoffs The invention of s t a n doffs are laser-welded perpendicular to said trans-
course is not limited to the use of these materials as a mission line 
wide variety of other materials are equally adaptable. 3. j h e thermometer of claim 4 wherein said transmis-

In one embodiment of the present invention, the s j o n [ jn e js tungsten-2% thoria and said standoffs are 
standoffs are made from 5-mil thick tungsten-26% rhe- tungsten-26% rhenium. 
nium thermocouple wire while the transmission line is 3 5 4. The thermometer of claim 1 wherein adjacent 
15-mil thick tungsten-2% thorium dioxide wire. The standoffs are mounted about the circumference of said 
standoff wire is butted perpendicular to the transmis- transmission line approximately 120° apart, 
sion line and welded by a burst of laser energy, and the 5. A method for minimizing the sticking of an ultra-
standoff wire is cut off to the appropriate length by the sonic thermometer transmission line and sensor to the 
laser by using a higher burst of energy. The transmis- inside surface o f the surrounding protective sheath and 
sion line is then rotated 120° and another standoff is preventing noise echoes from interfering with signal 
welded on in accordance with the above procedure. echoes comprising: mounting small isolation standoffs 
After each group of three standoffs is welded onto the on said transmission line to minimize the points of 
transmission line, the group is passed through a 35-mil contact between said transmission line and said sheath, 
diameter opening to ensure proper length to, permit said standoffs being sections of thin wire, and said 
clearance when the transmission line is inserted into standoffs being mounted pn said transmission line at 
the protective sheath. locations where a signal echo is desired. 

While the standoffs can be placed along the transmis- 6. The method of claim 5 further comprising laser-
sion line at any desired location at which a signal echo welding said standoffs perpendicular to said transmis-
is desired or a noise echo can be tolerated, it has been sion line such that adjacent standoffs are mounted 
found that, since in a preferred embodiment the sensor approximately 120° apart about the circumference of 
element is about 2 inches long, it is preferred that the said transmission line, 
isolation standoffs be spaced about 2 inches apart along * * * * * 
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