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INTRODUCTION 

Temperature measurements at different locations 
using a single wire waveguide with a 90-degree 
bend is described here. Measurement of wall 
temperatures of furnace and heat exchanger tubes 
are mandatory in many critical process industries, 
such as nuclear power plants, steel manufacturing 
and glass melting Plants. Conventional temperature 
measurement instruments like thermocouples, RTD, 
radiation pyrometers, etc. are the most common 
temperature sensors used by industries for 
continuous temperature measurement. The 
thermocouple and the Resistance Temperature 
Detector (RTD) often fail due to the sensor drift and 
the issue of hot junction failure during their long-
term operations. Also, its temperature measurement 
ability is limited to a single region around the 
junction. Hence the ultrasonic waveguide approach 
made of a single wire that can be used for multi-
point temperature measurement is explored here. 
Also, in many situations, due to geometrical 
constraints, a 90-degree bend is often necessary in 

the waveguides to bring-out the wire from the 
measurement zone to outside. Ultrasonic guided 
waves can be used for remote measurements in 
physically inaccessible areas and in hostile 
environments. The waves can travel a long distance 
along the waveguide and hence can be generated in 
one end of the waveguide using ultrasonic 
transducers, while the measurement zone may be at 
the other end. In general, ultrasonic waveguide 
sensors measure changes in waveguide velocity due 
to the variations in its material properties (α, E, G 
and ρ) arising from the changes in the surrounding 
medium such as temperature, humidity, etc. The 
change in time of flight, change in velocity, phase 
shift of the ultrasonic waves as compared at room 
temperature signals, help to measure the changes in 
physical properties of the surrounding media and 
properties of the waveguide material. The major 
advantages of the ultrasonic waveguide sensor are 
that the waveguide can be of different cross-section 
such as wire, rod, strip selectable based on the 
access for the waveguide and configurable for 
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different measurement applications including 
adjustment of special distribution of the sensors. 

The reminder of this paper is organized as follows. 
We start in section II with describing ultrasonic 
background, problem statement. In section III, we 
discuss about waveguide sensors and its 
embodiments. In section IV, we discussed about 
applications, experimental results. Then, we conclude 
the paper in section V. 

Background 

The use of ultrasonic waveguide has been reported 
extensively in the literature [1] A J Faber, F Simonies, 
R Breeuwer and H De Wall introduced the ultrasonic 
buffer rod as a mechanism for delivering the 
ultrasonic wave and used the pulsed Doppler 
method for sensing changes.[2] H J McSkimin and N 
J B  Ridge developed an equipment for 
measurement of various characteristic dynamic 
properties of materials and liquids using the 
characteristic impedance. [3] reports the 
simultaneous measurement of viscosity and density 
of fluids using a combination ultrasonic longitudinal 
and shear waves reflection and transmission. The 
effects of rheological properties of the liquid at a 
liquid-solid interface have been discussed in Shah et 
al. [4] using amplitude measurements and later by 
Shah et.al. [5] demonstrated the comparison of the 
results with the commonly used absolute reflection 
co-efficient method illustrates that phase 
measurement provides improved measurements. 

PROBLEM STATEMENT 

Ultrasonic waveguide approach are classified into 
forward and inverse problems. In the forward 
problem, it can be predicted by the characteristic 
behaviour of ultrasonic wave which propagates in a 
waveguide that is surrounded by a fluid medium, if 
the physical and mechanical properties (set of 
observations) of the medium is known. An inverse 
problem is the process of measurements from a set 
of observations in the medium using different types 
of ultrasonic techniques. The ultrasonic wave 
behaviour depends on changes in physical 

properties (Temperature, viscosity, etc.) of the 
surrounding fluid media as well as mechanical 
properties (E, G, etc.) of the waveguide material. 
Hence, two types of inverse problems can be defined 
as illustrated in Fig.(a-c). So, the first type of inverse 
problem can be defined to evaluate the unknown 
properties (either physical or mechanical) of a 
medium if the properties of the surrounding fluid are 
known.  

 

Figure 1: (a) Forward problem, b) inverse problem 1, 
c) inverse problem 2 and d) schematic of ultrasonic 
guided wave system. 

I. WAVEGUIDE SENSORS 

A waveguide is an electromagnetic feed line used in 
microwave communications, broadcasting, radar 
installations. A waveguide is a structure that guides 
waves, such as electromagnetic waves or sound, 
minimal loss of energy by restricting expansion into 
one dimension or two. The ultrasonic signal is 
coupled from the waveguide into the material 
through a thin, dry foil. The propagation of 
ultrasonic waves in waveguides is characterized by 
the variables, frequency- f, phase velocity-V and 
attenuation-∝. A guided wave can be thought of as a 
superposition of partial plane waves that are 
reflected within the waveguide boundaries by 
Ultrasonic Waves in solid Media. In a cylindrical 
waveguide, there are three families of modes; 
longitudinal (L), torsional (T) and flexural (F) that are 
propagating in the axial direction (z) of cylindrical 
coordinate system (r, θ and z). While, many wave 
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modes can be excited in rods, analysis is presented 
here concentrates on the fundamental longitudinal 
and torsional modes are L (0, 1) &T (0, 1) 
respectively. These modes have smaller levels of 
dispersion over a wide range of frequencies and can 
be easily generated in the rods made of high 
temperature materials. For the generation and 
reception of ultrasonic guided wave modes in these 
waveguides, one or more bulk longitudinal and 
shear wave ultrasonic transducers were acoustically 
coupled to the waveguides using a custom-made 
transducer holder. This setup ensured that the 
orientations 0º, 90º and 45º between the axis of the 
waveguides and the transducer surface (particle 
vibration) were achieved, so as to generate L (0,1), T 
(0,1) and both wave modes respectively as shown in 
Fig. 2  

 

Figure 2: Schematics showing (a) Longitudinal 
transducer connected to bent waveguide (b-e). 
Shear transducer connected to each bent waveguide 
at different orientations for obtaining the L(0,1), 
T(0,1) individually or simultaneously in the 
waveguide embodiments. 

Different waveguide embodiments 

The various waveguide configurations and sensor 
localisation embodiments used in this work. The 
embodiments used here are for the elastic moduli 
measurement of the waveguide material as a 
function of temperature and also to measure 
temperatures at multiple target locations using the 
same experimental setup. The sensing regions (lb) of 
interest are marked in the Fig. 3. The illustration of 
the different waveguide embodiments is shown in 
this figure. These embodiments consists of 
waveguide such as Single bent waveguide, Multiple 
waveguide each with a single bend,  a bank of 

straight waveguides,  Multiple bends with single 
waveguide, Straight waveguide with distributed 
sensors (gage length-l),  Helical waveguide and  
Spiral waveguide. 

  

Figure 3: Illustration of waveguide embodiments in 
this work (a). Single bent waveguide, (b). Multiple 
waveguide each with a single bend, (c). A bank of 
straight waveguides, (d). Multiple bends with single 
waveguide, (e). Straight waveguide with distributed 
sensors (gage length-l), (f). Helical waveguide and 
(g). Spiral waveguide. 

Applications 

The ultrasonic waveguide sensors can be employed 
for the following applications: 

 1. Measurement of E and G as a function of 
temperatures over a          wide range. 

 2. Temperature of the surrounding media 

 3. Temperature profiles over a volume of 
surrounding media 

 4. Rheology of viscous surrounding media 

 5. Density and Viscosity independently  

 6.  Fluid levels 

 7. Fluid Flow rates 

Experimental results 

The result below in Figure 4 shows the use of a 
Chromel waveguide to measure temperatures 
ultrasonically (U) over a wide range of temperatures 
and comparison with collocated thermocouple 
readings (T). Application for measuring remotely the 
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vibration characteristics of a submerged object in a 
hostile environment. Here the ultrasonic A0 wave 
mode in a 1.6 mm thick and 12 m long Stainless-
Steel strip waveguide that was generated using a 
transducer position in the ambient environment 
while the wave probes the object inside the hostile 
region. 

 

Figure 4: The use of an ultrasonic waveguide to 
measure the temperature gradients in the insulated 
region of a furnace. 

Application for measuring remotely the vibration 
characteristics of a submerged object in a hostile 
environment. Result is shown in Figure 5, where the 
flow assisted vibration of 5 and 10 Hz were 
measured. 

 

 

Figure 5: (a) Schematic of experimental test setup 
and (b) measurement of the vibration along with the 
spectra of the flow assisted vibration as measured 
using the strip waveguide. 

III. CONCLUSION 

This paper presented an overview of a novel 
approach using ultrasonic guided waves 
propagating in a thin waveguide made of metallic or 
ceramic or polymeric material in the form of a 
wire/rod/tube/strip to sense and measure the 
properties of the surrounding media, assuming a 
steady state condition. This approach uses designed 
embodiments such as notches, bends, etc. to provide 
local wave reflections along the length of the 
waveguide to a propagating guided wave and 
provide local measurements at multiple points. The 
multiple thin straight waveguides technique has 
been demonstrated for the temperature 
measurement at different depths of laboratory 
furnace. When using straight waveguides, the issue 
of temperature gradients influences the 
measurements. This was solved using thin 
waveguides that have higher thermal resistivity. 
Using thin waveguides, a bank of 6 waveguides were 
mounted on a single transducer and the 
temperature gradients were measured and 
compared to standard thermocouple measurements. 
The key advantage of the ultrasonic waveguide 
method, over the standard thermocouple, is the 
robustness since this method does not use a 
junction. The use of junctions in thermocouples 
leads to failures and are particularly of concern to 
industries such as nuclear power plants.  
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