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Figure 2: Ultrasound transducers used. 

 
Figure 3: Three sensing configurations. 
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3 Results and Discussion 

Initial tests showed that among all the waveguides explored, the 9- m core/125- m cladding 
glass optical fibre was not able to support ultrasonic waves generated by the transducers used, the 
210- m thick plastic film was much less efficient than the paper and stainless steel strips in 
propagating acoustic waves, and the 980- m core/1000- m cladding and 1960- m core/2000- m 
cladding plastic optical fibres were not as sensitive as their 240- m core/250- m cladding 
counterpart. As a consequence, we only focused on the use of the use of the remaining 
waveguides:  

1. Glass optical fibres as waveguide: 62.5- m core/125- m cladding provided by 
Institute for Microstructural Sciences (IMS); 

2. Plastic optical fibres as waveguide: 240- m core/250- m cladding, supplied by 
Edmund Optics.  

3. Thin film strips as waveguides: 170- m thick paper supplied by 3M, and 25- m 
thick stainless shim supplied by Trinity Brand Industries.  

A BPTO2380 engine oil and a regular 87 octane gasoline were used as testing fluids. Two 
Panametrics V156 shear waves transducers polarized in P3 direction were used as 
sound/ultrasonic emitting and receiving elements, respectively. Figure 4 displays signals 
propagated through a paper strip waveguide (top), a stainless steel strip waveguide (middle), and 
glass optical fibre waveguide (bottom). As indicated by the amplification applied, the strongest 
signal was obtained with the stainless steel (SS) strip (15dB amplification), whereas the signal 
obtained with the glass optical fibre was the weakest (54dB amplification). In all the cases, multi-
trip echoes were observed, meaning that the waveguides were quite efficient in propagating the 
acoustic waves. In the present document, fluid leak detection with directly transmitted signal is 
presented while keeping in mind that a multi-trip echo signal may provide a higher sensitivity 
owing to multiple passes across a waveguide section covered by the fluid of less than 1 mm 
estimated thickness. It is pointed out that the main focus of this work is aimed at validating 
quickly the innovative waveguide leak detection approach by exploring several low footprint 
waveguide geometries which are practical and could be constructed from materials which were 
readily available. Optimization of waveguides in terms of material selection, geometry definition 
and wave excitation is the subject of future investigation. 

Figure 5 displays directly transmitted signals through a 290-mm long, 7.5-mm wide, and 0.17-
mm thick paper strip illustrated in Figure 3 without oil (test 1) and with oil spreads on the strip 
(tests 2 to 4). It is noted that the same amount of oil was spread from 17 mm to 50 mm extent 
(Figure 6). As illustrated in Figure 5, the signal amplitude decreases due to dissipation of acoustic 
energy into the oil. The signal strength decreases with an increase in the size of oil spread. This 
was expected as a larger oil spread means that the diagnostic wave has more chance to leak into 
the surrounding fluid. In addition, the arrival time of the signal also increases with the oil spread.  
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Figure 4: Signals propagated through a 290-mm long paper strip at 45 dB amplification (top), a 
290-mm long SS strip at 15 dB amplification (middle), and a 310-mm long glass optical fibre at 

54 dB amplification (bottom).   
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Figure 5: Oil sensing results by using a 290-mm long paper strip. 

 
Figure 6: Oil sensing results by using a 290-mm long paper strip (different spread: 17, 34, 50 

mm). 

Figure 7 displays directly transmitted signals through a 290-mm long, 7.5-mm wide, and 0.17-
mm thick paper strip (see middle plot in Figure 3) in the presence of fuel stain. In the first test 
(test 1), no fuel was used; however, in the subsequent test, a drop of fuel was placed on the paper 
strip. The fuel was absorbed right away by the paper to form a 37-mm length fuel stain. A signal 
recorded right after the fuel stain was formed (test 2). Compared with test 1, noticeable amplitude 
decrease and arrival time increase of the signal are observed. Forty minutes later, the signal of test 
3, almost recovered to its initial state due to evaporation of the fuel. The signal recorded at sixty 
minutes into the test (test 4) does not differ noticeably from that of test 3, meaning that at 40 
minutes; the fuel was already evaporated almost completely. The difference between test 4 (or 3) 
and test 1 signals is believed to be caused by the fuel residue slightly discernable in Figure 8.  

70 75 80 85 90 95 100
-0.08

-0.04

0.00

0.04

0.08

A
m

pl
itu

de
 (V

ol
t)

Time Delay (μs)

 No oil (test 1)
 17-mm oil spread (test 2)
 34-mm oil spread (test 3)
 50-mm oil spread (test 4)



 
 

8 DRDC Atlantic TM 2011-050 
 
 
 
 

 
Figure 7: Fuel sensing results by using a 290-mm long paper strip. 

 
 

Figure 8: Fuel stain at 16 minutes (left) and 60 minutes (right) after a drop of fuel was dropped 
on a paper strip. 

The paper strip tested was also sensitive to water. Figure 9 shows some tests results. Particular 
attention is drawn to test 5 in which the signal amplitude came back strong after evaporation of a 
certain amount of water. 
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Figure 9: Water sensing results by using a 290-mm long paper strip. 

Figure 10 displays directly transmitted signals through a 290-mm long, 2-mm wide, and 25- m 
thick Stainless Steel (SS) strip, illustrated in Figure 3, without oil (test 1) and with oil spreads on 
the strip (tests 2 to 3). Decrease in signal amplitude was observed with increasing amount of oil 
spread on the strip. In this preliminary study, there has been no attempt to quantity the effect of 
oil thickness on signal amplitude. However, it is believed that for a given amount of oil, the 
extent of oil spread should have more effect on signal amplitude than oil thickness because a 
larger contact area between the waveguide and oil will facilitate leakage of ultrasound energy 
from the waveguide into the oil. Figure 11 shows fuel sensing results obtained by using the same 
SS strip. With the presence of fuel (test 2), the signal amplitude dropped slightly. After fuel 
evaporated (test 3), the signal amplitude came back to initial value observed in test 1. Although 
the SS strip seems to be less sensitive than the paper strip to oil and fuel, it has the advantages of 
being reusable by simply wiping off oil or fuel residue following a leak incident. 

Figure 12 displays directly transmitted signals through a 62.5- m core/125- m cladding and 290-
mm long glass optical fibre in absence of oil (tests 1 and 4) and in presence of oil (tests 2 and 3). 
In the case of tests 2 and 3, a droplet of oil was applied to the fibre using a pipet. Figure 13 shows 
directly transmitted signals through a slightly shorter glass optical fibre (280-mm) of the same 
type without fuel (test 1) and in presence of fuel (tests 2 an 3). It should be pointed out that the 
length of fibre will affect sensing sensitivity in terms of both signal amplitude and signal arrival 
time. Intuitively, the sensing sensitivity should increase with increase in oil spread to waveguide 
length ratio. 
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Figure 10: Oil sensing results by using a 290-mm long stainless steel strip. 

 
Figure 11: Fuel sensing results by using a 290-mm long stainless steel strip. 
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Figure 12: Oil sensing results by using a 290-mm long glass optic fibre. 

 
Figure 13: Fuel sensing results by using a 280-mm long glass optic fibre. 
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Both SS strip and glass optic fibre appear to be more sensitive to oil than to fuel. We believe this 
difference in sensitivities to oil and fuel originates in the difference in acoustic impedances of the 
two fluids. To confirm this hypothesis, acoustic impedance measurements need to be conducted 
for the two fluids.  

While the glass optical fibre seems to have similar sensitivity to oil as compared to the paper 
strip, it has the advantages of being reusable by simply wiping off oil residue following a leak 
incident and resistant to humidity (i.e., not sensitive to the presence of water as revealed by our 
tests). However, the excitation and reception of acoustic waves in the fibre were less efficient due 
to its much smaller contact areas with the transducers.  

Figure 14 displays directly transmitted signals through a 100-mm long, 240- m core/250- m 
cladding plastic optical fibre in absence of oil (test 1) and in presence of oil (tests 2 and 3). 
Because there is a large acoustic attenuation in plastic fibres, a much shorter fibre was used. Good 
sensitivity of this fibre to the presence of oil is observed. Except for this weaker signal strength, 
the plastic optical fibre enjoys all other benefits of the glass optical fibre presented earlier and can 
be used to cover a small area. Tests of the sensitivity of the plastic optical fibre to fuel will be 
conducted later.  

 

 
Figure 14: Oil sensing results by using a 100-mm long plastic optical fibre at 54 dB 

amplification. 
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Finally, it is observed that the sensitivity of a waveguide to a fluid of which the leak is to be 
detected depends strongly on the wetness of the waveguide material. It may be desirable and 
possible to select or custom-make a waveguide material in such a way that it is selectively 
sensitive to certain fluids while insensitive to other fluids to reduce the chance of false alarms. 
While the stainless (SS) strip and the optical fibres were more or less sensitive to the presence of 
oil and fuel, they didn’t show noticeable sensitivity to water. This difference in sensitivities is 
understandable by examining three wetness tests results shown in Figure 15. Obviously, the better 
a waveguide is wetted by a fluid, the easier it is for acoustic waves to propagate from the 
waveguide to the fluid, and, as a consequence, the higher is the sensitivity of the waveguide to the 
presence of this fluid. In addition to wetness, the acoustic impedance mismatch between the 
waveguide and the fluid can affect the waveguide sensitivity as well, as discussed earlier.   

 
Figure 15: Wetness tests of a 2-mm diameter plastic optical fibre by water (left), oil (middle) and 

fuel (right). Only a tiny amount of water was able to stick to the fibre whereas the oil and fuel 
were able to wet the entire fibre surfaces.  

It is highlighted that the effect of fluid thickness is not investigated in this work but will be the 
subject of future activity. 
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4 Conclusions 

An acoustic waveguide based approach for fluid (oil and fuel) leak detection has been defined and 
evaluated. The performance of four types of waveguides was presented. All waveguides were 
able to sense the presence of oil and fuel. Since each type of waveguide has its own advantages 
and disadvantages, the choice of waveguide will depend on the targeted application and the 
operating environment it is intended for. For the future direction, a design of sensors with self-
diagnosis/self-calibration capabilities incorporating a reference wave path (or signal) to the 
sensing circuitry and integrating ultrasound transducers to waveguides will be investigated. 
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