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A Study of the Guided Wave Propagation
in the Water Supplying Pipes with Scale
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Abstract Since the scale in pipes reduces the flow rate, a quantitative evaluation of the scale is essential for
the proper maintenance of pipes. Guided waves were employed to estimate the amount of scale in water
supplying pipes. Using variable angle wedge, several modes of guided waves were generated and their
propagation charcteristics along the pipes with scale were analyzed. It was experimentally observed that the
amplitude of F(M,2) modes at fXd=1.5MHz - mm decreased significantly with increasing amount of scale. The
present study showed that F(M,2) modes were optimal to evaluate the scale in water supplying pipes.

Keywords: ultrasonic guided wave, scale detection, dispersion curve, phase velocity, group velocity, water
supplying pipe
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Fig. 1 Dispersion curves for steel pipe with
thickness of 3 mm, outer diameter of 22
mm and inner diameter of 16 mm
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Table 1 Angle of incidence, phase velocity, and
group velocity in the pipes
Incident Phase Group
Angle Mode velocity velocity
(Degree) {kmys) (km/s)
2217 F(4,3) 7.23 343
26.39 F(3,3) 6.14 4.04
29.13 F2,3) 5.61 4.46
30.69 F(1,3) 535 472
312 L{0,2) 527 4.80
49.21 F4,2) 3.61 2.89
52.79 F(3,2) 343 3.04
55.46 F(2,2) 3.31 3.14
57.11 F(1,2) 325 3.21
80.25 F(4,1) 2.77 3.06
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(a) new pipe (no scale)

(b) decrepit pipe (3% scale)

{c) decrepit pipe (23% scale)

(d) decrepit pipe (42% scale)

Fig. 2 Water pipes with scale
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Fig. 3 Transducer set-up for guided wave
excitation and reception
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{a) no scale (b) 3% scale (c) 23% scale (d) 42% scale
Fig. 4 The received signals of F(2,2) mode
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Fig. 5 The received signals of F{2,3) mode

o) we Asele W% e uehit @)
s ol woldss FEAe] SH o

TAEE F9e) RETEe] ARERAL AT

Adhs 5AR meve]l dugs HoFa gt
azla 27wl meh dsisie %ol 214
e A & Atk 2 9o B R e
RE=g Tg Figure 59 22 AES Hth

fe 49 da2 Y b REE T RS
F7F 2]l RESZ # WR7L A A E4F
& A Rehs 548 Holw k. a]ar
OE XEES FM2) 2Ed HEte Hre &4
T 2L dFes st WFe] gAES ¢
& Utk F22) mEgh F23) Beo) Aol 2A4Y
Fol wme} HolAe A& Figure 69 LrEhi AT

FUH fd goME Bzol mepx s, o
&&=, 48 As, 2Eg7E GEd, S W
AN TLdYF REFE AT RS AAF A
? e HE 2S¢ AW F M) B
= Wiie 2AG ol w ZarE HA ==
Ae ARHeE & 4 AU o= FM2) R=S

o AW W B WP YT LeTe AL T
33 9=d, MRzl ouAyl # yue
ERIRE P DN E LK g
S AskEA Rae Aem FEHh o #E
zestel By FxE FHW 1 AnSyel uoh
BHs) 2 Ao waHc

fob)

E

.(_“:):

=

<

-

N

©

£

o

pd

0 10 20 30 40 50

Scale ratio (%)
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