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Experimental study on transmission characteristics of downhole acoustic signals along tubing
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Abstract ; For signal transmission in acoustic telemetry during well testing, a prototype acoustic repeater was developed, and an experimental
study was conducted on the transmission characteristics of acoustic signals along tubing strings. Field experiments in three wells were
carried out to explore the transmission patterns of acoustic signals along the tubing. The results show that the transmission characteristics of
acoustic signals are significantly influenced by the wellbore dimensions, tubing length, and the medium inside the casing. The signal
strength of acoustic waves decays exponentially with increasing tubing length, with a maximum transmission distance of 805 meters
under the experimental conditions. The optimal carrier frequency of the acoustic signal is notably affected by the medium within the
wellbore. When the wellbore is filled with air, the optimal carrier frequency range is 10 ~ 10. 5 kHz; when filled with water, the
optimal range shifts to 13~ 13.5 kHz. These findings provide valuable data for the development of tools related to acoustic telemetry
technology, which lays a foundation for breaking technological monopolies and achieving real-time efficient testing.
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Fig.1 Downhole acoustic transmitter
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Table 1 Main technical parameters of wireless
transmission device

424 I RE
g MR RED L e R

/mm  /m /mm

I E e 73 1.00 62 73 mm EUE 73 mm EUE

TR 73 2.45 4%10 73 mm EUE 73 mm EUE
ShemE kg 32 2.26 / / /

2 RIEER

KT T RS WAR S T A A AR R
53 M NP A5 R I RSF & E
A A g T R AT T, SR T M
22-1 J 3 23k-1X FF JUR 42-113X 9 3 IRk A A
s, 8 i g F AR T A R S IR A R L
i,

2.1 %2214

IR TR AR S M h RN R, s
SLEFXTE A R0 A8 W 1 SR P R S 3y
37 kHz AUARHZH T, B B rh 4k H 3% I8 37 kHz
AR ARG 2 min A5 — B A& L0k
Bin, HERmaE .,

R B I 4 M 139. 7 mm E45, 73 mm Jil
B 1000 m DL B X2 R, K E R, SR
2 MR + C AL A IR A RS, R
FEUE R e B AL TR 54.9 m(6 HUIMA)
100.6 m( 11 AL 4%), 158.2 m (17 MRl &),
257.5m (28 MM A ), 313.3 m (34 Wil %),
364.2 m(39 AR ) I, B 75 i i 45 A Hb T 42 i
REE Sk BUE 5, B 2 o AR SR O B B S
W,



$33% 3

TGS T A PSS A R T 21

a. TFA54.9 miHES

b. FA100.6 miHE S

¢. FA257.5 mEHE 5

d. FA313.1 miHfES

B2 ABESEE

Fig.2 Typical signal waveform

H 1T 1, B R R G e B AN TR A 1Y
T, 7 U2 T SR L) PR A S R B R R, R A
REEZR 313. 1 m B fF 5 RHAR R [F5 0 20
AFERILA . R AR YGRS i % 3L 5 T 1)
(]8T . — 2 BT SR FH ) 280 I8 00 238 BT 42 W 31 )1 5 A7 A
HRME, T B IMALG S A B kT 55 0 R
TR PTIE AR AR I E TR B Y SEBR A
SR A AR, BT MR 5 4, &
37 kHz A& 0 Bt AN T8 Gz P Tk, R4S
T ARSI A5 5 X I T4 R L B 138
P | PR 2 A i R SR
2.2 HEiEPHBANIET

BT 1 R B 0 0 235 2R e e A i v 3
BRI ELE 8 ~ 13 kHz Z [0, [ B8N T FFT {55

8 9 10 ¥ 12 3 14
P /kHz
(a) 1OHR & I {5 18

ANEREE LR S S S AR B e AR 1 R (S S
FAERE RIS,

(1) P P AR TS T 915 T8 AL H A AU

TR T FAS [ B 1 e A5 R0 4 ) 30
IGCRA) 8, A5 SRR B e o T I A R I Y BRI B
Bl T AR (3G T, e 45 500 AN W B, F T
FrEE IR AT A (0, LR 3l 1 0 A P A% e
RENE 2 2 8 HE K B2 (0 52 i i A AR AR b, AR
KH 73 mm A B2 AR A KE 0 9.5 m, %
fiE £ B2 R 130 mm WA E 7 850 kg/m’, FE A H
FIAEHE RN 5 130 m/s, 43 X 10 #2550 AR 4
B R A HEAT 0 B (DL 3) , X6 1o 42 4 45000 ) ok
9 .49, 1/ B WY SR IE A 8 ~ 14 kHz, 451 & [1] [ hy
1 Hz,

8 9 10 lAl 12 13 14
i /kHz
(b) SORR M B I {518

B3 mEREHEST

Fig.3 Tubing channel simulation analysis
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Fig.4 Comparison before and after acoustic signal processing
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Fig.5 Oscilloscope capture signal diagram
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Fig.7 Oscilloscopes with different frequencies at the same depth receive signals
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Fig. 8 Oscilloscopes with different depths receive signals
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