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A measurement method and device with no need for calibration for acoustic
velocity of liquid under the condition of high temperature and pressure

HAN Xuehui, LI Fengbi

(School of Geosciences in China University of Petroleum, Qingdao 266580, China)

Abstract: A fixed distance between transmitting and receiving senor is widely adopted in measurement methods and devices
for acoustic velocity of liquid under high temperature and high pressure conditions. The frequent calibration of the distance
and delay time is necessary and complex thus makes it incontinent in the field measurement. A novel measurement method
and device are developed based on differential velocity and isobaricchamber technology, in which the pressure and tempera-
ture keep constant while the distance between transmitting and receiving senor can vary. The acoustic velocity of liquid can
be measured by the average ratio of distance increment and travel time increment or through graphical method without the cal-
ibration of distance and delay time. The results demonstrate that the device works well ; the relative deviation between the ve-
locities of distilled water and NaCl brine is less than 0. 5% compared with the published data.
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Fig.1 Schematic diagram for measurement method
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Fig.2 Schematic diagram for experimental measurement
device with no need for calibration for acoustic velocity
of liquid under the condition of high temperature

and pressure
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Table 1 Effect of precision of micro displacement

sensor on measurement for acoustic velocity
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T e /m O RWEIEE/%  ENERKE E/%

1 0.1 2 2.01

2 0.05 1 1.02

3 0.04 0.8 0.82

4 0. 025 0.5 0.54

5 0.02 0.4 0. 45

6 0.01 0.2 0.28

7 0. 005 0.1 0.22
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Table 2 Variation of temperature and pressure of constant

cabin with probe spacing changing(100 °C ,30 MPa)

Fe PRk H] B L J5J1
I/mm T/C p/MPa
1 0 100. 2 30
2 8. 15 100. 1 30
3 17. 83 100. 4 30
4 26.94 100. 1 30
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Fig.3 Cross plot of spacing increment between probes
and travel time increment of distilled water (26 °C ,20 MPa)
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Table 3 Measured results of acoustic velocity for distilled water and NaCl salt solution
PO RE RS p/ v/ v/ 8/ FFoOBEWRE AR 5V v/ v/ 8/
Y p/(g- L) T/C MPa  (m-s') (m-s') % S p/(g L") T/C  p/MPa (m-s!) (m-s!) %
1 0 26 20 1526 1530 0.26 170 100 45 1736 1729 0.40
2 0 85 25 1611 1605 0.37 9 190 30 25 1717 1710 0.41
3 0 125 30 1592 1586 0.38 10 210 105 10 1692 1689 0.18
4 0 150 50 1588 1595 0.44 || 11 40 90 5 1593 1590 0.19
5 110 60 45 1717 1711 0.35 |[[12 5 26 20 1539 1535 0.26
6 130 120 25 1672 1665 0.42 13 75 60 15 1647 1642 0. 30
7 150 30 12 1664 1668 0.24 14 95 115 5 1603 1602 0. 06
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