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A new method of optimal design of flow calibration point based on Reynolds number

LIU Li
Well Testing Technology Service Branch, PetroChina Daqing Otlfield Co. , Ltd. , Daging, Heilongjiang 163513, China

Abstract : In order to effectively improve the flow calibration accuracy of downhole flowmeter, and solve the problem that the indication
value is out of tolerance or deviation in a certain flow calibration interval or a specific flow calibration point, the mathematical derivation
model of critical flow equation based on Reynolds number is used to determine the new principle of selecting flow calibration points ac-
cording to flow pattern and flow interval, critical flow rate, inflection point of flow calibration curve and channel switching point This
method takes the influence factors of downhole flowmeter calibration into account, and implements a new method of flow calibration
point optimization design. The flow calibration results show that the correlation coefficient R of the calibration equation of the flow curve
is significantly improved compared with that before the optimization design of the flow calibration point. In terms of the step stability of
the flow curve, the average stability rate of the 150 downhole flowmeters is more than 80%. When the upper limit of flow calibration is
selected, and the upper limit of measurement is not more than 100 m*/d, the average success rate of one calibration of 150 downhole
flowmeters is more than 80% ; when the upper limit of measurement is greater than 100 m*/d, the average success rate of one calibra-
tion is more than 90%. The higher the upper limit of flow calibration is, the higher the success rate of primary calibration is. The opti-
mal redesign of flow calibration points can effectively avoid a certain flow calibration interval or a specific flow calibration point and pro-
vide a reference method for improving the quality of flow calibration.

Keywords : Downhole flowmeter; calibration point; Reynolds number; critical flow rate; inflection point of calibration curve; switching

point of flow channel
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Table 1 Calibration data of flow calibration points before optimization design
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50 50 13 26.0 74.0 1500 352 76.5
70 50 14 28.0 72.0 1500 341 77.3
100 50 17 34.0 66. 0 1 500 373 75. 1
200 50 8 16.0 84.0 1500 274 81.7
300 50 4 8.0 92.0 1500 161 89.3
500 50 4 8.0 92.0 1500 235 84.3
<100(50,70,100) 150 44 29.3 70.3 4500 1066 76.3
>100( 200,300 ,500) 150 16 10.7 89.3 4500 670 85. 1
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Table 2 Calibration point setting table when the upper limit of measurement is 100 m*/d
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7 60 65 62 66 67 64 61 67 70 65 68 69 63 65 68
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Table 3 Comparison of electromagnetic flow meters
with different nominal flow rates
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Table 4 Actual calibration point setting when the upper
limit of measurement is 100 m*/d

Befes  EH—/  fEM /(I o
FE  (m’ed)  (mPed)  (mPed) I
1 3 6 =3
2 15 17 S 2o P i
3 16 25 24 o
4 26 35 34 ST i
5 36 45 44
6 46 55 54
7 56 65 64 .
8 66 75 74 i
9 76 85 84
10 100 100 100
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Table 5 Actual calibration point setting when the upper
limit of measurement is 200 m*/d

Beles W W o
5 (med!)  (mPed)  (mPed) o
1 7 9 8 it
2 20 25 23 SR/
3 40 45 43
4 60 65 63
5 80 85 83
6 100 105 103 e
7 120 125 123 i
8 150 155 153
9 180 185 183
10 200 200 200
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Table 6 Comparison of downhole flowmeter calibration data

ST ®RIIH . WA TR RE
N =) v K9] : ’ H.AS % R-R’ \‘J‘]E

NE T =) E Pl B B /0 JETHE R R %
| - X 2.16 Vv 0.998 018 0. 999 009 0.000 374 R’
r" vV 1.74 X 0. 998 766 0. 999 383 ’ R
5 . x 1.21 X 0. 996 625 0.998 311 0. 000 285 R
’r Vv 0. 63 X 0.997 193 0. 998 595 ’ R’
N % 1.88 x 0. 996 831 0.998 414 R

3 T 0. 000 403
Y4 1.27 X 0. 997 635 0. 998 817 R’
X 1.03 X 0. 997 833 0.998 916 R

4 B 0. 000 128
= Vv 1. 67 X 0. 998 089 0. 999 044 R’
s o X 2.05 vV 0. 996 050 0. 998 023 0,000 160 R
a Vv 1.56 x 0. 996 369 0. 998 183 ’ R’
. - X 0.33 X 0. 999 590 0. 999 795 0,000 013 R
Vv 0.26 x 0.999 617 0. 999 809 ’ R’
; o i X 0.42 X 0. 999 660 0. 999 830 0,000 081 R
Vv 0.59 X 0. 999 821 0.999911 ’ R’
X 0. 62 X 0. 999 666 0. 999 833 R

8 EERGA 0. 000 002
Vv 0.34 X 0. 999 669 0. 999 834 R’
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Table 7 Comparison table of calibration data after optimized design

M FBR/ — =REIH ABE i b/ — KA e 5, e WEAH
(m*-d™") 1R 24 2 A % IR/ % <% AR S AL TR/ %
50 50 6 12.0 88.0 1 500 220 85.3
70 50 7 14.0 86.0 1 500 208 86. 1
100 50 6 12.0 88.0 1500 186 87.6
200 50 5 10.0 90. 0 1500 174 88.4
300 50 2 4.0 96.0 1500 150 90.0
500 50 2 2.0 98.0 1 500 130 91.3
<100(50,70.100) 150 19 12.7 87.3 4500 614 86.4
>100( 200,300 .500) 150 8 5.3 94.7 4500 454 89.9
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Fig.1 Flow steps of flow point of downhole flowmeter
before optimization design
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Fig.2 Flow steps of flow point of downhole flowmeter
after optimization design
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