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Analysis of the impact of collector umbrella opening on the calibration accuracy of turbine
flow meters

JIANG Zhaoyu
Logging and Testing Services Company of PeiroChina Daqing Otlfield Co.,Lid., Daqging, Heilongjiang 163153, China

Abstract: To improve the calibration efficiency and accuracy of turbine flowmeters and ensure the accurate transfer of measurement
values, the impact of flow diverter opening degree on calibration results was systematically investigated. Utilizing a method of
simultaneous calibration and opening adjustment on site, instruments with varying diverter fabric widths (185~187 mm and 190~ 193
mm) were selected. Under laboratory conditions, the starting flow rate, measurement error, and curve morphology were tested across
an opening degree range of 20~50 mm. By analyzing the errors between the calibration curves and fitting curves of the standard flow
rate and the measured rotational speed, the optimal diverter fabric width was determined to be 190~ 193 mm, paired with an optimal
opening degree of 30~50 mm. Notably, peak accuracy was achieved within the 30 ~40 mm opening range, where the response curve
closely approximated a linear relationship. Field verifications conducted across 10 wells in the Daqing Oilfield demonstrated that at a
35 mm opening degree, the measurement error of the instrument P033 was merely 0. 68% , with a threshold flow rate below 3 m’/d.
These optimized parameters for the flow diverter can significantly enhance the measurement reliability of turbine flowmeters in the low-
flow range, providing a robust theoretical foundation and technical guidance for calibration operations on site.

Keywords : production profile; turbine flowmeter; flow diverter opening degree; calibration accuracy; diverter fabric width; error;
threshold flow rate
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Table 1 P001 calibration data with an opening of 20mm
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Fig.1 PO001 calibration curve with an opening of 20 mm
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Fig.2 PO001 calibration curve with an opening of 30 mm
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Table 2 PO001 calibration data with an opening of 30 mm
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Table 3 PO001 calibration data with an opening of 40mm
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Table 4 PO001 calibration data with an opening of 50 mm
55— M 5 A 5 = A 5 DU S AR
PRI REL ARG BOWAGHE ARMETRLE BOWAEEE ARMERAEE SRR bRdENEE WNELEE bRMERIE BLIAE
(m*ed™) /(esT) (mPed™) /GesT /(wtedT) /(es™) /(e edT) /(s /(e edTh) /(s
—KAEFH 79. 888 96. 194 59. 990 71.983 40. 030 49.707 19.956 24. 174 3.000 3.070
TRAEF 79,881 98.226 59. 826 73.780 40. 002 49. 847 20. 002 24.319 3.000 3.095
SWAER 79.907 98. 533 59.972 73. 805 39.999 49. 875 20. 008 24.319 3. 000 3.103
FH{E 79. 892 97. 651 59.929 73.189 40. 010 49. 810 19. 989 24.271 3. 000 3. 089
S KAE/[ (red)/(sem’) ] 1.23 KEBE/ % 1.75
100 MUATFRTCIL 58 2 R T, I8 B e v B, 5 B T 4
Zg | TESERFT I S AL AR 18 FRAS T G BT il
~ 50 | FHA R 22 Sy 50 il b4 o, Bl 8 AR, 72480 S o vh &
ol y=081395+0.1953 BRI A L 28 I TR O B, H B T BRI S
@ zg TSR E RO DI RER A, XL i A
i S BT QIR LGNS (IR T 193 mm) 4
o | P B P A ) 422 5 e 1 A o ek AR v O o
10 b HYUERATE S — 30k, PRt D0 Ak BR A5 5G9 fish e 1]
0 : 5 B MR 22 AP 4R T T WA A A5 R AR
S S ES T 45 2 B

B4 P001 FFE 25 50 mm &4 £k

Fig.4 PO001 calibration curve with an opening of 50 mm
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Fig.5 KO018 calibration curve with an opening of 50 mm
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Table 5 P033 calibration data with an opening of 35mm
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PENYN Measurement Technique, 2025, 51(12) . 78-81.
5 ik [4] e, HAUT, HEHRI, 5. WAV RE R LRI iR

(1) BRI AT B 3222l <A1 vE B AR LA T A A
[P, He <A 5 BE A HE 4 #E 190 ~ 193 mm, A 3ife
T - 5 % 1

(2) 4 FFBE4b T 30 ~ 50 mm 31 [l P B A v 4%
TG AR T 2 HE 125K HLBE % JF B2 A 30 mm
WA 50 mm, FE AR B A HE AR W A0 S AH I B
Ft. R 7E 30 ~ 40 mm X [] P A EAS BE R
PIA IR Bk

(3) eI R IEAS b E 24 R T M | | A
SRR, Horp b 1R 2R 5 AR R R R R A S |
I BB 3 KA K,

BG: RA K R i WA TR ST A 8] R KR £
NE R & AT R AR, B H AR
G B BAE T Ao B 2502 4 T R G TR

2% 3k

(1] BURIAT, 42, it it oeaiak [ )], b TR
HAR2EH, 2025, 24(3) : 274-280.

HE Lili,
flowmeters [ J ]. of Northwest
Technology, 2025, 24(3) . 274-280.
VESR T3, =M, /NS A I R IR 2 AR T E 2 IS
SRAR S IR A R [0 il O 2022, 31
(4).18-22.

PANG Zhenli, JI Peng, ZHANG Xiaoling, et al.

Application of exempt source multiphase flowmeters in

LI Hongyan. Research review on turbine

Journal Engineering

[2

[

single-well measurement for multi-well combined production
and mixed transportation[ J ]. Well Testing, 2022, 31(4) :
18-22.

(3] WEF06. WakE | 03 B il b v /s 1% 28 1) — b A i B 1
(1], S A, 2025, 51(12) : 78-81.
YAO Yuguang. An improved algorithm for indication error

of turbine and vortex flowmeters [ J ]. Metrology and

SN R o kg [ 7], ST, 2025, 45
(7): 53-55.
BIAN Hailong, HUANG Donghong, DONG Xinli, et al.
Analysis and experiment on influencing factors of relative
indication error of turbine flowmeters [ J]. Gas & Heat,
2025, 45(7) : 53-55.

(5] sk, 3E#, T/, WA U it o) 5 B i H AR

WEFE[I]. THNEOR, 2023, 43(6) : 92-99.
ZHANG Yongsheng, DANG Jing, YU Xiaoli. Research on
calibration technology of time constant of turbine flowmeters
[J]. Metrology & Measurement Technology, 2023, 43
(6): 92-99.

(6] HIEH, BEFE, w258, AHE I Tl o meg 1oy ] [ ) e 45

REAHEREEELT]. PEARHER, 2025, (18): 203
-208.
XIAO Yuanhuan, XUE Lei, PENG Liang. Uncertainty
evaluation of measurement results of flow response time of
turbine flowmeters [ J ]. China Standardization, 2025,
(18): 203-208.

(7] KB, i iR A (], B,
2025, (4). 1-3.

ZHENG Zaifeng. Quantitative analysis of measurement error
of turbine flowmeters [ J]. Shanghai Gas, 2025, (4): 1
-3.

(8] . AARIRAE T & AHE BE T[], IXERX
FhrfEfb i, 2023, (4): 43-45.

JI Wei. Analysis of measurement uncertainty of gas turbine
flowmeters [ J ]. Instrument Standardization & Metrology,
2023, (4). 43-45.

(9] oK, sREAL, A, 2. AR B i s i 2
FAE T AOBERI L], I, 2021,30(3) :20-24.
WANG Yongqiang, ZHANG Kaiquan, WANG Jianwei, et
al. Development of a multiphase flow meter using coriolis
mass flowmeters[ J]. Well Testing, 2021, 30(3) : 20-24.

[10] TRk, Wi, A IRMT, S5, JCLFERET -BEHT = AR I

HAAE = A B S i [T ] A il b 5 AU
2022, 8(3): 60-65.



W 2.4 w4

2026 2 H

[

[13] FHL. aREaE

[14] #%HE AT A

—

XU Lin, HU Jinhai, YANG Changhe, et al. Experiment
and analysis of optical fiber probe-impedance three-phase
flow logging tool in three-phase flow [ J]. Petroleum
Tubular Goods & Instruments, 2022, 8(3) : 60—-65.
EEH R EUE, RAIE S BRI b SR 5
R AN, 2019,28(2) :33-39.
WANG Xuefei, TAN Zhongjian, ZHANG Jinhuang, et al.
Methods for oil-gas separation and production measurement
in heavy oil testing[ J]. Well Testing, 2019, 28(2) : 33—
39.

JEVEAE. 7 T[] R G 0 5 o PR R R S R
L] AT EAHEIR, 2023, 49(7) : 45-47.

ZHOU Daoxi.

method of backflow phenomenon in production profile

Influencing factors and interpretation
logging [ J ]. Chemical Engineering Design Commu-
nications, 2023, 49(7) . 45-47.
SREFRIEAL BRI BT LT ]. A1
B S5GR, 2017, 3(4): 63-65.

YU Hang. Analysis on standardization of umbrella current
collector parts [ J]. Petroleum Tubular Goods & Instru-
ments, 2017, 3(4) . 63-65.

K3 AR T T Y AR S
HWF5E[ D], KK RAbATHMARE, 2012.

MENG Fanlei. The research of gas/liquid separator based
on oil-water-gas split-phase flow measurement [ D ].

Daqing: Northeast Petroleum University, 2012.

[15] g de, %5, FrvL, 2. H AMAUK MRS

W BT U5 920 1]
(6): 76-80.
MU Haiwei, MENG Fanlei, YU Xiangjiang, et al. Design

and experiment of a self-gas/liquid separator with oil-gas-

JeFE AL RS, 2012, 34

water three-phase flow [ J]. Optical Instruments, 2012,

34(6) : 76—-80.
XUDGH, HAE, EEM, & AN ANER R
e M BT K R R [T]. DR,

2017, 41(6) ; 648-651.
LIU Xingbin, HU Jinhai, HUANG Chunhui, et al. On

response of umbrella collecting turbine flowmeter and

impedance water-cut meter to gas phase intervention[ J].
Well Logging Technology, 2017, 41(6) ; 648-651.
AR R, SR L, 4. Z2URHE 7 i Ui e 28 5 I O
BB RS Hr [ )] <, 2025, 34 (01) 162
-68.

HAO Zhigiang, FU Rongchao, GUO Yonghong, et al.
Design and experimental analysis of multi—spacing tracer
flow combination logging tool[ J]. Well Testing, 2025, 34
(1): 62-68.

VEPR 1, 208 , 5k /Ne8 2 SR IR Z A B E 2 S
SRARH I AR (1], ORI, 2022, 31
(04) :18-22.

PANG Zhenli, JI Peng, ZHANG Xiaoling, et al.

Application of exempt source multiphase flowmeter in

—
—_
~

[

—
—_
e}

[

single well metering of multi — well combined production

and mixed transportation [ J ]. Well Testing, 2022, 31
(4). 18-22.

[19] XM= 55, b BR8] 4% — 1A A 23 J2= B 7 K B g itk
(3] SRR, 2022,31(01) :57-61.
LIU Renyong. Improvement of integrated testing and
control technology for layered production allocation through
annular space logging[ J]. Well Testing, 2022, 31(1):
57-61.

[20] Foksik, sRIUL, TEEA , 5. SR ) e i i 3 19
ZMIPETHAOBERI [ )] iR, 2021,30(03) 120
-24.
WANG Yonggiang, ZHANG Kaiquan, WANG Jianwei,
et al. Development of a multiphase flowmeter using
Coriolis mass flowmeter[ J]. Well Testing, 2021, 30(3) ;
20-24.

i AN
FE—EEB N ZIRT I 1988 AR A Al 1, = R AR,

2013 AFERY FARAC A M R A AUARAE TR L, 3 FE M
A R T AE, & 15164571158, Email ; dlts _

jiangzy@ petrochina. com. cn, 38 H Mk . BB T4 KK TTAL

<) DX AR BA, HIB IO A5 163000,



