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Simulation and Experimental Studies on the Influencing Factors of

a Thermal Flowmeter with Constant Temperature Difference

ZHANG Yifei', WEI Yong', YU Houquan', CHEN Qiang’, LIU Guoquan’, ZHANG Xue’
(1. Electronics & Information School, Yangtze University, Jingzhou, Hubei, 434023, China; 2. China Petroleum Logging Co.
Ltd., Xi’an, Shaanxi, 710077, China)

Abstract: Due to the fact that the thermal flowmeter with constant temperature difference brings large errors when
measuring downhole flow in low flow-rate, the influence of temperature and pressure was studied. According to the
relationship between the electric power of the flowmeter heater and the measured flow rate, the influence of temperature on
the physical parameters of liquid water was analyzed, and the change curve of the heat transfer power of the flowmeter and
flow rate at different temperatures was simulated numerically. An experimental platform with adjustable water temperature
and flow rate was built on that basis, and the relationship between the power of the flowmeter and flow rate at 25-40 °C under
constant pressure was thereby analyzed, revealing that power of the flowmeter heater increases monotonically with
temperature. In terms of theoretical analysis, a 500 m increase in the well depth leads to an error of 2.2 m’/d when the
flowmeter is in the depth from 0 to 2 000 m; while the error is 0.6 m’/d when it is in the depth from 2 000 to 4 000 m.
The results showed that output power of the thermal flowmeter with constant temperature difference will increase with
the increase of well depth (wellbore temperature, pressure change), resulting in measurement errors, which provides a
theoretical basis for the correction and effective application of the flowmeter measurement results.

Key words: thermal flowmeter with constant temperature difference; flow measurement; temperature; pressure;
numerical simulation; laboratory test
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Fig. 1 Principle of the thermal flowmeter with constant
temperature difference

FEL B TS S K o AR 42 3 R JECA A,
PR A B O S ARy TR p A e FE
PAPAPIRES T, (9 AT 508

P =k(Ac + Bov™) (th — te)

koI R IR

(10

1100
1000 F
990
980
970 1
960
950 |
940
930 |
920 |
910

2/ (kg'm™)

0 10 20 30 40 50 60 70 80 90 100110120130140150
g/ C
(a) WAL

18
1.6 P\
14+ \
12+
1.0}
0.8}

2061
Roal 0 T

02r M —

%%/ (mPa-s)

0 10 20 30 40 50 60 70 80 90 100110120130140150
R/ C
(¢) ShhRhE A 2k

2 E R TIREE XS T R

i B BT R E e = i TR R
C1BRAER AR ) Z T 0 3 )i 38 25 AR o i
a2 RN S O o
2.1 S
211 AARRE

A (8) A (9) AT WL, AL H B, FR i #R 5 2% #4) Al
B0 A P S BT e, R AR I B R R B
P, EEp MFRAMBN IR kA, BT
SRS W L AR B AR AT AR A, Y A I B R AR A
feit, X (10) TTE h

P(te) = k[Ac(te) + Be(te)V"1(th — te) (1D

PR, 6 A () A B ) AR 3 174 9 A 2 %o
IVENELEE i

AR TR AR 28, TR KR 0 C
FHiE 2 150 °C B Py, p, Ay 22 AL 2 (ULIE 2) 6

0.69 r

v
‘
‘

0 10 20 30 40 50 60 70 80 90 100110120130140150
R/ C
(b) hSFRA b2k
14,
120

10F

e BIRFER
P

0 10 20 30 40 50 60 70 80 90 100110120130140150
R/
(d) EWIHEEAE 2k

2 0~150 'CIRE T/KHMIESHEHL
Fig.2 Change curves of physical parameters of water at 0—150 °C
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Fig.3 Relationship between heat transfer power and flow
rate
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Fig. 4 Experimental platform for thermal flowmeter with
constant temperature difference
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at different ambient temperatures

Fe, 2 5 BOfE I 2 B 0RO i ) R R
1, X MUE AU R AR — B0 2) AR T B (E A
AR, 150 25 2R 52 PRI BE S e RO, RO R
(<5 m’/d) i 32 BRI . MMk, kg 45
32 BRI il RE R WA 5 R A D DR BRI T
SiR T AR, s T AR S ek SE BRI Ol
e, HA IR A AR AN R e JEE A7 7 5 D3 4b, i iR
S 5 PAY B89 3AE P A0 A T R A, A R - ) AR
A GUH T PR o BRI I, S BOH
DA PRI I R T B M B R S AR B R gy, gE
R 2

30 ST B R T B R R R e A

S BRI A B e 22 AR R AR,
B TR R, 6 P TR R T B T, TR
P00 ) P 2 B 25 52 3R BE R R T B 255 5
T S WA i s 1 T AR R,
B E T R B R R A g, I Lk AT T HNE
I3

I TR A IR B R R ) 5 IR 2 A AR 2R
PEBEIE C R, Ry TS [F) 5 TR B - 6 3 B RN )
Xof Vi 22 P T A A5 AR s e, (1) ek
B

P(D) = k[Ac (D) + Be (D)V"](th — 1) (12)

Kb D Rl R, m.

B GRIR EE BB FE 4 3.0 °C/100m, JE 3 K6
784 kPa/100m, M35 SCHk [10], % B FFEIE S, it
FAR BRI IR T KPS 8 (IR 1), FFARA
X (12), AR R G T KA 5ol R 5 %
A, SR E 7 R,

F1 FRARZFHETRHDESH

Table 1 Physical parameters of water at different well depths

I WEE FHS wEE RRER IFE EHM
m C MPa (kgm>) (W-(mK)") (Pas) ke
0 25 0 997.05 0.607 2 0.890 6.13022
500 40 3.92 993.93 0.632 4 0.653  4.306 72
1000 55 7.84 989.09 0.6530 0.506 3.22393
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3500 130 27.44 948.39 0.700 4 0.220 1.31757
4000 145 31.36 937.90 0.703 0 0.197 1.18040
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Fig. 7 Relationship of water flow rate and heating power
at different well depths

17 w0 1) AR AR B AR, RIS,
£ 3 [R5 T vy, I 25 $E ST i B DR
WA TH S, R IR R R AT S 80
IR ZEHE K 2) MR AR T, R B I R
FE 7[R 26 T, 463 2 R o 0 s o) R T
1o, AR T R B AL 0/ . TR 0~2 000 m I
B, 3 VR AR Ak 0 1 I 2 P A T 04 S T R
AR s T AE TR 2 000~4 000 m H Bt , JIR A5 Ak % i
RN, w2, 2 R R R
By TR R 0.5 W, FETETR 2 000~4 000 m FHB X L
BRI R 2208 0.6 m'/d, 7ETEVR 0~2 000 m JF:
Bexh I i KB PR iR 22 035 8] 2.2 m’/d, HE TR
T BB, WA R TR LI, IR
IR S ARG R v S B LR L, ARk
AP, i i 22 PR R T ) R B K i
FERACR I B, IR —RAE 85 °C L b, XF R B4



« 126 % B 45

w

H K 2021 4% 3 A

YESHLP, A Fl o (AR, Hopo 2 Bl IR T =
A i 0 T s T, DAL b 7 A R X
2%, Rt i 2 A B R IR ) o

4 i 5a

1) - fAT I 38 1 1 7 19 22 Al 25 82 w1 it 22 G
AR IR FEMR AT, fE R 2E
Tl H ) A2 B e TR T O 5 AR R TR A O
B, B2 A0 Hs iz e T S R A R AR
T PRERH- B 52 00 AH X i)

2) T ARAF AR HER ) i AG I 45 2R, BN E
i 22 AR R T Y 0 2 2R R AR R M R D AL
R ) s AN T TR AT B B 45 OR

3) UL 5 B 3 k6 R R 4 T ) B
B AT 2 T 25 0T 1 i 22 B0 B0 AN [R] it &
A Zh R A S ] A A R I PR R 2%, DX
SN B AT TR BE R IE, AT AR A B O 110 )
g

2 % X M

References

(1] vEAS, AR, S TERENMRE TR 0] RS
TId, 2017(6): 41-43.
WANG Yujing, ZHAI Junyong. Thermal air flow meter based on
constant temperature difference[J].
Sensor, 2017(6): 41-43.

(2] dhe, mEH, RER. T ARM RS R T
[ AFHAR 51512, 2019(10): 54-56, 60.
ZHU Xiaohui, YUAN Yuxia, WU Zijun. Design of thermal air

Instrument Technique and

flowmeter based on ARM[J]. Instrument Technique and Sensor,
2019(10): 54-56, 60.

[3] R, MBEE, EEE, 5. 0 FRQ TGOS SR
[J]. AR, 2014, 28(3): 10-12.
SONG Chungao, LIU Xiaolei, WANG Yanjun, et al. Design and ex-
perimental study of downhole thermal flowmeter[J]. Petroleum In-
struments, 2014, 28(3): 10-12.

[4] 267, A, X2, 45, ST T AR A

[5]

[6]

(7]

[8]

[9]

[10]

[11]

[12]

MRS (7). A S EBAR SR, 2014, 33(10): 75-77.

JIANG Zhaoyu, YANG Yuntong, LIU Xingbin, et al. Exploration
and study of downhole thermal mass flow measurement of liquid
flow[J]. Techniques of Automation & Applications, 2014, 33(10):
75-77.

R, RIE2, 0, 55 F PR RO TS S
[]. AhAE AT S51XER, 2018, 4(2):20-23.

WANG Dongliang, YU Houquan, YANG Xuhui, et al. Design and
implementation of downhole constant power thermal flowmeter[J].
Petroleum Tubular Goods & Instruments, 2018, 4(2): 20-23.
Ao, PR e I R AME R SY [D]. L AR
R, 2007,

ZHANG Shirong. Research on thermal gas mass flowmeter and
compensation arithmetics[D]. Wuhan: Huazhong University of Sci-
ence and Technology, 2007.

JUE, IR, I, S, — AP E D) AR SR L M S
B3] AR A 5, 2015(10): 38-39, 42.

GU Yu, YE Hansheng, FENG Chao, et al. Temperature compensa-
tion for constant power thermal gas flowmeter[J]. Instrument Tech-
nique and Sensor, 2015(10): 38-39, 42.

KRAMERS H A. Heat transfer from spheres to flowing media[J].
Physica, 1946, 12(2/3): 61-80.

B i, WO R e I BT (0] SRR S LI
i, 2004(10): 29-30.

LUO Jing, CHEN Ping. Measurement circuit design of thermal mass
flowmeter[J]. Instrument Technique and Sensor, 2004(10): 29-30.
WLk, A SeE . KFIZEIRMPERT M), JIZLD, 3. Jbat:
Bl L, 2003: 262-280.

WAGNER W, KRUSE A. Properties of water and steam[M]. Trans-
lated by XIANG Hongwei. Beijing: Science Press, 2003: 262-280.
BB, R4, BEA, F. 5T CPW Wil /K BT ALK 346
JrEBRTE (7). AR, 2017, 38(6): 1506-1515.

WEI Yong, YU Houquan, DAI Jiacai, et al. Water holdup measure-
ment of oil-water two-phase flow based on CPW/[J]. Chinese Journ-
al of Scientific Instrument, 2017, 38(6): 1506—-1515.

WEI Yong, YU Houquan, CHEN Qiang, et al. A novel conical spir-
al transmission line sensor-array water holdup detection tool achiev-
ing full scale and low error measurement[J]. Sensors, 2019, 19(19):
4140.

[ %dt A%


http://dx.doi.org/10.3969/j.issn.1002-1841.2017.06.011
http://dx.doi.org/10.3969/j.issn.1002-1841.2017.06.011
http://dx.doi.org/10.3969/j.issn.1002-1841.2017.06.011
http://dx.doi.org/10.3969/j.issn.1002-1841.2017.06.011
http://dx.doi.org/10.3969/j.issn.1002-1841.2019.10.013
http://dx.doi.org/10.3969/j.issn.1002-1841.2019.10.013
http://dx.doi.org/10.3969/j.issn.1002-1841.2015.10.012
http://dx.doi.org/10.3969/j.issn.1002-1841.2015.10.012
http://dx.doi.org/10.3969/j.issn.1002-1841.2015.10.012
http://dx.doi.org/10.3969/j.issn.1002-1841.2015.10.012
http://dx.doi.org/10.3969/j.issn.1002-1841.2004.10.010
http://dx.doi.org/10.3969/j.issn.1002-1841.2004.10.010
http://dx.doi.org/10.3969/j.issn.1002-1841.2004.10.010
http://dx.doi.org/10.3969/j.issn.0254-3087.2017.06.023
http://dx.doi.org/10.3969/j.issn.0254-3087.2017.06.023
http://dx.doi.org/10.3969/j.issn.0254-3087.2017.06.023
http://dx.doi.org/10.3969/j.issn.0254-3087.2017.06.023
http://dx.doi.org/10.3390/s19194140
http://dx.doi.org/10.3969/j.issn.1002-1841.2017.06.011
http://dx.doi.org/10.3969/j.issn.1002-1841.2017.06.011
http://dx.doi.org/10.3969/j.issn.1002-1841.2017.06.011
http://dx.doi.org/10.3969/j.issn.1002-1841.2017.06.011
http://dx.doi.org/10.3969/j.issn.1002-1841.2019.10.013
http://dx.doi.org/10.3969/j.issn.1002-1841.2019.10.013
http://dx.doi.org/10.3969/j.issn.1002-1841.2015.10.012
http://dx.doi.org/10.3969/j.issn.1002-1841.2015.10.012
http://dx.doi.org/10.3969/j.issn.1002-1841.2015.10.012
http://dx.doi.org/10.3969/j.issn.1002-1841.2015.10.012
http://dx.doi.org/10.3969/j.issn.1002-1841.2004.10.010
http://dx.doi.org/10.3969/j.issn.1002-1841.2004.10.010
http://dx.doi.org/10.3969/j.issn.1002-1841.2004.10.010
http://dx.doi.org/10.3969/j.issn.0254-3087.2017.06.023
http://dx.doi.org/10.3969/j.issn.0254-3087.2017.06.023
http://dx.doi.org/10.3969/j.issn.0254-3087.2017.06.023
http://dx.doi.org/10.3969/j.issn.0254-3087.2017.06.023
http://dx.doi.org/10.3390/s19194140
http://dx.doi.org/10.3969/j.issn.1002-1841.2017.06.011
http://dx.doi.org/10.3969/j.issn.1002-1841.2017.06.011
http://dx.doi.org/10.3969/j.issn.1002-1841.2017.06.011
http://dx.doi.org/10.3969/j.issn.1002-1841.2017.06.011
http://dx.doi.org/10.3969/j.issn.1002-1841.2019.10.013
http://dx.doi.org/10.3969/j.issn.1002-1841.2019.10.013
http://dx.doi.org/10.3969/j.issn.1002-1841.2015.10.012
http://dx.doi.org/10.3969/j.issn.1002-1841.2015.10.012
http://dx.doi.org/10.3969/j.issn.1002-1841.2015.10.012
http://dx.doi.org/10.3969/j.issn.1002-1841.2015.10.012
http://dx.doi.org/10.3969/j.issn.1002-1841.2004.10.010
http://dx.doi.org/10.3969/j.issn.1002-1841.2004.10.010
http://dx.doi.org/10.3969/j.issn.1002-1841.2004.10.010
http://dx.doi.org/10.3969/j.issn.0254-3087.2017.06.023
http://dx.doi.org/10.3969/j.issn.0254-3087.2017.06.023
http://dx.doi.org/10.3969/j.issn.0254-3087.2017.06.023
http://dx.doi.org/10.3969/j.issn.0254-3087.2017.06.023
http://dx.doi.org/10.3390/s19194140

	1 恒温差热式流量计测量原理
	2 定压条件下温度对流量计的影响
	2.1 模拟分析
	2.1.1 流体温度
	2.1.2 环境温度

	2.2 试验分析
	2.2.1 试验平台
	2.2.2 试验方式及结果


	3 实测条件下流量计的影响因素分析
	4 结论与建议

