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Experimental study on measurement performance of symmetrical
multi-hole orifice pressure differential flowmeter
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Abstract : Multi-Hole orifice pressure differential flowmeter has been widely used due to this ability to quickly adjust the flow field and
effectively reduce pressure loss, but it still lacks complete structural parameter design and performance optimization design criteria. In
this paper, the actual flow test of the proposed symmetric porous orifice differential pressure flowmeter is carried out, and its
measurement performance is compared with the numerical simulation results. The results show that the symmetric porous orifice
differential pressure flowmeter can effectively improve the measurement accuracy (+0.5%), reduce pressure loss, have better
adaptability. Test results are consistent with numerical simulation results, verify the correctness of numerical simulation and calibrate the
new flowmeter, the research results can effectively broaden the porous orifice flowmeter The scope of application.
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Fig. 1  Orifice plate structure of symmetrical multi-hole

orifice pressure differential flow meter
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Fig.2  Flowmeter overall structure
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Fig. 3 Flowmeter orifice plate opening position
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Table 1 The parameters of multi-hole orifice

FLg R ER/mm FFLER/mm FUBUERE/mm 38 37 A/ mm?

1 36
4 18
80 4 5024
5 16. 1
7 13.6
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TR R UK (HZ S 2, anlsl 9 B,

et
2212400
1938400
1662400
1382400
1118400
829201
553201
276801
0002400

5.30e+00
4.64e+00
3.97e+00
331e400
265e+00
1.99e+00
132e+00
6:62e-01
0.00e+00
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Fig.4 Flow field of symmetrical multi-hole
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orifice pressure differential flow meter
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Fig. 5 Test calibration platform
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Fig. 6 Flowmeter tooling diagram
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Fig. 7 On-site flow test
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Fig. 8 Test porous flowmeter
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Fig.9 Permanent pressure loss curve

—, R SEPRU A S ES U A Y LR, g, 2
T LA AT ZR A BRI, AR AN AT 46 I AR ) 1
P RRRMASS R R, 5 W A AR R
1d2 . ¢ ZAJ

4 m p

q, = (2)

x2 REMEESENRKE

Table 2 Differential pressure and pressure loss of the test

A TR SR U FHIZEE B
o/(m-s™) Q/(m*-h™") APi/kPa 8P,/kPa
0.2 3.78 1.34 1.04

0.3 5.71 3.08 2.40

0.5 9.18 7.99 6.23

PrRifEfl 0.8 14.43 19. 86 15.45
1.0 18.22 31.55 24.59

1.2 21.50 43.99 34.23

1.5 27.26 70.53 54.88

0.2 3.70 1.27 1.00

0.3 5.63 2.90 2.29

0.5 9.20 7.78 6.11

4 1L, 0.8 14.51 19. 49 15.30
1.0 18.15 30. 48 24.01

1.2 21.83 43.90 34. 66

1.5 27.68 70. 96 55. 86

0.2 3.79 1.33 1.05

0.3 5.63 2.98 2.35

0.5 9.19 7.89 6.20

5 1L 0.8 14.53 19.75 15.59
1.0 18.02 30. 65 24.16

1.2 22.11 46.12 36.39

1.5 27.28 70.29 55.48

0.2 3.55 1.16 0.92

0.3 5.61 2.90 2.27

0.5 9.25 7.75 6.14

7 4L 0.8 14. 83 20.05 15.83
1.0 18. 83 32. 64 25. 80

1.2 22.34 45.99 36.38

1.5 27.43 69. 26 54.85
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Table 3 Outflow coefficient value of the test

[ESERTR Y Wi th g Wil g
o/(m-s") ¥, R C, FHc, RHC,
0.2 0.616 6 0.617 3 0.6166  0.616 8
0.3 0.613 3 0.614 3 0.6174  0.6150
0.5 0.6129 0.613 9 0.6135 0.6134
FrifEfL 0.8 0.611 1 0.6113 0.6114  0.6113
1.0 0.612 7 0.6126 0.6126  0.6126
1.2 0.612 4 0.612 1 0.6120 0.6122
1.5 0.6130 0.612 8 0.6129  0.6129
0.2 0. 620 7 0.6199 0.6192  0.6199
0.3 0.625 4 0.624 2 0.6231  0.6242
0.5 0.621 4 0.6227 0.6247  0.6229
4 1L 0.8 0.620 9 0.620 2 0.6202  0.6205
1.0 0.6210 0.620 8 0.6209  0.6209
1.2 0.6217 0.6211 0.6238  0.6222
1.5 0.620 3 0. 620 2 0.6206  0.620 4
0.2 0.6205 0.629 8 0.6273  0.6258
0.3 0.625 8 0.622 6 0.6281  0.6255
0.5 0.627 5 0.627 8 0.6277 0.6276
5L 0.8 0.628 8 0.627 7 0.6259 0.627 4
1.0 0.623 9 0. 624 2 0.6257  0.624 6
1.2 0.6250 0.624 8 0.6241  0.624 6
1.5 0.622 4 0.625 4 0.6256  0.6245
0.2 0.633 3 0.630 6 0.6341  0.6327
0.3 0.635 2 0. 636 4 0.6358  0.6325
0.5 0. 636 8 0.637 4 0.6377  0.6373
7 1L 0.8 0.635 4 0.636 3 0.634 8 0.6355
1.0 0.6325 0.6322 0.6319  0.6322
1.2 0.632 4 0.6326 0.6308  0.6319
1.5 0.6318 0.6322 0.6332  0.6324
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Fig. 10 Outflow coefficient curve

5 FLFLAR 0. 626 8 .7 FLFLIR 0. 634 6) , BfiE FLECE I
EX =S b N &N
25 9 A1 10, IR A5 M BUEA LT B R 25 R A

Lo, e S5 o R B ARt e e e — 3, (R R BUE
A —E W2 IRETE 8%,
AR ARG IR e, M

i~ G

= x 100% 4
c, o (4)

Kb €, IS U R AL, TF 8 D7 AR A PR b
1S05167—2003 MR ; C, Jy S bri b RECHF-31H

A A T i R 22 R 25 D SR TR % B 1Y
s ARPE (3) TT LIS 3

€

aﬁhﬂ—ﬁ4+NVNMPﬁli—F
dC _ wd> 2AP/p wd® \/2/p _
C 4q,v1 - ﬂ4
wd> \2AP/p
aq, AP
39y _ 5(AP) (5)
qy 2AP

T R B BEALIR 2E e, N

9g. > 2 0.5
e, =|:(qq‘) + %( aAP + 632:| x 100% (6)
v

A
6&' —
ﬁ¢ﬁ?ﬁﬁ@M§TﬁEKMWﬂﬁ%%K@%E;

%?%ﬁﬁﬁﬁﬁﬂﬁﬁﬁi%%E%Kﬁ%E;%ﬁ
TR L B FEATR R,

W), 5t BRI EE e .

e=e te, (7)

XU (AR ER) KEFEE N 0.2 9%, EJAT10E
FRRE B TR 22 AR SR AN (A4 A% ) BUMERR A +0. 065% , 2231
B BB E B 4 fL£0.467% .5 fL
0.439% .7 fL+£0. 446% , W it th 72 00 i 22 ¥R 2ot +
0. 5% , f BE I3 T3 R B0E On] DLy s 1A T EokG E
}0.5%.

i#

5 &

AR AL LR 22 3 O d A HEAT T S50 S B
FE 50T T ARMEFLAR 5 6 Bk 22 FLFLAR U ek 1 103 ek P i
I SRR BT L 451 T

1) PRI 45 5 CFD B A4 25 S AE i 4 1 1k
B SE A — Ebk, (ETE B LA E — S 1 22, TR
CFD H5 45 BT R e 5E ORI I FE i R, HR
P 22 IR ACRAR T, 1 g T L 3 5 HLRS B R 65 i 2
7R,

2) it AR S FLFLAR 22 R 2 b 1 S bR, 45
SRR BB C RO T bR v LA U A K 4R
R AR TE R T LS T S B k4



55 3

XIFR 2 AL PR 22 e 2O B T PR RE I 5 179 -

AR e, EARMERERE R T B +0. 5% i /5 B
EEHESR R 1D~3D,J5 0.5D~1D,

3) AR FLALBRE PSR RE H AT P 0/

H ARG I A e AR A, S8 4 T DL LR T TR
o BTz E 2T SRR, —E R E B
v TR

S 3k

(1]

(2]

(3]

[4]

[5]

[6]

(7]

[8]

(9]

ZHAO T Y, ZHANG ] L. Experimental investigation of
key parameters pertinent to multi-hole orifice throttling
characteristic [ J ]. Journal of Harbin Institute of
Technology : New Series, 2008, 15(1): 9-10.

Fi, EAHM, kEk, oA EERES
[M]. dest: feae Tolk iRk, 2012.

WANG CH, WANG Z H, ZHANG B ZH, et al. Flow
Measurement Technique Handbook [ M ].
Chemical Industry Publishing House, 2012.
SHAH M S, JOSHI J B, KALSI A S, et al. Analysis of
flow through an orifice meter; CFD simulation [ J].
Chemical Engineering Science, 2012, 71 300-309.
READER-HARRIS M, BARTON N, HODGES D. The

effect of contaminated orifice plates on the discharge

Beijing ;

coefficient [ J].
2012, 25 (3) . 3-5.
SINGH R K, SINGH S N, SESHADRI V. performance

evaluation of orifice plate assemblies under non-standard

Flow Measurement and Instrumentation,

conditions using CFD [J]. Indian Journal of Engineering
and Materials Science, 2010, 17(6) ;: 397-406.
Tk, gk, BOmI, . ZFLALBROR B TR S 05
H[J]. KREBERF 2 (HAR 25 TRERR),
2014, 47(1) ; 61-66.

YU H SH, ZHANG T, ZHAO SH SH, et al. Simulation
of the flow field of multi-hole orifice flowmeter [ J].
Journal of Tianjin University (Science and Technology) ,
2014, 47(1) ; 61-66.

B, X E K. 2L = it Y o6 ECfL 25 40 B
FELI]. BRI SR, 2015(2) : 23-25, 28.
CHENG Y, LIU Y CH. Research on Function Pore
Structure of Porous Orifice Flowmeter [ J]. Instrumental
Technique and Sensor, 2015(2) ; 23-25.

Tttt K, ECR. TR AL f X 2 AL AL R
TR R [T]. B E S R,
2015, 29(9) : 1356-1364.

YU H SH, ZHANG T, XU W D. Influence of orifice
chamfering on the flow field characteristic of muti-hole

orifice flowmeter [ J]. Journal of Electronic Measurement
and Instrumentation, 2015, 29(9) : 1356-1364.
BRAR, e AL 2 FLALAR T I R 2300 R 2 3k

[10]

[11]

[12]

[13]

[14]

[15]

[16]

5o [J]. MR BE Tl K22 4, 2007, 39 (12):
1878-1881.

ZHAO T Y, ZHANG J L. Experimental study on main
factor affecting throttling characteristic for multi-hole
orifice [ J]. Journal of Harbin Institute of Technology,
2007, 39(12) . 1878-1881.

BN BN DTSR, SF L TR N AN 25 TR =R
FEPEE ST [T]. R R 2 4, 2012, 33 (10):
2371-2379.

LIX T, WANG X J, FANG L D, et al. Study on the
characteristics of a new internal and external pipe
[J1.
Instrumentation, 2012, 33(10) ; 2371-2379.
MIA B, SRDJAN S, MARGARITIS K, et al. Pettersson

siginal and two-phase numerical modes of dissolved ari

differential ~ pressure  flowmeter Journal  of

flotation; Comparison of 2D and 3D simulations [ J].
Colloids and surfaces A
Engineering Aspects, 2010, 5(365); 138-141.

A, ke, B BT CFD BYHEPRMESLAR I &
TR BCE L[] WREECR, 2015, 33(5):
453-456.

ZHAO Q, NIU ZH J, YANG X F. Numerical simulation
of the non-standard orifice flowmeter based on CFD []].
2015, 33 (5):

Physicochemical — and

Energy
453-456.
FET TEZE B/ AR B TAE I FLAR T i B (B0 %
HR L)), iR, 2005(1) : 57-59.

CHENG Y, WANG J, CAI X SH. Numerical simulation

of orifice plate measurement based on Reynolds number

Conservation Technology,

and its application[ J]. Journal of Metrology, 2005(1) ;
57-59.

KR, SRR, a i, S B LR B
B[], AT A3k, 2017, 53(4) .
48-51.

ZHANG B L, ZHANG E K, JI B F, et al. Study on
orifice flow-meter ~ measurement

plate aceuracy

improvement [ J ]. Automation in Petro-Chemical
Industry, 2017, 53(4) . 48-51.

[ S U TR R TR g g O N R e g )
5[], 4404k T, 2019, 48(6) : 1218-1220.

ZHANG X, LIU G. Experimental study on outflow
coefficient of new orifice flowmeter [ J]. Contemporary
Chemical Industry, 2019, 48(6) : 1218-1220.

B, R A N v AL AR B TR N Y A
FE[D]. Lifg. LRl R, 2017.

CAO D J. Study on improving accuracy of orific-plate
flow meter with flow conditioner [ D |]. Shanghai;
Shanghai Jiao Tong University, 2017.



- 180 - LSRR R e o

534 %

[17]  Z=fE. ST FURIR TS BB )], AL a3,
2018(28) :77-78.
LI T. Trial analysis of the error and correction of orifice
flowmeter [ J ].
2018(28) . 77-78.

(18] BR5I, SBESC, BRbise, &8 WU B LA B 1T A
EREMGRR[)]. A T A3k, 2013, 49(5) .
52-56.
CHEN Y, MA L W, CHEN X L, et al. Uncertainty and
range ratio of dual-range orifice plate flowmeter [ J ].
Petrochemical Automation, 2013, 49(5) ; 52-56.

[19] RBEW]BUET i, 55, — ROk 2 AL AL AR 22 =X
P BAT[)]. T IS A, 2018, 32(6)
33-38.
SONG X M, JIAZH N, YANG Y, et al. A symmetrical

multi-hole orifice pressure differential flowmeter[ J].

Chemical Enterprise Management,

Journal of Electronic Measurement and Instrumentation,
2018, 32(6) :33-38.

[20] HAO CZ, SONG X M, JIA Z M, et al. Influence of hole
number on flow field of multi-hole orifice flowmeter [ J].

Quarterly Journal of Indian Pulp and Paper Technical
Association, 2018, 30(4) :484-491.

fEEE N

TR, 1999 4F T b i 51 T fe = B
Aheg A, 2005 4F T R A 3R A L
AL, B AR A AL R A R
T I T ) R AR ) A A SR
AR,

E-mail ; haocaizhe@ 163. com

Hao Caizhe received her B. Sc. degree from Hebei
Institute of Architecture and Engineering in 1999, M. Sc.
degree from Yanshan University in 2005. now she is an
instructor at Chengde Petroleum College. Her main research
interest includes engineering mechanics and instrument &
instrument technology.

RIBERA (Gl (7 114 , 2012 47 F LR
ZARAR AL, 2015 A T LD R A AR AR
2 0, B A R A i e A R B R UE
Ui, TS 10 AU ES B B AL X
AR,

E-mail ; songxm012@ 126. com

Song Xiaoming ( Corresponding author) received his B.
Sc. degree from Yanshan university in 2012, M. Sc. degree from
Yanshan University in 2015. Now he is a lecturer at Chengde
Petroleum  College. His main research interest includes
mechanical design and instrument and instrument technology.

BT, 1998 4F T [ B TR 24 304

b fE A7, 2004 AF T HE LR SR AR A Lo
' £, 2011 AR TR R A ARG 1 2, B

HRIEATI i S L B R U BRI ST 1)

SR BHEE A2 R SRR

E-mail ; ysujia@ 163. com

¥

Jia Zhining received his B. Sc. degree from Henan
Polytechnic University in 1998, M. Sc. degree from Yanshan
University in 2004, Ph. D. degree from Yanshan University in
2011. Now he is a professor at Chengde Petroleum College. His
main research interest includes material tribology and instrument

and instrument technology.



