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In recent years, the volumes of natural gas import and production are rapid growing in

China ,and China is one of the major consumer of natural gas in the world.
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In order to meet the rapid growth of natural gas import and production, natural
gas measurement technology has been developed rapidly in China. The volume
flow and mass flow traceability systems have been established since 1997.
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The Technical Status of the Traceability in China
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The flow measurement uncertainty of primary standard is reduced from 0.1% to 0.05% or
0.07%.

Flowrate
1 | nstitution Primary Pressure range(M Pa) Uncertainty , % :
HrerEzelaliiy name standard range(M Pa) kg/s (k=2) ErElylEinee

volume | Wuhan HPPP 2.5-10 20-480 0.07 2017
station

0.3-4.0 0.005-2.47 0.1 1997

Chengdu mt ( banlance ) 0.3-2.0 0.004-1.2 0.07 2017
station

Mass-time 2.0-6.0 1.2-54 0.05 2017

Ne i 0.1 2011

anjing - -
station mt ( gyroscope ) 2.5-10.0 0.04-6.0 0.05 5019
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The primary standards in China have achieved first-class level in the world.

GRI
ara PIiDTsEar NMi Chengdu Nanjing Wuhan
> g Low High ( Europe) station station station
Pressure Pressure
roop roop
Established 1999 1990 1992 2010 2017 2018 2017
Pressure 1.5~ 1.035~
(MPa) 50 0.14~1.47 8275 0.1~6.0 04~6.0 45~90 2.5~10.0
Flowrate | 9% | 1000mh | 2380m¥h | 120m¥h | 410m¥h 443m3/h 480m3/h
Type HPPP gravimetric | gravimetric HPPP Balance Gravimetric HPPP
mt mt mt mt
Uncertaint o 0.04% ~ 0.04% ~ o 0.05% ~ o o
= Kw o1 o 0.07% A 0.05% 0.07%
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The flow measurement uncertainty of the secondary standard is reduced from 0.25% to 0.20%.

Institution Uncertainty( Pressure Flow range = Max.diameter(mm) .
. |
NO name Standard %) range(MPa) (m*/h ) Established
. Dagqjing Mobile Sonic nozzel 0.32 Natural 2.0 1t04600 200 1990
station turbine /ultrasonic 0.32 Natural <10.0 45 ~ t08000 300 2010
) Chengdu second Sonic nozzel 0.20 Natural 0.4t06.0 5t05115 400 2018
station working turbine 0.33 Natural 1.7t05.5 16t08000 400 2013
Najing second Sonic nozzel 0.22 Natural 4.5t09.6 8t03160 250 2010
3 .
station working turbine 0.29 Natural 4.5t09.6 15t012000 400 2010
4 Wuhan working turbine 0.29 Natural 5.5t010 20t09600 400 2017
station transfer turbine 0.16 Natural 5.5t010 20t01600 200 Builting
5 Guangzhou second Sonic nozzel 0.22 Natural 4.1t09.8 7t03129 250 2015
station working turbine 0.29 Natural 4.1t09.8 7t015000 500 2015
p Wulumugi second Sonic nozzel 0.22 Natural 5t09.5 14t02500 250 2017
station working turbine 0.29 Natural 5t09.5 25t010000 400 2017
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The critical technologies of the primary standard in CVB
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€ flow diagram of the primary system in CVB

Natural gas

Purification Storage
system system

filtering regulating
system system

The key system of the primary

standard for measurement
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compensation volume optimization;
environment temperature and humidity
control measures.
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1—Displacement transducer2—Speed sensor 3—torquer
4—Speed amplifier 5—Displacement amplifier6—Summing amplifier7—Digital
tabl 8—The microcomputer

diagram of electromagnetic balance working principle .
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iEB4iS LSmt2017-0773

B & R

d=0.1g: e=1.0g: Max=132.1kg

hOE W B OB ¥ W R B Geled

#1
FHNE RIS | RS A
LA (kg W () HE (k) T ——
22:1 -0.5 110.0 1.0
42.1 -0.3 90.0 1.0
62.1 -0.9 70.0 1.0
| FFR 82.1 -1.0 50.0 1.0
‘ {HiR 2% 107.1 -0.8 25.0 1.0
118.1 -0.8 14.0 1.0
. . ‘ 122:1 -0.8 10.0 1.0
® M aximum load :3000 kg ; |

. %I P FAF RV 0. 1 g-300 g;
2. FOFEK#EAT S 3000 kg

1
| 2
®Theactual dividing value: 0.1g, D e Nk

EUFE R

Verify thedividing value: 0.1g; T

A

| EREAGT g o E R

®Gasflowraterange (5~2X130) kg; R Wi
eUncertenty:1.0g (k=2) . RS Y ot o
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v'Switching time :33ms*3ms,

UE 45 % 2025004 4 .
-
-
-

. e 4o ke B & R uE A5
With the characteristics of good

repeatability and stability of switching
time, it has reached the international

oWl E W B R

advanced level

O 0 10 A

= . P TIRN

5 e PrAy CESS
6

10,2016, Obtained the national
invention patent "a rapid reversing

system” 1 item.

37.00 & 20161014 34.00
W 2018122

36.00 = 201612252 £ EH 2580
“u 35.00 20161226 o~ 33.00 -
iy o S * 20161227 £ 32.50 E -
~ 34.00 x = x = A =
et — —= = 32.00 = S 5—:—.!
3= 3300 = 31.50 < ——— ,
He 32.00 |—* . R 31.00 - —
e i S — &= 30.50 * 20161014
% 31.00 T m 20161221
=, * * - * — .

30. 00 - 29,50 20161223-Pa [EE

29.00 29'00 20161226

' ' , l : ' o ) : x 20161227 . —
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EEPEBUEGSE R (R 214, 836mm)D

5. 8MPa 3. 5MPa 2. OMPa 0. 9MPa 0. 67MPa

0. 025%
0. 020% 0.019%
o 0.016% 0.015%
0
M 0.015% 0.012% 0.012%
% 0.010% 0. 008%
0. 005%
0. 000%
5. 8MPa 3. 5MPa 2. OMPa 0. 9MPa 0. 67MPa 0. 4MPa
FasE NS as B (mIE MRS 14, 836mm, A E]64-H D
0. 08% 0 07
0.07%
0. 06%
2
$ 0.05%
#0.04%
% 0. 03%
0. 02%
0.01%
0. 00%

0. 4MPa

repeatability<0.02%

Stability: <0.05(2.0< P < 6.0)MPa
Stability: <0.07% (0.4< P < 2.0)MPa
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@ Uncertainty method

ur (qm) - \/Cr (t)2 |——lur (t)2 + Cr (Arn%l*A)2 Ij'ur (Arnjﬁl\A)2 + Cr (Am >2 |——lur (Arn%l*B)2 + Cr (Amc)2 |——lur (Arnc)2

B

U (Am ) = (Ju, (AV,)? + U, (Py)? + U, (Py )2 +u, (Ty)? +u,(Ty)?

ur(AmB) = \/ur(AVB)2 + ur(F)Bi )2 + ur(I:)Bf )2 + ur(TBi)2 T ur(TBf )2

_ \/uW2+u(mr)2 +u,+u+uy,’

S
Am,

u, (Am.) x 100 %

Mass Uncertainty < 0.02%

ur(t) = \/urz(tla)+ur2(t1b)+ur2(t2) ur(tz) = Er(t) = \/urz(H1)+ urz(Hz)

Time uncertainty < 0.02%

19



Chengdu Verification Branch for Oil & Gas Large Flow rate Measurement station ( CVB)

Experimental data summary of the influence of air buoyancy on weighing results of electromagnetic balance gas

2017

Test date Test pressure,MPa Test time,hour ( szeI folwrate,m3/h  Changed value, kg
9.19 5.8 1 320 0.006

9.10t09.11 4.8 13 5 0.0017

8.30 3.5 1 320 0.0054

9.7t09.8 2 13 320 0.0027

9.4 1.5 1 320 0.009

9.3 0.9 1 320 0.0014

8.31 0.67 1 320 0.0014

9.4 0.4 1 320 0.0014

20



Chengdu Verification Branch for Oil & Gas Latge Flow rate Measurement station ( CVB)

P>2.0MPa P <2.0MPa
Uncertainty value Sensitive | Uncertaint | .. Sensitive Uncertain =it
coefficient | y (k=2) coefficient ty

According

u(smy) 0.5¢g 1 0.5¢g 0.5¢g 1 0.5¢g certificate
u(rmy) 0.023¢g 1 0.023¢g 0.0269 1 0.026g
u(sm,) 0.0469 1 0.046g 0.282g 1 0.282¢g

0.4g 1 0.4g 0.4g 1 0.4g Test data

u.(+m) 0.013% u.(+m) 0.02%
u,t) 0.01% 1 0.01% 0.01% 1 0.01%

orthers 0.02% 1 0.02% 0.03% 1 0.03% Known less
Combined Uncertainty 0.025% Combined Uncertainty 0.035%
Extended uncertainty ( 4=2) 0.05% Extended uncertainty ( k=2) 0.07%




Nozzel is 40m3/h, pressure
Chengdu Verification Branch for Oil & Gas Large Flow rate Measurement station ( CVB) | (0.25—2.0) MPa. En<1) .

Reynolds NIM China Hagzdly Different value Satisfaction EN
number station
2 4TE+06 0.9963 0.9952 0.0011 0.89
2 4TE+06 0.9963 0.9953 0.0010 0.81
2 48E+06 0.9963 0.9953 0.0010 0.81
1.71E+06 0.9961 0.9949 0.0012 0.84
1.71E+06 0.9961 0.9950 0.0011 0.77
1.71E+06 0.9961 0.9950 0.0011 0.77
1.28E+06 0.9960 0.9949 0.0011 0.77
1.26E+06 0.9960 0.9951 0.0009 0.63
1.26E+06 0.9960 0.9948 0.0012 0.84
8.85E+05 0.9967 0.9960 0.0007 0.50
9.51E+05 0.9964 0.9959 0.0005 0.36
4.63E+05 0.9960 0.9960 0.0000 0.01
4.63E+05 0.9960 0.9959 0.0001 0.08
4.63E+05 0.9960 0.9962 ~0.0002 0.12
2.90E+05 0.9946 0.9954 ~0.0008 0.52
2.89E+05 0.9946 0.9953 ~0.0007 0.46
2.88E+05 0.9946 0.9954 ~0.0008 0.53
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d=4.7498mm mt .. )
16m/h (CVB) mt ( Najing ) Diferrent e el
Reynolds Flow coefficient Flow coefficient Flow coefficient
M Pa EN
BN ( ) number (cy) (cy) ©® difference
5.8MPa 4.0128E+06 0.9951 0.9954 0.0003 0.17
4.6M Pa 3.2441E+06 0.9945 0.9954 0.0009 0.49
3.5MPa 2.4854E+06 0.9937 0.9954 0.0017 0.94
2.0M Pa 1.4395E+06 0.9936 0.9953 0.0017 0.96
1.5M Pa 1.0925E+06 0.9944 0.9954 0.0010 0.49
d=24.9199mm,410m¥h (mt) m Different value by — 7ol
' ’ ( chengdu station ) ( Najing station ) . |-
Pressure Reynolds Flow coefficient Flow coefficient Flow coefficient EN
(MPa) number (cy) (cd) ® difference
5.8M Pa 22651329.7 0.9930 0.9936 0.0006 0.34
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Prospect
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1. The primary standard: uncertainty less than 0.05% ( A=2)
flow rate ( 5t0480 ) m3/h, (0.4~10) MPa
2. second standard uncertainty from0.20%reduced to 0.17%(k=2).
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Thanks for your attention !




