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Mass flowrate measurement of two-phase CO, in a transient process using

a gated recurrent unit neural network model
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Abstract : The transient process of gas-liquid two-phase CO, flow can occur in carbon capture and storage pipelines. Large measurement
errors exist when Coriolis mass flowmeters are used to measure the mass flowrate of CO, under such conditions. To solve this problem, a
method for mass flowrate correction based on a gated recurrent unit (GRU) neural network is proposed. Since the GRU is suitable for
dynamic process prediction, the GRU model is trained by using the collected datasets from a CO, gas-liquid two-phase flow rig and
optimized by using a grid search method combined with the K-fold cross-validation. The optimized GRU model is evaluated in terms of
measurement accuracy and generalization capability by using eight groups of datasets under typical experimental conditions. The GRU
model is compared with the least squares support vector machine (LS-SVM) model. Experimental results show that the GRU model could
achieve better results than the LS-SVM model. The output of the GRU model can follow the change of CO, mass flowrate in the steady
state after the transient process, and relative error is within £5%.
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Fig. 1 Schematic diagram of Coriolis mass flowmeter
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Fig.2  Unit structure of the GRU network
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Fig. 3 Structure of the data-driven model
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Fig.4 Schematic of the gas-liquid two-phase CO, flow rig



116 U #H £ ¥ W

B4

R T IHBRAS R 2 B8 25 53 UL i R[] 19 5
T B B HEA T bR v A A R B s o A Ak R
BE— AR A B BB A7 1Y A B A B0 25 A B v IE
Ao A BV EE R 0 nifEZE R 1, A .
. XM,
x" = : (12)

e x O e A A IR e s " AR AL B R0 s e,
N R BAE WP (R o, R ISR B RO bR S

3 XBRERSMEREST

3.1 GRURBEMIlZGRMAEWL

e A IR S5 A 5 Pr A2 UIRAIEXT GRU W 4%
(R 2 kAT T4, B2k 1 FH 29 J7 1% 2% (mean square
error, MSE) , le T @ AL #Fh 2N Adam ™" | 38035 PR #L
- sigmoid , SUEFIAGFIAZ W) 1A A6 T7 2553 514 Glorot 1EZS
G3AT FIREALIE S KB, B & R 22 040 60, ZEAE PR
25 0 4% 1B B i AR 20 i) R B R — A T S
B, o BRI ISR . B X ARSI A B 4R
IR B b R BB 2P 5, BT 25 5 NI 20 %k
P T LAY s 20 (4 AR L R A B )2 R
ZERTE

T AEAS LA 0k A T 5] A ) R A A
[l 18] R HROGT P 28 10— 25 B Ak, 3k A 3k B v o 8 4 TR
4:15 RINGREMBIUELE . W E Adam BLE 9] 46
22 F00 0,000 1, A FH 2% 2 238 5 gl 1) 191 4 ok B W
ESE BRI AU e 22k S R KR A
RRAIR, DULKS 27 2] S 88 Sl I S i) — 25, IR 8 2% 2] R
FEAR B T RE R 0.000 01, 456 F 4 1Y #2675 % 28 1%
£ 10 WG SR B AT AR, D) fish 2 4745 1 [l 3] R 45, ki
ARUE VSN

GRU MIZE AR SE 58 S5, 43 ) A FH K 7 s 4
TE AR HEA TN S5, DI Gt B2 v 80% 1) AR A Ry 11T 5
£R,20% VE IR UESE o Al FHACE I3 B Ko S B, fe 2 3%
FR2 84 PRI 1k, 17 8 s BE A i A 1f , e 286 4K
= 65 WKHHE I,

ASCFET ST T 1LS-SVM A RIXE CMF 75 2 250 72
FWIAH CO, 5 i e I 25 SR EAT AR E, LS-SVM A5
AUE T GRU AR I 2t , o fhad 72 v i
WA AR R ILLE A 5 Prad NI UERRAS T et i1 S50 y
FZ RS E o,

3.2 GRUEENEEMHMERZHIEEST

VR BN A I FE R WA CO, S0 T ¢ A4 S 45d A T
A BT GRU I LS-SVM BRI g MERE , Sk Bt T 8 41
SRR | 3 8 21 I 3 A AR AR I e B R P v 3 AR o

PR B, A0 AT DA S RS R f) 2 A MERE . 8 ZH I 4R
AR T LN 1 R . X SE IR I T o0 s 1
ARSI RE RS AR AL 1) 2 I Y P S 2 e s A Al
T2, BERERAEITY A PIAE CO, shad i,

®1 SEIKERERBFEEIERNTE TR

Table 1 Experimental conditions with step changes

in gas or liquid mass flow rate kg/h

MR T SRR BT U B TROR BT kAL
L500Q-UP 120~180 500
L500Q-DN 120~20 500
1.2000Q-UP 40~110 2 000
1.2000Q-DN 110~40 2 000

Q70 L-UP 70 350~600

Q70 L-DN 70 600~350

Q120 L-UP 120 500~750

Q120 L-DN 120 750~500

T L500Q-UP F1 L500Q-DN ¥ AH I A F5 AR 7
500 kg/h, AR BES ABER, T8 12000Q-UP #iI
L.2000Q-DN A ¥ AH It & PR 45 =1 i it 2 000 kg/h, AL
HBEMABEN , T4 Q70 L-UP 1 Q70 L-DN J} < AH U
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TN T o 3 ek S AR X R 2 % F i 5~ 8
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H£3.31% F1£3. 33% , 1] CMF B 4200 4 Al AH X 5 22 18 3]
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URZCIR B S 2% T i AR fk, b CMF B 82 00 & i
LS-SVM 5 R1HA B /N A X 22 | FIXF IR 2210 £4. 95%
1M CMF B30 AU AR ST iR 22 4 £ 8. 80% , LS-SVM #5#4 fiY
AIRHR2ZEFEZ IR F +19. 17% , HAR R = 8 2 2% T 4% 1E fiE
1o GIE 6 FraR 6t TR BT iU i R A 2 000 kg/h 1Y
T, LS-SVM BAUSR I T — 5 IR IERICR , HAESAH
448 s B D ) s A5 R AR IE R A, (RE D s &
J& AR E B B, GRU AU Hh il 26 L LS-SVM AR 78 B 1
AR, GRU Il LS-SVM 7£ F2 2 [ Bt 1) A X 15 22 43 30l oy
+2.09% f1+2. 82% , W 7 Fin, SAHGE R RE (AR
BEXGR TOLR, shAS W sl & 4 5, GRU B ALK 4K B IR B
Zx i ar, GRU I LS-SVM 46 8 76 54 5 [y BE Y AH X
PRI R +4. 23% Hi+4.96% ., G0 8 FrRi) T T,
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S TS-SVM BEALLE K43 T8 F #R Lk e sh &S W oh 5
BT R B S 2 o i 3 AR AR, BT DL LS-SVM AR TR 3R
EAHTa SR TR co, RERENKIE, S5
LS-SVM 2 Bl 45 22 A Ji PR 22— Ja AR 700 phy 35 485 4 G 1k Ak
P CMF 20 57 2 3 2 1 D7 s e , L RBAR B 24 mir vt 2 1y
R A 2 B IE S B LB i i, GRU Ak A A 45
Far LA e fg 0 Dy s o i A R T BT, 7E B
A B L A I R LA

2) 33 LS-SVM A28 BLAR 22 1) oy — A~ B R A
JCRRI Iz AL PERE RS . AR SCH IR BT FH 04 50 42
BAREL S 2Rl R R A T8, H I AR 0T B8 4 3
DR AE 9 T, I 0 T B AR A5 AR 1 AH X 1R 25 3
TR HAT iz LR . MAHXT R 22X i 25 5ok

K2 £ TR THEIHRZEMTEE

Table 2 Comparison of relative errors under all test conditions %

‘ CMF B4l &
AR T A

GRU ## %1 LS-SVM H8

Wsh kAR B REp B Woh &R B FsE B B W KRB B T b B
K £13.22 £7.72 +4.01 £2.93 £6.27 +2.51
1.500Q-UP
LS £13.58 £2.87 +5.61 £4.10 £17.36 +3.88
K £8. 80 £6.24 +4.17 £4.95 £19.17 +15.12
L500Q-DN
I £26. 85 £17.24 +5.98 £11.23 £20. 40 +28.92
K £1.99 +3.80 +3.29 £2.06 £1.88 +1.51
1.2000Q-UP
R £1.78 +4. 60 +2.69 £2.09 £1.47 +2.82
K- +3.98 +0. 96 +2.67 +1.37 +1.00 +0.76
1.2000Q-DN
3= +6. 18 £2.79 +£2.18 £1.76 +4.16 +1.89
K £16.17 £3.28 +12.95 +3.28 +£11.78 +6.56
Q70 L-UP
R +15.30 +5.52 +10. 87 +4.53 £12.47 +4.96
K- £23.26 +14. 81 +21.84 +4.70 +14.73 +11.45
(70 L-DN
R +15.02 £2.37 +14.12 £6. 31 £19. 43 +11.25
KT +11.50 £1.27 +10.75 £2.49 £12.22 +4.52
0120 L-UP
R +£13.77 +3.88 +10. 93 +3.34 +14.16 +6. 34
K- +16.27 +10. 13 +18. 80 £2.69 +15. 60 +6.40
(120 L-DN
R +14. 84 £3.01 +14.96 +4.76 +17.80 +9. 62
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BRI T RAFIRIERCR . X & F X A Tl h
WO TR, NI A CO, B MR R B e v v o
) T8¢ 1.2000Q-UP 1 L2000Q-DN Hr8E ¢ AR AR 4
FOk T WA ) AT R 48 PR R, S 30 CMF B 20 &
45 55 PR AH L S o o 9 o (W AR G R 25 R . GRU A5 A
4 A R R AR AR 3 B TR A 15 100 T K SR B 108 8RS i L 512
Jo i A AR AR I DAZE AR I LR AR T T R
BT RIFM SR IERCER

2 FRRRE d%F H GRU LS-SVM BRI 5% 22 5
PIARI B CMF EL 200 2 25, n] DAAS 7 SO P A
CO, BhAM R A, SR A GRU #4742 1F, mT LA
B BTN R . GRU AR A 1o %o oK % Il o i T
LR RS HER P TIE TR 2 AR R BE

4 &

ARSCHE T 3T GRU H6 31 28 9 45 1) K5 405 3K o 45
YRS A sh A5 o R 10 A4 4 o, T BRI CMF
HENARE TR CO, B R AR 2, FIHSE
B R A B A8 2 X GRU K LS-SVM #8584 k4731 25 Al
ek, XAk AR TR {780 T 0 T A I SR AT T
U v T RS A 7 A Mk RE B X B A T, S 2 R R
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