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Dynamic calibration method for mean thickness of annular flow wavy liquid film

Jia Huijun"?*? | Li Chaofan"** | Zhao Ning"*”, Fang Lide"*’, Wang Chen'*’

(1. School of Quality and Technical Supervision, Hebei University, Baoding 071002, China;
2. National & Local Joint Engineering Research Center of Metrology Instrument and System, Baoding 071002, China;
3. Hebei Key Laboratory of Energy Metering and Safety Testing Technology, Baoding 071002, China)

Abstract: The real-time ocean wave simulation idea is introduced into the study of interface disturbance wave in annular flow to realize
the accurate measurement of the liquid film thickness. A model of interface disturbance wave based on three-level ocean wave function is
established based on the theoretical analysis and experimental research of the annular flow interface wave. A wavy liquid film thickness
measurement sensor with adjustable insertion depth is designed based on direct measurement method. A dynamic calibration method of
time-average liquid film thickness based on duty cycle algorithm is proposed. The source of measurement uncertainty of the sensor is
analyzed and evaluated, and the system error compensation algorithm is proposed. The sensor is tested and verified on a double closed-
loop adjustable pressure medium pressure humidity experimental device. Results show that: under the conditions of arbitrary statistical
time and arbitrary insertion depth increment, the relative measurement uncertainty of 94. 44% of the experimental points is within 2%
when using the three-level ocean wave model. The liquid film thickness is reproduced using the direct measurement method and the
measurement accuracy is improved using the system error compensation algorithm.
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Fig. 1 Interfacial disturbance wave under different pressure
conditions (u,, =12.7 m/s, u,=0.142 m/s)
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Table 1 Ocean wave model comparison

Jrik:

Pesi [/

Fourier 42 4Lt 2805 B2, ORISR (9 0 00 T 4 — SR Bt P B R DA e, U 2

‘ T 2R AE AR Ay
%j;%;r JE RO URIRLS | B T LS AR LU/ N 43 T T 2 AR A RN
2974

Perlin 2142 Hy 3D [Me 7 P00 )0 (R VR PN RGBT HRRASEOETE AN
Navier Stokes 77 P2 2 i 3 kb B 807 25 — AN B KRS A IR TTRAS  FFE TR T2 3030 BLE )
PR M ) U %
i;ﬁ AR . FFRER A R ) U R

i3 Pierson Moskowitz Y& I #8 JT 116 7 4645 B0 S A9 5 IR 125

AR AT, AT RAFA R, ARER BRI R0

HSA AR TR
x(xy,t) =x, + Z’}iAiSin(kixO —wt + @) (1)

z2(xy,t) =z, — ZAicos(kixo —wi +¢@,) (2)
T(x,y,z,0) =z(x,,t) + T(x,y,z,6,m) (3)
F(f,a) = Fu()D(f,o) (4)

Kb w = (x,y) JEBUTE ¢ B 2RO B AR ;2 S22
AR sk, REIRAGHETT 0] b, WAL R 15, JSEBHBLAR
BEsT (o ,y,z,0) A UL PRI A, S i U PR BRI 5 m S 03
HRITEAT ;D (f o) ST 1) PR, Bk T3 IR A% 4% 5 1) A
DRI S sy, (f) D9 DB B 238 35 R 58 5 T 93
FHIEAR

2 IMRRRRESESNERE

Oy S BRI R 0 A SRR B4 Bl A R R, AR S
T LT BN YA 00 R R TR B IR R R
AR RIS Y 5 JRE T8 o MR AR B L, T ] 2
JI7I  SEBRT RN FEE F i 90 D505 0 A2 i ) AN
TEREPE

BN AR B AR — X A A TR Al A A AT
2 foh R R MR IO Folc 8, R AR 1 R e I AR A
ATV REHEATREE . BRIRETBE IR B AR TR IR i
IKBPRE, T RAAT R S A% F I R A 5 — 0 9 Y

W,

— R s

— R

| FRAE
/e

(a) FRRICBESI SRR B LM
(a) Schematic of annular flow liquid film dynamic
measuring device

(b) AR VAR IR S 0 B 3 T s
(b) Object pictureof annular flow liquid film dynamic
measuring device

P 2 BIPR IR 5 3 2 2

Fig.2  Annular flow liquid film dynamic measuring device
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Fig.3 Measuring circuit
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Fig. 4  Uncertainty analysis of pipeline curvature
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Fig. 10  Comparison of measurement uncertainty of two models

(Ax=0.5mm, T=5,3.15s)
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Table 3 Comparison of measurement relative uncertainty before and after correction
Ax=0.5 mm Ax=0.1 mm Ax=0. 05 mm Ax=0.01 mm
T/s 6/mm
wy/% w, /% wy/% w, /% wy/% w,/ % wy/ % w,/%
0. 67 36.47 0.14 14.70 0.24 7.51 0. 08 3.72 0. 003
5 0.97 24.42 0. 80 10. 38 0.12 5.17 0.07 2. 60 0. 004
1.44 16. 38 0. 68 6.99 0.09 3.51 0. 04 1.75 0.003
0. 67 36.78 0. 44 15.21 0.63 7.89 1.92 5.55 0. 65
3 0.97 24. 81 0.42 10. 74 0.41 5.45 0.30 2.83 0. 08
1.44 16. 04 1.02 6. 64 0.25 3.16 0.30 1.40 0.01
0.67 37.06 0.73 18. 15 2.74 10. 01 4.16 7.79 1.39
1 0.97 24.34 0. 88 10.78 0.32 5.37 0.18 2.70 0.09
1.44 16. 50 0. 56 7.09 0.18 3.59 0.04 1. 66 0.02
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Table 4 Comparison of measurement relative uncertainty between sine wave model and three-level ocean wave model
Ax=0.5 mm Ax=0.1 mm Ax=0. 05 mm Ax=0.01 mm
T/s 8/mm
e,/ % w, /% e,/ % w, /% e /% w, /% e /% w, /%
0.67 0. 60 0.14 0.14 0.24 0.09 0.08 0.01 0.003
5 0.97 1.32 0. 80 0.09 0.12 0.02 0.07 0.02 0. 004
1. 44 1.02 0. 68 0.03 0.09 0.02 0. 04 0.01 0. 003
0. 67 0.30 0. 44 0.38 0.63 0.48 1.92 1. 84 0. 65
3 0.97 0.93 0.42 0.45 0.41 0.30 0.30 0.25 0. 08
1. 44 1.37 1.02 0.33 0.25 0.32 0.30 0.34 0.01
0.67 0.02 0.73 3.31 2.74 2.60 4.16 4.09 1. 39
1 0.97 1.40 0. 88 0.49 0.32 0.22 0.18 0.13 0.09
1. 44 0.91 0.56 0.13 0.18 0.11 0.04 0. 08 0.02
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