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Research on gas phase parameters of two-phase flow based on
Hartmann's principle

LIU Ruolin, KONG Ming* » CAO Ming, WANG Daodang, SHAN Liang
(College of Metrology and Testing Engineering,Chinese Jiliang University, Hangzhou, Zhejiang 310018, China)

Abstract ; This paper proposes the Hartmann ray tracing method to measure the gas-phase parameters of
the gas-liquid two-phase flow,and conducts theoretical and experimental research. First, the Hartmann
template is used to obtain the array beam,and the propagation process of the light in the gas-liquid two-
phase flow is simulated and traced to study the relationship between the emitted light and the bubble size
and position in the two-phase flow. Second, the BP neural network model is established to achieve accu-
rate inversion of bubble parameters. The simulation results show that the relative error of bubble posi-
tioning is within 7% .and the relative error of bubble size is within £4%. On this basis,an experimental
system is built to simulate the process of a single gas phase passing through the pipeline with transparent
particles of known size settling in a vertical pipeline. Experimental research is carried out. The results
show that the relative error of bubble size can be controlled within 46 %3.
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(a) Single-phase flow
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Fig.2 Single ray path diagram

(b) Two-phase flow
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(a) Schematic diagram of spatial structure
(b) Schematic diagram of plane structure
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Fig. 3 Parameter definition
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(a) Single-phase flow

(b) Two-phase flow
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Fig. 4 Ray tracing diagram of perpendicular

incidence X-Y section direction
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Fig. 5 Light intensity distribution diagram in the direction of vertical incidence X-Y section direction
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Fig. 6 Cumulative light intensity distribution curve of single-phase pipeline
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Fig. 10 Diagram of optical inspection experiment system
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Fig. 12 Neural network prediction results of unknown particle size

d,‘id

Rad = ® . 100%, an
d,
A d, FOREMRAR W TINE . d, S ANRLAE 1Y
SR .

K13 7R T DAL 2R 05 B S B i 5 BP 22 1
25 DN AR B XS R0 A S B0RY T 5% 25 X L 1A
Horb Ca) EIATNCh) P 43 33 Jé 7 1 28 RDRL A28 TR DKL A28

0.07
0.06 + o0 ® R
— (R Pl o ¢
2 dil 9@ °9 9 ol o
5 005} 14 b b H ..‘ &
g (i o ¢ P ‘ l ath ¢ ¢
g f o (| ML (I i 6 M
5 0.04 5 e | ISP | 15 pei | h fH ul 0
% 2 I b o 'i «% it ll‘ 1.5' E"(
E 0.03 1 I T ?: ‘i S L :“f ﬁ' ¢ 0"!1 9
) o ol &1k é" ' L |
=) ] OT|Fd Oy b
g 0.02 1 ) Y olh o %% in
(=¥
0.01 | °oo °
0.00 : - :
0 50 100 150 200
Number of data groups
(a) Position error of known particle size
0.06
0.04 1
o o) & o ¢ P . Q
g 0.02 ¢ ® ® i 'l’ l» P én‘n P E‘ ? i l'l' o)
o= fo) o ql 10,
§ 1',? 0"'4 "'! .b"ll P "‘! l? ‘ l: afp !"4
3 0.00 () Tk o wnIL .| Jop b [is
Ll » il
2 ] ol ‘ o ‘ @ 4 ‘ b B
8 -0.02 fin || © [|o]de | &
E l V) o © o Olo®
S | o O] &
2 004 7
-0.06 ; = :
0 50 100 150 200
Number of data groups

(c¢) Diameter prediction error of known partical size

B 13 2 M % mn

Position prediction error

Diameter prediction error

RS L 5% 22 PR 3 o o O 4 2R Y R 25 o A Al
VAR o D006 A58 70 0k =0 o7 8 Y 00 45 2 L 42 o]

TE 720 LA s (o) RN CAD P 430 Ji o 17 28 R0 A2 A
JREAE A% 1 AR A T 35 2 1 23 A T R 6 AR R A 1Y
T 25 W] LA AR =4 %0 LA . H A S AR S
Jit R F 9 BP 22 9 45 Jir K s 1) <A 2 20000 4 A Y
AL B ST P AR v A T B B SOR R AR LA

0.07

0.06
0.05 ||
0.04
0.03

0.02 |

0.01 t

0.00

0 50 100 150 200
Number of data groups

(b) Position error of unknown particle size
0.06

0.04 +

0.02

0.00

-0.02 14

-0.04 |

-0.06 . ‘ :
0 50 100 150 200

Number of data groups
(d) Diameter prediction error of unknown partical size

HRHREXLE

Fig. 13  Error comparison chart of neural network prediction results
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