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Measurement of size distribution of hydrogen-bubbles in water electrolysis

SUN Chun-sheng, ZHANG Xiao-hui
( Department of Weaponry Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract: A method for conveniently measuring the size distribution of hydrogen-bubbles in water electrolysis was
presented based on micrograph, image proceeding and statistical analysis. Firstly, pictures of hydrogen-bubbles produced
by water electrolysis in the same space and at different time were taken by an optical microscopy apparatus. Secondly,
image enhancement, image segmentation, morphological transformation and particle measurements were adopted to get
number and size micro-bubbles in each picture. Finally, based on ergodicity of the amount of micro-bubbles in measuring
space, the size distribution of bubbles in the whole bubble-producing space was obtained by substituting statistical size
distribution in time sequence for spatial size distribution. The experimental results show that the hydrogen-bubbles’ size
distribution in water electrolysis quite fits Gaussian function and the square correlative coefficients are all beyond 0. 95
under three electrolytic currents, and the larger electrolytic current is, the more dispersive the size distribution is, but the
influence of electrolytic current on average size of hydrogen-bubbles is little. Analysis and experiment make sure that the
presented method can measure the size distribution effectively.

Key words: measurement and metrology; image processing; statistical analysis; hydrogen bubble; size distribution;

Gaussian distribution

Vol.37,No. 5
September,2013

51

T

HLR K™ A2 9 UL S F AR AR FP R E A AE 1Y)
23 SR/ IAHIED , HL 0 38 vl e v A ri 4
2 20 AR 22 FE A /K A ) RS R AR AEK
AL, HENAE S B = BFFE K T I M OLER

FETH T TRRERA R SR T A

YR A INEAE (1977-) 5 11, g0l = 2ot 4
HWOAEHARI 515 B AL HH

E-mail; scs96581@ 163. com

Wik B #7:2012-10-27 ; WM& el H 1#7.2013-01-21

IHLERE 2T RN P AT, A E I RIS
B SHEN R GE2 18] B 0 2, LUE AL R
ARG, T B HE R S 1 RO A i A %
HLAR K 7 A B A A B S AR AR D, TR
A WA TR — A T8 1 77 R R R A K R AR R
WL R A0

LA 7K 7 A 4 A 2 — P ML TR ) K R A
FI RTINS0 37 RO 43 A B4 10 3 A P 21
TG o P ey e 0 P X VL TR 1 i 1
S, B I S I X 7R AT R R ek AR
IR ) P 75 2 S T T R AR S s 1 B LR 4%



316 HS5H

INEAE R A AU RS S A ) 623

A o PP 5 VR D AL BN T E Y 35 ] R R
TR RUBE A3 A RS BE AR o e i 4
JeFRUR/ ek Ot BRI LS .
HOLSATU/ I ik S 7 A T AR, i I PR
i T RO s, SR 5 M B T vk AR
PRI R B A R A, Foh AT ot
HICHR R B A RUBE 3 A e — R B 1 ik
R T5 vk B K R s PR RUBE VLR
REPE B TE , AH 0 BI85 BRI AR R A 2 17 5
A RARRRETOCH) T AT S H A R4
A RESFFRDK T A 3 4EEIS, HE iR #15
PRI RS0 308 B2 Az s i B 45 5 R, (EH
RYcLE R R 2% 5 oy SRR e CCD 4
W AR I BLDEE 5, IR e 5 8o &
{55, KT G A PRAT B 40 500 A 5 TRV
PR SRR A RO B AR S 3 o i 1] 81
IR A SR AL BILA ] HAT U s shd B 5 B .
7 MEORH I FLA T SRS R BE ey | vl BRI A
AT R S A M RS I R
i o

BUAT 3 T Ol o RO I B O 2 B o
GO AT X U R B 4R L AR O Ak PR
I, 225 RS 1 S 28 SCik [ 12 ] o T IEHE 23
Al I 1 AR K A R I R o A, fH R
e XA 1R LR S 1A R BT A )
M, o1 TR B 5 ) B B 8, 19 2 R &5
SRABEACTR A M A 1A 8] 1 T R 0 A o
AT G — I T A DR R R A BN T
A DN v g K PR SR R A B T i, R
P bR BRI B — Pl R, B Bk T IR AT 3
i P A 89 FOBE A, o ] R AT R A0 A 8= ]
R I3 A1

1 NWEXRBESWERZ

WA I 2 AL O A L A IR
BB CCD FARHLANE GRS 5 0 i RGL45,
UPI7R o S A AR o o v AR P R PRI T4
L P TR T B 7 s 4B, L e S R AR 20 )
PR 200 wm FH 22 FIAS G5 Y 7 Bl B | BE AR, R ik 9
HARBA ARK; MBDEI LR M AR IE 36
JEUR O =, B LASN B B 6O WO R 2
LEICA S6D, EHIHCRAERN 6. 3 7 ~40 1, H k%
2 CCD; CCD 2 H1 K A it 42 Pixelink PL-A662 ; |4

a bubbles producing

container
@supplementary illumination

e mi/ci'oscopy
CCD camera

o] |

worktabl ﬂ
0]

self-toted
illumination

processor

power
supply

Fig. 1 Optical microscopy measuring apparatus

a—schematic drawing of optical microscopy apparatus b—photo of opti-

cal microscopy apparatus
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Fig.3 Comparison among different image processing effect and result

a—source image b—image improved contrast c—image filtered by Laplacian d—image segmented by global threshold e—image segmented by wa-

tershed transform f—nhistogram of bubbles size distribution
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Fig.4 Hydrogen-bubbles produced at current density of 2. 12mA/cm?
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Fig.5 Hydrogen-bubbles produced at current density of 4. 24mA/cm?
a—bubbles diameter from image processing b—statistical result of bub-

bles size distribution
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Fig. 6 Hydrogen-bubbles produced at current density of 6. 37mA/cm?
a—bubbles diameter from image processing b—statistical result of bub-

bles size distribution
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Table 1  Fit parameters of bubbles size distribution at three electrolytic

current density

electrolytic
) X,/ m w/ pm
current density

A/ pm? R?

2.12mA/cm®>  41.20664 9.01194  18390.45778 0.978
4.24mA/cm®>  42.21865 10.63158 43437.81861 0.993
6.37mA/cm>  39.79214 15.20144 47749.66566 0.955
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