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Fractal Dimension of Inclusion in Ladle Bottom Blowing
Process Based on Fractal Theory

JU Jiantao, AN Jialiang, LIU Wenguo, WANG lJing, JI Guangheng
(School of Metallurgical Engineering, Xi'an University of Architecture and Technology, Xi'an 710055, China)

Abstract. Based on the similarity theory and LF refining furnace as the research object, taking pictures at different time
points and using professional image analysis software (lamge Pro- Plus), Matlab and the method of the box dimension, the
fractal dimension of single particles and aggregates were calculated. The relationship between floating velocity of the actual
inclusion and particle edge fractal dimension under different flow rates were studied. The results show that the fractal
dimension of inclusion can be accurately calculated by the method of box dimension, the more complex the morphology of
inclusion, the larger the fractal dimension. The more complex the morphology of inclusion, the fractal dimension is more
the larger. The increase of blowing volume is beneficial to the collision of inclusions and makes the fractal dimension of
the aggregates larger. The fractal dimension of inclusion is positively correlated with the actual floating velocity, which is
basically consistent with the theoretical value calculated by fractal dimension and dynamic diameter, which indicate that
this method is accurate and feasible.
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Tab.l The main parameters of the prototype and model
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Tab.2 Outline of the inclusion particles and floating velocity

AT

pASE V= ESIESIES

a alfik

b a2}t

B A3

C a3t

=] 3 SRR B FR A SR e o T el et 2%
Fig.3 Fitting curve of fractal dimension ofsingle particle and aggregate inclusion
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Tab.3 Fractal dimensions of different inclusion
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Tab.4 Outline of the inclusion particles and floating velocity
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Fig.4 Fitting curve offractal dimension of single particle and aggregate inclusion
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Tab.6 Outline of the inclusion particles and their floating velocity

Je L =B g
IAEE SR B
SE0G IR R (m/s) 0.033 9

HX

0.027 6

0.065 9



*508-

a clftk

FOUNDRY TECHNOLOGY

b c28t

Vol.40 No.05
May. 2019

(c)c3itir

=1 S SRR S (R S By oy T e bl i 25
Fig.5 Fitting curve offractal dimension of single particle and aggregate inclusion

R ARIEIRFRLFHI 53 5L
Tab.7 Fractal dimensions of different inclusion

I kLT y=ax+b S HEE DD Rl
BRG] log"=3.803-1.65210gr 1.652 0.991
ERTrC2 log/V=3.688- 1.60810gr 1.608 0.981
{43 log/V=4.458-1.80010gr 1.800 0.993

N T AETNEE R R R R T Ak

EIGNFENI N ZAF T (ER R/ N AR &HY
UKL A d2 FIHFTERA d3 SRIREY o3 T2 AR
=i

EI6FILIE - NIEHYSRAY) SIS E Y £ 14
e R EEREEE S - fARYER/ N SRIARY L
G EANIRPRATSE0.14 my/hifi & T kA 5y
TEHELD ANFRIFT

FROT LUE Y Sk S ) A N Y o3 T 2R
1.618, s ik Sk 21 d 219 55 T2 e %00 1.640, i F
TEARA3HY I IS 1.839, SRIMIEY 53 TR AES R

ZHIGYRIEHN T 12.02%F010.77% < X2 TR
FH0.14 mY/ WS SRR & A T TRl ZU AR
HEREER SEOZIREE BRI IR E = 2% 0
AHUN LB Fr LAy TR 4Rk AR IR
2. 2RI IS S I 4EEL
A FE RSTHYSRZRRL 5 42 TR S TS I
I N SR ZRpRL TR L ST ROR - B e ks
B UL VI S R =y VAT PANDINTTESE I S
FIRLTHIRRR
FRAZNPPELENS IR -2 TIE R > FIS2]
S IR TN AL < R Rl AR (R A 1
RHERFEE - BRI EI 9238 HY_EIF 28 fi
T RN LGS BRI R 2 A E] 70
EI7RILIE Y W50 I e M 1.416 25k
Z=1.84, NN AR 2 AM0.0109m /st fi
0.078 5 m/s, i B T-HY 73 T2 4E 4 5 2R TEAH %
AN IR 2512 S e 2 Uk 05 20 2R

BRSPS /r AR I SV IR 2
Tab.8 Outline of the inclusion particles and their floating velocity
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Fig.7 Relationship between the fractal dimension and the
floating velocity ofinclusion particles
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Fig.8 Comparison between theoretical calculation and
experimental value
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