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Design of spherical spinneret based on fractal principle and its electric field simulation
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(1. School of Textile Science and Engineering, Wuhan Textile University, Wuhan 430200, China; 2. School of Textile
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Abstract: In order to improve the surface field intensity of the spherical spinneret and precisely control the jet emission, a
spherical fractal electrostatic spinneret was invented based on the fractal dimension principle, whose structure is
obtained by repeatedly arraying a certain number of small balls on the surface of a large ball, and the charge
density on the surface of the small balls is greatly increased, and the electric field intensity is increased, which
effectively reduces the spinning voltage while controlling the emission of the spinning fluid, saving energy and
improving the safety of the spinning process. A numerical simulation of the field intensity of the spherical fractal
spinneret was carried out using the finite element software COMSOL to study the effect of the number (arrange-
ment) , size and structure of spheres on the electric field intensity and distribution, and to determine the num-
ber and radius of the spheres. The results show that when the large sphere radius is 60 mm and the small sphere
radius is 2.0 mm, the surface of the large sphere can be equally spaced 49 small spheres, the field intensity of
this spherical fractal spinneret is 4 times higher than that of the spherical spinneret, and at least 49 jets can be
emitted on the surface of the 49 small spheres, with low field interference between the small spheres and fixed jet
position, which can increase the uniformity of the electrospun film.
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Fig.1 Structure of ball fractal spinneret
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Fig.2 Sketch map of electrospinning device model
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Tab.1 Basic parameters of electrospinning model
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Fig.3 Cloud map of field intensity distribution on
cross—section A

H 3 AT LUE Y, 95 2 A5 R v 30 0 B 0 52—
U A, G223 3R I SNE T 41 A8 R ik £
R B o L ) 3R s 1 B S0, e B 5 3T 21 £ 37 5
=, AT LAE HBROIE 95 24 3k 32 1H i/ NER i o i
L2 225 R P S R O e S X S R, 4223k I
2 T A B T, Y o, W ER M IE 2 423k |
S L/ NERIEA TGRS, SRS LA R R
A=D I R TETECE P ) Bl 107 25/ NER I i
WEfH. 2 Fhas 22300 A s At 4 iR,

& 4 AT LG 1, BRIE 25 22 3800 A iR/ N g
2k oA, RUAE = 2 BRI [R) 7 B 3]k 42 054 o
AT, Hgsa(EAR E 2 A 7E 0.37 x 10° ~ 0.52 x 10° V/m
ZIa FELi 22 I A L3R i34 %] o r = 2.0 mm B

2.5

— BRAMEL
2ol — BRI

LRI/ (XT0° Ve )
5
T

0 40 80 120 160 200 240
I/ mm
4 LHLLLEE A FED T
Fig4 Distribution of field intensity on cross—section A of

spinneret
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Fig.6 Field intensity distribution on each cross section of

spinneret with different r values
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Fig.7 Mean values of field intensity and overall field intensity
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Fig.8 Cloud map of field intensity distribution on surface of

spinneret with different n values
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