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Numerical simulation for circular free jet of coagulation bath
DENG Qifan, WANG Bei, SHEN Chunyin, DAI Gance
(State Key Laboratory of Chemical Engineering, East China University of Science and Technology, Shanghai 200237, China)

Abstract : The microstructure of the hollow fiber membrane prepared by the dry jet wet spinning method based on non-solvent
phase separation is closely related to the flow field structure of the solidification bath. A common solidification bath flow renewal is
similar to a circular free jet. The flow field structure not only affects the stability of solution spinning, but also affects its double
diffusion behavior during the membrane phase separation formation. An appropriate turbulence model can improve the accuracy and
reliability of the calculation. Nine turbulence models were used to numerically simulate the circular free jet flow. The parametric
results such as fluid velocity distribution, initial section length, turbulent kinetic energy (k), and entrainment under different models
were obtained, and compared with the experimental values and theoretical solutions. The results show that the Launder and Sharma
(LS) model, which adds additional items (D,E) to k£ and turbulent kinetic energy dissipation rate (&), has the most accurate prediction
of the velocity distribution. The average error of axial dimensionless velocity is 7.14%. The average error of the starting segment
length is the smallest compared with the experimental value, which is 10.7%. The Prandtl number o, has a great influence on water
flow diffusion. The prediction ability of the velocity distribution of the LS model can be improved by regulating the correction coef-
ficient o, and the average relative error is the smallest (2.75%) when o, is 0.15. The average error of the prediction of the turbu-
lence entrainment volume under the condition of Reynolds number=6 378.2 is 3.57%. In numerical simulation of solidification bath
with circular free jet, LS model is recommended.

Keywords : numerical simulation ; turbulence model ; free jet ; entrainment effect ; coagulation bath
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Tab.1 Model parameters and additional items

Model C# C, C, o, o, D E
AB 009 144 183 10 14
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YS 009 144 192 1.0 13 v, (PTly*
AKN 009 144 190 14 14
CHC 0.09 144 192 10 13
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Tab.2 Average relative error of u _u, for nine turbulence models

%

Item RKE RNGKE SKE

SSTKO AB LS YS AKN CHC

Average relative error 7.68 8.07 7.24

7.67 11.28 7.14 11.45 10.21 10.74
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Tab. 3 Initial section length y/d, for nine turbulence models

Re RKE RNGKE SKE SSTKO AB LS YS AKN CHC EXP
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3986.3 4.85 4.43 4.24 435 5.71 4.01 5.74 3.99 5.43 3.80
6378.2 5.02 4.77 4.82 4.82 5.46 4.40 4.77 4.01 4.01 391
80259 5.16 4.85 4.74 4.63 3.99 4.52 4.65 4.21 4.18 3.90
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