
On the development of fibre orientation in jet-to-wire impingement

H. Niskanen* and J. Hämäläinen**
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ABSTRACT

Papermaking is a complex combination of several unit processes. One of the key processes is taking
place in the so-called wet-end of the paper machine or more precisely, in a component called the head-
box which is used to generate a thin, even jet. Headbox and its design affects notably on the paper
properties. Its effect is huge especially on the fibre orientation, which contributes e.g. to the strength
properties of the paper. The fibre orientation is largely controlled by the fluiddynamics, i.e. the flow
acceleration and turbulence, of the headbox and its slice channel. From the headbox slice channel the
process continues as the jet hits the moving fabrics i.e. the wire-section where the water removal is ini-
tiated. The fact that the jet enters into the open air and hits the wires cause great changes in the velocity
profile and thus, plays important role in the development of the orientation profile. This naturally affects
further the orientation of the fibres in the paper sheet. In this work, our focus is in the modelling of the
fibre orientation in the jet-to-wire impingement.

As mentioned, the motion of the fibres is determined by the flow profile of the headbox and consists
basically of translation and rotation. The orientation of the fibres is defined by the flow configuration
in a way that the mean flow aligns the fibres into the flow direction whereas the velocity fluctuations
distract the alignment of the fibres. In this work, we use a rather common approach (see e.g. [1-3])
to model the development of the fibre orientation. This approach involves a diffusion-convection
equation which with proper definition of boundary conditions and flow properties is used in solving
the orientation distribution of the fibres in a given flow conditions. Besides thevelocity of the flow, the
model accounts for turbulence effects with the diffusion coefficients. The model has been previously
validated with experiments performed in a contracting channel geometry [4].Here we use that model
in order to predict the development of the fibre orientation in the jet and further in the jet-to-wire
impingement. The results provide an insight how the jet and the jet-to-wire impingement modifies the
orientation distribution.

References:

[1.] Olson, J., 2001. The motion of fibres in turbulent flow, stochastic simulation of isotropic homoge-
nous turbulence. Int. J. Multiphase Flow 27, 20832103.

[2.] Hyensj̈o, M., 2008. Fibre orientation modelling applied to contracting flows related to papermaking.
Ph.D. Thesis, Royal Institute of Technology, Stockholm.

[3.] Krochak, P., Olson, J., Martinez, D., 2010. Near-wall estimates of theconcentration and orientation
distribution of a semi-dilute rigid fibre suspension in poiseuille flow. J. Fluid Mech. 653, 431462.

[4.] Niskanen, H., et al. On the orientation probability distribution of flexible fibres in a contracting
channel flow. Int. J. Multiphase Flow (2010), doi:10.1016/j.ijmultiphaseflow.2010.11.006


