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1. Introduction and background

Product requirements increase in almost every industrial
sector. In addition, great importance is attached to a high rate of
production, high quality standards, environment protection and
low energy as well as resource consumption. Special attention
should be paid towards tapping, since it is often the final process
step and damaging a component at the end of the process chain
would result in a very expensive rework [1]. The tapping tools must
be able to withstand high cutting forces, a large heat dissipation
rate at the cutting edges and a very good chip removal are
mandatory. Therefore, high-performance taps need to be designed
to fulfil these requirements, i.e. they are coated, geometrically
adapted and equipped with internal coolant channels. Experimen-
tal investigations of the flow and distribution of pressure of the
cutting fluid cannot be performed, due to the kinematical
inaccessibility of the tapping process. For that reason, it has not
yet been possible to establish specific tool modifications to enhance
tool performance and to optimize the usage of coolants. Based on
the work of Beer et al., this paper presents a CFD simulation of the
flow distribution and pressure of coolants while tapping, depending
on the arrangement of internal coolant channels [2].

1.1. CFD analysis in tapping

A literature review has shown, that a CFD simulation for
evaluating the distribution of coolant during tapping has not yet
been done. A likely reason is, that CFD simulations in contrast to
FEM simulations are not yet well-established in machining
technology. A lot of challenges arise when modelling the fluid,

e.g. the geometrical boundary conditions, resistance coefficients,
driving forces and interactions between different processes as well
as the input values of the fluid model. Furthermore, the correct
selection of turbulence models and types of meshing are of primary
importance for representing a realistic process. The requirements,
that the used fluid models need to fulfil, increase even more with
the high complexity of the tapping tools. Especially in the areas of
the boundary layers of the tap tooth, the meshing of smaller
dimensioned elements leads to major challenges. Moreover, a 3D
simulation has to be used for tapping, since the torque arises about
the whole chamfer length. Compared to a 2D simulation, the risk of
numerical errors and the computing time increase when using a 3D
simulation, due to the high number of mesh elements. The fluid
cannot be modelled using axially symmetrical 2D reduction. As
mentioned above, another complex problem is, that the flow
distribution and pressure of the coolants cannot be measured.
Therefore, a CFD simulation is a powerful method to investigate the
behaviour of the coolant at the cutting edge and to extend the
process knowledge for tapping [3,4].

1.2. CFD analysis of the vortex intensity

Vortices are known as a flow with a circular and rotary route,
dissipating energy. Thereby, the vortices are formed in different
sizes, interacting with each other and reacting sensitively in
accordance with the initial and boundary conditions. So the
vortices are irregular and chaotic. The three-dimensional and
stochastic character shows the completely developed turbulence.
This formation is strongly dependent on the time. Vortices are
often described as regions of high vorticity, but no universal
definition for vortex intensity exists [5]. Problems resulting from
the different definitions have been exposed by several researchers
[6–8]. During the last three decades, a variety of methods has been
proposed to identify vortices. Kolář gives a short overview of the
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most important methods [9]. Zemliak and Mastorakis elaborate
different methods and their fundamental properties together with
corresponding criteria [10]. For CFD simulations, the q-criterion
from Hunt and the l2-method are well established [6,11]. Both of
these methods are proposed for rotation invariant vortices for flow
visualization in the work of Günther et al. [12]. In this paper, the q-
criterion and the software ANSYS CFX were used.

2. Fluid model and CFD simulation

Fig. 1 shows the fluid model. The internal coolant channel
passes through the centre of the tool and branches out over the
three areas (A-A). Using the arrangement of the internal coolant
channel and the tapping conditions for the workpiece, the inlet and
outlet ambience can be defined and the CFD fluid model is
prepared. For calculating the flow area, solid body and fluid body
were separated and the interfaces between tool, workpiece and
fluid were defined. Another important criterion for the exact
modelling of the fluid and the boundary conditions, summarized in
Table 1, is the correct choice of a turbulence model.

The SST turbulence model combines the benefits of the k–e and
k–v model and is ideal for describing the turbulence in the near-
wall area and in the centre area (logarithmic range) [2,13]. The SST
turbulence model behaves like the k–v model with a function A1

and the transformed k–e model with (1 � A1). These turbulence
models are rewritten in terms of k and v, resulting in the SST model
including the k-equation (4) and v-equation (5) [14,15]:
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The function A1 results in the value 1 in the near-wall region, so
that the SST turbulence model is reduced to the k–v model. In the
logarithmic range, the function results in the value 0, so the

parameters of the k–e-model are used. Between these two regions,
a combination of both parameter sets is adapted. The function A1 is
defined as:
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The term CDkv, defined in Eq. (7), describes the cross-diffusion
term from Eq. (5), while y is the distance to the wall:
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The turbulent viscosity mt can be calculated in terms of k and v
as:
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A further function A2 is used for the limitation of the turbulent
viscosity and results in values between zero and one:
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The factor a1 in Eq. (8) describes the proportionality of the shear
stresses ui and uj to the turbulent kinetic energy k. The parameters
of the SST-turbulence model are provided in Table 2.

2.1. Meshing and CFD result of the standard tool model

The fluid model depicted in Fig. 2 was separated into the front
part with the larger diameter (A) and into the centre of the internal
cooling channel (B). The irregular areas of the flow (C) were
meshed with tetrahedral elements.

Fig. 1. Reference tapping tool and reference fluid model.

Table 1
Boundary conditions for straight flute tapping of through holes.

Boundary condition Values

Transient: total time/time step Time tt = 10 s/tS = 0.1 s

Water (measured) Working temperatureT = 298.15 K

Inlet: coolant supply (measured) Pressure p = 48.8 bar

Mass flux m
˙
¼ 0:1934 kg s�1

Outlet: opening – ambience Pressure pamb = 1 bar

Interface 1: workpiece/fluid (measured)Roughness Rz �0.01 mm

Interface 2: fluid/tool Roughness Smooth conduit

Interface 1 and 2 Rotation n = 83.25 rad/s

Number of elements Element Approx. 2 million

Inflation-layer: 1st layer Length 0.0005 mm

Turbulence model Type k–v-SST

Table 2
k-v-SST closure constants.

b* F1 F2

a1 b1 sk1 sv1 a2 b2 sk2 sv2

0.09 5/9 0.075 2 0.5 0.44 0.0828 1 0.856

Fig. 2. Meshing of the fluid model for the tapping process.

Fig. 3. Fluid velocity of the reference tool model.
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