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Abstract
In this work, a micro-structured heat exchanger pipe geometry is investigated with the help of numerical

flow simulation. The simulations are validated with measurement data. The geometry used here was
captured with a strip light scanning method and prepared for the simulation. Large Eddy simulation at
Reynolds numbers of 16000 and 32000 with a Prandtl number of 9 are used for the computation. The
pipe geometry and the measurement data are provided by Wieland Werke AG. The results show a good
agreement between simulation and measurement, the maximum deviation is less than 12.5%.

1 Introduction
Heat transfer is an important task in many industries. Heat transfer enhancement can therefore reduce the
energy demand in many processes and consequently have a positive impact on achieving the desired climate
goals. The aim of this work is to use numerical flow simulations to gain a better understanding of the flow and
heat transfer. This should speed up the optimisation process of internally structured pipes, as the development
so far is largely based on experiments. Here, mainly internally ribbed pipes are to be investigated. This type

Figure 1: Schematic representation of the pipe geometry with chips cut from ribs from [1].
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of pipe has already been investigated with simulations in the work of Campet et al. [3], Zhu et al. [7] and
Cauwenberg et al. [4]. In these publications however, only tubes with single helical ribs have been investigated.
Akermann et al. [2] investigates the effect of multiple-started helically ribbed pipes. The pipe investigated
here is also a multiple-started pipe. The geometry examined here is processed a second time after forming
the ribs. In the process, chips are cut out of the ribs, as shown in Figure 1, which increases the heat transfer
surface. In addition, the chips extend further into the main flow, which also leads to an increase in heat
transfer. The geometry that is examined here is captured with the help of a strip light scanning method and
then prepared for the simulation.[5]

2 Theory and methods
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Figure 2: Schematic representation of the boundary conditions for the pipe geometry.

Large Eddy simulations in combination with the WALE (wall-adapting local eddy-viscosity) turbulence
model [6] are used for the computation. The names of the boundary conditions are shown in Figure 2. Cyclic
boundary conditions are used, which simulate an infinitely long pipe. A constant heat flow is applied on the
wall. Due to the cyclic boundary condition, a source term is used in the pipe to preserve momentum and
energy. The number of cells used and the number of boundary layers are listed in Table 1 for Reynolds number
of 16000 and 32000 with a Prandtl number of 9. Length of the computational domain is once the diameter,
Campet et al. [3] and Zhu et al. [7] have shown that this length is sufficient. The grids are designed so
that the y+ value is below 1. For the grid at a Reynolds number of 16000, no boundary layers are necessary
because the structures near the wall are so fine that the cells in the wall area are sufficiently small to achieve
a y+ value below 1. For all simulations, a Courant number of 0.3 is used and six cycles are simulated after a
quasi-steady state is reached.
The parallel simulations were performed with the bwUniCluster on 56 cores. For a Reynolds number of 16000
and 32000, 22533 and 194860 cpu-hours were used.

Table 1: Number of grid cells and layers used for the simulation with a Reynolds number of 16000 and 32000.
Re nCells nLayer

16000 9×106 0
32000 16×106 4

3 Results and discussion
In the first step, the simulation results are compared with measured data in order to validate the calculation.
The measurements are carried out by Wieland Werke AG. The heat transfer coefficient and the pressure drop
are compared, as only integral values are available for the validation.

The results show good agreement between measurement and simulation in Figure 3. For the heat trans-
fer coefficient a maximum deviation of below 12.5% results for a Reynolds number of 16000. The pressure
drop has a maximum deviation of under 10% for a Reynolds number of 32000. Thus, a good agreement
between simulation and measurement can be shown. The deviation between measurement and simulation can
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be explained by the difference between the scanned geometry and the real geometry. Due to the complex man-
ufacturing process, it is possible that geometrical deviations between the scanned geometry and the geometry
used for the measurement may occur.

Figure 3: Comparison between Wieland Werke AG measurement and simulation for pressure loss and heat
transfer coefficient at Reynolds numbers of 16000 and 32000.

Figure 4: Local results of the heat transfer coefficient divided by the mean value of the heat transfer coefficient.

Figure 4 shows the local heat transfer coefficient. The results show that the heat transfer has its maximum
at the upper region of the chips. This area ventures furthest into the main flow and thus tends to have
the greatest temperature difference between wall and fluid. It can also be shown that numerical simulations
contribute substantially to the understanding of heat transfer enhancement. Since the previous measurements
only allow an evaluation of the integrated variables, local phenomena can be investigated in detail for the
whole structure here.
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4 Conclusions
The results show that the validation of the simulation results could be performed successfully. In addition,
calculations can be carried out up to a Reynolds number of 32000. In the next step, geometries will be
created to investigate the influence of the chips on the flow in more detail. A CAD tool has already been
developed for this purpose. With the knowledge gained from these investigations, new improved geometries
will be developed in the next step.
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