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Most criteria for heat exchange performance (e.g. thermo-hydraulic efficiency [1]) are based on the ratio of the
integral heat transfer and flow resistance. Therefore, heat exchanger devices are generally designed on those predefined
efficiency factors. However, in the operating field heat exchangers are often suspended by different fouling mechanisms
like particulate fouling or biological fouling which are responsible for a drastically decrease of the performance due to
additional thermal resistance and contraction of the flow passages. The resulting economic costs reduce the efficiency
dramatically. With respect to the large time instants and its variety, the influence of fouling is mainly determined using
experimental investigations. Due to improved numerical algorithms and access to high computational resources, numerical
simulations of fouling become more and more advantageous.
Within the present research project, a new approach has been introduced to determine the local fouling layer growth due to
particle fouling and its influence on heat transfer and friction loss. Numerical simulations using different existing fouling
algorithms showed, that the efficiency of the numerical simulations depend enormously on the used fouling model and its
empirical parameters in combination with the complexity of the heat transfer surface [2]. To reduce computational time
and increase the universality of the model, a new numerical method was developed based on Lagrangian-Particle-Tracking
(LPT) and transformation of deposited particles into an extra fouling layer phase with predefined material properties.
Settled particles attach the fouling layer and are transferred into a second (fouling) phase enhancing the phase fraction
inside the actual cell which causes additional friction losses and heat transfer resistance. The vortex formations and its
direct impact on fouling probability and thus heat transfer of turbulent flow over a single dimple and cavity are analyzed
and compared to results obtained for a clean surface.

The modeling approach for fouling layer growth is based on a combination of the Lagrangian-Particle-Tracking (LPT)
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which are numerically solved by using the finite volume code OpenFOAM R©. Published results shows, that unsteady
effects e.g. vortex formations are mainly responsible for deposition or cleaning processes on structured surfaces [3].
Thus, time resolved simulations using LES method are carried out. All simulations have been performed for small Stokes
numbers in a first manner to reduce computational time. Slow particles are converted from the LPT to an additional solid
phase (fouling layer) at the heat transfer surface. The initiated phase fraction α is determined by the particle volume with
respect to the cell volume

αnew,i = αold,i +
Vparticle
Vi

(4)

where αold,i is the phase fraction from previous time step and Vparticle and Vi are the particle and cell volume
respectively. To improve the efficiency of the algorithm, converted particles will be deactivated and will be no longer
considered in the LPT calculation. Thus, the amount of particles is kept nearly constant during the calculation process
which reduces computational time enormously. To consider the influence of the second phase on the fluid phase, an
additional source term (following Darcy’s law)
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is introduced into the Navier-Stokes equations. Within this approach, the particles are not only converted into one
direction, because they could also be released from the continuous fouling layer using effective shear stresses at the
interface

αremoved =
Vp
τrel
· |τc|
Vc

(6)

where τrel is the shear stress determined from experimental data and τc effective shear stress from the simulation.
In addition, the growing fouling layer thickness influences the surrounding flow. Especially within narrow channels,
the contraction could cause significant flow friction losses. The solid phase represents the fouling layer with predefined
material properties. Using a simplified form of the energy conservation

dT
dt

+∇ · (uT ) = ∇2(aeff (α)T ) (7)

with the effective thermal diffusivity aeff as a function of the phase fraction α, the thermal resistance and heat transfer
could be evaluated for different fouling layer thicknesses. For simulation of fouling layer growth, two different testcases
(cavity and dimple in a periodic channel) have been investigated. Fig.1 presents the fouling layer after simulating 120 s of
realtime.

Figure 1: Fouling layer after 120 s of realtime; cavity (left) and dimple (right)

Based on first investigations, a lower fouling probability of the dimpled surface contrary to the cavity is expected.
However, the volume of particle deposition for laminar flows is nearly equal for both testcases whereas for turbulent flows
the fouling volume in case of the cavity is significantly higher as for the dimple. Therefore, the fouling mitigation process
of the dimple can be observed for turbulent flows which positively effects the heat transfer and friction loss. In addition,
the results show great advantage for the single dimple since main heat transfer rates are observed at the trailing edge
where no fouling could be detected. Detailed analysis of heat transfer and flow structures compared to the equivalent
clean surface will be presented in the final paper.
The main advantage of the presented method is the fairly low computational effort compared to standard particle methods
due to particle conversion. Hence, simulations for large time spans using massive parallel computation becomes realistic.
The new approach has been applied to turbulent flow over a singe dimple and cavity to identify regions with a high
fouling probability and its fouling layer growth. Thus, the overall thermo-hydraulic efficiency as division of heat transfer
enhancement and friction loss can now be extended using thermal and friction resistance due to fouling.
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