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Abstract 

In the field of industrial furnace construction, critical parameters for parts to use are mostly 
stability and resilience. For a profitable use, a long life span is crucial. Therefore, the life span 
of construction parts is the most decisive parameter to choose between different options of 
layout. Especially mechanical stress reduces the life span of single components critically. One 
major reason for components to break are temperature gradients within an assembly, caused 
by the need to operate processes at high temperatures. If a critical limit is reached, stress may 
lead to plastic deformation and creep. If the stress will be held upright over a long time, the 
construction part may collapse. 
A coupled simulation between a CFD part and a structural analysis in ANSYS Fluent offers 
the possibility to estimate the life span of a component under certain circumstances. Especially 
when stresses result from pressure of a fluid flow or temperature gradients in a flow field. The 
method of coupled simulation offers the chance to gain further information about the effects of 
a fluid flow on surrounding parts. 
This work deals with the example of a radiant tube in a galvanizing line. Radiant tubes are used 
in industrial furnaces when it is crucial to separate the atmosphere of the oven from the product 
e.g. to protect it from surface failures. A burner heats up the tube from the inside for an indirect
heat treatment of the product through radiation. While being heated up the tube is exposed to 
enormous strain. Small changes in the temperature distribution may lead the stress to exceed 
and make the tube break. 
In the first part of the simulation, the fluid flow will be calculated. In the second part, a chemical 
reaction will be implement to simulate the flame inside the tube, the amount of radiation and 
convection, and generate a temperature profile at the outer wall of the radiant tube. During the 
second part, the temperature profile at the outer wall of the tube will be linked to a structural 
analysis. Different programs will be tested for the compatibility with fluent data export. 
Advantages and disadvantage will be compared for certain software. 
In the end, a stress profile will be generated to make a statement about the place and amount 
of highest stress. Furthermore, a prediction will be made about the life span of radiant tubes 
regarding different process temperatures. In advance, the results of the stress profile lead to 
recommendations regarding the shape of radiant tubes in industrial furnaces. 
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Abstract 
Flows past cylindrical obstructions have been the subject of keen research interest owing to 
their ubiquity, importance to engineering structures under aero- or hydrodynamic load, and the 
fascinating flow patterns they produce. These flows undergo a systematic sequence of 
transitions, each of which incur a change in their dynamics. This study focuses on the 
instabilities associated with bifurcations to three- dimensional flow. Although these transitions 
have been investigated extensively in the past (see report by Barkley & Henderson1 and review 
by Williamson2), this study approaches the problem from an energetics perspective through the 
consideration of the out-of-plane averaged perturbation kinetic energy (PKE) equation in an 
attempt to understand the sources feeding the growth of the linear modes. 

For this study, two-dimensional base flow solutions are computed from the incompressible 
Navier—Stokes equations evaluated at the transition Reynolds numbers for modes A and B. 
Spatial discretisation is achieved through a nodal spectral-element method, and the equations 
are evolved forward in time using a third-order-accurate time integration scheme based on 
backwards differentiation3. The linearised equations are also evolved using the same numerical 
scheme, and the Floquet modes determined using an Arnoldi package (ARPACK). Terms in the 
out-of-plane averaged PKE equation are then computed. 

The oral presentation will discuss the contributions of each term of the PKE equation toward 
the instability growth, comparing the cases for both modes A and B. The period- averaged terms 
of the total PKE equation show that the perturbation growth in both modes A and B are 
predominantly accelerated through terms containing the cross-flow gradient of the base-flow 
velocity, while viscous dissipation dampens its growth as expected. A key difference between 
the mean energy exchange rates of the two modes are in the magnitudes of each term’s 
contribution relative to the total perturbation kinetic energy; mode A draws PKE at a 
significantly lower rate than mode B. Dynamically, each contributing term for mode A either 
distinctly accelerates or delays PKE growth over the shedding cycle, unlike mode B where PKE 
production through streamwise gradients of the base flow switches between phases of 
promoting and impeding the instability growth, albeit at negligible amplitudes. 
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The locus of the dominant production terms’ maxima for mode A locate its origins in the core 
of the forming vortex in the wake, and it develops according to the description provided in 
Thompson et al.4 in demonstrating the co-operative elliptical instability mechanism for mode 
A. For mode B, the maximum production rate occurs within the highly strained region of the 
near wake. As the vortex is being shed, these regions of high production rate are drawn into the 
forming vortices, facilitating the feedback reflected in the symmetry of mode B. Contributions 
from these terms appear negligible downstream where the vortices are relieved from most of the 
strain induced from the shedding. The perturbations then weaken primarily due to the action of 
viscosity unlike mode A where the transport terms carry some perturbation out of the domain. 
 

Figure 1: Distribution of the dominant production terms (u'v'dU/dy + v'v'dV/dy) corresponding to events of the base flow. 
Red (blue) contours indicate net positive (negative) contribution to the PKE growth rate, and the solid lines draw the vortices 
in the two-dimensional vortex street of the base flow. The top image corresponds to the case for mode A, while the bottom 
image corresponds to mode B. 
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Abstract  

Applying active control of electric field on the preparation of micro-droplets via the 
traditional microfluidic technology has attracted great attention because it can effectively 
improve the controllability of the preparing process. Therefore, a full understanding of 
mechanisms underlying microdroplets generation via the microfluidic technology under 
electric field will provide interesting possibilities to actively control preparation of required 
microdroplets in real applications. A transient theoretical model is developed via coupling of 
phase-field method and electrostatic model to numerically investigate generation of the single-
phase droplets in a co-flow microfluidics device under control of a uniform direct electric field. 
Via the numerical simulations based on the transient model, the control mechanisms of the 
electric field on dynamic behaviors of droplets generation are revealed, and the influences of 
flow and electric parameters on the droplets generation characteristics is elucidated. The results 
indicate that the electrostatic field is able to generate an electric field force toward the inner 
phase in the normal direction of the interface between two-phase fluids with different electric 
parameters (see Fig. 1). The electric field force enhances necking and breakup of the inner fluid 
interface, which accelerates the droplet generation, increases droplet deformation degree, and 
decreases droplet size. As the electric capillary number increases under the same hydrodynamic 
capillary number, the droplet formation pattern is transformed from dripping regime with only 
a single droplet formed per cycle to another dripping regime with one main droplet formed 
together with the following satellite droplets per cycle. 
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Fig. 1. Electric force on interface, where the purple arrow indicate electric force vectors. 
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