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Figure 1. a) Geometry, b) Incoming wave, c) Slamming on object 
Stages in the simulation approach are: 

1. Definition of geometry and variables (wind, current, wave length and height, water
depth, wave model (e.g. 3rd order Stokes), object dimension, densities, viscosities, 
surface tension, mesh resolution, time step). 

2. Screening simulations using VOF: a) Select a high and low value for N selected
variables, b) Run a systematic fractional 2k factorial computer experiment in 2N runs. 
An illustrative factorial design in three variables are shown in Table 1, c) Analysis of 
effects of the variables. 

3. Computer experiments. Variables are selected based on a latin hypercube design and
the water flux to generate spray is fitted to a universal kriging model. 

4. An engineering spray model based on Weber and Reynolds numbers is formulated.
5. Droplet trajectories and deposition are simulated using Lagrangian tracking of

droplets. This will enable to perform a higher level of parametric studies, expanding a 
latin hypercube for the effects of wind, wave, object speed, and geometrical 
configuration. This will be future work.  

Table-1. Example experimental design with 2N=6 runs in N=3 variables. Note that only one variable changes 
from one row to the next. Each variable changes value twice, and the two changes occur at complementary 

values of other variables 
CFD run Variable 1 Variable 2 Variable 3 
run 1 high low high 
run 2 low low high 
run 3 low high high 
run 4 low high low 
run 5 high high low 
run 6 high low low 
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Abstract 

Rotating flows subjected to differential shear find practical engineering applications within 
rotating machinery, as well as providing physical insights into models of wind-driven ocean 
circulations.  The key question is how does the surface shear stress, such as moving blade 
within machinery or wind stress on the ocean, the affect heat transfer characteristics and flow 
stability of the system?  Previous studies (Barkan et. al., 2015, Vreugdenhil et. al., 2017) 
investigated rotating shear flow in a rectangular enclosure.  However, to the best of the authors’ 
knowledge, no research has been done to systematically investigate a coupled horizontal 
convection and surface shear stress on a rotating cylindrical setup.  In this study, the nonlinear 
dynamics of a moving heated surface on the three-dimensional instability of a rotating 
horizontal convection flow in a cylindrical enclosure driven by a radially increasing 
temperature over the base is numerically investigated using a linear stability analysis.  The 
instability modes are classified based on energetics of the perturbation flow fields. 

The control parameters used in this investigation are rotation parameter, Q, which quantifies 
the importance of rotation, and the Rossby number, 𝑅𝑜, which represents the differential 
rotation rate between the moving bottom base and the main rotating tank. The results 
demonstrate two distinct unsteady regimes within the rotation parameter Q and the Rossby 
(𝑅𝑜) parameter space separated by a region of time independent flow.  Based on linear stability 
and energetics analysis, the steady region is further divided into four linearly unstable regions: 
(R) rotation affected zero Rossby number, (L-) low Q negative Rossby number, (H-) high Q
negative Rossby number and (H+) high Q positive Rossby number as depicted in figure 1. 

In the low Q negative Rossby number regime, instability is localized near the buoyant end of 
the cylinder, whereas the high Q negative Rossby number regime has disturbance features 
toward centre of the tank which extends deep into the enclosure.  On the other hand, the high 
Q positive Rossby number instability is confined near the edge of the cylinder due to vertical 
shear induced by the moving heated surface. 
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Figure 1. Flow regime map in the rotation parameter (Q) and Rossby number (Ro) space.  The 
plot identifies time-dependent regimes shaded with light blue and light purple.  The linearly 
unstable regions are shaded with colour gradient, each with a label as described in the text. 

 

 

 

 

 
 
 

 

Figure 2. Contributions to rate of change of the perturbation kinetic energy from eight 
production terms due to velocity shear with two dominant terms labelled as ⟨𝑃1⟩ and ⟨𝑃2⟩, 
viscous dissipation, ⟨𝐷⟩, and contribution from buoyancy flux ⟨𝐵⟩.  The parameters (Q, Ro, 
wavenumber) for each of the nine columns are as follow: (6, -0.1, 12), (6, -0.1, 26), (6, -0.25, 
12), (6, -0.25, 21), (10, -0.1, 23), (20, -1, 9), (50, -0.5, 23), (50, -0.75, 21) and (50, -1, 15). 
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Abstract 

Asphaltenes are molecular substances, which together with resins, aromatic hydrocarbons, 
and saturates compose crude oil. Asphaltene deposition in production pipelines is an 
important problem of flow assurance because an asphaltene deposit layer, if formed, may 
significantly obstruct pipe cross-section leading to a large production rate drop. In majority 
of practical cases, asphaltene particles precipitate from oil due to a thermodynamic 
destabilization induced by a pressure decrease; therefore, an intense asphaltene deposition 
can occur only in a vertical well where a substantial pressure reduction is caused by 
hydrostatic pressure gradient. The deposition process needs to be modeled to make decision 
on necessity of preventing deposit formation by an asphaltene inhibitor injection. Usually, 
deposition modeling is reduced to calculation of a flux of asphaltene particles to the pipe 
wall. A number of asphaltene deposition models, known from open literature, are based on 
different approaches to calculation of this flux. For example, in 2011-2012 Eskin with co-
authors suggested a comprehensive asphaltene deposition model, according to which the 
deposition flux is mainly determined by Brownian motion of asphaltene particles whose 
size distribution, varying along a pipe due to agglomeration, is calculated by a population 
balance equation. These authors identified deposition model parameters by experiments 
conducted in a laboratory Couette device.  
Production of oil is almost always accompanied with a production of water; therefore, an 
effect of water on asphaltene deposition has to be also modeled. Two major physical effects, 
which may lead to a reduction of the deposition flux due to presence of water in oil are: 1) 
reduction of concentration of asphaltene particles in a hydrocarbon fluid due to absorption 
of precipitated asphaltene nanoparticles on water droplets dispersed in oil; 2) reduction of 
a pipe wall area, available for deposition, due to a dynamic wall coating with droplets 
bombarding its surface in a turbulent flow. 
Both the mentioned effects are to a significant extend determined by droplet size 
distribution. To characterize this distribution, in the present work we employed the droplet 
Sauter diameter calculated by known semi-empirical correlations. 
The first water effect has been evaluated as follows. It is known that asphaltene nano-
agglomerates, being absorbed by surface of water droplets, form a monolayer. A rather 
simple estimation showed that an amount of asphaltenes absorbed by droplets is small to 
significantly affect the deposition flux to the pipe wall through a reduction of asphaltene 
concentration in oil.  
An evaluation of the effect of dynamic wall coating on deposition has been done by an 
analysis of collisions of droplets with the wall. A pipe surface area, dynamically coated 
with droplets, is determined by both the frequency of pipe-wall interactions and a droplet-
wall contact area changing during interaction of a deforming droplet with the wall. 
According to experimental data, available in open literature, distribution of the droplet 


