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Snapshots of the angular velocity for pure inner cylinder rotation of the Taylor-Couette cell, and η = 0.714 

as obtained from the DNS of Ostilla-Monico et al. Periodic boundary conditions in axial direction were used 
and r ̃ = r/d and z ̃ = z/d. (a) Ta = 7 × 105 (laminar Taylor rolls), (b) Ta = 5 × 107 (classical regime with BLs 

of Prandtl-Blasius type and a turbulent bulk with Taylor rolls), (c) T a = 4 × 109 (ultimate regime with 
turbulent BLs and a featureless turbulent bulk). 
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1. Scientific results 2015 
The aim of the programme is to examine experimentally, numerically, and theoretically whether 
there are different states of turbulence, how they are triggered, and what the nature of the transi-
tions between them is. The programme focuses on turbulence in closed systems, namely on Ray-
leigh-Benard (RB) turbulence and Taylor-Couette (TC) turbulence. In these paradigmatic systems – 
thermally or shear driven, respectively – the interplay between boundary layers and bulk is of 
particular importance. We want to understand the transition towards the so-called ultimate tur-
bulent state, which for extremely strong driving had recently been found in both of these systems 
and which had been interpreted as an indication of the breakdown of laminar-type boundary lay-
ers. To achieve our goals, we have to further advance the level of experimental measurements and 
numerical simulations on these two systems, to allow for one-to-one comparisons.  
 
For the TC system, we have now clearly identified the transition from classical to ultimate turbu-
lence, see the figure on the cover, taken out of our Annual Review of Fluid Mechanics Paper 
(published in 2016). For further high precision studies in this high Reynolds number regime we 
built a new setup, which is fully temperature controlled. We call it the boiling Twente Taylor-
Couette system (BTTc). Here the two concentric independently rotating cylinders are able to rotate 
at maximum rates of fi = ±20 Hz for the inner cylinder and fo = ±10 Hz for the outer cylinder. The 
inner cylinder has an outside radius of ri = 75 mm, and the outer cylinder has an inside radius of 
ro = 105 mm, resulting in a gap of d = 30 mm. The height of the gap is L = 549 mm, giving a volume 
of V = 9.3 L. The geometric parameters are η = ri/ro = 0.714 and Γ = L/d = 18.3. With water as 
working fluid at room temperature, the Reynolds numbers that can be achieved are Rei = 2.8 × 105 
and Reo = 2 × 105. If the working fluid is changed to the fluorinated liquid FC-3284 with kinematic 
viscosity 0.42 cSt, the Reynolds number can reach Re = 1.1 × 106. The apparatus features precise 
temperature control of the outer and inner cylinders separately and is fully optically accessible 
from the side and top. The new facility offers the possibility to accurately study the process of 
boiling inside a turbulent flow and its effect on the flow.  
 
For lower Reynolds numbers, we performed torque and PIV measurements at different geomet-
rical configurations and flow conditions to study the hysteresis in a TC setup whose gap width 
ratio is 0.917. Torque measurements were carried out at different shear Reynolds numbers and at 
different aspect ratios. Resultant torque data show that the hysteresis is getting smaller in size as 
the experiments are conducted at higher shear Reynolds numbers. Also, the quantitative analysis 
of the torque data collected at several aspect ratios depict that the hysteresis effect is increasing 
with an increase in the wetted surface of the cylinders. In addition, resultant torque measurements 
obtained in two different TC setups at the same shear Reynolds number and same aspect ratio 
show that the hysteresis observed in these two different setups have different behaviour due to the 
different boundary conditions. In the second part of the study, stereo-PIV measurements were per-
formed and based on the resultant mean axial velocity field data, the axial wavelength of the 
structures were determined. It was observed that the wavelength, therefore the number of the 
patterns, changes inside the hysteresis region depending on the direction of the trajectory fol-
lowed. It was found that the torque values along the increasing a trajectory are higher inside the 
hysteresis region where also the wavelengths of the structures are longer along the same trajectory. 
Similarly, the first mode of the axial velocity component obtained from the POD analysis shows 
how the dominant flow structures response to a change in the measurement direction when there 
is hysteresis. When these results of the POD and wavelength analysis are elucidated together with 
the hysteresis behaviour observed in the torque measurements, a relation between the dynamics of 
the dominant flow structures and the hysteresis phenomenon is observed.  
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The project on rotating RB focused on exploring with 3D Particle Tracking Velocimetry (3D-PTV) 
how the Lagrangian dynamics of (fluid) particles can be utilized for turbulent state characteriza-
tion, how the flow transition from one state to the other in rotating convection will affect the 
Lagrangian statistics of (fluid) particles, and how particle and thermal inertia affect particle 
dynamics in (rotating) convection. The main focus this year was on the analysis of the 3D-PTV and 
DNS data gathered for different rotation rates at the cell center and close to the top plate. Using the 
measurements of Lagrangian acceleration, the first of its kind, and accompanying direct numerical 
simulations in turbulent rotating convection, we show that the transition between turbulent states 
in rotating turbulent convection is a boundary-layer transition between Prandtl-Blasius type (typi-
cal of non-rotating convection) and Ekman type. Results of this work has been submitted for publi-
cation (collaborative effort of both PhDs and the PD appointed on this programme in Eindhoven). 
Currently, we are working on the effects of rotation on large and small scales isotropy for rotating 
turbulent convection. It is found that background rotation enhances large-scale anisotropy at the 
cell center and close to the top plate, while decreases it at intermediate height. The large-scale ani-
sotropy, induced by rotation, has negligible effect on the small scales at the cell center, whereas the 
small scales remain anisotropic close to the top plate. Parts of this work has been submitted to PRF, 
a result of a collaborative effort of Rajaei and Joshi, and a third manuscript is currently in prepara-
tion.  
 

 
Figure 1. Experimental setup 

 

 
Figure 2. Normalized acceleration PDFs from experiments: (a) horizontal at the center, (b) vertical at the 

center, (c) horizontal near top (larger horizontal axis range compared to other PDFs), and (d) vertical near 
top. 

A related subproject focussed on the effect of non-ideal heat transfer properties of the bottom and 
top surfaces on rotating Rayleigh-Bénard convection. We introduced near-neutrally 100 micron 
buoyant particles in the flow, which separate from the fluid over a period of several hours. The 
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particles deposit on the top and bottom surfaces, forming layers with non-ideal thermal properties 
and decrease the heat flux. The reduction in heat transfer is a result of the inability of the layers to 
respond rapidly enough to fluid temperature fluctuations. The dominant time scale of the near-
wall fluid temperature fluctuations, and hence the effect of the layers on heat transfer, remains 
unchanged in the low and moderate rotation regimes. However, the flow time scales increase sub-
stantially under high rotation, i.e. in the so-called geostrophic regime, improving the relative time 
response of the particle layers. As a result, the enhancement of heat transfer under rotation in rela-
tion to that in the non-rotating state is higher in presence of non-ideal walls (layers) than without 
them. The above results are now consolidated in the form of a journal publication (to be submitted 
in March). A second line of research concerns the effect of rough bottom and top walls on heat 
transfer in rotating convection. This part of the investigation is now being concluded. 

 
Figure 3. Schematic of the Rayleigh-Bénard cell: (a) side view; (b) top view. CW: cooling water; CP: copper 

plates; TS: temperature sensors; SW: side walls; SH: secondary heaters; AS: adiabatic shields; RH: 
Resistance heaters; BT: Bleed tube for deaeration; IT: Tube for particle injection. 

 
On the numerical side, to investigate rotating RB convection in a Lagrangian framework, tracer 
particles are implemented in the cylindrical finite-difference RB code. In figure 4 examples are 
shown of trajectories of tracer particles, both for non-rotating (Ro = ∞) and rotating (Ro = 0.1) RB 
convection. Rotation clearly changes the structures of these trajectories and by collecting velocity, 
acceleration and temperature statistics of the particles the influence of rotation on flow structure 
and heat flux is investigated. Statistics measured near the center is compared to statistics measured 
near the horizontal plates in order to see the role of boundary layers. Moreover the statistics are 
compared to experimental results and a very good agreement is found. In collaboration with the 
PTV dataset from the accompanying PhD project (Rajaei) and with PTV-datasets from another 
project (concluded 5 years ago) on rotating turbulence (Del Castello) the role of rotation on curva-
ture and torsion of Lagrangian particle tracks in turbulence is being analysed. Finally, and as a 
next step (thermal) inertial particles with mechanical and thermal feedback on the flow are 
included in order to investigate whether the flow and heat flux can be influenced using these 
'active' particles. 
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Figure 4. Trajectories of tracer particles in cyldinrical Rayeligh-Bénard convection. In the left figure the non-

rotating case (Ro=∞) is shown and in the right figure the rotating case (Ro=0.1) is shown. 
 
In another numerical effort we performed two-dimensional simulations of Rayleigh-Benard con-
vection at Ra = 5e10 to show that vertical logarithmic mean temperature profiles can be observed 
in regions of the boundary layer where thermal plumes are emitted. The profile is logarithmic only 
in these regions and not in the rest of the boundary layer where it is sheared by the large-scale 
wind and impacted by plumes. In addition, the logarithmic behavior is not visible in the horizontal 
average. The findings reveal that the temperature profiles are strongly connected to thermal plume 
emission and support a perception that parts of the boundary layer can be turbulent, while others 
are not. The transition to the ultimate regime, in which the boundary layers are considered to be 
fully turbulent, can therefore be understood as a gradual increases in fraction of the plume-emit-
ting ('turbulent') regions of the boundary layer.  
Direct numerical simulations of turbulent thermal convection in a Pr = 0.7 fluid up to Ra = 1012 are 
used to study the statistics of thermal plumes. At various vertical locations in a cylindrical setup 
with aspect ratio Γ = width/height = 1/3, plumes are identified and their properties extracted. It is 
found that plumes are much less likely to be emitted from plate regions with large wind shear. 
Close to the plates, the plumes have a unimodal log-normal distribution, whereas at more central 
locations the distribution becomes weakly bimodal, which can be traced back to clustering of the 
plumes and influence of the large-scale circulation. The number of hot plumes decreases with 
height. The width of the plumes scales with Ra approximately as Nu−1, indicating that it is deter-
mined by the thermal boundary layer thickness.  
As already written in our last report, we extended our numerical simulations of turbulent convec-
tion to so-called double diffusion (DDC), in which both the temperature field and a concentration 
field are convected . For snapshots, we refer to figure 5. 
 

 
Figure 5: Vertical velocity field, salinity field, and temperature field for PrT = 7, PrS = 700, RaT = 106, RaS = 

108, Λ = 1.0. 
 
As for double diffusive convection (DDC) in the finger regime, which is the convection flow driven 
by an unstable salinity gradient and at the same time stabilized by an extra temperature gradient, 
we made substantial progress on understanding the dependences of the global responses on the 
flow control parameter and revealed several interesting characteristics of the flow. A highly effi-
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cient multiple resolution numerical method was developed, which is especially suitable for high-
Prandtl number convection flow. With more numerical simulations we expended significantly the 
explored phase space. For the Prandtl numbers similar to those of seawater, i.e. PrT=7 for temper-
ature and PrS=700 for salinity, our simulations cover a range of salinity Rayleigh number from 106 
to 1012. Based on the Grossmann-Lohse theory which is original developed for Rayleigh-Benard 
(RB) flow, we constructed a complete description for the scaling behaviours of three key responses, 
namely the non-dimensional salinity transfer rate, the heat transfer rate and the flow velocity. The 
model agrees with both our numerical results and the experimental results by Hage and Tilgner 
from Goettingen (Phys. Fluids 22, 076603 (2010)). 
 
We systematically studied the effects of the stabilising temperature gradient. Surprisingly, the 
results showed that when the two scalars have different molecular diffusivities, a stabilising tem-
perature gradient with moderate strength relative to the destabilising salinity gradient will 
enhance the salinity transfer even though the flow velocity becomes smaller. The reason is that the 
flow morphology changes from large-scale convection rolls as in RB flow to more organised salt 
fingers, which transfer salinity more efficiently. We also investigated the effects of different veloc-
ity boundary conditions, specifically the no-slip condition versus the free-slip condition. The for-
mer is inevitable in laboratory experiments while the latter is more close to oceanic finger layers. 
We showed that the salt-finger layers are insensitive to different boundary conditions, and the 
global responses follow similar scaling laws. Though the free-slip boundary condition allows 
stronger finger structures and the prefactors in the scaling laws are larger than those for the no-slip 
boundary condition. Moreover, the local dissipation rate can be higher near the free-slip bounda-
ries than those near the no-slip ones, which is caused by stronger motions of the fingers in the ver-
tical directions when one replaces the no-slip boundary conditions by the free-slip ones. These 
results suggest that the scaling laws discovered in experiments may be applied to real oceanic fin-
ger layers with re-evaluated prefactors. Besides, high dissipation rate may exist near the interior 
interfaces in oceans, which might be crucial to oceanic modelling. 
 
In the Geurts group, direct numerical simulations of rotating Rayleigh-Bénard convection have 
been performed with a spectral element method, Nek5000. For a visualization, see figure 6. The 
scaling of the Nusselt number with the Rayleigh number was observed to be largely independent 
of the rate of rotation, i.e., the Rossby number, in the studied parameter space (106 < Ra < 109). The 
results obtained with the spectral element method agreed well with those of the finite difference 
method, used in the Lohse-Verzicco group. 
 
To facilitate numerical simulations of the 'ultimate' regime of Rayleigh-Bénard convection, novel 
parallelization techniques have been explored. We have studied the possibility of parallelization in 
the time domain. Numerical experiments for a simplified fluid model suggest that parallel 
speedup is indeed feasible. A preliminary concept has been developed to extend the time-parallel 
algorithm to the Navier-Stokes equation, which would allow simulations of turbulent Rayleigh-
Bénard convection. 
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Figure 6: Numerical simulations of rotating Rayleigh-Bénard convection by Kooij et al., IJHFF (2015). 

 
2. Added value of the programme 
First of all, the added value of the programme can be seen from the many joint publications, see 
point 4 below.  
 
Obviously, in this programme we have built on the existing structures like the J. M. Burgers Center 
(Research School for Fluid Dynamics), within which we offer courses and classes for the PhD stu-
dents and postdocs, the EU-COST programmes (headed by Toschi), within which we offer dedi-
cated workshops on turbulence subjects (several per year), the EuHit programme (an EU initiative 
headed by our Goettingen partner Bodenschatz on large scale facilities in turbulence, in which 
Goettingen, Twente and Eindhoven are strongly involved – total volume about 7 Mio Euro), the 
3TU Center of Excellence on Fluid and Solid Mechanics, and the Euromech-colloquia on RB tur-
bulence, which Lohse has organized since 2003, starting in June 2003 with a Lorentz-Center work-
shop in Leiden, where nearly all consortium members were present, and continuing with the 
Trieste (2006) and Les Houches (2010) Colloquia. This series of colloquia was extended to TC flow 
(Bad Duerkheim (Germany), September 2011), and continued in Hongkong in December 2012. In 
June 2015 we had another of these workshops, also on both RB and TC turbulence, organized by 
our partners in Goettingen. The programme is shown here: 
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As seen, nearly 100% of the consortium is present and will talk.  
 
Also at the European Turbulence Conference (ETC) in Delft in late August 2015 the whole consor-
tium was present. Lohse is Chairman of the ETC-Board and BendiksJan Boersma (Delft) was local 
organizer. 
 
3. Personnel 
The numbers of the PhDs and postdocs refer to the project proposal. 
Goettingen:  
Dennis van Gils (PD 1) – finished meanwhile and now employed in Twente from local sources.  
Delft:  
Meilika Gül (PhD 3) and Stefan Zammert (PD 5) 
Twente PoF group:  
Yantao Yang (PD 4 and 2), Sander Huismann (PD 2 (sic!)), Rodrigo Ezeta (PhD 1), Xiaojue Zhu 
(朱晓珏) (PhD 4). PhD 7 will be filled by Alexander Blass from summer 2016 on.  
Twente Mathematics group: 
Gijs Kooij (PhD 5) 
TUE group: 
Rajaei (PhD 2), Alards (PhD 6), Joshi (PD 3) 
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4. Publications 
- Siegfried Grossmann, Detlef Lohse, and Chao Sun, Erwin P. van der Poel, Rodolfo Ostilla-

Monico, Roberto Verzicco, Siegfried Grossmann, and Detlef Lohse, Logarithmic mean 
temperature profiles and their connection to plume emissions in turbulent Rayleigh-B ́enard 
convection, Phys. Rev. Lett. 115, 154501 (2015) [5 pages].  

- Sander Haase, S. Jonathan Chapman, Peichun Amy Tsai, Detlef Lohse, and Rob G.H. 
Lammertink, The Graetz-Nusselt problem extended to continuum flows with finite slip, J. Fluid 
Mech. Rapids 764, R3 (2015) [12 pages].  

- Chong Shen Ng, Andrew Ooi, Detlef Lohse, and Daniel Chung, Vertical natural convection: 
application of the unifying theory of thermal convection, J. Fluid Mech. 764, 349-361 (2015).  

- Yantao Yang, Erwin P. van der Poel, Rodolfo Ostilla-Monico, Chao Sun, Roberto Verzicco, 
Siegfried Grossmann, and Detlef Lohse, Salinity transfer in bounded double diffusive 
convection, J. Fluid Mech. 768, 476-491 (2015).  

- Erwin P. van der Poel, Roberto Verzicco, Siegfried Grossmann, and Detlef Lohse, Plume 
emission statistics in turbulent Rayleigh-Benard convection, J. Fluid Mech. 772, 5-15 (2015).  

- Freja Nordsiek, Sander G. Huisman, Roeland C. A. van der Veen, Chao Sun, Detlef Lohse, and 
Daniel P. Lathrop, Azimuthal velocity profiles in Rayleigh-stable Taylor-Couette flow and 
implied axial angular momentum transport,  J. Fluid Mech. 774, 342-364 (2015).  

- Rodolfo Ostilla-Monico, Roberto Verzicco, and Detlef Lohse, Effects of the computational 
domain size on direct numerical simulations of Taylor-Couette turbulence with stationary outer 
cylinder, Phys. Fluids 27, 025110 (2015) [11 pages].  

- Johannes Luelff, Michael Wilczek, Richard J. A. M. Stevens, Rudolf Friedrich, and Detlef Lohse, 
Turbulent Rayleigh-B ́enard convection described by projected dynamics in phase space, J. 
Fluid Mech. 781, 276-297 (2015).  

- Rodolfo Ostilla-Monico, Roberto Verzicco, and Detlef Lohse, Effects of the computational 
domain size on direct numerical simulations of Taylor- Couette turbulence with stationary 
outer cylinder, Phys. Fluids 27, 025110 (2015) [11 pages].  

- Sander G. Huisman, Roeland C. A. van der Veen, Gert-Wim H. Bruggert, Detlef Lohse, and 
Chao Sun, The Boiling Twente Taylor-Couette (BTTC) facility: temperature controlled turbulent 
flow between independently rotating, coaxial cylinders,  Rev. Sci. Instr. 86, 065108 (2015) [11 
pages].  

- Yantao Yang, Rodolfo Ostilla-Monico, Erwin P. van der Poel, Detlef Lohse, and Roberto 
Verzicco, A multiple-resolution strategy for Direct Numerical Simulation of scalar turbulence, J. 
Comput. Phys. 301, 308-321 (2015).  

- Arnoud J. Greidanus, Rene Delfos, Sedat Tokgoz, Jerry Westerweel, Turbulent Taylor–Couette 
flow over riblets: drag reduction and the effect of bulk fluid rotation, Exp Fluids. 56, 107 (2015). 

- Arjang Alidai, Arnoud J. Greidanus, Rene Delfos, Jerry Westerweel, Turbulent Spot in Linearly 
Stable Taylor-Couette Flow, Flow Turbulence Combust. pp1-11 (2015). 

- Gijs L. Kooij, Mike A. Botchev, and Bernard J. Geurts, Direct numerical simulation of Nusselt 
number scaling in rotating Rayleigh–Bénard convection, International Journal of Heat and Fluid 
Flow, 55, 26-33 (2015). 

- Y. Yang, R. Ostilla Mónico, J. Wu, and P. Orlandi, Inertial waves and mean velocity profiles in a 
rotating pipe and a circular annulus with axial flow, Phys. Rev. E 91, 013015 (2015). 

- E. P. van der Poel, R. Ostilla-Monico, John Donners, and R. Verzicco, A pencil distributed finite 
difference code for strongly turbulent wall-bounded flows, Computers and Fluids 116, 10-16 
(2015).  

 
5. Valorisation and outreach 
There were various general audience talks on turbulence. In the context of bubble TC flow and 
drag reduction we also started a STW project with MARIN (Wageningen) and Dutch ship yards. 

http://pof.tnw.utwente.nl/people/profile/277
http://pof.tnw.utwente.nl/people/profile/43
http://pof.tnw.utwente.nl/people/profile/976
http://pof.tnw.utwente.nl/people/profile/975
http://link.aps.org/doi/10.1103/PhysRevE.91.013015
http://link.aps.org/doi/10.1103/PhysRevE.91.013015
http://pof.tnw.utwente.nl/publications/journal/4
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6. Vacancies 
The position of PhD seven will be filled again, namely by Alexander Blass (now Master student in 
Wisconsin), in summer 2016. 
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Fact sheet as of 1 January 2016 

 FOM - 13.0225/3 
 datum: 01-01-2016 
 
 
APPROVED FOM PROGRAMME 
 
 
Number 142. 
  
Title (code)  Towards ultimate turbulence (ULT) 
  
Executive organisational unit BUW 
  
Programme management Prof.dr. D. Lohse 
  
Duration 2013-2018 
  
Cost estimate M€ 2.4 
  
Concise programme description 
a. Objectives 
In contrast to a decade-old paradigm, highly turbulent flow is strongly influenced and determined 
by boundaries. An increasing amount of evidence suggests that different states of turbulent flow 
exist, separated by sharp transitions and bifurcations. This evidence makes it difficult to 
extrapolate results from lab-scale experiments to industrial, geophysical, or astrophysical flows. 
We want to examine experimentally, numerically, and theoretically if different states of turbulence 
exist, how they are triggered, and the nature of the transitions between them. We focus on 
turbulence in closed systems, namely on Rayleigh-Benard (RB) and Taylor-Couette (TC) 
turbulence. In these paradigmatic systems – thermally or shear driven, respectively – the interplay 
between boundary layers and bulk is particularly important. We especially want to understand the 
transition towards the so-called ultimate turbulent state, which for extremely strong driving has 
recently been found in both systems and was interpreted as an indication of the breakdown of 
laminar-type boundary layers.  
The objectives of the proposal thus are: 
1. To explore when there are different states of turbulence and how transitions between them 

occur. To study the role of boundary layers and how they interact with the bulk flow. What 
determines the state of the turbulent flow? What are the apt observables to characterize these 
states? Can one trigger a transition? 

2. To explore the ultimate regime of RB and TC turbulence, to understand the boundary layer – 
bulk interaction in this regime and the transition towards this regime. 

3. To push direct numerical simulations towards the ultimate turbulence regime in both TC and 
RB flow, which will allow for a one-to-one comparison between DNS and experiments. 

 
b. Background, relevance and implementation 
Turbulent flow is omnipresent. It is the standard type of flow for air and water at scales above the 
microscale. The strength of turbulence is defined by the Reynolds number, Re; the ratio between 
inertial and viscous forces. In geophysical, oceanographic, or astrophysical turbulence, Re is 
typically 1010 and larger. Neither in lab-scale experiments, nor in direct numerical simulations are 
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these numbers attainable. One has to somehow extrapolate the results from lab-scale experiments 
and simulations at lower Re to these large values. Such an extrapolation becomes meaningless if a 
transition from a turbulent state at low Re to another turbulent state at high Re occurs, or when 
different states coexist at the same Re. So, one must understand if there is a transition to another 
state and what the properties of the flow are below and above such a transition. 
The focus of the programme is on RB and TC turbulence, for many reasons: (i) They are 
mathematically well-defined by the (extended) Navier-Stokes equations with their respective 
boundary conditions; (ii) for these closed systems exact global balance relations between driving 
and dissipation can be derived; (iii) they are experimentally accessible with high precision, due to 
simple geometries and high symmetries; (iv) for possible transitions between different states, 
boundaries and boundary layers play a salient role, which are prominently present in these 
systems. RB and TC turbulence are thus ideal systems to study the interaction between boundary 
layers and bulk; and (v) a close analogy exists of RB and TC flow with pipe flow, which from a 
technological point of view may be the most important turbulent flow. Insight into the interaction 
between boundary layers and bulk in RB and TC turbulence will shed more light on the pipe flow 
problem. To achieve these objectives, we have to advance the level of experimental measurements 
and numerical simulations on RB and TC turbulence, to allow for one-to-one comparisons.  
 
 
Funding 
salarispeil cao tot 01-01-2016 
bedragen in k€ < 2015 2016 2017 2018 2019 2020 ≥ 2021 Totaal 

FOM-basisexploitatie 948 474 474 474 - - - 2.370 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 948 474 474 474 - - - 2.370 
 
 
Source documents and progress control 
a) Original programme proposal: FOM-12.1321 
b) Ex ante evaluation: FOM-12.1416 
c) Decision Executive Board: FOM-13.0220 
 
 
Remarks 
The final evaluation will be based on the self-evaluation report initiated by the programme leader 
and is foreseen for 2019. 
 
 
 
 
 vH par. HOZB 
 
 
Subgebied: 100% FeF 
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Historical overview of input and output 

 

Input personnel (in fte)  finances* (in k€ ) 
WP/V WP/T PhD NWP 

2013 - 1,0 0,5 - 92 

2014 - 2,8 4,0 - 349 

2015 - 3.2 6.2 - 551 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2014 - 7 12 - 

2015 - 15 59 - 

* After closing the financial year. 
 
 
PhD defences 
2014 
None. 

2015 
None. 

 
 
Patents (new/changes) 
2014 
None. 

2015 
None. 
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Overview of projects and personnel 

 
Workgroup FOM-D-36 

Leader Prof.dr.ir. J. Westerweel 
Organisation Delft University of Technology 
Project (title + number) Medium Taylor number TC turbulence (12ULT05)  
 
FOM employees on this project 
Name  Position Start date End date 
M. Gul PhD 1 September 2014 31 August 2018 
 
 
Workgroup FOM-E-23 

Leader Prof.dr. F. Toschi 
Organisation Eindhoven University of Technology 
Project (title + number) Rotating RB turbulence: numerics (12ULT04) 
 
FOM employees on this project 
Name  Position Start date End date 
K.M.J. Alards PhD 1 October 2014 30 September 2018 
 
 
Workgroup FOM-E-24 

Leader Prof.dr. H.J.H. Clercx  
Organisation Eindhoven University of Technology 
Project (title + number) Rotating RB turbulence: experiments (12ULT03) 
 
FOM employees on this project 
Name  Position Start date End date 
P.R. Joshi WP/T 15 April 2014 31 January 2016 
H. Rajaei PhD 1 September 2013 31 August 2017 
 
 
Workgroup FOM-T-03 

Leader Prof.dr. D. Lohse 
Organisation Twente University 
Project (title + number) RB & TC turbulence (12ULT01) 
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FOM employees on this project 
Name  Position Start date End date 
D.P.M. van Gils WP/T 1 September 2013 31 August 2015 
S.G. Huisman WP/T 15 November 2014 30 June 2015 
Y. Yang WP/T 1 May 2013 30 April 2016 
R.J. Beckert PhD 15 June 2014 28 February 2015 
R. Ezeta Aparicio PhD 15 November 2014 14 November 2018 
X. Zhu PhD 1 April 2014 31 March 2018 
 
 
Workgroup FOM-T-39 

Leader Prof.dr.ir. B.J. Geurts 
Organisation Twente University 
Project (title + number) Development of numerical methods for turbulence (12ULT02)  
 
FOM employees on this project 
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