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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 2014 
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 
Rayleigh-Benard (RB) turbulence and Taylor-Couette (TC) turbulence. In these paradigmatic sys-
tems – 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 (to 
appear in 2016) and out of our original publication Ostilla-Monico et al., JFM (2014). In fact, in that 
paper we calculated and understood the full phase space of TC turbulence, up to a Taylor number 
of Ta = 4.6·1010. The transition to the ultimate regime, in which asymptotic scaling laws (with loga-
rithmic corrections) for the torque are expected to hold up to arbitrarily high driving, was analysed 
for different radius ratios, different aspect ratios and different rotation ratios. It was shown that the 
transition is approximately independent of the aspect- and rotation- ratios, but depends signifi-
cantly on the radius-ratio. We furthermore calculated the local angular velocity profiles and visu-
alize different flow regimes that depend both on the shearing of the flow, and the Coriolis force 
originating from the outer cylinder rotation. Two main regimes were distinguished, based on the 
magnitude of the Coriolis force, namely the co-rotating and weakly counter-rotating regime domi-
nated by Rayleigh-unstable regions, and the strongly counter-rotating regime where a mixture of 
Rayleigh-stable and Rayleigh-unstable regions exist. Furthermore, an analogy between radius-ratio 
and outer-cylinder rotation was revealed, namely that smaller gaps behave like a wider gap with 
co-rotating cylinders, and that wider gaps behave like smaller gaps with weakly counter-rotating 
cylinders. Finally, the effect of the aspect ratio on the effective torque versus Taylor number scaling 
was analysed and it was shown that different branches of the torque-versus-Taylor relationships 
associated to different aspect ratios are found to cross within 15% of the Reynolds number associ-
ated to the transition to the ultimate regime. The work culminated in phase diagrams in the inner 
vs outer Reynolds number parameter space and in the Taylor vs inverse Rossby number parameter 
space, which can be seen as the extension of the famous Andereck et al. (J. Fluid Mech. 164, 155-
183, 1986) phase diagram towards the ultimate regime. 

The ultimate regime was also achieved experimentally in our Twente turbulent TC setup, one of 
the two core facilities of the programme. Here, the first conclusive evidence of multiple turbulent 
states for large Reynolds number Re = O(106) (Taylor number Ta = O(1012)) TC flow in the regime 
of ultimate turbulence was shown. The manifestation of multiple turbulent states was exemplified 
by providing combined global torque and local velocity measurements. The phase space spanned 
by the rotation rates of the inner and outer cylinder, fi and fo, respectively, was probed. For 0.17 < 
−fo/fi < 0.51 the system was found to be either in a turbulent state with high (8 Taylor vortices) or a 
low (6 Taylor vortices) torque required to drive the system, depending on the trajectory followed 
in phase space. This result verified the notion that bifurcations can occur in high-dimensional 
flows (i.e. very large Re), and it questions Kolmogorov’s paradigm that for strongly turbulent flow 
with its many degrees of freedom and its large fluctuations there would only be one turbulent 
state as the large fluctuations would explore the entire higher-dimensional phase space. 

The other core experimental facility is the so-called Goettingen U-boot to study turbulent RB. The 
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work is done by Dennis van Gils, postdoc in the programme and former PhD from Twente. In 2014 
we modified the two existing versions of the High-Pressure Convection-Facility (HPCF, called U-
boot) at the MPIDS in Göttingen. They contain two RB samples with the same diameter D = 1.1 m 
but different heights L = 1.1 and 2.2 m, corresponding to an aspect ratio of Gamma = 1.00 and 0.50. 
The main advancement of the new setup as compared to the old one is to include the installment of 
many additional thermistors, bringing the total to over 200 thermistors in order to probe the inte-
rior bulk temperatures at different vertical and radial locations. With the new data they provided 
we examined vertical and radial temperature profiles, the corresponding temperature fluctuations 
and power spectra. In order to gain access to even higher Rayleigh numbers, we also constructed a 
new RB cell, called HPCF-V, of the same diameter but of larger height L = 3.3 m, giving access up 
to Ra = 4 x 1015. We modified the high-pressure vessel known by extending its height by 1.7 m so 
that it can accommodate HPCF-V. This new facility allowed us to study the aspect ratio depend-
ence of the transition towards the ultimate state. 

We also constructed a rotating table which is able to carry a load of up to 2000 kg and thus can 
carry one of the HPCFs with Gamma = 0.5. With this table we plan to experimentally investigate 
the influence of global rotation on turbulent heat convection. The regimes that we can cover range 
from the convection dominated regime, towards the rotation influenced and rotation dominated 
regime, up to the geostrophic turbulent regime. The table can rotate at long-term-stable rates 
ranging from 0.01 to 2.00 rad/s. This facility passes 12 water circuits and > 300 electrical leads from 
the rotating to the laboratory frame. We tested the table inside the Uboot pressurized with 19 bars 
of SF6, and then installed HPCF-II (Gamma = 0.50) on the table and successfully tested all func-
tionalities at ambient pressure.  
 
The results on the study of the aspect ratio dependence of the transition towards the ultimate 
regime are currently being analyzed and written up. We are currently also installing rough plates 
(covered with pyramids of base 5x5 mm and height 5 mm) into the current HPCF-IV sample to 
experimentally investigate the effect of plate roughness on the heat transport and on the transition 
towards the ultimate regime.  
 
Corresponding rough-wall numerically simulations are done in Twente, both for RB and for TC. 
For RB a master thesis was written on this subject – the work is currently written up. A nice side 
effect is that we could recruit the master student as PhD student in the group on the turbulence 
subject – remarkably by the way on TC and experiments, making a double switch (the methods are 
of course very similar.) On TC we also did rough wall simulations. We used grooved walls up to 
inner cylinder Reynolds number of Rei = 3.76 × 104, corresponding to Taylor number of Ta = 
2.15×109. The simulations are performed at a fixed radius ratio η = 0.714. The grooves are axisy-
mmetric V-shaped obstacles attached to the wall with a tip angle of 90◦. Results are compared with 
the smooth wall case in order to investigate the effects of the grooved walls. In particular, we focus 
on the effective scaling laws for torque, flow structures and boundary layers. We find that, when 
the groove height is smaller than the boundary layer thickness, the torque is the same as that the 
smooth cases. With increasing Ta, the boundary layer thickness becomes smaller than the groove 
height. Plumes are ejected from tips of the grooves and a secondary circulation between the latter 
is formed. This is associated to a sharp increase of torque and thus the effective scaling law for the 
torque v.s. Ta becomes much steeper. Further increasing Ta does not result in additional slope 
increases, instead the effective scaling law saturates to the “ultimate” regime effective exponents 
seen for smooth walls. It is found that even if after saturation the slope is the same as the smooth 
case, the absolute value of torque is increased differently according to the different size of grooves. 
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Measurements on rotating turbulent RB convection are ongoing in the Goettingen Uboot facility 
using nitrogen at ambient pressure, focusing on the transition towards the geostrophic turbulent 
regime. At the end of 2015 the rotating RBC experiment will be installed inside the pressure vessel, 
the ‘Uboot’, which should allow us to probe the geostrophic turbulent regime at higher Rayleigh 
numbers and smaller Ekman numbers than ever achieved before. For lower Ra rotating RB 
experiments are also done at TUE in the group of Herman Clercx and GertJan van Heijst. Here the 
focus is on flow visualization with PIV and on Lagrangian tracking of particles, for which the 
groups of Clercx and Toschi also provide numerical simulations.  
 
Corresponding numerical simulations on rotating RB are done in collaboration between Twente 
and Eindhoven (namely Rudy Kunnen). A joint paper was submitted to JFM. It presents results of 
the first direct numerical simulations of rotating RB convection in the so-called geostrophic regime, 
(hence very small Ekman numbers O(10−7) and high Rayleigh numbers Ra = 1010 and 5 · 1010), 
employing the full Navier–Stokes equations. In the geostrophic regime the criteria of very strong 
rotation and large supercriticality are met simultaneously, which is true for many geophysical and 
astrophysical flows. Until now, numerical approaches of this regime have been based on reduced 
versions of the Navier–Stokes equations, omitting the effect of the viscous (Ekman) boundary 
layers. By using different velocity boundary conditions at the plates, we study the effect of these 
Ekman layers. We find that the formation of large-scale structures, which indicates the presence of 
an inverse energy cascade, does not take place when the Ekman layers are present (i.e., for no-slip 
plates). For very strong background rotation Ekman pumping is an important source of fluctua-
tions. This causes the heat transfer to be larger for no-slip boundary conditions as compared to 
stress-free boundary conditions. 

An unexpected extension of the programme was towards the so-called double-diffusion convec-
tion (DDC): Next to the temperature field, we also coupled a salinity field. This DDC is numeri-
cally studied for a series of parameters. The flow is driven by the salinity difference and stabilised 
by the thermal field. Our simulations are directly compared to experiments by Hage and Tilgner 
from Goettingen (Phys. Fluids 22, 076603 (2010)) for several sets of parameters and reasonable 
agreement is found. This in particular holds for the salinity flux and its dependence on the salinity 
Rayleigh number. Salt fingers are present in all simulations and extend through the entire height. 
The thermal Rayleigh number seems to have minor influence on salinity flux but affects the 
Reynolds number and the morphology of the flow. Next to the numerical calculation, we apply the 
Grossmann-Lohse theory for RB flow to the current problem without introducing any new coeffi-
cients. The theory successfully predicts the salinity flux both with respect to the scaling and even 
with respect to the absolute value for the numerical and experimental results. 
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Rajaram Lakkaraju, Federico Toschi, and Detlef Lohse, Bubbling reduces intermittency in turbu-
lent thermal convection, J. Fluid Mech. 745, 1-24 (2014). 
Joint Twente-Eindhoven publication which made the Cover of JFM. 
 
2. Added value of the programme 
The best way to express the added value of the programme is in the joint publications between dif-
ferent groups. The list under 4. shows various of such joint publications, in particular between 
TUE and UT (one even made the Cover of JFM, see figure above this section) and between 
Goettingen and UT. Also the joint work with the two external members of the consortium from 
Marburg (Prof. Siegfried Grossmann) and Rome (Prof. Roberto Verzicco, also part-time professor 
in Twente) is reflected in many joint publications.  
 
In addition to the joint publications, there are various other joint activities. Here 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 students and postdocs, the EU-COST programmes 
(headed by Toschi), within which we offer dedicated 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 turbulence, which Lohse has organized since 2003, 
starting in June 2003 with a Lorentz-Center workshop 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 (1st -5th of June) we have the next of 
such workshops, also on both RB and TC turbulence, and now 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.  
 
3. Personnel 
The numbers of the PhDs and postdocs refer to the project proposal. 
 
Goettingen:  
Dennis van Gils (PD 1) 
 
Delft:  
Meilika Gül (PhD 3) and Hannes Brauckmann (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). There was also the position of PhD 7 filled for a few months (Janis Beckert), but 
this PhD student could by far not fulfill the expectations and he followed our advise to quit the 
position after 5 months. This position will be refilled.  
 
Twente Mathematics group: 
Gijs Kooij (PhD 5) 
 
TU/e group: 
Rajaei (PhD 2), Alards (PhD 6), Joshi (PD 3) 
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4. Publications 
- Siegfried Grossmann, Detlef Lohse, and Chao Sun, High Reynolds number Taylor-Couette 

turbulence, Annu. Rev. Fluid Mech. 48, in press (2016). 
- 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 convec-
tion, J. Fluid Mech. 768, 476-491 (2015). 

- Erwin P. van der Poel, Roberto Verzicco, Siegfried Grossmann, and Detlef Lohse, Plume emis-
sion statistics in turbulent Rayleigh-Benard convection, J. Fluid Mech., in press (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., in press (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, Chao Sun, and Detlef Lohse, Multiple states 
in highly turbulent TaylorCouette flow, Nature Communications 5, 3820-3825 (2014). 
Note that when we published this article there was no publication charge yet (now 5000 Euro), i.e., no 
so-called ‘golden route’ yet, which indeed now is very golden for the owner of the Nature publishing 
group, which is “The Government of Singapore Investment Fond.” 

- Rodolfo Ostilla-Monico, Roberto Verzicco, Siegfried Grossmann, and Detlef Lohse, Turbulence 
decay towards the linearly stable regime of Taylor-Couette flow,J. Fluid Mech. Rapids 748, R3 
(2014) [11 pages]. 

- Richard J.A.M. Stevens, Detlef Lohse, and Roberto Verzicco, Sidewall effects in Rayleigh-
Benard convection, J. Fluid Mech. 741, 1-27 (2014). 

- Rajaram Lakkaraju, Federico Toschi, and Detlef Lohse, Bubbling reduces intermittency in 
turbulent thermal convection, J. Fluid Mech. 745, 1-24 (2014); see also the Cover of that issue. 

- Rodolfo Ostilla-Monico, Sander G. Huisman, Tim J.G. Jannink, Dennis P.M. van Gils, 
Roberto Verzicco, Siegfried Grossmann, Chao Sun, and Detlef Lohse, Optimal Taylor-Couette 
flow: radius ratio dependence, J. Fluid Mech. 747, 1-29 (2014). 

- Rodolfo Ostilla-Monico, Erwin P. van der Poel, Roberto Verzicco, Siegfried Grossmann and 
Detlef Lohse,Exploring the phase diagram of fully turbulent Taylor-Couette flow, J. Fluid 
Mech. 761, 1-26 (2014).  

- Rodolfo Ostilla-Monico, Erwin P. van der Poel, Roberto Verzicco, Siegfried Grossmann, and 
Detlef Lohse, Boundary layer dynamics at the transition between the classical and the ultimate 
regime of Taylor-Couette flow, Phys. Fluids 26, 015114 (2014) [12 pages]. 

- Siegfried Grossmann, Detlef Lohse, and Chao Sun, Velocity profiles in strongly turbulent 
Taylor-Couette flow, Phys. Fluids 26, 025114 (2014) [20 pages]. 

- Erwin P. van der Poel, Rodolfo Ostilla-Monico, Roberto Verzicco and Detlef Lohse, Effect of 
velocity boundary conditions on the heat transfer and flow topology in two-dimensional 
Rayleigh-Benard convection,Phys. Rev. E 90, 013017 (2014) [13 pages]. 

- Logarithmic Spatial Variations and Universal f^-1 Power Spectra of Temperature Fluctuations 
in Turbulent Rayleigh-Bénard Convection, X. He, D.P.M. van Gils, E. Bodenschatz & G. Ahlers, 
Phys. Rev. Lett. 112, 174501 (2014). 
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- Optimal Taylor-Couette flow: radius ratio dependence, R. Ostilla-Mónico, S.G. Huisman, 
T.J.G. Jannink, D.P.M. van Gils, R. Verzicco, S. Grossmann, C. Sun & D. Lohse, J. Fluid Mech. 
747, 1 (2014). 

- H.J. Brauckmann, B. Eckhardt, Intermittent boundary layers and torque maxima in Taylor-
Couette flow Physical Review E 87, 033004 (2014). 

- H.J. Brauckmann, B. Eckhardt, Direct numerical simulations of local and global torque in 
Taylor–Couette flow up to Re= 30 000, J. Fluid Mech 718, 398-427 (2014). 

- H.J. Brauckmann, B. Eckhardt, Direct numerical simulations of local and global torque in 
Taylor–Couette flow up to Re= 30 000, J. Fluid Mech 718, 398-427 (2014). 

- Kunnen, R.P.J. & Clercx, H.J.H. Probing the energy cascade of convective turbulence. Physical 
Review E 90, 063018 (2014). 

- Geurts, B.J. & Kunnen, R.P.J. Intensified heat transfer in modulated rotating Rayleigh-Bénard 
convection. International Journal of Heat and Fluid Flow 49, 62-68 (2014). 

- Geurts, B.J. & Kunnen, R.P.J. . Rotating turbulent Rayleigh-Bénard convection subject to 
harmonically forced flow reversals. Journal of Turbulence 15, 776-794 (2014).  

 
5. Valorisation and outreach 
There have been some press releases on our work: 
- https://www.ds.mpg.de/682231/2013_EuHIT_en 
- http://www.utwente.nl/nieuwsevents/2014/5/347489/waarom-vliegtuigen-weinig-hebben-

aan-turbulente-stromingen-in-het-lab 
 
6. Vacancies 
The position of PhD 7 should be filled again, once there will be an appropriate candidate. 
 
  

https://www.ds.mpg.de/682231/2013_EuHIT_en
http://www.utwente.nl/nieuwsevents/2014/5/347489/waarom-vliegtuigen-weinig-hebben-aan-turbulente-stromingen-in-het-lab
http://www.utwente.nl/nieuwsevents/2014/5/347489/waarom-vliegtuigen-weinig-hebben-aan-turbulente-stromingen-in-het-lab
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Fact sheet as of 1 January 2015 

 FOM - 13.0225/2 
 datum: 01-01-2015 
 
 
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 extrapo-
late 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 01-07-2012 
 
bedragen in k€ < 2014 2015 2016 2017 2018 2019 > 2020 Totaal 

FOM-basisexploitatie 474 474 474 474 474 - - 2.370 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 474 474 474 474 474 - - 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 en 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 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2014 - 7 12 - 

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

 

 
 
Patents (new/changes) 
2014 
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 
Programme Towards ultimate turbulence 
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 
Programme Towards ultimate turbulence 
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 
Programme Towards ultimate turbulence 
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 14 December 2015 
H. Rajaei PhD 1 September 2013 31 August 2017 
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Workgroup FOM-T-03 

Leader Prof.dr. D. Lohse 
Organisation Twente University 
Programme Towards ultimate turbulence 
Project (title + number) RB & TC turbulence (12ULT01) 
 
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 April 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 
Programme Towards ultimate turbulence 
Project (title + number) Development of numerical methods for turbulence (12ULT02)  
 
FOM employees on this project 
Name  Position Start date End date 
G.L. Kooij PhD 1 November 2013 31 October 2017 
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