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RESEARCH ACTIVITIES IN 2006
c6) MHD turbulent transport in plasmas

(i) MHD convection and turbulence (in collaboration with ULB):

(i-a) MHD Flow and Heat Transfer: The magnetic field effects on the flow and heat transfer of liquid metals in pipes and annuli are of importance for fusion technology [Muehler &  Buehler, Magnetofluid-dynamics in channels and containers, Springer, 2001]. A suitable MHD fully convective CFD model in a 3D cylindrical geometry has been developed [Sarris et al., Intl. J. of Heat & Mass Transfer, Vol. 48, pp. 3443-3453, 2005]. 


Results of MHD flow of an electrically conducting viscous fluid in a pipe and an annulus for Re up to 100 and a range of Ha up to 10 were obtained. While an external uniform and transverse magnetic field was applied, the walls were assumed electrically conducting in contrast to our study in 2005 with insulated walls. The MHD fully convective CFD model in a 3D cylindrical geometry included a variety of boundary conditions and external magnetic fields. Modelling of MHD turbulence is also being considered. [See ANNEX I].
c6) MHD turbulent transport in plasmas (cont’d)

(i) MHD convection and turbulence (in collaboration with ULB):

(i-b) Direct Numerical Simulation of MHD Turbulence: A number of problems involve heat transfer in cylindrical tanks under magnetic field effects. The process involves thermal boundary layer formation, thermal intrusion and stratification [Lin W. & Armfield S., “Direct simulation of natural convection cooling in a vertical circular cylinder”, Int.  J. Heat and Mass Transfer 42, p. 4117, 1999]. 


A direct numerical simulation was performed to study the natural convection flow in a concentric cylinder, at several Rayleigh and Hartmann numbers for an aspect ratio H = 3. The buoyant convection is driven by a temperature difference between the inner and outer walls, with the inner wall at lower temperature, while an external transverse magnetic field is imposed. [See also S. Kakarantzas et al. ECOS2006, Crete, Greece, 12-14 July 2006]. Continued with the direct numerical simulations of MHD turbulence in the presence of mean shear in order to understand the complex MHD phenomena that could be found in fusion devices.
c6) MHD turbulent transport in plasmas (cont’d)

(ii) Stability Analysis of MHD Flows: Rayleigh Bernard convection in a cavity exhibits 2D recirculation rolls in a direction perpendicular to the plane of the imposed magnetic field and gravity [N. Pelekasis, Physics of Fluids,2006, also Sarris et al. Intl J. of Heat & Mass Transfer, vol. 48, pp. 3443-3453, 2005]. However, it has been observed experimentally (Burr & Muller JFM, 2002) in a differentially heated cavity that the preferential direction of the developed quasi 2D vortices is that aligned with the magnetic field. Based on our numerical methodology developed in 2004-05 for 2D flow in a rectangular cavity, the 3D linear stability of the fully developed velocity field, whether forced or free convection, can be investigated numerically, allowing for non-vanishing velocity components in the spanwise direction and, subsequently, for conducting walls and circular cross section. The flow is 3D, but the three velocity components depend only on coordinates defined on the cross section.
The 3D formulation for the stability analysis of steady state solutions obtained for free convection in a square cross section of a long duct, subject to a magnetic field was finalized. The base flow solution [N. Pelekasis, Physics of Fluids (2006)] is characterized by two recirculation cells extending along the longitudinal duct direction. The emergence of 3D structures with the vortices aligned with the magnetic field, developing periodically in the longitudinal direction, was investigated. The methodology for eigenvalue calculations via the Arnoldi method was tested  and optimised. The wave-number for which neutral stability with respect to the above disturbances is achieved, is sought for.

c6) MHD turbulent transport in plasmas (cont’d)
(iii) CFD Modelling MHD Rotating Flows in Shells (in cooperation with FZK):
The flow of liquid metals driven by a rotating disk in a cylinder is of technological interest. Some researchers claim that this flow cannot be axisymmetric, because even small geometry imperfections can change its structure to 3D [Starchenko S., Physics of Fluids, Vol. 10, pp. 2412-2420, 1998, and Klaricha A. et al, Intl. J. of Heat & Mass Transfer, Vol. 47, pp. 1997-2014, 2004]. In the presence of a magnetic field, hydrodynamic perturbations can be stabilized, thus leading to axial symmetry. The goal is to assess the influence of magnetic fields on the corrosion of liquid metals on walls. It is assumed that the corrosion is controlled by the near-wall hydrodynamics, which is turn can be controlled by an external magnetic field.

Study of MHD steady laminar flow of a liquid metal driven by a rotating disk in a cylinder subjected to axial magnetic field. The Rem was assumed very small but the induced magnetic field was taken into account. The effect of the fluid and wall electrical conductivities and the wall thickness were studied [See ANNEX II]. The mechanism of parallel jet formation in MHD flows resulting due to counter-rotation conducting metal disks or spheres in cylindrical or spherical shells with conducting walls was studied. Comparisons with analytical solutions valid for regions of high and low Ha. Investigation of the flow of conducting fluids and of the electric behaviour of finite conductance. Development and incorporation of high-order accuracy numerical schemes in a CFD code for 3D MHD flows.

c7) Discrete kinetic models for transport
Background and Objectives: Discrete lattice kinetic (LK) simulations provide a meso-scale, kinetic type description of transport properties using kinetic model equations. The advantage arises from avoiding expensive computations present in microscopic and macroscopic descriptions. These benefits are compounded by the inherent linear, local and highly parallelized nature of kinetic descriptions. Numerical schemes have successfully tackled 3-D MHD flows and show that realistic plasma flows can be investigated [G. Breyianis and D. Valougeorgis, Physical Review, 2004; Computers & Fluids, 2006]. In addition, a hybrid thermal flow module has been developed and applied to simulate non-isothermal MHD flows. Most important, the LK3D code has been recently modified to simulate MHD dissipative flows in toroidal geometry [G. Breyianis and D. Valougeorgis, 33rd EPS Conf. on Plasma Physics, 2006]. In addition, over the years certain theoretical advancements on numerical issues related to the convergence speed of the lattice kinetic schemes have been accomplished [S. Naris and D. Valougeorgis, SIAM – JSC, 2003; Physica A, 2004; Superlattices and Microstructures, 2004; Lyhnaropoulos et al, 19th Intl Conf. on Transport Theory, 2005]. It is expected that this accumulating experience will greatly advance the efficiency of our lattice kinetic approach in MHD and fusion plasma simulations. Furthermore, the LK formulation is not restrained to continuous flows but proves quite effective in simulating gas flows under low, medium and high vacuum conditions. This is an interesting issue since vacuum flows are strongly connected to several subsidiary systems of a fusion reactor. 

c7) Discrete kinetic models for transport (CONT’D)
Based on the in-house LC3D code, we are reproducing the results of the ENEA - Frascati, MHD solver in toroidal geometry. Then, we will proceed with a thorough and detailed comparison followed by an effort to establish an interface between the LC3D nonlinear MHD code and the Frascati PIC solver of the HMGC (Hybrid MHD Gyrokinetic Code). The objective is to move to a more efficient field solver for long time simulations. The activity is in the early stage of its development. Our work is along the lines of the Integrated Tokamak Modeling Task IMP5-T11: “Code development for global stability analyses of AE and EPM in realistic geometries and in the presence of non-perturbative fast ion excitations”.
Our work related to the implementation of a kinetic-type approach to fusion vacuum systems is well under way. Our team has accumulated experience to model vacuum flows in cylindrical tubes and orthogonal ducts in the whole range of the Kn number. At this point we extend our existing computer codes for solving vacuum flows via kinetic theory to the more general case of channels with various cross sections under low, medium and high vacuum. Our results will be compared with the corresponding experimental and numerical results of the Vacuum Pumping Task Force of FZK.
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Annex I:
CFD modelling of MHD flows in pipes and annuli: Electrically conducting walls (S.. Kakarantzas, I. Sarris, A. Grecos and N. Vlachos, U of Thessaly)
Annex II:
Influence of magnetic field and conductance ratio on the mass transfer in a rotating lid-driven MHD flow (D. Fidaros, A. Grecos and N. Vlachos, U of Thessaly)
Mobility of UTH Researchers in 2006

Jan 2006 - S. Kakarantzas Direct numerical simulation of MHD turbulence (ULB, Prof. D. Carati)
Oct. 2006 – S. Varoutis Vacuum Pumping Task Force (FZK, Dr. C. Day)
Nov 2006 – D. Fidaros Modelling MHD flows in rotaing shells (FZK, Dr L. Buehler)
5th School and Workshop on Fusion Physics and Technology
The 5th School & Workshop on Fusion Physics & Technology was held in Volos, 10-24 April 2006. During this 5-day school, a series of lectures were given by distinguished visiting scholars (Bartlett, Huysmans, Papastergiou, Tavassoli, Watkins, Weyssow), as well as by the scientific personnel of the Association. In addition, parallel Poster sessions were devoted to the presentation of the current research activities of the participating Research Teams. The audience consisted of graduate students and young scientists (mostly, affiliated with the Research Unit), as well as students interested to participate in fusion activities.
publications in the framework of the Fusion program (2006)

1. I. E. Sarris, G. Zikos, A. P. Grecos and N. S. Vlachos, On the limits of validity of the low magnetic Reynolds number approximation in MHD natural convection heat transfer, Numerical Heat Transfer: Part B – Fundamentals Vol. 50(2), pp. 157-180, 2006.
2. N. Pelekasis, Bifurcation diagrams, linear stability analysis and dynamic simulations of free convection in a differentially heated cavity in the presence of a magnetic field, Physics of Fluids (2006), 18 (3), art. no. 034101. 

3. G. Breyiannis and D. Valougeorgis, Lattice kinetic simulations in 3D MHD turbulence, Computer and Fluids, 32, 920-925, (2006).
4. G. Breyiannis and D. Valougeorgis, Lattice kinetic schemes in toroidal geometry, 33rd Conference on Plasma Physics, Rome, 2006.

5. S. C. Kakarantzas, A. P. Grecos, N. S. Vlachos, I. E. Sarris, B. Knaepen, D. Carati, Direct numerical simulation of an efficient configuration for fusion heat removal blankets, ECOS2006, Crete, Greece, 12-14 July 2006. Energy Management & Conversion, 2006, under review
6. C. Day, V. Hauer, G. Class, D. Valougeorgis and M. Wykes, Development of a simulation code for ITER Vacuum Flows, 21st Fusion Energy Conference, Chengdu, China (2006).

7. S. Varoutis, D. Valougeorgis and F. Sharipov, The integro-moment method applied to two-dimensional rarefied gas flows, 25th Rarefied Gas Dynamics, St. Petersburg (2006).





































� EMBED PBrush  ���


























[image: image3.jpg]


_1110719423

