
Simulation of L and H regimes for spherical tokamak Globus-M with 
ASTRA transport code 

 
I.Yu. Senichenkov1, V.A. Rozhansky1, A.V. Bogomolov1, V.K. Gusev2, N.V. Sakharov2, 

Yu.V. Petrov2, V.B. Minaev2, S.Yu. Tolstyakov2, M.I. Patrov2, F.V. Chernyshev2, 

B.B. Ayushin2, G.S. Kurskiev2 and the Globus-M team  

1St. Petersburg State Polytechnical University, 195251, St. Petersburg, Russia 
2A.F.Ioffe Physico-Technical Institute, St.Petersburg, Russia 

Introduction 

In recent years a reliable and reproducible L-H transition was achieved on the spherical 

tokamak Globus-M both with and without auxiliary heating (NBI) [1]. Below presented are 

the results of simulations performed with the help of the ASTRA transport code [2]. Special 

attention is paid to effective anomalous transport coefficients and to the radial electric field 

and its shear, which are, most likely, responsible for the anomalous transport suppression and 

the transport barrier formation. 

Model 

The transport model consist of continuity equation for plasma density, ion and electron 

energy balance equations and an equation for the poloidal flux solved together with the Grad-

Shafranov equation in a real geometry of spherical tokamak Globus-M. The boundary value 

of poloidal flux comes from the condition that the total plasma current should be equal to the 

measured one, and for conductivity used is neoclassical value calculated by the neoclassical 

code NCLASS [3]. The last close flux surface is set by its center , half-width in equatorial 

midplane , Shafranov shift , elongation 

0R

ba b∆ bλ  and triangularity bδ . These values are taken 

from the equilibrium reconstruction performed with the help of EFIT code, subscript b  

denotes boundary values. For certain regime (L- or H-mode) a steady-state solution has been 

obtained; the transport coefficient were fitted in such a way that the density and temperature 

profiles and the loop voltage agree with experimental data (Thomson scattering data for  

and , neutral particle energy analyzer data for central ) 

eT

en iT

L-mode 

Modeling is performed for typical Globus-M discharge #19518 (plasma current 

 MA,  T), in which NBI heating (  kW, neutrals of energy 2.0≈pI

25≈NE

4.0≈torB

 keV are launched in a m

450350−≈NBIP

urrent direction)idplane in a co-c  was applied after the 
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Ohmic L

 fitted density and temperature profiles are shown in 

Figs. 

-mode phase (see also [3]). 

For the L-mode measured and

1 and 2, the corresponding transport coefficients – in Fig. 3. The normalized minor 

radius is defined as baa , where a  is a half-width of flux surface in a midplane, ba  is its 

boundary value. 
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Figure 1. 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0

2

4

6

8

10

12

14

16

18

20

L-mode

χ
e

χ
i

D

D
, χ

e, 
χ

i  
(m

2 /s
)

Normalized minor radius
Figure 3. 

Figure 2. 

It is demons at in the L-mode 

the p

The calculated energy confinement time 

trated th

article and electron energy transport are 

anomalous with an effective diffusion 

coefficient of the order of /sm 2 2  and 

electron heat conductivity coefficient of the 

order of /sm ) 2018( 2− . The ion energy 

transport was described using NCLASS [3] 

and the ion heat conductivity coefficient for 

Globus-M was of the order of /sm  2)-1( 2 . 

ms 9. is consistent with the ITER r 1=Eτ  scaling fo

ectric field

ntal and calculated discharge parameters and transport coefficients for H-

mode

together with laser points and a projection of the neutral beam. 

L-modes [4]. Note that the neoclassical el  and its shear (see Figs. 4 - 5) in the L-

mode near the separatrix are of the same order as those in the typical L-mode shots in 

ASDEX-Upgrade and MAST [5], i.e. the value of shear is below the L-H transition threshold. 

H-mode 

Experime

 are shown in Figs. 6 - 8. Radial neoclassical electric field and its shear for both L- and 

H-modes are shown in Figs. 4 and 5. Figure 9 demonstrates the equilibrium flux surfaces 
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Figure 4. 
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Figure 5. 
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Figure 7. 

One can see that in the H-mode with 

NBI auxiliary the ion heat 

condu

rved for the electron 

The calculated energy confinement time is 

heating 

ctivity remains neoclassical and no 

barrier is formed for the ion temperature. 

The particle diffusion coefficient is reduced 

up to the values /sm  0.7)-5.0( 2  inside the 

transport barrier near the separatrix. No 

barrier is obse

temperature profile. 

ms 8.4=Eτ , while ms  7.5=yIPBτ . )2,(98

Discussion 

llowed mainly by the transport barri ormation 

for particle flux. It is accompanied by an increase of the electric field shear, which coincides 

with n of the turbulent transport suppression. The L-H transition starts when the 

One can see that L-H transition is fo er f

the conceptio
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powe

 and therefore the ion power source 

de stability criterion  kPa [4]. 

r in the ion channel exceeds the transition power threshold. According to the 

international database [4] for Globus-M it is 70≈LHP  kW. The calculated power balance in 

the L-mode is the following: 390=OHP  kW, the electron-ion power exchange is 24=eiP  

kW. In the H-mode 300≈OHP  kW, the absorbed NBI power is 

NBI
i
NBI

e
NBINBI

100≈+= NBIeii PPP  kW is indeed w e the threshold. The calculated pedestal pressure 

ped
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Figure 9. Equilibrium flux surfaces in H-mode. Bars show laser 

poins, rectangle – the projection of NB. Lengths are in meters. 

Good agreement between 

lasma edge requires rise 

of the

exist in reality, 

calculated loop voltage (  V, V, 

pla
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measured and calculated profiles 

at the p

 transport coefficients up to 

/sm  40, 2≈eD χ  outside the 

barrier both for L- and H-modes, 

which most probably does not 

especially for H-

mode. This inconsistency is 

probably related to the deviation 

between measured and

36.1) =H
alc  V, 41.1)(

exp =HU  V) and 

ed. 

7.1)( =L
calcU 9.1)(

exp =LU  (
cU

sma total stored energy. Further investigations are requir
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