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Abstract 

 

Improvement of Coupled Core-Edge Modelling 

Package for Analysis of Double Null and 

Snowflake Divertor Configurations 

 

Lee, Jaegon 

Department of Energy Systems Engineering 

Seoul National University 

 

A coupled core-edge modelling package including a mesh generator, VEGA, 

and a plasma transport solver, C2, is improved for analysis of the general 

Double Null (DN) and snowflake divertor configurations in a tokamak. Among 

the DN configuration, the Disconnected Double Null (DDN) configuration is 

commonly formed from the Connected Double Null (CDN) configuration 

because of the difficulty of yielding the same value at both X points. For the 

purpose of reducing heat loads to the divertor target, the snowflake divertor 

configuration is suggested recently. The mesh generator VEGA is upgraded to 

VEGA2.0 in order to generate a grid of these magnetic configurations. To 

achieve this goal, VEGA is reconstructed in C++ program language and 

modified to deal with the twisted grid and the first points finding algorithm. 

VEGA2.0 is benchmarked with VEGA for a reference connected double null 

(CDN) of KSTAR plasmas and evaluated with the grid quality factors. It shows 

that VEGA2.0 provides a better grid with respect to the low radial flux 
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deviation in the boundary region of the computational domain. Also, the grid 

for the DDN and the snowflake divertor configurations in both KSTAR and 

VEST are successfully generated. A bridge code is developed for coupling 

VEGA2.0 to C2. In this code, the created grid matrix in VEGA2.0 is separated 

with respect to the separatrix line drawn from the X points and reallocated for 

the C2-preferred input format. This bridge code also adds one-dimensional data 

to obtain the magnetic surface averaged current profile and the diffusivity of 

heat and momentum. As a result, a coupled core-edge modelling package is 

prepared for analysis of both DDN and snowflake divertor configurations. The 

results of a coupled plasma transport simulation with the DDN configuration 

are presented. 

 

Keywords:  core-edge coupled tokamak modeling, adaptive grid, grid 

generator, two dimensional tokamak transport, disconnected 

double null configuration, snowflake divertor configuration, mesh 

quality, numerical code. 

 

Student Number: 2014-22726 
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Chapter 1  

Introduction 

 

1.1 2-D Core-Edge Coupled Tokamak Plasma 

 

Tokamak plasma is a complex interlinked system which shows various 

phenomena. In those, confinement mode transition caused by the edge transport 

barrier formation, magnetohydrodynamic (MHD) activities, such as Edge-

Localized Modes (ELMs) and Multifaceted Asymmetric Radiation From the 

Edge (MARFE), and Poloidal asymmetry due to gas fueling or impurity puffing 

are two-dimensional (2-D) coupled phenomena of core, edge region, and 

Scrape-Off Layer (SOL) [1]. These phenomena have some characteristics and 

two of which are as follows. First, the particle transport in the core region and 

in the edge/SOL region are different. In the core region, the plasma temperature 

and the density diffuse rapidly on the magnetic surfaces due to the strong 

parallel transport along the field lines. Therefore, the plasma transport in the 

core region can be treated as surface averaged one-dimensional (1-D) transport 

[2]. On the order hand, in the edge/SOL region where the plasma perpendicular 

transport becomes comparable with the parallel transport in the magnetic 

surface, the plasma is described as 2-D [3]. 

Next characteristic of the above phenomena is that the plasma equilibrium 

can evolve dynamically in time. Among various magnetic configurations, a 
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Disconnected Double Null (DDN) configuration is commonly formed from a 

Connected Double Null (CDN) configuration due to the difficulty of yielding 

the same value at both X points in this time-evolving plasma [4].  

An important issue of tokamak plasmas is to reduce the heat flux of the 

divertor target plates. For this purpose, a snowflake divertor configuration is 

proposed in which the secondary X-point is superimposed on the existing X-

point [5]. The feature of this configuration is that the magnetic flux is a second 

order at the magnetic null, so-called the X-point, and the four separatrix lines 

extend from the X-point to the divertor. 

Therefore, when designing a plasma transport simulation code, first, it is 

necessary to be able to simulate the 2-D phenomena over the core-edge coupled 

region. Next, the computational domain of this code should be changed to 

accommodate this various plasma equilibrium discussed above. 

Many integrated modelling codes have been developed to deal with these 

issues such as OMFIT [6], ITM [7], and JINTRAC [8] as shown in the Table 

1.1. The main characteristic of these codes is that they combine two different 

codes. The 2-D plasma profile is calculated by the coupling codes of 1-D core 

code and the 2-D code for the edge/SOL region.  

 

 

Table 1.1. Examples of the integrated plasma transport modelling code.  
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On the other hand, a 2-D time-varying plasma transport code, C2, is 

developed to analyze the plasma transport in 2-D from the edge/SOL to the core 

region simultaneously [9]. C2 uses the inherent multi-fluid MHD equations 

with the modified neoclassical diffusivities available both in core and edge/SOL 

regions. The density, temperature, and fluid velocity of the plasma in the 

evolution of time can be obtained from C2 for the given input grid of the core 

and edge / SOL regions. However, this causes a problem that the input grid is 

not changed in time until the simulation is finished, even though the plasma and 

its equilibrium are changed which is not realistic. Therefore, a mesh generator 

capable of flexibly adapting to the change of the plasma is required. 

 

1.2 2-D Adaptive grid generator, VEGA 

 

A VEctor-following Grid generator for Adaptive mesh, VEGA [10], is 

developed to cover the needs of adaptive grid generator for C2. Its 

characteristics are as follow. First, VEGA creates a grid for a plasma solver 

which uses the Finite Volume Method (FVM). This grid is a field aligned quasi-

orthogonal structured mesh with the distribution controlled by users such as 

uniform or non-uniform grid distribution. And VEGA automatically 

determined the plasma configuration by searching the magnetic null points and 

field structures. The available configurations are a single null (SN) and CDN. 

However, VEGA has several limitations. The first one is that VEGA cannot 

generate the DDN and snowflake divertor configuration. Next limitation is that 

VEGA lacks of flexibility in the computational aspect. VEGA is coded in 

MATLAB [11]. MATLAB is a great tool in analysis but it is heavy and 
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inefficient because it loads every functions and module to read each line. By 

nature of the grid generator, VEGA must be connected with other plasma 

transport simulation code. From this point of view, MATLAB is not an 

appropriate platform for linking with other code. Besides, VEGA doesn’t have 

system layout. So the variables in VEGA are floated in the MATLAB program. 

This undocumented system structure leads to difficulties in understanding and 

maintenance of the code. Finally, VEGA has never been coupled with other 

transport codes for the above reasons.  

 

1.3 Objects and scope of this numerical work 

 

The objects in this thesis are improving the 2-D coupled core-edge plasma 

transport simulation package that has the capability mentioned above. To do 

this, the mesh generator, VEGA, is upgraded and connected with the 2-D 

plasma transport code, C2. To be specific, in order to overcome the limitations 

of VEGA, the code is moved to a suitable platform and manipulated the internal 

functions to create a grid of DDN and snowflake divertor configurations. 

After upgrading VEGA, an intermediate coupling code is developed to 

connect this VEGA with C2. From this coupling code, the output grid of the 

upgraded VEGA will be converted into the input grid files of C2 to perform the 

plasma transport simulation by unifying the grid formats between two codes 

and adding other data that C2 needed.  

The 2-D coupled core-edge plasma transport simulation package thus 

prepared is verified and the simulation of the DDN configuration, one of the 
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mentioned new configurations, is performed with this. 
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Chapter 2  

Upgrade of Mesh Generator 

 

In this chapter, the several approaches for upgrading VEGA to VEGA2.0 

are introduced. Firstly, in section 2.1, the code is completely reconstructed in 

C++ program language. By doing so, the data structure and system layout are 

changed to make VEGA2.0 efficiently and easy to understand. In section 2.2, 

modifications of original code are conducted. The constraint for untangling the 

twisted mesh is changed for smoothing the compression or expansion effects in 

the grid near an X-point or a divertor plate. Plus, the first points finding 

algorithm is modified to deal with the various magnetic null configuration. 

After that in section 2.3, several criterions for classifying the DDN and 

snowflake divertor configurations are added to VEGA2.0. In section 2.4, the 

reconstructed grid generator VEGA2.0 shows the benchmarking results with 

the former VEGA by the grid quality factor. Also, the results of a grid for DDN 

and snowflake divertor configurations are presented. 

 

2.1 Re-construction in C++ program language 

 

A mesh generator, VEGA, was developed in the platform of MATLAB 

which is quite unappropriated for using in Linux based system. Therefore, for 

the purpose of building a plasma modelling package, VEGA should be 
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reconstructed in order to be a high coherent code. C++ programming language 

is chosen for this reconstruction since C2 is coded in this language. Through 

this re-construction process, several properties in the program structure are 

changed. 

Firstly, the data structure is organized. Due to the essential nature of the 

programming language, VEGA and VEGA2.0 have different data structures, 

respectively as shown in Figure 2.1. The variables in the former VEGA are 

floated in the code separately. So, users must give and take every variable when 

they use functions in the code. This makes the codes inefficient and difficult to 

read. In VEGA2.0, this problematic structure is organized through classifying 

the variables by their characteristics and making groups to communicate the 

variables easily.  

Secondly, the system layout is established by adding input and output 

sequences respectively before and after the main grid generation process (see 

Figure 2.2). VEGA2.0 is able to communicate its data with other plasma codes 

through this added sequences. 
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Figure 2.1 Schematic view of data structure of both former VEGA and 

VEGA2.0 

 

 

 

Figure 2.2 Schematic view of system layout in VEGA2.0. The declaration of 

variables and memory allocation are newly added in front of the main part and 

the post-processing and writing output mesh part are added after. 
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2.2 Modification for flexibility 

 

In the progress of code re-construction, many functions in VEGA are 

modified in order to work adequately. Among those modifications, the change 

of the constraint for twisted grid points and the first point finding algorithm are 

significant. 

 

2.2.1 Constraints for twisted grid points 

 

VEGA uses normal vector tracing method to expand the mesh from the 

separatrix line [10]. During this expansion, especially near X points or divertor 

plates, some grid points are twisted because of the narrow angle. A constraint 

is employed to avoid this problem through moving the problematic point to a 

location of near the adjacent grid points. However, this movement of a certain 

point causes a sudden compression and expansion of the mesh locally. 

Therefore, the constraint is modified to a functional form as below because this 

local compression and expansion of the mesh can collapse the orthogonality 

nearby grid. 

 

𝑉𝑛𝑒𝑤 = (1 − 𝑤)𝑉𝑜𝑙𝑑 + 𝑤 ∙ 𝑉𝑏𝑜𝑢𝑛𝑑𝑎𝑟𝑦 

𝑤 =
1

2
(1 + 𝑒𝑟𝑓(𝑁𝑐 − 𝑃𝑖)) 

 

where 𝑉𝑛𝑒𝑤 , 𝑉𝑜𝑙𝑑 , 𝑉𝑏𝑜𝑢𝑛𝑑𝑎𝑟𝑦 are the direction vectors as shown in Figure 
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2.3, w is a weighting factor which consists with the error function as shown in 

the equation, 𝑁𝑐 and 𝑃𝑖 are the control and position number respectively. A 

new grid point is generated in the direction of 𝑉𝑛𝑒𝑤 which is a combination of 

the original normal vector, 𝑉𝑜𝑙𝑑  and the boundary vector, 𝑉𝑏𝑜𝑢𝑛𝑑𝑎𝑟𝑦 . With 

proper number of 𝑁𝑐, the weighting factor w is diminished rapidly away from 

the boundary vector. 
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Figure 2.3 Schematic cartoon of a computational domain with a separatrix line 

and several boundary vectors associated with X-points and divertor plates. The 

new normal vector is consisted with these boundary vectors and the original 

normal vector.  
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Figure 2.4 Schematic view of grid points around the X-point with dotted 

separatrix lines. As an example, the first points are marked with red circles on 

the searching area. 

 

 

Figure 2.5 A comparison graph of poloidal magnetic field in the CDN and 

snowflake divertor configurations. Near the null point (X-point), the snowflake 

divertor configuration has a broader null region.  
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2.2.2  Enhanced first points finding algorithm 

 

VEGA uses vector-following method to generate the grid along the 

direction of the magnetic field. However, near the X-point, it is hard to get grid 

points in that way because the magnetic field is almost unchanged in zero. 

Therefore, the first points of the separatrix line from X-point are calculated in 

the first point finding algorithm by the linear interpolation in the searching area 

[10]. 

However, the searching area and the available number of the first point are 

limited in VEGA. It is not only causing a high numerical error but also leading 

to the loss of scalability to other magnetic configurations such as the snowflake 

divertor configuration. In VEGA2.0, the available first points are enlarged to 

12 from 4, and the searching area is expanded to 9 cells from 4 cells as shown 

in Figure 2.4. In addition, in order to secure the numerical accuracy for 2nd 

order magnetic null of snowflake divertor configuration as shown in Figure 2.5, 

the searching area can be expanded further depending on the poloidal magnetic 

field configuration. 

 

2.3 Expansion of available magnetic configurations 

 

Through the upgrade including the above modifications, VEGA2.0 is able 

to generate a grid for the general magnetic configurations including DDN and 

snowflake divertor configurations. But there are several conditions to be 

determined, such as classification of magnetic configurations and allocating the 
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number of the grid to each region. 

 

2.3.1 Disconnected double null configuration 

 

The classification is conducted when the difference of magnetic flux, ψ, 

between the X points is larger than a step size of the core grid in the double null 

configuration. Then, VEGA2.0 determines the configuration as DDN 

configuration case and generates each computational region as shown in Figure 

2.6. By comparing with the CDN case, the Scrape-Off Layer (SOL) region is 

divided into active and inactive SOL according to the classification of active X 

point and inactive X point. The number of grid for the active SOL is allocated 

from that of adjacent private region by their ψ value ratio. 

 

2.3.2 Snowflake divertor configuration 

 

VEGA2.0 merges the X point with the secondary X point if they are within 

a cell and two more separatrix lines are formed from this merged 2nd null X 

point as shown in Figure 2.7. Therefore, VEGA2.0 classifies the snowflake 

divertor configuration if this number of separatrix line is 6 per each X point. In 

this configuration, the newly formed regions are treated as a private region 

including grid allocation.  
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Figure 2.6 Schematic view of the DDN configuration and enlarged divertor 

plates. The SOL region is divided into an active SOL and an inactive SOL. 

Likewise, the private regions are classified into private 1 and 2. 

 

Figure 2.7 Schematic view of the snowflake divertor configuration. 6 separatrix 

lines are stretched out from the X-point. 2 more divertor is placed.  



 
16 

 

2.4 Grid generation results of various magnetic 

configurations 

 

VEGA2.0 is validated in two ways. First, the result of VEGA2.0 is 

compared with that of the former VEGA with a same plasma equilibrium data 

provided by a free boundary MHD equilibrium code, Tokamak Equilibrium 

Solver (TES) [12]. This equilibrium data is a connected double null (CDN) 

configuration of the Korea Superconducting Tokamak Advanced Research 

(KSTAR) [13] and the Versatile Experiment Spherical Tokamak (VEST) [14] 

plasma as shown in Figure 2.8. The real divertor and vacuum vessel geometry 

are also provided. Next, the added classes of magnetic configuration are 

presented with each plasma equilibrium data. The divertor plates are located 

properly by the user for each configuration. In the both conditions, the grid 

distribution is determined to be higher near the boundary region such as the X 

points, the separatrix lines and the divertor plates. The detailed distribution 

factors are shown in Table. 2.1 with the E, D and S factors [10]. 
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Figure 2.8 Contour plots of the plasma equilibrium data of KSTAR and VEST 

tokamak provided from TES. 

 

Table 2.1. The specifications of grid distribution for each computational domain. 

The E, D and S factors indicate how the points distribute in a grid line.  
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2.4.1 Benchmarking results 

 

The results of both former VEGA and VEGA2.0 are presented in Figure 

2.9. The both grid results seem to fit well, but the differences between the 

meshes around the boundary region such as X-point or divertor plate are clearly 

noticeable. These are caused by the modifications of the constraint and the first 

point finding algorithm. To be specific, the meshes near X-point are nearly 

triangular shapes in the former VEGA result which makes grid compression. 

On the other hand, the orthogonal properties are held the other region. 

For the more standard comparison, we used the mesh quality factors 

introduced for the evaluation of former VEGA [10]. These mesh quality factors 

are ‘Cell orthogonality’, ‘Radial flux deviation’ and ‘Field alignment’ 

developed based on the preference of using Finite Volume Method (FVM). The 

‘Cell orthogonality’ shows how the meshes keeping the orthogonality examined 

by the degree of deviation from the right angle and the ‘Radial flux deviation’ 

presents the surface normal deviations in the radial direction of the real 

geometry. In this benchmarking test, the field alignment is excluded because 

the both former VEGA and VEGA2.0 are using field alignment vector-

following method. 

The results of the two mesh quality factors are shown in Figure 2.10 

represented by the regional average according to the Table 2.2. In the graph of 

the cell orthogonality factor, the grid from VEGA2.0 shows a little bit higher 

standard deviation than that of former VEGA in most of the regions. On the 

other hand, in the radial flux deviation case, VEGA2.0 provides a better result 
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in the SOL and private regions. These are caused by the modification of the 

constraints applied near the boundary regions. In short of the benchmarking test, 

VEGA2.0 has a strength point of performing with a little higher numerical 

accuracy when the radial plasma transport phenomena are important.
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Figure 2.9 The results of the grid for CDN configuration of KSTAR plasma. 

The most of the grid seems identical but it is clearly distinguishable the grid 

near the X-point. 
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Table 2.2. The assigned number of each computational region. 

 

Figure 2.10 The results of cell averaged grid quality factor for each region of a) 

cell orthogonality and b) radial flux deviation. The blue column is for former 

VEGA and the red for VEGA2.0. 
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2.4.2 Generation grid for added magnetic configurations 

 

The grid generation results for both DDN and snowflake divertor 

configurations are shown in Figure 2.11. The required plasma equilibrium is 

provided from the TES code. In order to provide the DDN configurations, it is 

assumed that the plasma center has vertical displacement due to an asymmetry 

of the current in the poloidal field coils. As shown in Figure 2.11 a), the grid 

generation for the DDN configuration is successful in spite of the additional 

domain, active SOL, contacting the most of the other domains. Especially near 

the inactive X-point in active SOL domain, the grid points have to follow the 

boundary vector due to the purpose of dividing the sections clearly based on 

the X-point. In addition, the area of the grid for the divertor plates touched by 

the active SOL are enlarged and this can be considered that the DDN 

configuration makes the broader wet area in the certain divertor plates. 

On the other hand, in the case of the snowflake divertor configuration, the 

plasma equilibrium can be obtained for this configuration by controlling the 

current for the existing poloidal field coil. But the coil current is one-order 

higher than other configurations and 8 divertor plates geometry data is needed 

for DN snowflake divertor configuration. In Figure 2.11 b), the result grid 

shows clearly that the divertor region is far broader than any other 

configurations due to the 2nd order null characteristic. By the way, the core 

region becomes narrower and smaller than other configurations.  
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Figure 2.11 The results of the grid for a) DDN configuration and b) snowflake 

divertor configuration. Each computational domain is distinguished as the color.  
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Chapter 3  

Integration of the mesh generator and the 

plasma transport solver 

 

3.1 Development of a bridge code 

 

A bridge code is developed to solve the incompatibility between the input 

grid of C2 and the output grid of VEGA2.0. This incompatibility occurs 

because of the different grid format, whether the input file is divided into sub-

domains, and the other additional data. Therefore, the following procedures are 

conducted to solve this problem. 

 

3.1.1 Matching the data format 

 

VEGA2.0 creates the grid of the whole tokamak region in a single form of 

a matrix as shown in Figure 3.1 a). So, in order to match the grid format of two 

code, the grid matrix created from VEGA2.0 should be reallocated. Therefore, 

the first thing needed to be done is separate this grid matrix. This matrix, which 

is configured to extend the mesh from the separatrix lines, is separable based 

on the X-point as shown by the color in Figure 3.1 b). 
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Figure 3.1 Schematic cartoon of grid format. a) output grid format of VEGA2.0 

and b) input grid format of C2. C2 input grid has a direction and an order for 

the input file. 
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Next, it is necessary to arrange these separated matrices so that C2 can 

accept them. As shown in Figure 3.1 b), C2 should have an order and direction 

for input grid according to the direction of the magnetic field for each 

calculation domain. 

 

3.1.2 Adding other data 

 

For the completion of input files for C2, other data that C2 needs must be 

included. The data includes a poloidal and a toroidal magnetic field, and inter-

domain matching conditions for parallel computation are also required. In the 

case of the core input file, 1-D spatial information is needed to obtain the 

magnetic surface averaged current profile and heat or momentum diffusivities. 

The values for the magnetic field should be assigned for each grid point, 

which could be obtained by interpolation from the plasma equilibrium data 

received by TES code. 

The inter-domain matching condition is the information that is required 

when the computation domain assigned to each processor through Message 

Passing Interface (MPI) [15] exchanges data at its boundary. Therefore, this 

condition must specify which computation domains and which grid points of 

each input grid file are in contact. 

Lastly, 1-D spatial information is shown in Table 3.1. These include minor 

and major radius, effective minor radius defined on the magnetic flux surface, 

plasma shape variables, and coordinate-related information. These data are 
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averaged to 1-D along the magnetic surface at the grid position of the 2-D core 

and added to the end of the core input file. 

 

 

Table 3.1. The variables and their definition of 1-D data for core input file of 

C2. 
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3.2 Simulation results of 2-D plasma transport in 

KSTAR 

 

In this section, a confirmation of the coupling between C2 and VEGA2.0 

through the developed bridge code and the plasma transport simulation results 

for the CDN and DDN configurations by using this improved 2-D core-edge 

coupled modelling package are presented. All results were designed on a 

KSTAR L-mode plasma and presented as a 2-D profile. 

 

3.2.1 Confirmation of coupling between C2 and VEGA2.0 

 

The procedure for confirming the coupling is as follows. C2 assigns the 

plasma initial values to the grids received as input before the main calculation. 

Since C2 uses the Finite Volume Method (FVM), these initial values are stored 

in the center of each grid cell. Therefore, by comparing 2-D profiles created 

with these initial values to the input grid, it can be confirmed whether C2 

receives the grid of VEGA2.0 well. 

The result of the above procedure is shown in the Figure3.2. In this figure, 

the initial plasma values are well centered in the grid cell even though the grid 

does not have a proper shape near the X-point. In addition, it can be seen that 

the transport calculations are made at the center of the boundary lines, not the 

center of the cell, at the plasma boundary such as the divertor plates, the 

boundary of SOL and private region.  
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Figure 3.2 A Plot of the input grid created by VEGA2.0 overlapping with the 

initial plasma values from C2 on the lower half region of KSTAR plasma. 
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3.2.2 Simulation results of CDN of KSTAR plasma 

 

Plasma transport simulation proceeds as follows. First, the grid is 

generated by VEGA2.0 through the plasma equilibrium data as like in Figure 

3.4 a) generated by the TES code. Then convert it to input grid files with the 

bridge code for C2. C2 performs the plasma transport simulation using this grid, 

the major machine parameters of Table 3.2 and the plasma initial and boundary 

conditions in Table 3.3. The 2-D electron temperature profile applied the initial 

and the boundary conditions can be confirmed by Figure 3.4 b). The simulation 

is conducted with an ohmic heating for 3000 normalized unit time steps, or 

about 217 microseconds in real time. 

In this section, a transport simulation for KSTAR plasma of CDN 

configuration is presented. The results show the electron temperature and ion 

temperature in Figure 3.5, the density of ion and neutral particle density in 

Figure 3.6, and the plasma flow velocity and normalized viscosity in Figure 3.7. 

The area near magnetic null points such as X- or O-points is excluded from the 

calculation because the grid converges or diverges. 

In specific, the electron temperature of the core increased from an initial 

condition of 1000 eV to 1586.21 eV, and a very steep drop to the separatrix 

temperature of 100 eV was observed. Also, near the divertor region, the 

diffusion of temperature does not reach to the private region. In other words, 

considering the flow velocity in Figure 3.7 a), it can be said that most of the 

diffusion of temperature is convective rather than conductive. In the case of ion, 

the core temperature is 1212.32 eV, which does not heat much compared to 
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electrons, but has a similar profile. The density of the ion increases up to about 

2.94 × 1019 from the initial condition in the core. In the case of neutrals, it 

occurs very high in the divertor region, especially outside, and has a very weak 

influence on the core region. In Figure 3.7 a), it can be seen that the flow of the 

plasma varies in sign depending on the position. This is because there is a 

direction in the flow that follows the direction of the grid. Considering this, 

most of the plasma is shown to flow to the divertor plates. Finally, the 

normalized viscosity is calculated only in the core region, and it is shaped donut 

in the poloidal plane as shown in Figure 3.7 b). 

In conclusion, plasma transport simulation of the KSTAR L-mode plasma 

is performed. Although the results may differ depending on the heat and 

momentum diffusivities, the very peaked temperature profiles and the broad 

density profiles are obtained. Furthermore, in the region near the divertor, 

which is known to have a high collision rate due to the low temperature, the 

plasma temperature seems more diffused by convection than conduction. 
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Figure 3.3 Contour plots of a) 2-D magnetic flux profile of plasma equilibrium 

provided from TES code and b) 2-D initial plasma electron temperature profile. 
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Table 3.2. Major machine parameters for the KSTAR L-mode plasma operation. 

 

 

Table 3.3. The Initial condition of plasma density and temperature for both 

electron and ion at magnetic center, separatrix lines and wall. The red circled 

parameters are also used for boundary conditions. 
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Figure 3.4 Contour plots of a) electron temperature and b) ion temperature in 

CDN configuration. Both contours using eV unit. 
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Figure 3.5 Contour plots of a) ion density and b) neutral density in CDN 

configuration. Both contours using a normalized unit. 
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Figure 3.6 Contour plots of a) flow velocity of plasma and b) normalized 

viscosity in CDN configuration. The 2-D normalized viscosity profile is 

converted from 1-D profile. Both contours using a normalized unit. 
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3.2.3 Simulation results of DDN of KSTAR plasma 

 

A plasma transport simulation of KSTAR L-mode operation in DDN 

configuration is conducted in this section. The electron and ion temperature are 

shown in Figure 3.8, the density of ion and neutral particle are in Figure 3.9, 

and the plasma flow velocity and normalized viscosity are in Figure 3.10. As 

with the previous section, the area near magnetic null points is excluded from 

the calculation. 

Specifically, the both ion and electron temperature do not differ much 

except for slightly higher than the results of the previous CDN case. However, 

the magnitudes of the temperature, density, and plasma flow near the upper 

divertor close to the active X-point are larger than at the lower divertor, which 

is most noticeable in the neutral density profile of Figure 3.9. In other words, 

as the plasma center moves upwards, most of the plasma characteristics are 

diffused by the active SOL, which is very different phenomena from the CDN 

configuration.  

This asymmetric phenomenon implies that the heat flux to reach the upper 

and lower divertor plates can be very different when the plasma center moves 

vertically in a DN configuration. 
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Figure 3.7 Contour plots of a) electron temperature and b) ion temperature in 

DDN configuration. Both contours using eV unit. 
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Figure 3.8 Contour plots of a) ion density and b) neutral density in CDN 

configuration. Both contours using a normalized unit. 
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Figure 3.9 Contour plots of a) normalized viscosity and b) plasma flow 

viscosity in DDN configuration. The 2-D normalized viscosity profile is 

converted from 1-D profile. Both contours using a normalized unit. 
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Chapter 4  

Conclusion 

 

The 2-D coupled core-edge plasma modelling package for analysis of 

tokamak transport is improved by upgrading the mesh generator, VEGA to 

VEGA2.0 to deal with the DDN and the snowflake divertor configuration and 

by developing a bridge code to couple this VEGA2.0 to the 2-D plasma 

transport solver, C2. The main upgrade of the grid generator is translation of 

the language, re-structuring, manipulation of the internal functions, and adding 

capability to handle the new plasma configurations. The bridge code is made 

so that the output grid of VEGA2.0 can be converted into the input grid files of 

C2. Verifying the code upgrade by checking the output grid created by 

VEGA2.0 and comparing with the initial data from C2 confirmed that the two 

codes are successfully connected via the bridge code. Through this improved 

package, the plasma transport simulation is carried out for each CDN and DDN 

configuration of KSTAR L-mode plasmas. The results are analyzed and some 

features are found. 

For the future work, it is necessary to make this 2-D modelling package 

more realistic for time-evolving plasmas. A simple coupling of the mesh 

generator and the plasma transport code has limitations to accomplish the 

simulation of dynamic plasmas. There are two necessary studies to be expected. 

The first is regarding the method that can calculate the plasma equilibrium 

change between specific time intervals. In order to shorten the total calculation 
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time of the modelling package, this method should be fast enough. Then, 

VEGA2.0 generates a new grid on the changed plasma equilibrium. The second 

required study is to connect the existing plasma data from the previous time 

step onto a newly created grid. The interpolation method considering the 

diffusion characteristics and the flow of the plasma might be employed. In 

addition, there will be internal changes in C2 to accept them. 
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국문초록 

 

메쉬 생성기 VEGA 와 플라즈마 수송 해석 코드 C2 를 포함하는 

노심-경계 결합 모델링 패키지는 일반적인 이중 널 (DN) 및 

눈송이 디버터 구성 분석을 위해 업그레이드되었다. 이중 널 구성 

중 DDN (Disconnected Double Null) 구성은 일반적으로 두 지점 

모두에서 동일한 값을 산출하기가 어렵기 때문에 Connected 

Double Null (CDN) 구성에서부터 형성된다. 한편, 다이버 타 

목표물에 대한 열 부하를 줄이기 위해 눈송이 디버터 구성이 

제안되었다 [2]. 메쉬 생성기 VEGA 는 이러한 자기 구성의 

그리드를 생성하기 위해 VEGA2.0 으로 업그레이드되었다. 이 

목표를 달성하기 위해 VEGA 는 C ++ 프로그램 언어로 재구성 

될뿐만 아니라 꼬인 그리드 및 첫 번째 점 찾기 알고리즘에 대한 

제약 조건이 수정되었다. VEGA2.0 은 VEGA 를 기준으로 그리드 

품질 요소를 통해 CDN 구성에서의 KSTAR 플라즈마를 벤치마크 

되었다. VEGA2.0 은 계산 영역의 경계 영역에서 낮은 반경 유속 

편차와 관련하여 더 나은 그리드를 제공함을 보여준다. 

또한 KSTAR 와 VEST 플라즈마에서의 DDN 및 눈송이 디버터 

구성을 위한 그리드 생성은 성공적이다. 

반면 VEGA2.0 을 C2 에 연결하기위한 브리지 코드가 개발되었다. 

이 코드에서 VEGA2.0 에서 생성된 그리드 행렬은 X 포인트에서 

가져온 분리 선을 기준으로 구분되고 C2 에 적합한 입력 형식으로 

재할당된다. 이 브리지 코드는 기타 데이터 및 1 차원 데이터를 

추가하여 자기 표면의 평균 전류 프로파일과 열과 운동량의 확산 

성을 얻습니다. 결과적으로, 노심-경계 결합 모델링 패키지는 

끊어진 이중 널과 눈송이 디버터 구성들의 분석을 위해 준비되었다. 

코드의 연결 확인과 DDN 구성에서의 플라즈마 시뮬레이션 결과가 

제시되었다. 
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주요어: 노심-경계 결합 현상, 적응 그리드, 그리드 생성기, 이차원 

토카막 수송, 끊어진 더블 널 형태, 눈송이 디버터 형태, 

메쉬 평가, 전산 코드 
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