
20150321-L1 student questions and their answers 

彭元凯老师 

In response to request for students’ preferred subjects for one or two future classes, 
the following are the responses and a summary: 

 

 Student feedback Category  

1 
The coupling between the plasma physics, the material and the 
thermal-hydraulic analyses. 

Integration 
(incl. PMI) 

2 The procedure of a fusion reactor design. Design 

3 The evolution of the plasma-facing material. PMI 

4 
The influence of plasma-facing material acting on plasma. And 
which section of the first wall has the biggest influence on core 
plasma operation? 

PMI 

5 

The progress of plasma transport form the core to the edge, and 
the interactions between plasma and the plasma-facing 
material. The latest experiment and simulation result should be 
added. 

PMI 

6 
The comparison of materials which can be used on the divertor, 
like C and W. 

PMI 

7 
The influence of high-Z impurities acting on plasma 
confinement and stability. 

PMI 

8 
Introduction of all the plasma instability factors from the core 
to the edge. Like the curvature of magnetic field. 

Toroidal 
MHD 

9 The impurity transport from the edge to the core plasma. 
Impurity 
transport 

10 The method of thinking when facing a problem. 
Research 
approach 

11 
The progress of ITER R&D, and the experience of cooperation 
and management. 

ITER 
Project 

12 
Please give some suggestion on the plasma, plasma-facing 
material and thermal hydraulic research. 

PMI+PFC 

13 
Please introduce your working experience on spherical 
tokamak. 

Research 
approach 

14 The difference between ADS and fusion reactor. Design  

15 
The impurity transport and the procedure of a fusion reactor 
design. 

PMI+design



Summary 
PMI + Integration (7.5); design (2.5); research approach (2); plasma 
physics (2); ITER (1) 

Design has a lot of content to cover in a few classes.  So, PMI and research approach 
are chosen.  This leads to the following class plan: 

 

 
The following questions were raised and discussed during the class: 

1. What’s the difference between the two figures in slide 4? 

Answer: The difference is meant to be how we imagine the ITER device would 
look like internally before and after the tokamak plasma is created. 

2. What impurity is used in the simulation in slide 5? 

Answer: According to paper lead-authored by Roth (2009-Roth-JNM-v390-391-
p1, with Kukushkin as a coauthor), the widely quoted result of ITER divertor 
plasma simulation assumed C-W divertor target chosen for H-D operation.  
Carbon was the primary impurity included in the simulation.   

Note that W-only divertor have since been chosen for D-T operation of ITER.  
More recently, neutron damage in W and He interaction in the W surface layer 
have studied by a number of researchers.  Their results pointed to potentially 
important effects not yet considered for the design of the W-only divertor.  
Take a look at:  

2013-Hatano-NF-v53-p073006,  

2013-Ueda-JNM-v442-pS267. 



3. How can we reduce the heat flux of divertor without affecting the core plasma 
too much? Could you give some proposal? 

Answer: As noted in 20141220-L4 问题总结, the divertor was introduced initially 
to “divert” the impurities from returning to the plasma core.  With the 
subsequent discovery of the H-mode in diverted plasmas, it has become main-
stream thinking and has been included in ITER. 

A consequence of divertor is that it actually concentrates the heat and particle 
fluxes to a small area on the divertor target plate, making the high and particle 
fluxes limiting constraints of the ITER design. 

One way to reduce this heat flux is to inject high-Z inert gas into the divertor 
plasma channel to radiate the heat away.  Since this would increase the 
amount of impurities that could return to the plasma core, this counters the 
initial intent of the divertor, which is to divertor the impurities away from the 
plasma core. 

MAST-upgrade has included a divertor configuration with strongly expanded 
magnetic field lines (see, 2012-Morris-IEEE-Trans-plasma science-v40-p682; 
2013-Helickova-JNM-v438-pS545).  Simulations of this divertor plasma 
configuration indicate a strongly reduced heat flux on the divertor plate. 

 

Copied from 20141220-L4 问题总结： 

 


