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Abstract 

Happing the disruption power flow from the mid-
plane of the TIBER Engineering Test Reactor (1) to its 
divertor and calculating the resulting thermal effects 
are accomplished through the modification and coupling 
of three preaently existing computer codes. The 
resulting computer code TADDPAK (Thermal Analysis 
Divertor during Disruption PAcKagc) [2] provides 
three-dimensional graphic presentations of time and 
positional dependent thermal effecta on a pololdal 
cross section of the double-null-divertor configured 
reactor. These thermal effecta include incident heat 
flux, surface teatperature, vaporisation rate, total 
vaporisation, and Belting depth. The dependence of 
these thermal affects on material choice, disruption 
pulaa shape, and the characteristic thickness of the 
plasma scrape-off layer is determined through para
metric analysis with TADDPAK. This computer code is 
designed to be e convenient, rapid, and user-friendly 
modeling tool which can he essily adapted to most 
tokamak double-null-divertor reactor dealgns. 

Introduction 

Based on the current state of their understanding 
and control, plasma disruptions are an ever present 
danger to the plasma facing components in tokamak 
fusion reactors. The thermal effects of disruptions 
on the divertor is on* of the many important design 
issues presently under investigation. Present know
ledge of plasma disruptions divide them into two 
phases. The first phase is the thermal quench phase, 
during which a majority of the plasma's particle kine
tic energy is lost to the first wall and divertor. 
The second phase is the current decay phase, during 
which the plasma's stored magnetic energy is lost 
primarily through inductively created bulk material 
forces. Since the release of the particle kinetic 
energy poses the greetest erosion threat to the diver
tor, it is the focus of TADDPAK's snalysis. Specifi
cally for the TIBER Engineering Test Reactor [1], this 
issue le significant, considering the approximate 110 
MJ of store thermal energy which could be released on 
the order 0.1 ms during the thermal quench of a major 
plasma disruption- With probable power densities of 
this magnitude, disruptions are an important consider
ation when evaluating design configurations and making 
materiel choices for the divertor. Computational 
models, such as TADDPAK, offer a valuable means to 
investigate this issue at minimal time and cost to the 
designers. 

Objectives 

TADDPAK wes created for several reesona. Firat, 
it was dealgncd to provide a more detailed analysis of 
total divertor aurface erosion during disruptions. 
Past analysis has mainly been focused on a purely one 
dimensional trestment of this problem. Although 
TADDPAK also only uses e one dimensional thermal 
analysis model, it epplies this model to a partitioned 
divertor cross section in the poloidal direction. 
This application enables a quasi-two-dimensional 
analysis of the inner, lower, and outer divertor 
plates, aa illustrated in Fig. 1. 

*tfork performed under the auspices of the U.S. 
Department of Energy by Lawrence Livermore National 
Laboratory under contract W-7405-ENG-48. 
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Fig. 1 TIBER II Divertor Configuration. 

Several current tokamak reactor designs utilize a 
double null divertor configuration. Many future reac
tor designs will also utilize this type of configura
tion. TADDPAK'e second purpose is to eat the needs of 
these future design studies. The cod- package is 
generic in the sense that it can be ec ily adapted to 
moat toksask double-null-divertor conf juration. 
Because of the simplifying assumptions ide in the 
development of this code, the configure ion input 
required by the user is minimal compare*- to computa
tional models like the Tokamak Simulation Code [3]. 
The input for TADDPAK consists of the steady state 
poloidal magnetic field victors to include the 
coordinates of the separatrix and null point, the 
coordinate locations of the divertor plates, tne 
candidate material properties, and the assumed dis
ruption power flow profile as a function of time. 

Third, TADDPAK waa created to minimize the com
puter time requirement for parametric analysis as 
compared to already existing snd more complex computer 
codes. For example, DSTAR [4], a complex plasma 
simulation code, quantifies tha aurface erosion and 
induced forces thst can occur during. • .a*joe plasms 
disruption. Besides being originally deaigned for a 
limiter configuration, this code requires between 30 
end 40 clnutes of CPU time per disruption calculation. 
Although DSTAR calculates a wealth of information 
relevant to the overall reactor design, deteiled para
metric analyaia of one specific component is more 
easily accomplished with a computer tine efficient and 
problem specific code. This conclusion la true as 
long as valid simplifying assumptions can be made. 
TADDPAK offers this easier alternative. 

Description 

Figure 2 illustrates the basic structure of 
TADDPAK. Despite the above criticism of DSTAR, this 
code is still relied upon for on* of TADDPAK'a input 
parameters. DSTAR provides the power leaving the edge 
of the plasma during a disruption. Relying on DSTAR 
for this input data does not lncresae the running time 
of TADDPAK, since this calculated data can be 
extracted from DSTAR's already documented results. 
Alternatively, the source term can be selected by the 
user r_nd o"<ld, for example, be based on current 
experimental data. HT-K76E [5] maps the power flow 
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Fig. 2 TADDPAK Plow Chart Description. 

onto tha dlvartor using either form of input. W. Bar-
originally vrotc HT-K76E as a power mapping code to 
aaalat In dlvartor design under steady atate condi
tions. Hla IBM basic version has been translated into 
Fortran and adapted for the time dependent problem of 
a plasma disruption. This new version of the coda, 
which is the first component of TADDPAK, calculates 
the time dependent power densities (MW/ra*) on a 
poloidal croas section of the three platea of the 
TIBER divertor. 

Once the power densities are determined, they are 
than uaad as input by of one two thermal analysis 
codas. The thermal analyaia codes are LESLIE [6], and 
SOAST [7]. Both codes aolve the moving boundary heat 
aquation in one dimension for intense energy deposi
tion. In TADDPAK, either code csn be used to calcu
late tha thermal effects for each partitioned segment 
of the divertor plates. LESLIE, in addition to 
providing one dimensional thermal analysis, also 
calculates mechanical affects to include stress and 
strain. Thla paper will focus only on the thermal 
effects. SOAST, an abridged version of the compre
hensive A*THERKAL Code [8] , pro-*;-*** similar thermal 
analysis to LESLIE, and offers a simple vapor shield
ing model available at the user's discretion. The 
selected codes output is then Integrated into DISSPLA 
(Display Integrated Software System and Plotting Lang
uage) [9] which generates three-dimensional graphics 
of selected positional and time dependent variables 
for each divertor plate. TADDPAK*s graphic output 
will be discussed in more detail later in this paper. 

Assumptions 

TADDPAK'a simplicity results from several under
lying assumptions. First, the use of only the equi
librium poloidal magnetic flux surfaces in the power 
mapping routine results from the assumption that 
during the thermal quench of the disruption, these 
flux aurfeces do not significantly change. This claim 
la based on the long L/R time, or high inductive 
nature of the plasma and ita adjacent and almost per
fectly conducting vacuum vessel [10]. DSTAR provides 
further evidence of this fact In Its graphical output. 
After the 0.1 ma of the thermal quench, tha seperatrix 
and null point of the flux surfaces are calculated to 
have moved only a few millimeters from their original 

positions [11], Since the partitioning of the diver
tor surface Is on the order of several centimeters, 
the m-pping of the power flow from the midplane would 
not be significantly affected. 

Second, the use of a one-dimensional model to 
analyze a two-dimensional cross section of the diver-
tor is based again on the assumption that the width of 
the partitioned divertor segments are significantly 
larger than the acale length for heBw conduction into 
the surface. This assumption allows the heat conduc
tion along the surface of the material to be 
neglected. Since the ablation is on the order of 
microns and the partitioning centimeters, this claim 
seeias to be valid. 

Third, the partitioning of power in the scrape-
off layer (SOL) has been assumed to be a 20t80 ratio 
between the Inner a.d outer SOLs respectively. This 
ratio has been adopted from NET [12] and is assumed to 
be true during a disruption. Also the power parti
tioning between upper and lower divertors has been 
assumed to be equal, due to the symnetry of the 
reactor design. All calculations made by TADDPAK are 
for one of two sets of divertor platea present in the 
double-null configuration. 

Graphic Output 

To insure ease of analysis, TADDPAK generates 
separate graphic output for each plate of the diver
tor. Since the greatest vaporization occurs on the 
outer divertor plate, this plate will be the focus of 
this paper's illustrations. In addition, all calcu
lations for these illustrations utilize a disruption 
power profile from DSTAR. Figure 3 depicts the first 
of several parameters plotted by TADDPAK. This plot 
shows the powitr density in MW/m* as a function of time 
and position on the outer divertor plate. The posi
tion origin for each plate is from the inboard side of 
the resctor. The location on the plate is the linear 
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Fig. 3 Power Densities and Total Deposited Energy on 
Outer Divertor Plate for DSTAR Power Flow 
Input. 
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distance along er.cb curved surface and not the radial 
distance out from the center of the reactor. The pro
jection of the power density surface represents the 
energy density in MJ/m* of each plate's partitioned 
segments. The total energy deposited on the plate is 
calculated based on the plate's total surface area in 
the toroidal direction. The plot also cites the 
selected material under evaluation and the charac
teristic radial decay length for power in the SOL 
(e-fold). The parametric analysis of this variable is 
discussed in the next section. 

The positional and time dependent surface temp
erature is illustrated in Pig. 4 for the outer diver-
tor plate. The time scale for this figure is extended 
beyond the actual 0.1 ms disruption time to include 
the surfwee cooling rate. 
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Fig. 4 Surface Tempercture on Outer DiveTtor Plate 
for DSTAR Power Flow Input. 

Again, for the outer plate, Fig. 5 depicts the 
vaporization rate, total vaporization for each parti
tioned plate segment, and the resulting total volume 
and mass ablated from the plate's entire surface. The 
total vaporization ia in microns and the total volume 
and mass are alao based on the plate's entire surface 
area in the toroidal direction. 

An Example of Parametric Analysis with TADDPAK 

Thermal analysis has been conducted on the sensi
tivity of three significant parameters. The para
meters are material choice* disruption pulse shape, 
«tnd characteristic radial decay length for power in 
the SOL. The remainder of this paper will be devoted 
to diecusaing this characteristic decay length. 
Further parametric analysis can be found in Reference 
[13]. The power density in the SOL is assumed to 
decay exponentially with distance out from the 
midplane according to current theory [14]. Total 
ablation of the divertor aurface area is very sen
sitive to the chosen value of the decay length. This 
sensitivity is apparent in comparing Figs. 5, 6, and 
7. These figures depict the effect of varying this 
characteristic length from 1,5 to 4.5 cm for the outer 

Fig. 5 Vaporization Rate and Ablation on Outer 
Dlvertor Plate for DSTAR Power Flow Input and 
1.5 cm characteristic decay length. 
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Fig. 6 Vaporization Rate and Ablation on Outer 
Divertor Plate for DSTAR Power Flow Input and 
3.0 cm characteristic decay length. 



Fig. 7 Vaporisation Rate and Ablation on Outer 
Divertor Plate for DSTAR Power Flow Input and 
4.5 cm characteristic decay length. 

plate of the divertor. The Increase of this value has 
the effect of spreading the power of the disruption 
from the inboard to the outboard side of the plate. 
From these three figures it can also be seen that, for 
the outer divertor plate, the total ablation increases 
non-linearly with a corresponding increase in charac
teristic decay length. This relationship is not 
necessarily the same for the other plates. In fact, 
for the inner divertor plate, the exact opposite is 
true, i.e., the total amount of ablated material 
decreases with increasing decay length. 

Based on this brief analysis, knowing the charac
teristic decay length as a function of time is an 
important issue. Its value during a disruption's 
thermal quench determines the magnitude of the diver
tor plate's subsequent ablation. Analyzing other 
parameters, such aa material choice or disruption 
pulae shape, can be accomplished in o straight forward 
manner with the aid of TADDPAK, 
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