
G A-A22696 

COMPARISON OF 
A VB DRIFT EFFECT MODEL WITH MEASURED 

H-MODE POWER THRESHOLDS 

bY 
T.N. CARLSTROM, KmHm BURRELL, and RmJm GROEBNER 

SEPTEMBER 1997 

GENEHL ATOMICS 



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
produce, or process disclosed, or represents that its use would not infringe privately owned rights. 
Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the United 
States Government or any agency thereof. 





GA-A22696 

COMPARISON OF 
A VB DRIFT EFFECT MODEL WITH MEASURED 

H-MODE POWER THRESHOLDS 

bY 
T.N. CARLSTROM, K.H. BURRELL, and R.J. GROEBNER 

This is a preprint of a paper presented at the IAEA 
Technical Committee Meeting U.S.IJapan Workshop on 
H-Mode Physics, September 22-24,1997 in Kloster Seeon, 
Germany, and to be published in Plasma Physics and 
Controlled Fusion. 

Work supported by 
the US. Department of Energy under 

Contract No. DE-AC03-89ER51114 

GA PROJECT 
SEPTEMBER 

3466 
1997 

+ ATOMICS 



COMPARISON OF A VB DRIFT EFFECT MODEL 
WITH MEASURED H-MODE POWER THRESHOLDS T.N. Carlstrom, et al. 

ABSTRACT 

The H-mode power threshold has a weak but positive BT dependence when the ion VB 

drift is away from the X-point, in contrast to the nearly linear BT dependence when the 

ion VB drift is toward the X-point. This indicates that geometry plays an important role 

in the H-mode power threshold scaling. A simple model of the VB drift effect failed to 

predict this behavior, but successfully predicted the sign change of gas puffing and low 

X-point height on the power threshold. The difference between the threshold power 

required for sawtooth and nonsawtooth triggered transitions can be substantial. This 

effect may contribute to the observed B scaling of the H-mode power threshold. 
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1. INTRODUCTION 

One of the largest influences on the H-mode power threshold, (PTH), is the direction of 

the ion VB drift relative to the X-point location, where factors of 2-3 increase in Pm 

are observed for the ion VB drift away from the X-point. It has been proposed that the 

power threshold scaling observed in single-null configurations with the ion VB drift 

toward the X-point location (PTH - B) is due to the scaling of the magnitude of the VB 

drift effect [l]. Hinton [2] and later Hinton and Staebler [3] have modeled this effect as 

neoclassical cross field fluxes of both heat and particles driven by poloidal temperature 

gradients on the open field lines in the scrape-off layer (SOL). These fluxes act in a way 

to enhance the edge conditions required for the L-H transition when the ion VB drift is 

toward the X-point, and have the opposite effect when the ion VB drift is away from the 

X-point. These fluxes influence the edge conditions needed for the L-H transition but 

presumably are not essential for the L-H transition itself since transitions are observed 

with either direction of the ion VB drift. 
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2. VB DRIFT EFFECT AND THE H-MODE POWER THRESHOLD 

The VB drift effect not only changes sign with the direction of the toroidal field B, but also 

changes magnitude with B as well as other parameters. In the present model, the cross field 

fluxes due to the VB drift effect are treated as an additional power flow across the separatrix 

given by 

n T a T  
'VB 

where E is the inverse aspect ratio, aT/a6 is the poloidal temperature gradient in the 

SOL just outside the separatrix, S is the plasma surface area (-rR), and the other 

symbols have their usual meaning. Depending on the direction of B, this term either 

adds to (ion V B  drift toward the X-point) or subtracts from PsEp to determine the 

threshold power for the L-H transition: 

where PsEp is the power flowing across the separatrix and P& is the power required 

for the transition in the absence of the V B  drift effect, such as in the case of a balanced 

double-null configuration, where the VB drift effect has the opposite sign at the two 

X-points and cancels. We do not know at present how the T and terms of PvB 

scale. For a rough approximation, we assume a constant SOL pressure (nT = constant) 

and, equating PsEp with the power flowing in the SOL, PsEp = KT5/2VT, where K is 

the parallel heat conductivity, we approximate aT/aa - RqVT - T - P:&. Using the 

double-null DIII-D results from [4] for P+H we can construct a scaling for PsEp [l], 

PsEp (MW) = r(m) 5.7 k 4.35- [ B ]  
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A plot of this function is shown in Fig. 1 .  At sufficiently high B, PsEp saturates and 

the B scaling no longer applies. At low B, the power goes to zero for the forward B 

direction. This is the region where ohmic H-mode is observed. At intermediate values 

of B, the scaling of PsEP is roughly linear with B. A consequence of this model is in the 

reverse B case, the power increases at low B, and decreases at high B. 
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Figure 1. Power flow across the separatrix, Psp ,  just before an L-H transition plotted 
against B. Solid points - nonsawtooth triggered transition, open points - sawtooth 
triggered transition, triangle - heavy gas puff, diamond - low X-point height. The 
dashed line connecting the two open squares shows the effect of adding an estimate of 
the sawtooth power to PSEP for this sawtooth triggered transition. The curves are the VB 
drift model described in the text. The circles represent the forward B 1993 data, and are 
shown for reference. Note that almost all of forward B transitions were triggered by 
sawteeth. 
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3. EXPERIMENTAL RESULTS 

In order to test this hypothesis, PsEp was measured during a toroidal field scan in the 

reverse B configuration, where the ion VB drift was away from the X-point. The heat 

pulse from a sawtooth crash often triggers an L-H transition and this can complicate the 

threshold power measurement. To suppress sawteeth and eliminate this effect, neutral 

beam heating was used during the plasma current ramp up to impede current penetration 

and maintain the central q above 1. The neutral beam power was modulated at various 

duty cycles in order to obtain fractional beam power resolution as previously reported 

~41. 

In this configuration, the Da signals show an interesting oscillatory behavior in the 

L phase prior to the transition. This type of behavior is similar to dithering observed in 

the forward B case where the ion VB drift is toward the X-point, but differs from 

dithering in a number of ways. The frequency is higher, 450 Hz as opposed to about 

100 Hz for forward B dithering. The oscillations are in phase at both the X-point and 

the strike point regions whereas dithering oscillations are out of phase at these 

locations. These oscillations seem to grow in amplitude proportional to the input power, 

originate from a baseline level, and oscillate both above and below this level. Dithering 

oscillations appear to be only a reduction of the signal below a baseline level and the 

amplitude does not change with the power level. Perhaps because of their higher 

frequency, we do not observe an increase in the edge density and temperature gradients, 

nor does the line average density increase during the low amplitude phase of the 

oscillation. These effects are normally observed in forward B dithering. However, the 

magnetic fluctuations are reduced during the low amplitude phase of these oscillations, 

indicating a stabilization of some form of instability. These oscillations may be related 

to Type 3 H-mode ELMS. We do not observe a sudden increase in energy or particle 

confinement during these oscillations, but do observe a dramatic improvement when the 
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oscillations stop. For the purpose of establishing a threshold power, we have taken the 

power level necessary to transition to the often short but distinct ELM-free period 

where the edge gradients and global energy confinement dramatically increase. 

The results of the toroidal field scan are shown in Fig. 1, where the power flowing 

across the separatrix, PsEp, is plotted against BT. Also shown in the figure are power 

thresholds for sawtooth triggered transitions which have considerably lower PsEp than 

non-sawtooth triggered transitions. Considering only non-sawtooth triggered transitions, 

there is a weak but positive PsEp dependence on BT, in contrast to the simple 

prediction of our model. This suggests that either the model is wrong or that the 

poloidal temperature gradients which drive the cross field fluxes are also a function of 

BT. It has been observed in many tokamaks that asymmetries of temperature and 

density at the inner and outer target plates of the divertor change dramatically with the 

direction of the toroidal field. It is possible that in the reverse B configuration, the 

poloidal temperature gradients are different than the forward B case, thus changing the 

VB drift effect. The poloidal temperature gradients are strongly influenced by the 

conditions near the X-point region which, in turn, are affected by many parameters such 

as divertor detachment, MA= formation, X-point to target plate distance, and field 

line connection length. 

In an attempt to assess the impact of some of these effects, a heavy gas puff was 

used just prior to the transition, and in another discharge, the X-point height was 

brought close to the target plate. The intent was to lower the temperature near the 

X-point and increase the poloidal temperature gradients. In both cases the power 

threshold increased as shown in Fig. 1. This would be expected if the magnitude of the 

VB drift effect increased and the detrimental aspect of the effect had to be overcome 

with more power. These techniques had the opposite effect on the power threshold in 

the forward B case, where a heavy gas puff or a low x-point height decreased the power 

threshold [5,6]. These results would be expected if the beneficial aspect of the VB drift 

effect increased. 
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On a few discharges, the early neutral beam power was insufficient to suppress 

sawteeth and they developed shortly after current flat top. These sawteeth can trigger 

L-H transitions at substantially lower power levels than what is required without 

sawteeth. For instance, the sawtooth triggered transition shown in Fig. 1 at 1.6 T 

occurred at a power level approximatery 2 MW lower than the non-sawtooth triggered 

case. This indicates that it is important to consider the power flow to the edge plasma 

due to a sawtooth crash when establishing the true power threshold. 

We develop a simple model to estimate an equivalent sawtooth power: 

PST = AW/t where PST is the power at the plasma edge due to the sawtooth crash, AW is 

the change in plasma energy inside the sawtooth inversion radius that is deposited in the 

outer regions of the plasma, and t is the time scale for the release of the energy to the 

plasma edge. We assume that the energy density profile before the sawtooth crash is: 

w = wo (1 - r2/a2)a where wo is the central energy density, a is the plasma minor radius, 

and a is a profile factor. Taking a = 2 , the measured total stored energy, an inversion 

radius [7] given by rinv/a = 1/q95, and a time scale of 4 ms from ECE measurements of 

the edge Te, we find that PST is about 1 MW. Closer agreement to the nonsawtooth 

triggered data is obtained when PST is added to PSEP, as shown in Fig. 1. PST is a strong 

function of q95, varying in this model as PST - qd. Because of the strong q 

dependence, this effect may also contribute to the observed B scaling of the H-mode 

power threshold. 
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4. SUMMARY 

The H-mode power threshold has a weak but positive BT dependence when the ion VB 

drift is away from the X-point, in contrast to the nearly linear BT dependence when the 

ion VB drift is toward the X-point. This indicates that geometry plays an important role 

in the H-mode power threshold scaling. 

It is proposed that the ion VB drift effect on the H-mode power threshold is due to 

neoclassical cross field fluxes of both heat and particles driven by poloidal temperature 

gradients on the open field lines in the SOL. A prediction of this model is the negative 

dependence of the power threshold on BT when the ion VB drift is away from the 

X-point. This simple model of the VB drift effect failed to predict the observed BT 

scaling of the power threshold, but successfully predicted the sign change of gas puffing 

and low X-point height on the power threshold. The reverse B configuration can 

change the divertor conditions which affect the drive terms for the VB drift effect and 

may complicate this simple model. More experiments are needed to quantify these 

effects. 

At the higher L-mode power level accessible in the reverse B configuration, 

oscillations on the Da signals are observed. Although similar to dithering in the forward 

B case, these oscillations have different behavior and occur at higher frequency. Further 

study is required to understand their origin and significance. 

The difference between the power level required for sawtooth and non-sawtooth 

triggered transitions can be substantial. A simple model is developed to estimate the 

power of a sawtooth crash. This effect may be responsible, in part, for the observed B 

scaling of the H-mode power threshold because the sawtooth power increases at low B 

and offsets the need for additional heating power. 
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