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JETDIII-D size scaling of the H-mode power threshold 

T.N.Carlstrom,a D.J.Campbell,b J.G.Cordey) J.C.DeBoo,a R.J.Groebner,a 
E.Righi,b G.Saibene,b D.P.Schissel,a D.Start,b and K.Thomsenb 

Qeneral Atomics, P.O. Box 85608, San Diego, USA 
bJoint European Toms, Abingdon, United Kingdom 

Abstract. Previous scaling results indicate that the H-mode power threshold 
increases nearly linearly with the line averaged density, Ee, and the toriodal field, 
Bt. The power threshold was measured in similar, ITER-like, discharges in JET and 
DIII-D, at the same Ee and Bt in order to determine the size scaling of the power 
threshold: The results indicate a size scaling proportional to the surface area, So.5, 
which is weaker than the linear surface Area dependence previously assumed. 

1. Introduction 
A critical need for ITER is the determination of the power requirement to achieve the 

enhanced confinement regime of H-mode. Existing devices can operate at many of the parameters 
of ITER such as Bt, Ee, 4 and p. However, the physical dimensions of ITER are much larger than 
present devices. Size scaling then becomes one of the most significant unknowns when extrapolat- 
ing threshold power requirements to ITER. Since the H-mode transition occurs at the plasma edge, 
it is believed that the power flow through the surface is the important quantity. It has been found 
that if the power threshold for various machines is normalized to the plasma surface area and plot- 
ted against ZeBt, some ordering of the data is realized.[ 13 However,. there are still variations of 2-5 
between normalized power thresholds for different machines and the EeBt scaling in individual 
machines is not always apparent. Numerous other effects such as wall conditioning, plasma-wall 
distances, neutral pressure, and impurity levels can also influence the power threshold. With such a 
large number of variables affecting the power threshold, it becomes difficult to identify the size 
scaling from a database containing many machines and many conditions.' 

Recently, the power threshold scaling with Ee and Bt was measured in JET [2,3] and found to 
be very similar to that observed in DIII-D [4], namely a linear dependence on Bt and a roughly 
linear dependence on ne. This similar behavior of the power threshold scaling enables us to com- 
pare two identically shaped "ITER-like" discharges at 495 = 3.0 in JET and DDI-D, at the same Ee 
(3 x 1019 m-3) and Bt (2.0 T), and determine the size scaling of the power threshold. The surface 
area for the DIII-D discharge is 45 m2 and for JET it is 145 m2, giving a factor of 3 range in the 
relevant size. The surface area for ITER is 1250 m2, so predicting the power threshold for ITER 
will require an extrapolation of a factor of 9 above JET. The purpose of this paper is to compare the 
power threshold in two different sized machines, JET and DDI-D, by holding all the other parame- 
ters known to influence the power threshold as constant as possible. Any difference in the power 
threshold can then be attributed to the difference in size. 

2. Results 
By taking advantage of the flexible shaping capabilities of DEI-D, we were able to closely 

match the JET discharge. A comparison of the plasma shapes is shown in Figure 1. Table I lists 
the important parameters for ITER, JET, and DIII-D. The match between DIII-D and JET was 
excellent for q95, Bt, and K. The average line density, Ee, was about 10% higher in the DIII-D 
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Figure 1. Equilibrium flux plots for I'IER-like discharges in JET and DIL-D. 

Table I. Plasma parameter comparison of DII-D, JET, and ITER 

Parameter ITER JET DIII-D DII-D(Re0 

S hovdesign 1995 33439 
Unmatched Parameters 

a (m) 2.80 0.95 
R (m) 8.14 2.86 

s (m2) 1282.4 145.0 

Parameters matched between DID-D and JET 
995 3.00 3.09 
Bt (T> 5.68 2.12 
K 1.75 1.63 
n (x 1019 m-3) 5.0 3 .O 

Ip (MA) 21 .o 2.00 

PIasma wall distances 
Gapin (m) 0.109 
Gapout (m) 0.091 
Gaptop (m) 0.408 
X-point (m) 0.258 

86276 

0.55 
1.63 
1.25 
48.3 

3.00 
2.00 
1.64 
3.3 

0.067 
0.187 
0.610 
0.301 

86280 

0.63 
1.68 
1.35 
61.7 

4.60 
2.06 
1.85 
2.16 

0.033 
0.061 
0.212 
0.177 

discharge. The plasma-wall distances could not be matched and still maintain the ITER shape. 
However, we attempted to keep the X-point distance as close to the same as possible in order to 
minimize differences in the divertor geometry. The column labeled DIII-D (Ref) contains 
information for a reference shot used to connect these threshold results to previous scans of the 
power threshold, Pth, on DII-D [4], in which the ne and Bt scalmgs were determined. Although it 
was intended to produce a reference discharge at the same density, a lower density was obtained 
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because of a misadjustment in the density 
feedback control. However, Pth measured for 
this shot is consistent with previous results 
indicating the machine conditions have not 
changed significantly. 

The power threshold results are presented 
in Figures 2 and 3 for density scans in JET and 
DIII-D respectively. Because of limited 
experimental time, the DIII-D density scan only 
covers the mid-range of the JET scan. We have 
defined the power threshold, Pnet, to be the 
power that flows through the edge of the plasma 

Pnet = Ptot - dWpldt - Prad (core) , 

where Ptot = PQ + Pabs , PQ is the ohmic input 
power, Pabs is the absorbed neutral beam 
injected power after accounting for shine 
through and fast ion losses, (both effects are 
small, accounting for less than a 10% 
correction), Wp is the plasma stored energy, and 
Pmd(core) is the radiated power within the 
separatrix. Estimates for the measurement error 
of these quantities are 10-20% for PQ, dWddt, 
Prad (core), and 5% for Pabs. PQ and 
Pmd(core) are similar in both JET and DIII-D, 
indicating a lack of size scaling of these 
parameters. 

Figure 4 shows Ptot and Pnet normalized 
by EeBt, versus surface area, S .  Data from 
DIII-D reference discharges, not in the ITER 
shape, are also shown at S = 61 m2. Although 
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Line average density ma) 
Figure 3. Various power evaluated just before the 
L H  transition for ITER-like discharges in DIII-D. 
Discharge parameters were: Bt = 2.0 T, Ip = 
1.25 MA, qgg = 3.0, neutral beam heated. 

surface area (m2, 

Figure 4. Ptot and Pnet normalized by EeBt versus 
the plasma surface area for ITER-like discharges in 
DII-D and JET. All discharges have Bt = 2 T and 
995 = 3. The discharges at E, = 3 are shown with 
open symbols. The dashed curves are power law fits 
to the data for all densities. 

Ptot is lower for this discharge than the DIII-D 
ITER-shape discharge at S=48 m2, Pmd(core) 
was also lower so that Pnet was about the same 
for the two discharges. The JET threshold is 

2 3 4 5 6 slightly higher than a prediction based on Ptot = 
Line average density ma) 0.0044 EeBtS [l] (solid curve in Figure 4), 

whereas the DIII-D result is about twice the Figure 2. Yarious power evaluated just before the 
G H  transition for ITER-like discharges in ET .  prediction. Taken at face value, this indicates 
Discharge parameters were: Bt = 2.1 T, Ip = that the Surface area iS not the Correct parameter 
2.0 MA, qgg = 3.0, neutral beam heated. for the size scaling. Assuming a power law 

bn 
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form for the size scaling, these results indicate that S0e5 is a better scaling factor as shown by the 
dashed curves in Figure 4. Both Ptot and Pnet show this same behavior. 

The reference discharge is consistent with our previous work but the ITER-like DIII-D 
discharge was developmental and there may have been some systematic problems which produced 
higher power thresholds. Neutral pressure is one area where we have started to investigate. Shown 
in Table 11 is the neutral pressure measured near the midplane, Po (mid), and the pressure measured 
in the private flux region of the divertor, Po (div). First, there is a significant difference between the 
pressures in JET and DIII-D. There is some uncertainty in the absolute calibration of the 
instruments however, and this is an area for future work. Comparing just the two DIII-D 
discharges, where the absolute calibration can be ignored, we find that the ITER-like discharge has 
a substantially higher divertor pressure. The ratio of Po (div)/Po (mid) is almost nine times higher 
in the ITER-like discharge, indicating the divertor is more effective in confining neutrals in this 
configuration. This may be due, in part, to the high X-point and the close proximity of the outer 
strike point to the divertor baffle in the ITER-like shape. It may also be due to the higher density in 
the ITER-like discharge and the non-linear dependence of the divertor characteristics on the core 
plasma density. The radiated power for this dicharge is also considerably higher than the reference 
discharge. These obsevations suggest that the role of neutrals is different in the two cases. Exactly 
how this may effect the power threshold is also an area for future study. 

4. Conclusions 

The H-mode power threshold of similar, ITER-like, discharges in JET and DII-D, were compared 
at the same ne and Bt in order to determine the size scaling of the power threshold. The results 
indicate a size scaling proportional to So.5, which is weaker than the linear surface area dependence 
previously assumed. This is a favorable result for ITER since it reduces the threshold power given 
by Ptot_= 0.0044 ZeBtS of 158 Mw to 66 MW when predicted by the present scaling of Ptot = 
0.071 neBtS0-49,(based on Ze = 5x1019m-3). The neutral pressure is quite different in the two 
cases and it may play an important role in the determination of the power threshold. Further work 
in this area is required before meaningful intermachine comparisons can be made. 
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Table II. Neutral Pressures (x 1 0 4  mBar) 

Parameter JET DII-D DID-D (Ref) 
Shot 33439 86276 86280 
.Po (mid) 0.6 9.6 8.8 

Po (div)/PO (mid) 405 109 12.6 
Po (div) 243 1050 111 
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