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ABSTRACT

The scaling of both the L-H threshold and confinement with the mass M of the hydrogenic
isotopes is discussed. The confinement in the core and edge are found to scale differently with
M and a two region model is developed to represent the physical behaviour of each region.
Identity pulses with the same profiles of the dimensionless physics parapieterand 3 are
obtained with different isotopes, H and D; this result suggests that there is no explicit mass
dependence of the transport in either the core or edge regions.

[. INTRODUCTION

A series of steady state ELMy H-mode plasmas with differing hydrogenic isotopes D, D-T and
almost pure T were completed during the main JET D-T campaign; these were then supple-
mented with a series of ELMy H-mode hydrogen pulses. The range of currents, fields and
powers of these pulses are listed in Table | and their general properties have been described
previously [1, 2]. Inthe present paper the scaling of the L-H transition and the confinement with
respect to the dimensionless physics variabfe& P; /a), v * (D na/Tez) and B%j ;—IE are ex-

amined in greater detail, in an attempt to obtain a better understanding of the underlying physics.

Table |

Parameter Value

R (M) 2.88

a (M) 0.93

K/ 1.7/0.2 - 0.3
B (T) 1 -4

I (MA) 1 — 45

P (MW) 4 — 25
<n> (1019m-3) 1.8 — 8
s 277 - 34

The paper is organised in the following manner. In section Il, the scaling of the edge
dimensionless physics parameters at the L-H transition is determined. In section Ill, the scaling
of the energy confinement in the steady state ELMy H-mode phase is discussed. The most
significant point is the different scaling of transport in the core and edge plasmas, where it is
found that the core confinement degrades with isotope mass in contrast to the edge whose con-
finement improves strongly with mass. This behaviour is in line with present theoretical expec-
tations of gyro-Bohm transport in the core and the edge transport being dominated by MHD
events such as the ELMs.
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In section IV we examine whether identity pulses can be obtained having the same
dimensionless physics parametgrs ¢*, (3 etc.) with different isotopes. Initial indications are
that this is indeed a possibility provided strong gas puffing is used to control the ELM behaviour
in the heavier isotope pulses.

II. THE SCALING OF THE EDGE PARAMETER AT THE L-H THRESHOLD

The scaling of the power thresholg,Rvith the effective isotope mass M has been discussed
previously by Righi et al.[1]. In that paper it was shown thgtP1/M. In the present paper the
scaling of the edge parameters with isotope mass is examined in greater detail in an attempt to
identify which physics parameters control the transition.

The only edge profile measurement rou-
tinely available on JET is the electron tempera- *°
ture which is measured using a high resolution
48 channel radiometer[4]. A set of radial pro- ©8
files from this instrument at different times is
shown in Fig. 1. In the analysis which foIIows,g 0.6
the temperature at which the transition take%
place is taken at the position of the knee in th'_eo,4

Pulse No: 43436 1.7MA/1.8T Hydrogen
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osition
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20msec before

fully developed pedestal RpB¢ Unfortu- L L-H transition
nately at the present time there is no measure |
ment of the density profile in this region, how- | Mee

ever a vertical line integral measurement from o ., . ...
. . . . 3.60

the FIR interferometer is available at the posi- R (m)
tion R=3.75 which is close to the knee in thejg. 1. Radial profiles of the electron temperature from
temperature profile (see Fig. 1). This partiCl}he heterodyne radiometer at a series of times through
lar line int li dth hout th the L-H transition. For this particular pulse the loca-
ariine integral Is use roughouttne paper gs, of the pedestal is taken at R=3.8m.
being representative of the edge densifygn

A database has been assembled, containing the edge pedestal values from some 23 pulses
in which the toroidal field ranges from 1.8 to 3.8T with the isotope mass ranging from 1 to 2.9
(hydrogen to almost pure tritium). The best fit to the temperature at the pedestal in terms of the
variables B (toroidal field T),gaq(line average density at R = 3.75m) and isotope mass M has
the form:

T,

" ped =007 B2.26 n—0.23 M—0.6 (1)

ped

The strong dependence on B and weak n dependence have been seen previously in JET
deuterium data [5], the new element in Eq. (1) is the inverse mass dependence.
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The free fit EQ. (1) is compared in Table Il with three physically constrained fits.

Table II. Scaling of the electron temperature at the L-H transition. The unitg ggg(KeV), rp,ed(lo19 m'3), B (T).

Free 0.07 npe> B> M™%° 18
p* OM® 0.08 B M0 18
a B, 021
BOM 0.1—M 32
n
1.0
vH
In the second fit, of Table Il, it is assumed osl :? R
that the transition occurs at a critical value of . = i
p* which is isotope dependent. For the third> o6
fit which is similar to the form proposed byzg
Pogutse [6], it is assumed that the transitioi *
- . - v I RMSE

occurs at a critical value @fwhich is isotope 0ok z 18.1%
dependent. The results in Table Il should only 1
be regarded as indicative; and not conclusive, 0 03 02 0% o8 20
since the data set is very small at the present 0.08 x BA/MO54

Fig. 2. The electron temperature at the transition versus
the fit 0.08 BIM®>* The symbols are H=Hydrogen,
D=Deuterium and T=Tritium.

time. The best of the physics fis* (O M%) is
shown in Fig. 2.

[ll. THE SCALING OF CONFINEMENT WITH ISOTOPE MASS

The general properties of the JET steady state ELMy H-mode isotope data set are described in
Cordey et al.[2]. The energy confinement time fits the scaling exprassigm-epso7(y) used
to predict the confinement in ITER, fairly well. This scaling expredsiphas the form:

where the variables (units) arg(s) energy confinement time, | (MA) current, B(T) toroidal
field, P(MW) loss power, n><(1019 m'3) density, R(m) major radius,inverse aspect ratio a/R,
K elongation and M the effective mass. Although Eq. (2) has a close to gyro-Bohm form as far
as the P, I, n and R scaling are concerned, its mass dependence sIanlIIcM)'g'Zfor a gyro-
Bohm scaling rather than a positive scaling with mass.

To understand the origin of thg dependence on mass, we separate the stored energy into
two components, the core and the pedestal. These two regions are shown schematically in
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Fig. 3. To calculate the stored energy in the
pedestal the ECE and FIR interferometer meas-
urements are used as described in the previous
section along with assumption that3 Te in

this region. The pedestal energy is then de-"
fined as Weq= 3 ped Te pedV: Where Vis the Core
plasma volume, dpedis the time averaged elec-

Transport barrier

tron temperature at the knee of the profile (see
Fig. 1) in the steady state ELMy phase, and
Npedis the line average density at R = 3.75m. Pedestal

JG98.325/4c

The core energy is then calculated by subtract- la 1

ing the pedestal energy from the total storagy. 3. A schematic representation of the stored energy
energy. density versus radius, the shaded region is the stored

. energy in the pedestal and the unshaded region is the
The scaling of the pedestal energyay/ ioreq energy in the core.

can be obtained from a free fit to the variables

I, M, Tped the free fit can then be constrained to a variety of physical models. The fits and their
RMSE are given in Table Ill. The second fit in Table Il is equivalent to the ballooning limit
with the gradient width D proportional to the thermal ion Larmor radius. The third fit has D
proportional to the fast ion Larmor radius, and the fourth fit has D proportional to the major
radius. The main point to emerge from Table Ill is the fairly strong and positive mass depend-
ence of all of the forms which have a good fit to the data. The best physics fit, the second in
Table I, is shown in Fig. 4.

Table Ill. Scaling of the pedestal energy. The units ggVJ), | (MA) Toeq(KeV) respectively.

Type of fit Woed RMSE ( %)

10.81 M |jl63

Free fit 0.6 Toi' 16

20
Ballooning limit 0.54 IZ%TME /10 |18
A ~ pith

20

Ballooning limit 0.14 PG —E, .o /10 |27
2 wH g
A ~ Difast l

Ballooning limit 0.23f 41
D~R
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Fig. 4. Scaling of the stored energy in the pedestal (MJ) versus the fit
0.54 1 (M'Il'oeC(Z)OB. The symbols are H=Hydrogen, D=Deuterium, D-
T=50:50 D-T mixture and T=Tritium.

For the scaling of the core plasma, the confinementtjgae (Wi, - W,ed/P is compared
with a pure gyro-Bohm scaling form:

10.8n0.6R2.2K0.5
core — C T 02 (4)
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Fig. 5. Core confinement time versus the pure gyro-Bohm fit form
Eqg. (4). The symbols are the same as for Fig. 4.
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From Eqg. (4) and the second expression in Table Ill, an expression can be derived for the
globaltg

T =0.0185 ————+0.95— 5
EON 2 nP EEE ®)

e

where the first term is the core confinement term and the second term the edge confinement, the
units are as in Eq. (2). The constants in front of the two terms are obtained by fitting to the
complete JET dataset. The above form is of the offset nonlinear type and has some similarity
with the form derived by Takizuka[8].

Eq. (5) can be used to predict the performance of ITER. For the basic FDR design param-
eters, | = 21MA, B=5.7T, n = ¥ 10°°, P = 180MWk = 1.73, R = 8.14m, a = 2.8m, Eq. (5)
predicts a confinement time of 4.8 secs. The equivalent prediction from the simple power law
form Eq. (2) is 5.8 secs. The reason for the lower prediction is due to the fact that the contribu-
tion from the pedestal becomes very small in ITER.

One other interesting feature of Eq. (5) is its dimensionless physics form, which can be
expressed in terms of the average>< and normalisedn as:

w,Tp O<p* >~ (1+c<p*2 >/Bz) (6)

where the first term is the gyro-Bohm core transport term and the second term is from the
pedestal. From Eq. (6) we can see that for fpReithe confinement time degrades wigh This
degradation ofg with 3,, has always been a feature of the simple power law forms [9] and we
now see that the origin of this degradation is from the pedestal.

IV. IDENTITY PULSES WITH DIFFERENT ISOTOPES

If the plasma confinement is not explicitly dependent on the isotope mass as suggested by Eq.
(6), then it should be possible to create pulses with the same radial profitevdhnd 3 for
the different isotopes. To match tpeandf3 in the edge region it was found that strong gas
puffing was needed for the high mass isotope pulses. The strong gas puffing increasing the
ELM frequency and reducing th& of the pedestal. The best match obtained so far was a
Hydrogen pulse at 1.7T matched to a strongly gas puffed Deuterium pulse at 2.6T. The main
parameters of the two pulses are given in table IV, where it can be seen that the dimensionless
confinement times §/M are reasonably well matched and the dimensionless ELM frequencies
are close also. The profilespf, 3 andv* are also well matched as can be seen from Fig. 6, as
are the dimensionless thermal conductivities Fig. 7.

Note if one compares the hydrogen pulse with a non gas-puffed Deuterium pulse having
the same averag®¥, normalised3 and average collisionality, the dimensionless confinement
times would differ by a factor of 2 and the dimensionless ELM frequencies by a factor of 10.
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versus major radius for the H (solid) and D (dashed) pulses. (¢) Radial profitevefsus major radius for the H
(solid) and D (dashed) pulses.

Table IV
Bt Mf
# Isot B(T *> n <V*> 3 M lelm
soope | Bm | p> | g | o | e |G
43403 H 1.69 0.45 1.43 11 0.44 24
43153 D 2.58 0.46 1.31 13 0.47 35

This is because the profiles @fandp* are not propertly matched, with boghandp*
being larger in the edge region for the Deuterium pulse.

Thus it appears that identity pulses can be obtained with different isotopes provided the
profiles ofp*, B andv* are matched throughout the radius. This result suggests that there is no

need for any explicit mass dependence in the scaling of the transport in either the core or edge
regions.
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Fig. 7. The normalised effective conductivity/Bl versus the radial variable ‘r/a’.
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