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It is well known that the temperature profiles in a tokamak are self-condi$t8ht For the
stellarators there is no temperature profile consistency [4]. Té&syme profile consistency
concept works in tokamaks [5]. There was found one example of the pressure profésstiff
in the pellet injection versus gas puff experiments in LHD [6]. The papedisaied to the
investigation of this concept for the stellarators. Plasma temperature anty qen$ie
evolution during NBI heating of on- and off- axis ECRH heat$mpa on TJ-II [7], for
ECRH power scan on W7-AS [8] and CHS [9], highmode on CHS [10], on- and off- axis
ECRH on W7-AS [4] and gas puffing on ATF [11] were observed (see Table 1).

In the TJ-II stellarator, NBI heating?(s = 300 kW) of the target ECRH plasnf:{rn = 300
kW) leads to dramatic changes of the plasma density and temperataed Te profile
evolution measured by high resolution Thomson Scattering diagn@sssbswn in Fig.1 [7].
The values varied up to an order of magnitude, (8803 6x10" m?®, 0.2 <T0) <1 keV),
the profiles varied from hollow to peaked (density), and from peaked to flattr(at
temperature). In spite of the large differencedandT, profiles in the analyzed regime, their
product, the plasma pressiRg presents much stronger profile resilience in the confinement
zone of the plasma column. It was found that the normalized pressure pRfif8s=
P(p)/P(0) are much less scattered in comparison with plagraadT, profiles, see Fig. 2.

In the CHS experiments with on-axsc = 150+215 kW and density. = (0.47+0.95%10™

m™ variation [9], the similar behavior was found: the increasé @fas accompanied by the
decrease offi,, leavingP™™ (p) practically unchanged. In the experiments with the standard
major plasma axisRu=92.1cm,ne(0)= 4x10" m*, T,(0)~Ti(0)=250 eV), and optimized one
(Ra=87.7cm,ne(0)= 2x10™ m*, T¢(0)=200 eV,T;i(0)=130 eV) [10], the same tendency was
found, P"™ remains almost constant. In highmode ((0)= 1.4<10" m?®, T(0)=700 eV,
Ti(0)=1 keV) [10],P"*"™ almost coincides with the rest of discussed CHS profiles.

In W7-AS experiment with on-axiBec variation from 0.2 to 0.8 MW at almost the same

densityne~2x10 *° m® [8], the similar behavior was found: increaseTgfvas accompanied
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by a decrease of, remainingP = (p) practically unchanged. In another experiment, on- and
off- axis ECRH alternate with correspondifgandne variations [4]. It is highlighted in [4]

that during off-axis ECRH p=0.6) the central density is peaking without an additional
particle source. It leaded to almost unchang®&d" (p).

At the gas puffing in the ATF [11], the plasma density rise was accompanied by the

norm

concordant decay dk, again remainin@®" " (p) practically unchanged.

Despite the difference in the magnetic configurationsgbelJ-1I, heliotron CHS, torsatron
ATF, optimized W7-AS), a remarkable similarity is seen in the adized pressure profiles,

in other words, the normalized pressure profile has universal shape for norniaécemt
(L-mode) in all the observed experiments (see Fig. 2). The universal profiles Gdadby a
quasi-linear function in the confinement zone (0@<0.8),Py*dP/dp ~ const =k =

Po APiinearl APiinears APinear iS the radial extension, where profile has almost linear shape. In
the observed cas@pinea~0.6,k~1.3+ 0.1 (in Table 1Ak is thelinear regression error fior.
Table 1.

Device | Type Rmijam|BT |v2r(@ |-k Ak | Regime[Ref.]

TJ- heliac 15 0.22| 1.0 1.6Jow | 1.34 | 0.04 | EC-on +NBI [7]
shear 1.39 | 0.04 | EC-off +NBI [7]

W7- modular [ 2.0 | 0.2 |25 | low 1.19 | 0.02 | Pgc scanne-const [8]
AS coils 0.16 shear, |1.28 | 0.02 | EC on-off [4]
0.13 0.56 1.38 | 0.02 | HDH vs NC [12]
CHS helio- 0.92 | 0.19/0.9 |strong |1.32 | 0.02 | EC-0n, p-var [9]
tron 1.9 shear |1.39 | 0.02 | EC-on, ITB [10]
1.9 1.36 | 0.02 | High T;, NBI 1MW
1.9 1.29 | 0.02 | Rycvar.,ne-var. [10]

ATF torsatron/ 2.1 | 0.27 | 1.9 | shear 1.11 0.02 Gpasf[11]

Contrary to the L-mode, pressure profiles show different shapes dupngved confinement
modes. An example of the edge transport barrier is shown in FigP"2b(p) in HDH
confinement mode in W7-AS [12] differs strongly from universal proftikile the reference
Normal Confinement profile belongs to the universal one. Strondasityiof the profiles
allows us to get any spatial point in the confinement area for the normalizaitommlyp=0.

In case of ITB formation the pressure profiles have clearly two componrEms.outer
component (outside the ITB), normalized at the ITB foot, shows the pressure sprofile
similarity (the universal profile takes place), while inside the ITB @ggoo dP/dp is
significantly higher. Fig. 3 shows W7-AS data with on-akis =1.2 MW, where the
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temperature and pressure profiles show the ITB formatign~a0.25 [8]. In CHS ITB was
obtained for on-axis ECRHBEL.9T,Pec = 0.3 MW at 106GHz) gt ~ 0.4 [10]. In both cases
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Fig 1. Te (uppen and n (lower) profile evolution in the NBI experiments for on giest) and
off-axis(right) ECRH in TJ-1l. Time passes from red to blue curves.
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Fig. 2. 9 TJ-II normglized pressure profiles for data from Fig.‘i)h; B°™(p) for the data
presented in table forms the universal profile; CHS: red dots — highot@le, brown — R
variaton, red — B¢ variation; ATF: purple - gas puff; W7-AS: greengchon scan, blue - EC-

on- and off-axis, black — HDH-mode, dark blue — reference Normal Confinement mode; TJ-II:
blue dots — EC on-, off-axis. Profiles from all machines and experiments were radially
normalized to the actual plasma siz&€?"F1)=0.
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' : ' ] outside the ITB area, the profiles coidei

20r 1 with the universal one.
§ 1.5 [\ 1 Summary. (1) In spte of large variety inHe
Q| \ 1 profiles of plasma electron temperatured an
1.0 ‘ .

density, their product, electron pressu

o5f /o N\ | presents the feature of profile constariny
ook .. N dellarator devises in observed experitsen
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N with wide range of the plasma and hegtin
Fig. 3. Theuniversal profile features outside parameters.
the ITB area. CHS: blue — high Mode, red ~(I) In the L-mode plasmas of the mediiu

ITB; W/-AS: green — R- =0.2-0.8 MW, pink — . _
size stellarators, the pressure profiles show
ITB (Pec=1.2 MW); P°™=P/P (O1s00= 0.4)

remarkable similarities between each other in low (TJ-ll, W7-AS) agld (CHS, ATF)
magnetic shear configurations. So, the universal profile, characteriZeg'd§/dp ~ const =

k, was found for L-mode plasmas and outside the ITB area. The other types leflx®fin

case of LHD [6] may take place for specific plasma conditions. THP observation of the
universal constarit in L-mode (e.g. in the absence of strongBEeffects) may suggests that
turbulence and the associated transport reach some kind of saturation level, thattdoes n
depend on the absolute valuesTeindne, but alternative explanations (e.g. based on the role
of atomic physics and links between magnetic configuration and gradiant)not be
excluded The validation of the transport-based hypothesis would require to chegaitieri

link between local gradients and turbulent transport.
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