58 Turbulence on the surface of cryogenic liquids in restricted geometry of experimental cell

UDC 533.9.004.14; 621.039.6

L.V. Abdurakhimov, M.Yu. Brazhnikov, G.V. Kolmakov,
A.A. Levchenko®, I.A. Remizov

ISSP RAS, Chernogolovka, Moscow region, Russia, 142432
"E-mail: levch@issp.ac.ru

Turbulence on the surface of cryogenic liquids in restricted geometry
of experimental cell

We report on results of experimental investigations of nonlinear phenomena on the surface of liquid
hydrogen and helium. The experiments were carried out at temperature T=1.7 K for superfluid helium and
at T=15 K for liquid hydrogen. Helium and hydrogen gases were condensed into the copper cup of inner
diameter 30 mm (helium) and 60 mm (hydrogen) and depth 4 mm.
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J1.B. A6aypaxumos, M.FO. bpaxHukos, I'.B. Konmakos, A.A. JleBuexko, V.A. Pemnsos
Typ6yneHTHOCTb Ha MOBEPXHOCTU KPUOTeHHbIX XKUAKOCTen
B OrpaHU4YeHHO reoMeTpum 3KCNepuMeHTaIbHON AYENKHN

Mbl coobLaemM o pe3ynbTaTax 3KCMepUMEHTaNbHbIX UCCeA0BaHWUIA HEMHEMHbIX ABJEHUI Ha no-
BEPXHOCTU XWUAKOro BOAOPOAA U renvs. SKcnepuMeHTbl npoBoaununck npu temnepatype T=1,7 K npwu
cBepxTeKyyeM renuun n npm T=15 K ans xxmuakoro Bogopoga. [a3bl renns 1 BoLOPOAa KOHAEHCUPYOTCA B
MeAHYI0 YalKy BHyTpeHHUM gnametpoM 30 MM (resivs) n 60 MM (Bogopoaa) v rnyburHom 4 MMm.

KnioueBble cnoBa: renvii, BOAOPOA, HU3KKe TeMnepaTypbl, KENbBUH.

J1.B. A6aypaxumos, M.FO. bpaxHukos, I'.B. Konmakos, A.A. JleBuexko, V.A. Pemnsos
FeoMeTpuAChHI WeKTeNreH TaXxipubdenik yalwbIKTaFbl
KpuoreHAi cyibiKTapAbliH 6eTiHaeri TypoyneHTTiNiK

bi3 cybIK cyTeriHiH XaHe renvingid 6etingeri 6ercbi3biK KyObUlbICTapAbIH TaXipMbenik 3epTTeynepiHiy
HaTuxKenepiH 6anaHaanMbI3. Toxipubenep acKkbiH akKbiw renvige T=1,7 K TeMnepaTtypasa aHe CyMbiK
cyteri ywiH T=15 K Temnepatypasa »xyprisinai. lenungid xeHe cyTeriHiH rasaapsbl iwki gnametpi 30 Mm

(renuiire) xaHe 60 MM (cyTerire) oHe TepeHAiri 4 MM MbIC bibICKAa KOHAEHCUPEHEA,.
TyiiH ce3aep: renuii, cyteri, TeMeH TemnepaTypanap, KeJibBUH.

We report on results of experimental investiga-
tions of nonlinear phenomena on the surface of liquid
hydrogen and helium. The experiments were carried
out at temperature 7=1.7 K for superfluid helium and
at 7=15 K for liquid hydrogen. Helium and hydrogen
gases were condensed into the copper cup of inner
diameter 30 mm (helium) and 60 mm (hydrogen)
and depth 4 mm. The cup and a copper plate which
has been fixed 4 mm above the cup form a flat
capacitor. A Source of charges glued to the bottom
of the cup ionizes liquid. The surface of liquid is
charged with positive ions when DC voltage of about
1 kV is applied between the plates of capacitor. A
low-frequency AC voltage applied in addition to the

DC voltage excites waves on the charged surface of
liquid. Waves are detected by means of a laser beam
reflected from the surface of liquid and then focused
into a photodetector. Variation of angle between the
laser beam and the oscillating surface leads to the
modulation of the power of reflected light P(7). As
we have shown earlier [1] the power spectrum P ,
obtained by Fast Fourier Transformof the P(¢), is
proportional to the spectrum of the pair correlation
function of the surface elevation.

The first result is experimental observation
of two bottleneck effects near the high frequency
boundary of the inertial range on the spectrum of
the turbulence in the system of capillary waves
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on the surface of liquid hydrogen and superfluid
helium driven by a harmonic force. Both effects are
manifested as a local maximum on the spectrum of
pair correlation function of the surface elevation. On
the surface of liquid hydrogen the local maxima can
be seen only during reconfiguration of the turbulent
cascade caused by a generation of waves below
the driving frequency. The other one observed in
the steady state spectra of capillary turbulence on
the surface of superfluid helium [2] is explained by
detuning between harmonics in turbulent cascade
and resonant modes of the experimental basin.

The second result is experimental registration
of low-frequency harmonics on the surface of

liquid hydrogen in a square cell and on the surface
of superfluid helium in a cylindrical cell excited
by monochromatic force. It was shown [3] that
conditions for generation of waves in the low-
frequency range can be found experimentally by
variation of the frequency of driving force and
a discreteness of the spectrum of surface waves
changing the boundaries of experimental cells. As on
the surface of superfluid helium, and on the surface
of liquid hydrogen low-frequency harmonics are
generated mainly due to three-wave interactions.
Energy from range of excitation is transferred
simultaneously towards high frequencies in direct
cascade and towards low frequency harmonics.
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