B s covmonesa Boundary Layer Separation in Different Mountain Flow Regimes:
imgw Investigations on Rotor Characteristics

o D:': ) ;

3ré

EARTH.

y

4

‘«
P
7

__OBSERVING "

Institut fur M logi . eve 7 LABORATORY

wien und Geophysik o Johannes Sachsperger! - Stefano Serafin! - Vanda Grubisi¢ 12 N C A R w j
(1) University of Vienna, Austria (2) National Center for Atmospheric Research, Boulder CO NATIONAL CENTER FOR ATMOSPHERIC RESEARCH i
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Boundary layer separation (BLS) The surface roughness length in the simulations of Fig. 2 is z; = 10 cm . Thus, flow at the surface is decelerated due to friction While the governing flow regime mainly influences the size of rotors, friction changes the rotor’s
. . . and the boundary layer separates from the surface in case of a sufficiently strong reversed pressure gradient. interior structure. For weak surface friction, the interior structure is a large single horizontal
If a sufficiently large reversed pressure gradient force at the surface is imposed o . . : . . .
against a boundary layer flow, the boundary layer may detach from the ground and The results in Fig. 2 (below) show the following properties: U [m/s] vortex with a strong reversed flow. If surface roughness increases, the single confined vortex
regions of strong turbulence known as rotors may form downstream of the @ Examples of wave induced BLS on the lee side @ Overturning of isentropes 1.0 — 030 % breaks up. Another sensitivity test (not shown) suggests that surface roughness underneath the
separation point © Examples of BLS induced by wave breaking aloft @ Non-hydrostatic wave modes rotor plays an important role in the break-up process rather than the strength of the upstream
' L T U e R R e TR oy o vorticity sheet. Hence it is likely that the break-up is a result of sub-separation inside the rotor.
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The numerical experiments are carried out using the Bryan Cloud Model CM1 (Bryan An algorithm detects the first rotor on the leeside based on the  Solution of the Taylor Goldstein Equation: X - Distance [km] X - Distance [km] X - Distance [km]
and Fritsch 2002). Beside its capabilities as a cloud resolving LES model, CM1 can be potential temperature field (rotors are neutrally stratified) and q L= L ) . \?2 Fig. 6: Potential temperature contours of three identical simulations with the exception of the lower
i ' . . . — —1 DL A _ 2 - .
used for LES simulations of flow over complex topography as well. records its height and strength. Using these values, the strongest and s 2) ) %:/L it - € M=\ k boundary conditions. Red contours show regions of reversed flow.
. - 7T . . . .
, _ _ the highest rotor state can be detected. - Left: free-slip (FS); Center: no-slip (NS); Right: rotors replaced by topography, but free-slip (no BLS!)
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1.0 0.1 0.01 10 red boxes below 3). It appears that this behavior is well in line with the linear model predictions of the wave amplitude in Fig. 4. It can be
1.25 0.2 0.0125 5 ' shown that maximum wave amplitudes occur, if the topographic forcing (depends on h;) is in optimal resonance with the - i b Contact
atmospheric response (function of N, U and k). This suggests that the rotor characteristics are mainly determined by the esearch stupported by
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0.4 2.5 are constant for all simulations . > . . .
Kthen underneath a self induced critical level and the simple linear model can not be applied anymore. / Boundary Layer Separation and Turbulence - http://imgw.univie.ac.at




