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Does the Tennekes & Lumley balance hold only             Does the Tennekes & Lumley balance hold only             
## in the mean?*in the mean?*
## at sufficiently large Reynolds numbers?*at sufficiently large Reynolds numbers?*
## inin statistically stationary turbulencestatistically stationary turbulence?

*See fig 6.6 in Tsinober 2001, Kluwer
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for statistically stationary turbulent shear flowfor statistically stationary turbulent shear flow
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EnstrophyEnstrophy production is approximately balanced in the production is approximately balanced in the mean mean by viscous by viscous 
terms at terms at sufficientlysufficiently highhigh Reynolds numbersReynolds numbers** in in statistically statistically 
stationarystationary turbulent shear flowturbulent shear flow →→ Three questions:Three questions:
# Is it only/just in the mean?Is it only/just in the mean?
# Does this happen only at sufficiently large Reynolds numbers?Does this happen only at sufficiently large Reynolds numbers?
# Is this balance violated in statistically nonIs this balance violated in statistically non--stationary turbulencestationary turbulence?
____________________________________________________________________________________________________________________________________________
*In this sense - but not only in this - turbulence is not slightly viscous at 
whatever large Reynolds number. In this context the question: what 
happens with enstrophy/strain production as ν→0 is of special interest

TENNEKES AND LUMLEY BALANCE(1972, TENNEKES AND LUMLEY BALANCE(1972, P.91P.91):):



((½½)D)Dωω²²/Dt =/Dt = ωωiiωωjjssijij ++ ννωωii∆∆ωωii + + 
ɛɛijkijkωωii ∂∂FFkk//∂∂xxjj

((½½)Ds)Ds²²//DtDt == -- ssijijssjkjksskiki ––
(1/4)(1/4)ωωiiωωjjssijij –– ssijij∂∂²²pp//∂∂xxii∂∂xxjj ++
ννssijij∆∆ssijij ++ ssijijFFijij

SELFSELF--
AMPLIFICATIONAMPLIFICATION

OF VORTICITY OF VORTICITY 
AND AND STRAINSTRAIN

The property of self amplification of vorticity and strain is responsible for the fact the neither 
enstrophyω² nor the total strain s² are inviscid invariants as is the kinetic energy u²



SELFSELF--
AMPLIFICATIONAMPLIFICATION

SELFSELF--RANDOMIZATION/INTRINSIC STOCHASTICITY: NO SOURCE OF RANDOMIZATION/INTRINSIC STOCHASTICITY: NO SOURCE OF 

RANDOMNESS IS NEEDED, THE FORCING CAN BE CONSTANT IN TIMERANDOMNESS IS NEEDED, THE FORCING CAN BE CONSTANT IN TIME

AT THE LEVEL OF VELOCITY AT THE LEVEL OF VELOCITY 
DERIVATIVES:  VORTICITY AND DERIVATIVES:  VORTICITY AND 
STRAIN (DISSIPATION)               STRAIN (DISSIPATION)               
THE EXTERNAL FORCING IS THE EXTERNAL FORCING IS 
IRRELEVANTIRRELEVANT
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1. DNS in a periodic box,  Reλ=102

2. DNS in a channel flow, Re=5600                               
3. Atmospheric  SL, Reλ=104; Re=108

OF VORTICITY OF VORTICITY 
AND AND STRAINSTRAIN



DNS IN A CHANNEL FLOW 
RE=5600



y+ y/d

EnstrophyEnstrophy balancebalance



y+ y/d

Strain  balanceStrain  balance



ATMOSPHERIC  SURFACE ATMOSPHERIC  SURFACE 
LAYERLAYER

RREEλλ=10=1044;   R;   REE=10=1088





THE MARIA THE MARIA SILSSILS SITE, SWITZERLANDSITE, SWITZERLAND



FIELD EXPERIMENT SUMMER 2004 SILS
MARIA, SWITZERLAND

The 
Israeli 
team

The calibration unit at 3 m 
in the field

Height 1850 mHeight 1850 m
Experiment was Experiment was 
performed in performed in 
collaboration of collaboration of Institute Institute 
of Hydromechanics and of Hydromechanics and 
Water Resources Water Resources 
Management, ETH ZurichManagement, ETH Zurich





THE PROBETHE PROBE

Manganin is used as a 
material for the sensor 
prongs instead of 
tungsten because the  
temperature coefficient of 
the electrical resistance of 
manganin is 400 times 
smaller than that of 
tungsten.

cold wirescold wires

hot  wireshot  wires

The tip of the probe with prongs made of The tip of the probe with prongs made of manganinmanganin

3 mm3 mm





DNS IN A PERIODIC BOX,  REλ~102 
DNS IN A PERIODIC BOX

REλ~102
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ddEEωω//dtdt PPωω ----DDωω FFωω

TEMPORAL EVOLUTION OF SPATIAL INTEGRALS
IN THE ENSTROPHY BALANCE EQUATION

Note Note i)i) approximate balance betweenapproximate balance between PPωω and and ----DDωω
andand ii) ii) irrelevance of the forcing term irrelevance of the forcing term FFωω

Similar Similar behavourbehavour is observed with is observed with hyperviscosityhyperviscosity

Reλ= 2x102 ∫∫((½½)D)Dωω²²/Dt = /Dt = ωωiiωωjjssijij + + νωνωii∆ω∆ωii + + ɛɛijkijkωωii ∂∂FFkk//∂∂xxjj





DOES THE T & L BALANCE  
HOLD ONLY/JUST IN THE 

MEAN?

DOES DOES THE T & L BALANCE
HOLD ONLY AT HOLD ONLY AT 

SUFFICIENTLY LARGE SUFFICIENTLY LARGE 
REYNOLDS NUMBERSREYNOLDS NUMBERS??



DOES DOES THE T & L BALANCE
HOLD ONLY HOLD ONLY IN STATISTICALLY STATISTICALLY 
STATIONARY TURBULENCESTATIONARY TURBULENCE??



PERIODICALLY FORCED PERIODICALLY FORCED 
TURBULENCETURBULENCE

The simulation parameters:The simulation parameters:
Resolution 128Resolution 128³³
Forcing: ABC multiplied byForcing: ABC multiplied by (1 + A(1 + At t coscos ΩΩt)t) withwith

AAtt = 0.5 = 0.5 andand ΩΩ = 0, 6 = 0, 6 andand 30                        30                        
Velocity field parameters:Velocity field parameters:
Eddy turn over timeEddy turn over time 5050
Taylor Reynolds numberTaylor Reynolds number ReReλλ = 50= 50



From now on From now on 〈〈……〉〉 means means ∫∫……dVdV



EnstrophyEnstrophy balancebalance

((½½)D)Dωω²²/Dt =/Dt = ωωiiωωjjssijij ++ ννωωii∆∆ωωii + + 
ɛɛijkijkωωii ∂∂FFkk//∂∂xxjj
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StrainStrain balancebalance

((½½)Ds)Ds²²//DtDt == -- ssijijssjkjksskiki ––
(1/4)(1/4)ωωiiωωjjssijij –– ssijij∂∂²²pp//∂∂xxii∂∂xxjj ++
ννssijij∆∆ssijij ++ ssijijFFijij
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The  The  T&L enstrophyenstrophy balance holds balance holds not not only               only               
# # in the meanin the mean
# # at sufficiently large Reynolds numbersat sufficiently large Reynolds numbers
## inin statistically stationary turbulencestatistically stationary turbulence

# # A  similar balance holds for the total strain A  similar balance holds for the total strain ssikikssikik

CONCLUDINGCONCLUDING
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