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D A generalized model flowchart g
adapted from PWP model
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The critical condition for the maintenance of turbulence in
stratified flows

By S. P. 5. ARYA
University of Washington, Seattle, Washington

Turbulent transport of heat and momentum from
an infinite rough plane

(Manuscript received 11 January 1971; in revised form 17 August 1971, Communicated by Professor R. G. Fleagle) Dye re I e a S e
SuMMARY experlments’

By T. H. ELLISON

Sidegarth, Heswall, Cheshire Theoretical models for predicting the critical Richardson number for the maintenance of turbulence in
. 1 a stratified atmosphere are re-examined in the light of recent observations. It is proposed that the critical m OO re d
(Received 22 January 1957) condition may first arise from the failure of the maintenance of steady shear in the presence of buoyancy forces.
An expression for the critical flux Richardson number is derived from the consideration of the equations of .
SUMMARY Reynolds stress and turbulent energy. This gives a range of 0:15 — 025 for Ryer, in agreement with the m I C ro St r u Ct u re
In the first part of the paper the dimensional laws governing et of chrect obsetvations.
the processes of heat and momentum transport from an infinite .
rough plane are assembled and their consequences set out. In Esti . . : s cimats InSt run IentS Shea I
; ) stimates of the Local Rate of V. fi Measurements ’
the second part, the detailed equations for the turbulent energy, o al Rate of Vertical Diffusion from Dissipation Meas e
the mean square temperature fluctuation and the covariance of p ro bes on
temperature and vertical velocity are used, together with some T. R. OsBORN
speculative assumptions concerning the dissipative action of the . ) .
turbulence, to derive a series of relations between the turbulent Department of Oceanography, University of British Columbia, Vancouver, Canada V6T 1W5 t u rb u Ie nce p rOfl Ie I
. .. . . )
intensities and the Austausch coeﬁ‘icnent.s. Onec of these relations (Manuscript received 16 June 1978, in final form 2 July 1979)
indicates that the flux form of the Richardson number cannot t ” H
exceed a critical value which is about 0-15. It follows that in ABSTRACT e C a glve
Scaling of the turbulent energy equation suggests the balance of terms in the ocean is between Va | i d ati O n Of R ~
turbulent production, dissipation and the loss to buoyancy. In this paper two models for the source f ~
of oceanic turbulence are considered; namely, production by the Reynolds stress working against a
time variable mean shear, and the gravitational collapse of Kelvin-Helmholtz instabilities. Both of
these shear instabilities are believed to be important in the ocean. Using values for the critical flux O. 2 .
Richardson number and the measurements from studies of Kelvin-Helmholtz instabilities, the
efficiency of turbulent mixing is shown to be comparable for the two models. Therefore, a general
relationship between the dissipation rate and the buoyancy flux due to the small-scale turbulent
velocity fluctuations is derived. The result is expressed as an upper bound on the value of the turbulent
eddy coefficient for mass K, = 0.2¢/N*. Values of K, are calculated from recent oceanic measurements
of energy dissipation. Isopycnal advection and doubly diffusive phenomena are not included in the model.




2> Flux Richardson number (R;) definitions Ciy

A
=

ar

¥

I

1.0 T T T T T T T T
R,
0.8 - .
(@] Rf
+ R %

o o O
(NS SN o N
T T T
»
[ & 4
CEB RO <
(e e
X X X X XX >GRO XXX XX —

02
—04
0.6 3
08 .
X
_l.O | | | 1 | 1 1 | |
0 ol 02 03 04 05 06 07 08 09 1.0

Ri,

FIGURE 1. Comparison of the flux Richardson numbers Ry, R;’ and R/ik as functions of
the gradient Richardson number Ri,, computed from the DNS data of Shih er al. (2005).

The reversible and irreversible components were identified by
Venayagamoorthy et al (2010, 2016)
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* In strongly stably stratified conditions,
 Jlow TKE
e parcel does not diffuse
* parcel comes back to original position
* reversible flux

* The models do not take this into account
thereby overestimating the mixing.
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>> Model Simulations Was
e 1-D k-€ mixed layer model
* Location - Bay of Bengal (16°N, 88°E) 22°N
20°N
e Resolution —5m, total depth — 250m 18°N
: : 16°N =
* Hourly forcing variables : 14N
12°N
— Shortwave radiation, precipitation, winds, 10N N {
g8°N
air temperature, humidity at hourly frequency 65°E  JO°E  75°E  BO°E 85°E  90°E  95°E
* CTRL run : Model simulation with conventional k-€ model
e EXP run — Model simulation with modified k-€ model
* Run 1: Forcing data from a buoy Run 2: Forcing data from IMDAA Reanalysis dataset

> Forcing fluxes from O =2 33 Foreing fluxes fram IMDAA reanalysis dataset &L




> Forcing fluxes from OMNI buoy data
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NATIONAL CENTRE FOR MEDIUM RANGE WEATHER FORECASTING

MINISTRY OF EARTH SCIENCES, GOVERNMENT OF INDIA

REANALYSIS DATA SERVICES vos Live  About  Contact  Privacy&Terms

The National Centre for Medium Range Weather Forecasting (NCMBEWTF) 1s a Centre of Excellence in Weather and Climate Modelling under the Ministry of Earth Sciences. The mission of the Centre
1s to continuously develop advanced numerical weather prediction systems, with increased reliability and accuracy over India and neighboring regions through research, development and demonstration
of new and novel applications, maintaining the highest level of knowledge, skills and technical bases. This data web portal contains (1) IMDAA Data - high resolution (12km, 1-hourly) regional
reanalysis over India, from 1979 to 2018 (Extended upto December 2020} and (2) NGFS Data - high resolution (25km, 6-hourly) Global reanalysis, from 1999 to 2018 For the continuity of the
IMDAA regional reanalysis dataset beyvond 31 December 2020, NCMRWF 1s releasing IMDAA-Like products derived from the operational NCMRWF Unified Model (NCUM) global NWP system of
12 km resolution. Unlike IMDAA reanalysis products, a few of the IMDAA-Like products are only available at 3 hourly intervals. Multi-level IMDAA-TLike products are available only at 15 pressure
levels. For more details kindly refer table in the "TABOUT IMDAA" tab.
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Argo has spatial coverage but 10-day frequency.
Moorings have high frequency but sparsely located.

Need of high resolution spatial and temporal observational data for such sensitivity experiments.
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