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Think about it. All living creatures are immersed in a moving fluid or another, in the air of the
atmosphere or water of rivers, lakes and sea.

http://quagroup.com/hydrologic-cycle/
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Importance of fluids in the environment – 2
Flow transport has a number of benefits:
 It takes things away, and usually to a larger place (rivers to lake and sea, local airshed to broader
atmosphere, troposphere to stratosphere, etc.)
 It creates time delay to allow modifications to take place along the way (ex: biodegradation of
organic wastes down a river)
 Fluid motion at human and larger scales is almost always unstable, and the ensuing turbulence
generates mixing , which
• reduces concentrations, and
• promotes encounters (fluid-fluid, interfaces with
other fluid or soil), which in turn promote chemical
reactions and transformation.

http://my.kwic.
com/~pagodavi
sta/schoolhous
e/water/pollute
.htm /

http://www.constructionphotography.com/
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A new discipline: Environmental Fluid Mechanics – 1
So we can introduce a new body of knowledge that has become known as Environmental Fluid
Mechanics.
Environmental Fluid Mechanics (EFM) is the scientific study of naturally occurring flows of air
and water on our planet Earth, especially of those that affect the environmental quality of those
fluids.
If the study is limited to the hydrosphere, we have the Environmental Hydraulics (EH).
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A new discipline: Environmental Fluid Mechanics – 2
Research methods in EFM include:
(a) full-scale on-site experiments;
(b) full-scale laboratory experiments;
(c) reduced-scale laboratory experiments in wind tunnels and water flumes;
(d) analytical, semi-empirical modelling and computer simulations with Computational Fluid
Dynamics (CFD).
The main advantages of CFD are that it: (1) allows full control over the boundary conditions; (2)
provides results in every point of the computational domain at all times (“whole-flow field data”);
and (3) does not suffer from potentially-incompatible similitude requirements due to scaling
limitations since simulations can be performed at full scale. CFD also allows efficient parametric
analysis of different configurations and for different conditions.
The accuracy and reliability of CFD solutions are oftentimes questioned, and thus, solid verification
and validation studies are necessary.
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Characteristics of a turbulent flow - 1
It appears that turbulence was already recognized as a distinct process by at least 500 years ago.
The following figure was found in a sketch book of Leonardo da Vinci (1452-1519).
The sketch from Leonardo da Vinci points
out the complexity of a turbulent flow as
well as the difference between the large
eddy, almost stationary in time and
space, and the small eddies, that are
continuously changing location and size
over the time.
This distinction would suggest to use a
statistical approach in the analysis of a
turbulent flow in order to highlight the
characteristics of the averaged flow by
deleting (or, better, filtering) any rapidly
fluctuating features of the flow.
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Turbulence modeling. RANS – 1
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A very straightforward approach is try to remove the fluctuating terms from the equations of
conservation of mass/momentum.
For doing this, we can operate the Reynolds decomposition for each unknown parameter. Let’s
consider an incompressible fluid as the water. We will have:

u  u  u'
v  v  v'
w  w  w'
p  p  p'
We operate this in both the equations and make the time-averaging for all the terms.
For the conservation of mass equation, we will get:

u v w


0
x y z

Reynolds-averaged conservation of mass equation
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While for the equation of conservation of momentum, we will have:
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These are the Reynolds averaged equations for conservation of momentum (RANS).
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Let’s look to the terms an the right-hand side of the RANS equations.
We recognise that, if multiplied by the density ρ, they are stresses. We call them Reynolds stresses.
So, in we have additional stresses, besides the viscous stresses, acting in a mean turbulent flow.
Reynolds stresses can be nicely arranged as a tensor, the Reynolds stresses tensor.

u' u'

u' v'

u' w'

T  V' V'  v' u'

v' v'

v' w'

w' u'

w' v'

w' w'

Coming back to the equations, we can immediately observe that we have:
• 4 equations , 1 for conservation of mass + 3 for conservation of momentum;
• 7 unknowns, they are the 3 components of the average flow (u v w ), the averaged value of the
pressure p and the 3 components of the fluctuating flow u’, v’ and w’.
We have more unknowns than available equations. So we need to solve the problem of the
closure of our equations.
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We can easy understand that our problem lies just in the 3 components of the fluctuating flow.
We should find a way to express them as a function of the components of the average flow.
One of the simplest approaches is to express the magnitude of the Reynolds stresses in terms of a
gradient formulation, similar to molecular diffusion, that is:

u
x
v
 v' u'  νt - x
x
w
 w' u'  νt - x
x
 u' u'  νt - x

u
y
v
 v' v'  νt - y
y
w
 w' v'  νt - y
y
 u' v'  νt - y

u
z
v
 v' w'  νt - z
z
w
 w' w'  νt - z
z
 u' w'  νt - z

where νt-x, νt-y e νt-z [L²·T-¹] are the turbulent (or eddy) viscosity coefficients along the
directions x, y e z.
So we will understand that we need to estimate the eddy viscosity. For foing this several
methods were developed and different turbulence models were proposed.
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The Turbulent Schmidt Number within the RANS Approach – 1
If we need to solve the transport of a scalar in a turbulent flow, we can use the same approach, that
is the Reynolds averaging, to the advection-diffusion equation:

C  u C   v C   w C 



 Dm
t
x
y
z

  2C  2C  2C 
 x 2  y 2  z 2 



Hence, following the Reynolds decomposition, we have:

u  u  u'
v  v  v'
w  w  w'
C  C  C'

We already know that in such equation, the advective terms at the
left-hand will create a non zero time-averaged product of the
fluctuating components of velocity and concentration that we
need to treat separately.
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The Turbulent Schmidt Number within the RANS Approach – 2
After the Reynolds decomposition and applying the the time-averaging, we get:



 

 



C (u C ) (v C ) (w C )  u' C'  v' C'  w' C'






 Dm
t
x
y
z
x
y
z

  2 C  2C  2 C 
 2  2  2
y
z 
 x

Looking to the equation, we could note that we have four terms. The local derivative for the
concentration, the advective transport of the contaminant due to the average flow, the
advective transport of the contaminant due to the fluctuating part of the flow and the
transport of the contaminant for molecular diffusion.
We see that we have a closure problem even for the advection-diffusion equation in turbulent
flow because we have in the equation two unknowns, namely C and C’.
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The Turbulent Schmidt Number within the RANS Approach – 3
G.I.Taylor (1921) suggested to treat the fluctuating terms in analogy with the molecular diffusion.
He obtained that on a timescale larger than TI, the cloud of tracer particles grows linearly with
time. As this is typical of a Fickian process, the Fickian model is usually applied to treat the
fluctuating terms, despite alternative approaches have been proposed in the literature. So we have:

u' C'   Dt - x
v' C'   Dt - y
w' C'   Dt - z

C
x
C
y
C
z

where Dtx, Dty and Dtz [L²·T-¹] are the turbulent (or eddy) diffusion
coefficients or turbulent diffusivities along the directions x, y e z.
As turbulence is usually not isotropic, they have a different value.

This approach is also called Standard Gradient Diffusion
Hypothesis (SGDH)
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The Turbulent Schmidt Number within the RANS Approach – 4
Hence, for an incompressible fluid, by neglecting the contribution of the molecular diffusion
and assuming that the turbulent diffusivities are constant along the directions x, y e z, we have:

C
C
C
C
 2C
 2C
 2C
u
v
w
 Dt  x
 Dt  y
 Dt  z 2
2
2
t
x
y
z
x
y
z

Advection-diffusion
equation (ADE for a
turbulent flow)

This is the equation commonly applied to study the transport of contaminants in natural
channels.
The SGDH model adopts a scalar, the eddy-diffusivity, assuming an alignment of the scalar flux
vector with the mean scalar gradient; other tensorial eddy-diffusivity approaches were proposed.

On the Values for the Turbulent Schmidt Number in Environmental Flows

Università
di Napoli
Federico
II, 1224

The Turbulent Schmidt Number within the RANS Approach – 5
If we don’t have any measurement of the turbulent diffusivities, we could use the turbulent
Schmidt number for their estimation:

Sct -i 

 t i
Dt i

The turbulent Schmidt number is the analogous for turbulent flow of the Schmidt number:

Sc 


Dm

where ν is the molecular kinematic viscosity of the fluid and Dm is the molecular diffusivity of
the scalar within the fluid. Therefore, the turbulent Schmidt number Sct is a property of the
turbulent flow, whereas the Schmidt number Sc is a property of the fluid and of the substance
being diffused within the fluid.
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The Turbulent Schmidt Number within the RANS Approach – 7
The Schmidt number Sc is usually in the order of 1 and of 10²–10³ depending on temperature for
environmental flows in air and water, respectively (Table 1). On the contrary, since Sct is a
characteristic feature of the turbulent flow, no universal value could be established. Hence, by
analogy between momentum and mass transport Sct is often assumed as a first approximation to be
equal to unity.
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The Turbulent Schmidt Number within the RANS Approach – 8

Given the state of the art regarding the turbulent Schmidt number, there is the impression that it
is mostly used as a tuning-parameter in the numerical simulation of the transport of a
scalar in a turbulent flow. So, the idea behind the review paper was to promote a discussion
within the community working on these studies about a reasonable parameterization of the Sct .
So, some questions could be done:
(a) Is it possible to determine similarities in the values of this number among water and air
systems ?
(b) Is there any difference/similarity between dissolved and particulate matter ?
(c) Is it possible to infer some physical behavior from the analysis of the Schmidt number as a
function of the concentration or the level of stratification ?
(d) How does the Schmidt number vary with flow characteristics ?
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Review of the Literature on the Parameterization of the
Turbulent Schmidt Number – 1
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Review of the Literature on the Parameterization of the
Turbulent Schmidt Number – 2

The literature about open-channels shows values for Sct in the range from 0.5 to 1.0. It was
suggested to use a different value for the vertical and horizontal direction to be consistent
with what was observed in the field experiments.
In contact/water tanks, the range of the applied values for Sct was in the range from 0.3 to 1.0.
Some studies suggested that the best value for the Sct could be related to the characteristics of
the flow field in the tank, that is to the presence of plug-flow conditions or of large areas of dead
zones.
For inclined negatively buoyant discharges, Sct was calibrated to 0.60 to improve the
agreement with the experimental data.
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Review of the Literature on the Parameterization of the
Turbulent Schmidt Number – 3

Several studies involved the case of sediment transport. They led to a wide range of variation for
Sct . The classical formula to determine the Schmidt number came from the work of van Rijn:
1
w 
 1 2 s 
Sct
 u*

2

for 0.1 

ws
1
u*

where ws is the particle settling velocity and u* is the shear velocity. This equation provides a value
always less than 1.0, applicable throughout the flow depth and there is no explicit consideration of
type of bed.
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Review of the Literature on the Parameterization of the
Turbulent Schmidt Number – 4

Graf and Cellino carried out laboratory measurements of instantaneous velocity and concentration
profiles and concluded that for the suspension flows without bedforms Sct>1, whereas for the ones
with bedforms as in natural waterways Sct<1.
Hsu and Liu calibrated Sct using literature experimental results and obtained Sct = 0.7.
Amoudry et al. first argued that Sct cannot be considered as a constant value, while using a Sct
depending on concentration could provide the expected experimental dependence on the elevation
from the bed. They suggested that Sct <1.0, increases with the sediment concentration that makes
more difficult for sediment to be diffused and it follows:
where c0=0.65 is the maximum
q

c  c 
possible sediment concentration
Sct  Sct 0  1     
c0   c0 

(close-packing concentration)
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Review of the Literature on the Parameterization of the
Turbulent Schmidt Number – 5

Muste et al. conducted two sets of experiments using natural sand (NS) and neutrally buoyant
sediment formed of crushed nylon (NBS), respectively. The calculated Sct values were much
larger than 1, namely from 1.4 to 2.11, for the NS flows, and much smaller than 1, namely from
0.22 to 0.52, for the NBS flows.
Toorman suggested that that the Sct for suspension-free conditions is in the range from 0.5 to 0.8.
Bombardelli and Jha found values of Sct<1.0 for dilute mixtures, indicating that the diffusivity of
momentum of the carrier fluid, i.e. νt, is smaller than the diffusivity of sediment. They obtained a
value for Sct in the range from 0.56 to 0.7 depending on the experimental data set.
Jha and Bombardelli assessed the performance of diverse turbulence closures in the simulation of
dilute sediment-laden, open–channel flows. They concluded that Sct is a key parameter and for
the k–ε model, the fitting with experimental data was obtained with Sct in the range from 0.4 to 0.9.
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Review of the Literature on the Parameterization of the
Turbulent Schmidt Number – 6

Jha investigated under the framework of RANS equation the effect of inertia on the transport of
particle-laden open channel flows. He analysed the sensitivity to a range of particle size, density
and concentration and observed that Sct decreased with the increase in particle size in case of flow
with high particle density.
Absi addressed the profile of suspended sediments concentration over ripples. He proposed to
consider Sct as function of the distance from the bed and of an additional parameter, which is
function of the settling velocity.
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Review of the Literature on the Parameterization of the
Turbulent Schmidt Number – 7

Some studies are about stratified flows.
Huang et al. applied the buoyancy–modified k–ε model to the saline density currents and dilute
sediment-laden turbidity currents. They suggested that in stratified turbidity currents and density
currents, Sct >1.0. This could be interpreted as a decrease in the turbulent diffusivity in order to
take into account the decay of turbulence due to density stratification.
Huq and Stewart performed experiments on stably stratified turbulence in a water tunnel. Sct
values were found to be dependent on two parameters, the Richardson number Ri, i.e. the strength
of stratification, and T* representing the non-dimensional eddy turnover timescale. T* is defined
as the ratio of the advective time scale to the time scale of energy transfer from large to small eddies.
Walker et al. investigated mixing at a T-junction. They found that values of Sct in the range from 0.1
to 0.2 provided the best fit with the experimental data.
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Review of the Literature on the Parameterization of the
Turbulent Schmidt Number – 8

On the Values for the Turbulent Schmidt Number in Environmental Flows

Università
di Napoli
Federico
II, 1224

Review of the Literature on the Parameterization of the
Turbulent Schmidt Number – 9

Koeltzsch reviewed some previous experimental investigations and found that most authors use a
constant value for Sct ranging from 0.5 to 0.9.
Flesch et al. used measurements of pesticide emission from a bare soil to calculate Sct. During their
experiments Sct averaged 0.6, with large variability between observation periods that could not
be correlated to atmospheric conditions. Some of this variability was due to measurement
uncertainty, but they concluded that it also reflected true variability in Sct.
Wilson measured vertical fluxes and concentration differences above a spring wheat crop to
derive the turbulent Schmidt number for water vapour and carbon dioxide. During nearly-neutral
stratification he obtained a Sct = 0.68 ± 0.1 for water vapour and Sct = 0.78 ± 0.2 for carbon dioxide.
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Review of the Literature on the Parameterization of the
Turbulent Schmidt Number – 10

In their review paper of the studies about atmospheric dispersion, Tominaga and Stathopoulos found
that the optimum values for Sct were widely distributed in the range of 0.2–1.3. Since the optimum
values of Sct largely depended on the local flow characteristics, they recommended that Sct should
be determined by considering the dominant effect in the turbulent mass transport in each case.
Several other studies addressed the case of pollutant dispersion in the built environment. They
found the best Sct to be in the range from 0.1 to 1.0.
Mokhtarzadeh-Dehghan et al. simulated the dispersion of a heavier-than air gas from a ground level
line source in a simulated ABL. They found sensitivity to the value of Sct, that was in the range from
0.7 to 2.5, as a linear function of the Richardons number Ri*.
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Review of the Literature on the Parameterization of the
Turbulent Schmidt Number – 11

Other studies suggested that Sct was in the range of 0.3–1.0.
Finally, it was investigated the question if Sct is a constant or it is varying inside the flow domain.
Ross performed numerical simulations of scalar transport in neutral flow over forested hills using
both a 1.5-order mixing-length closure scheme and LES. He found that the common assumption that
momentum and scalars are transported in the same way is not valid within and just above the
canopies, with strong variations in Sct in the vertical direction and across the hill.
Shi et al. investigated the performances of six RANS models and one LES model in predicting both
weakly- and strongly-stratified jets. They proposed an equation for Sct based on the local velocity
gradient and density gradient with the objective to improve the simulation of scalar variables, such
as the density difference distributions.
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Review of the Literature on the Parameterization of the
Turbulent Schmidt Number – 12

Koeltzsch carried out wind tunnel experiments in a
turbulent boundary layer above a flat plate. The analysis
of the data demonstrated for Sct that a strong
dependence on height existed within the boundary
layer.
At the height of z/δ=0.3, the momentum transport is
nearly as intensive as the mass transfer, i.e., Sct =1.
Above as well as below that, the turbulent diffusivity of
mass predominates over the turbulent viscosity, i.e., Sct
<1.
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Case Studies – 1
Contaminant dispersion due to transverse turbulent mixing in a shallow water flow

In the numerical study to solve the flow field, an approach based on the RANS equations was
applied, where the closure problem was solved by the k-ε model. The concentration field was
obtained by using the advection-diffusion equation.

The best fit with the
experimental data for
transverse mixing was
for Sct =1.3
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Case Studies – 2
Tracer transport in a contact tank
A sensitivity analysis was conducted to investigate the
influence of Sct on disinfectant transport in a typical
contact tank of a waste water disinfection facility.
RANS simulations of the hydrodynamics in the tank
were performed using a finite-volume CFD model with
the standard k-ε turbulence closure. The transport of
scalar quantities was simulated by solving the 3D
Reynolds-averaged advection-diffusion equation.
While a first simulation was done using Sct=0.70,
supplementary simulations were conducted, in which Sct
was altered within the range of 0.2–1.8.
To compare the performances of each simulation,
Residence Time Distribution (RTD) curves were used
by calculating the corresponding Indicators of
Hydraulic Efficiency (HEIs).

On the Values for the Turbulent Schmidt Number in Environmental Flows

Università
di Napoli
Federico
II, 1224

Case Studies – 3
Tracer transport in a contact tank
At the exit of the tank, we have the best agreement for
Sct=1.0.
However, a Sct<1 increases turbulent mixing and leads
to an underestimation of peaks and more pronounced
tailing of the RTD in the early compartments where
strong advection dominated turbulence .
On the other hand, by using a Sct>1 turbulent
diffusivity is decreased as and thus scalar transport is
accordingly dominated by the effects of advection
rather than diffusion, so the tracer remains along the
major flow paths rather than being influenced by smallscale turbulence.
Sct<1 appears to work best for short-circuiting
indicators (t10, tp), whereas Sct>1 is more accurate for
mixing indicators (t90, Mo).
This suggests that either Sct is not a constant due to the
highly different turbulent conditions in the tank.
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Case Studies – 4
Sediment transport in suspension
Sediment transport in suspension occurs away from the wall.
Pioneering work by Rouse and Vanoni assumed that Fickian diffusion represents adequately the
action of turbulence on the finite-size, solid particles. Then, Rouse established the so-called
equilibrium conditions by which the action of turbulence counterbalances the effect of gravity in
the vertical direction, disregarding the differences in the horizontal directions. This brilliant, simple
and yet powerful analysis leads to the Rousean distribution, which has been widely used in the
estimation of sediment concentrations in rivers, estuaries and coastal areas.
Bombardelli and Jha used three levels of complexity for the models of sediment transport.
Different sets of experimental data were used to compare with the numerical results.
A good agreement between numerical predictions and observations was obtained.
They found that non-dilute conditions (that means concentration larger than 2-4%) Sct>1, which could
be attributed to the smaller distance among particles, in a similar way of what happens with the
diffusion of gases.
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• First, the analysis of the literature both for the water and atmospheric system shows a significant
variability from case to case of the best-fitting turbulent Schmidt number Sct if this parameter is
assumed as a constant inside the flow domain. In most of the presented studies, the best-fitting Sct is
in the range from 0.1 to 1, but in sediment-laden open channel flows for sand particles, it was
found that the best Sct >1, in the range from 1.4 to 2.1. Thus, it is impossible to identify a unique
value for the best-fitting Sct valid for all of the considered cases;
• Second, the same best-fitting value was found for very different flow conditions. For example, Sct
= 0.3 was the best fit for a particular flow in a contact tank, as well as for the pollutant dispersion in the
ABL;
• Third, some of the presented studies suggested that Sct should be considered as a parameter, which
has different values in the same flow domain, but there was no agreement about the parameters
controlling this variability in the flow domain. In sediment transport, some studies suggested even
an influence of the presence or not of bedforms and of the type and size of transported particles,
whereas in stratified flow, even the effect of density gradients.
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• The same findings were obtained from three distinct Sct sensitivity analyses spanning through 2-D
and 3-D hydrodynamic flow conditions as well as the implications for 1-D sediment transport.
For the contaminant transport due to transverse mixing, Sct>1 (≈1.3) reproduces best the
experimental data.
For the 3-D tracer transport within a serpentine contact tank, Sct affects competing physical
processes. Lower values (Sct<1) promote turbulent mixing and hence reduce short-circuiting and
tailing of the RTD curve while on the other hand higher values of Sct (Sct>1) show more dominant
short-circuiting and tailing effects. A value of Sct= 1 for the entire domain produces the most accurate
results at the outlet. However, this value is not applicable for earlier sampling points. These results
confirmed that one single value of Sct is unable to represent the physical processes in the entire
domain and that Sct may need to be calibrated on a case by case basis. It would be interesting to
determine if inaccuracies are depending from the turbulence model chosen or if a locally varying
value of Sct or a departure from the standard GDH would allow more reliable predictions.
Even for the sediment transport the best-fitting Sct is varying in a large range. Furthermore, Sct
seems to strongly depend from the ratio of settling velocity to the shear velocity. For non-dilute
conditions the best-fitting is Sct>1, which could be attributed to the smaller distance among particles,
in a similar way of what happens with the diffusion of gases.
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• At this point it is very important to identify the parameters controlling Sct in the flow domain.
Some of the above presented literature studies suggested an influence of the position inside the flow
domain on Sct . A relationship between Sct and the distance from the wall was suggested in
sediment transport and in an air boundary layer flow.
Reynolds proposed an equation in which Sct was a function of the molecular Schmidt number Sc,
the distance from the wall and the local turbulent intensity of the flow:
the position within the flow domain is taken into account implicitly through the turbulent viscosity νt,
which is spatially variable and highly influenced by the wall and turbulent boundary layer. The
Eq. is consistent with the observation that Sct decreases as νt/ν increases, indicating greater turbulent
mixing in more-turbulent regions. However, as the νt/ν ratios approaching zero, i.e. in the laminar
regions, Sct tends to C1, whereas it should be undefined.
• Also, it was observed a significant impact of the Richardson number on Sct . A linear relationship
between Sct and Ri was proposed, in which Sct increased with the increasing level of stratification,
i.e. with Ri . Even, it was noted that the larger the value of Sct was, the higher the predicted peak
density was. This is because the mixing of the two species in the stratified flows was inversely
dependent on Sct . Stratification is acting against turbulence and acts more effectively against
diffusivity of mass than against diffusivity of momentum.
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• Donzis et al. analysed a large database generated from direct numerical simulations (DNS) of
passive scalars sustained by a homogeneous mean gradient and mixed by homogeneous and
isotropic turbulence. They suggested that Sct is a function of the Taylor microscale Reynolds
number Reλ which is formed with the root-mean-square turbulent velocity and with the Taylor
microscale, and Sc.

The analysis of the DNS data revealed that Sct has a
functional dependence with the molecular Peclet
number Pe =Reλ²×Sc.

The data also showed that for Pe<100, Sct was larger than 2
and asymptotically increased with the decreasing Pe. The
data also support an asymptotic value of about 1.36 at
high Pe.
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For Sc>1, they obtained:

This indicates that the dependence on Sc vanishes for
Sc>1 and the asymptotic state is attained at high Reynolds
numbers.
This means that high–Sc scalars, such as those typical of
environmental flows, should be in the asymptotic state for
Reλ in the order of 103 in air and 2–5 in water.
They suggested that this behavior can be expected to hold
for each class of homogeneous and free shear flows, but
different asymptotic values probably apply for each
flow, while for wall flows, where molecular effects have
to be taken into account, the behavior can be expected
to be more complex. Anyway, this finding suggests that
for homogeneous and isotropic turbulent environmental
flows the turbulent Schmidt number is constant.
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• The most widely-applied engineering approach for simulating turbulent flows is that based
on the concept of Reynolds-averaging of the Navier-Stokes equations and of the
Advection-Diffusion equation, where the turbulent scalar fluxes are mostly estimated by
assuming the Standard Gradient Diffusion Hypothesis (SGDH). This approach for the
transport of a scalar involves (in most cases) specification and hence a priori knowledge of
the turbulent Schmidt number, Sct
• As no universally-accepted values of this parameter have been established, there is still
controversy about the proper parameterization of Sct for the various environmental flows
• The literature about the turbulent Schmidt number in the field of Environmental Fluid
Mechanics, involving both air and water systems, was reviewed. Then, three case studies,
namely (1) contaminant dispersion due to transverse turbulent mixing in a shallow
water flow, (2) disinfectant transport in a contact tank and (3) sediment–laden open
channel flows, have been presented
• The analysis of both the literature studies and the three case–studies suggested that it is
impossible to identify a universal value of Sct valid for all the considered cases. Further,
different“ best–fitting values” have been found for different flow conditions.
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• Moreover, the presented studies suggest that Sct should be considered a parameter that
varies locally, but no trends about the parameters affecting or controlling this
variability could be established.
• In stratified flows, the literature studies agreed that Sct increased with the level of
stratification. This is consistent with the observation that stratification acts more effectively
against mass diffusivity than against momentum diffusivity
• In sediment transport, Sct was related to the distance from the bed, to the sediment type,
size and concentration as well as to the presence of bedforms. The relation with the
height was also observed in air flows
• However, the turbulent Schmidt number should not serve as a tuning parameter to
overcome the inaccuracies or short-comings of the turbulence model employed to solve the
flow field
• As a recent DNS-based study suggested that the turbulent Schmidt number is a function
of the molecular Peclet number with a constant value of about 1.3 for homogeneous and
isotropic turbulent environmental flows, further research is needed to confirm this
asymptotic behaviour for more complex turbulent flows, such as wall flows typical of many
EFM engineering problems
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