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ABSTRACT

Mathematical models have been used fgr several years to slmulate large scale
tidal flows in the coastal environrnent. As computer resources J.mprove wlth
the introduction of relatively cheap but very fast modern computers, the
representation of the physical processes ln the models can be improved and
the scope of the models can be increased. This becomes most rneaningfu). as
the spatial resolution of the nodels is also able to be improved by using
the power of the modern new computers.

Refined turbulence nodels have been used suecessfully ln the slmulatlon of
certain classes of flow in order to provide the mathematical. model of the
mean flow condltions with the required information on the relatlvely small
scale and high frequency turbulent exchange of rnass and momentum.

A large range of mathenatical models of mean flows and turbulence models
have been developed and combined to simulate a large number of particular
types of f low. There is a need for rel iable predict ive models of
recirculating f lows ln coastal waters and this report concentrates on, and
presents an assessment of, the current and practicabl.e representation of
lateral turbulent exchange in two-dimensional depth averaged mathematical
models of t idal f lovs.

This report ig not intended as a revlew of current turbulence model.sS rether
it presents an assessnent of the usefulness of present day turbulence models
ln improving the accuracy and reliability of one type of nean flow model to
simulate tidaL flows in the coastal envLronment. The mean flow model of
interest, widely used in the civil engineerlng industry, represents the
coastal flows integrated over the water depth to provide a two-dlmensional
representation of the f low f ield.

As a result of the work done (which included the organisation and
participation in seminars and workshops), i t  has been concluded that, within
the restrictions imposed by a two-dimensional representatlon of flows where
three-dimensional effects can be important in some areas of the model at
some times in the tidal eycLe, and within the restrictions on spatial
resolution which can be achieved by even modern computing resources, the use
of a refined turbulence rnodel in a depth everaged mathematical model. of
tidal flows in the coastal environment is not varranted.
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INTRODUCTION

Mathematical models of tidal flows have been in use

and at the service of the civil engineering industry

for over 20 years. In that time, computer resources

have improved dramatically both in speed of

computation and in fast storage capaeity. These

i-mprovernents have allowed more detailed resolution of

the simulated flovs and the inclusion of the more

complicated physical processes in the mathenatical

mode ls .

There is an infinite range of flow problens where,

vhile they are all definable in terms of the same set

of fundanental differential equations deseribing

conservation of momentun and conservation of mass, the

dominant physical  processes, or relat ive importance of

var ious physical  processes di f fer.  As a result ,  a

great many different types of model have been

developed, incorporat.ing different approximations or

representat ions of some of the physical  processes to

take advantage of specific features of the type of

f low being model led whi le opt imising the use of f in i te

computing resources.

The research described in this report is concerned

sole1y with two-dimensional mathernatical models of

coastal flows where the model simulates depth mean

quantities and was undertaken in order to examine the

representation of sub-grid scale details in this type

of model using different turbulence rnodels. This

report is not intended to be a review of turbulence

models and the widely varying flows in which different

rnodels have been found to be successful.

Comprehensive reviews can be found in References 1 and

3. The lrork described in this report follows an

earlier research progranme sponsored by Hydraulics

Research Ltd in the Department of Civil Engineering,



Universi ty Col lege of Swansea, Universi ty of Wales

(Ref 2) .  At the start  of  this work, i t  was i-ntended

to use the particular turbulence model used in that

research programme and examine its usefulness in

simulating coastal flows compared with the more basic

traditional approach which had been in use at

Hydraulics Research and videly throughout the Civil

Engineering industry for many years. As the research

progressed, however, the apparent advantages to be

gained from a more sophisticated representation of the

sub-gr id detai l  in depth averaged coastal  f low models

did not mater ial ise.

Although the original inLention of implementing and

examining a refined turbulence model was not

fuIf i l led, the research programne, which f inal ly

included a detailed examination of the numerical

procedures employed in the current mathematical models

and the attendance aL and organisation of workshops,

yielded useful  conclusions.

As a result  of  the research described in this report ,

j.t is thought that it is now possible to apply a

two-dirnensional depth averaged model of coastal flows

with great,er confidence in the results and methods

employed.

The equations describing the mean fluid motion and

turbulent quantiLies and the details of their

derivation can be found in nany references, including

References I and 2, and only those details required to

illustrate the arguments in this report are

reproduced.



2 DEPTH AVERAGED,

IT,IO DIMENSIONAT FLOWS

2.I The Fundamental

Equations

The Navier Stokes rnomentum transport equations

describe the conservation of momentum for a continuum

fluid where the viscous stress is direct ly

proport ional to the rate of strain (Newtonian f lu id).

In a rectangular coordinate system rotating with the

earth, as would be used in a mathematical  model of

t idal  f lows, these eguat ions for an incompressible

f luid with a free surface can be wri t ten in divergence

form as :

0 r . '  O ( u - u - )  i  A P  0  0 u ,t  l -  *  - : - *  o  =  u  =-  '  l ^
a t  0 x

J P E* i  -  a i  tq  ( j  =  1 '2 '3 )

( 1 )

where

u.  =  ve loc i ty  component  in  d i rec t ion  x .  i  =  I ,2 ,3

P = pressure

u =  coef f i c ien t  o f  v iscos i ty

n  = - 2 u u ,  s i n 0  i = 1

= * 2 r r r u r s i n 0  i = 2

= 0  i = 3

0 = lat i tude (degrees)

uJ = angular speed of rotat ion of earth = 2n/864A0

Equation (l) describes the instantaneous values of the

velocity components and surface level. Ihese

instantaneous values in themselves are of little value

in many cases and, considering the relatively high

frequency of the turbulent fluctuations compared with

tidal variations in the mean flow and the snall length

scales associated with these turbulent f luctuat ions,



are impossible,to resolve with present day computers

in a model of  large coastal  area.

In order to reduce these eguations to a useful form,

the instantaneous velocity eomponents are represented

in terms of a turbulent mean component and a

fluctuaLing component (Reynolds decomposition) as

fo l lows:

u . = u . + u !
1 r 1

vhere the ' denotes the turbulent perturbation about

the turbulent mean value denoted by 
- 

. The turbulent

mean value is assumed to be obtained by averaging over

a timescale which is long compared with the period of

the turbulent fluctuations but short compared with

variat ions in Lhe mean f low. In t idal  f lows, the

accelerations are small in general and such an

averaging procedure is val id.  Subst i tut ing this

representat ion for u.  into eguat ion (1),  dropping the

viscous terms which are sma1l and are usual ly

neglected, and averaging over time gives

O t i  0 ( u ' . u . )  f  a P
_-_-_ : r  r  *  *  _=_*  n  =
a t  

'  
3 x .

:  
P d x i

I  0  r . .
1J

o  3 x .' J

vhere

( j  =  t ,  2 ,  3 )  (2 )

( 3 )

In eguations (2) and (3) rJ denotes time averaged

values.

T . .  =  -  o  u : u l
l t  t



2 .2 Depth Averaged

Equations

0 ( u . u . )
The non linear terms -E* give rise to the stress

J

tensor r-  - .  The equat ions (2) and (3) descr ibe the'1 'l

depth averaged turbulent mean flow and the problem in

solving these equations lies in the representation of

the Relmolds stresses tp 
" .1"1) 

in equat ion (3).
r J

In simulat ing coastal  f lows, where the length scales

associated with the horizontal  f low f ield are orders

of magnitude greater than the vater depth, equation

(2) is integrated over the water depth. fhis has the

effect of reducing the number of hydrodynamic

eguations by I making the resulting set of equations

si-mpler to solve by taking advantage of the

character ist ic dinensions of the f low. In fact,  in

homogeneous conditions, in the absence of wind stress

or rapidly varying bed levels,  the horizontal  veloci ty

is usual ly a logari thmic funct ion of distance above

the bed. Depth averaging and neglecting the vertical

var iaLion in the horizontal  veloci ty therefore departs

from a true representation of the flow. In many

coastal flows, however, this introduced discrepancy is

smal I .

Integrating equation (2) over the depth and er4panding

in the two horizontal 'd irect ions (x,y) for the depth

averaged velocity components U, V gives:



au ,  au2 auv  ,  ah  ^ . . , ,_J
a t "  a "  *  ay  *  g  a* -zuvs lng

h

-1  a ' i=  
pd *  - l ' t ; (u-u)z ldz 

+

- f - ,+  
n f , r * - - (u-u) (v -V) )dz  

-  
* r * r -  * - * ,o  

(4)pd ay _1, " *t

av ,  auv,  avz  _  ah,  ^ . .? , -
fr* f, f  * 

f  
* s uy+ 2urUsin0

= I  + 
nf  

, r - - - (u-u)  (v*v)Jdz +
p d 0 x _ r J ' y x '

I  a  
h " ,  |  1-r .  

E _l  n r" 
(v-v) zldz - t ' r ,  

-  t ' -  (s)

where d = total depth = h + z

h = surface level relative to datum

z = bed level relat ive to datum

rxF, ryF.= fr ict ional stresses at the bed

t**, Tyw = wind stresses at the surface

The terms (u-U) and (v-V) arise as the result of the

non-uniform velocity distribution over the depth. In

most appl icat ions these terms are neglected or are

assumed to combine with the Reynolds stress terms,

although they aie unrelated. Equations (4) and (5)

now contain the integral over the depth of the

Reynolds stresses and, in a depth averaged model,

these stresses rnust be calculated, or at  least

represented in terms of the depth averaged velocity

components.



3 .1

MODELLING OF THE

RE'INOLDS STRESSES

Zero Equat ion Models

The oldest representat ion of the Reynolds stresses in

terms of mean flow parameters is also perhaps the

simplest,  and i t  is st i l l  a basic feature of many more

modern turbulence models. In this approach Boussinesq

(1877) assumed by analogy with viscous effects in

laminar flows that the Reynolds stresses could be

expressed in terms of a coeff ic ient of  eddy viscosity

and the gradient of the turbulent mean velocity:

p IET = u.' r

where ua is the coeff j .c ient of  eddy viscosity.  This

coeff ic ient,  unl ike the coeff ic ient of  v iscosity,  is

not a property of the f lu id but wi l l  vary according to

the f low condit i .ons. In any coastal  region, the

appropriate value for this coeff ic ient wi l l  vary

spat ial ly depending on the local f lows. In the

simplest mean flow model-, ua is assumed constant and

uniform over the model led area. This simple approach

assumes that at any point, the intensity of turbulent

exchange is in local equilibrium with the flow and

does not allow the transport of turbulence from, for

example, areas of high shear to areas of lower shear.

In accelerat ing f lows, i t  cannot ref lect the

historesis (Ref 4) whieh is observed where again, at

any time, the rate of production and dissipation of

turbulent kinetic energy is not in equilibrium with

the mean f low. '

Mixing length models define the eddy viscosity in

terms of the local mean velocity gradient and a length

s c a l e  a s :

,AU AV.
t - +  - i' ay '  a /



u .  =  1 2
t

and the problem reduces to the specif icat ion of the

mixing length. Depending on the flow being modelled,

functional forms for the mixing length can be

determined and this representation of the shear stress

has advantages in certain f low models (Ref 12).

3 ,2  H igher  Order  Mode ls

There are now a large number of models employing

dif ferent ial  equat ions which describe the transport  of

turbulent quantiti.es such as turbulent kinetic energy,

turbulent di f fusion and vort ic i ty.  Some of the

equat ions used. in these models are derived direct ly

from the Navier Stokes equations while others are

"mode}Ied",  being basical ly der ived from Lhe

fundarnental equations, but which have been simplified

or modif ied on the basis of physical  arguments.

For example, the k - e model equations commonly used

are noL derived by depth integrating the full

three-dimensional equations as in the derivation of

the mean f low equat ions (Refs 1, 2 and 11).  Rather,

tvo-dimensional forms of the three dimensional k - e

equations are used to which, on the basis of physical

arguments, are added terms representing the extra

production and dissipation of turbulent kinetic energy

expected to result from a non uniform flow field over

the vertical. Further work (Ref 11) in modelling the

Hydraulics Research flume experiment, vhich formed the

basis for the model study described in Reference 2,

showed that while good results were obtained, the

problems encountered in simulating the distribution of

turbulent kinetic energy in the earlier simulations

(Ref 2) could be traced to these added terms which had

a dominant effect on the solut,ion to the k - e

equat ions.

Eu
0x



( In model l ing recirculat ing f lows, for example, f low

behind a breakwater,  the f low is fu1ly

three-dimensional and attempting to model this

situation vith. two-dimensional equations must result

in some error in the solution which cannot be fully

recovered by the use of a more sophist icated

turbulence model.  This is no cr i t ic ism of the

turbulence model,  s imply a restr ict ion on the accuracy

of the solut ion which can be derived).

Another class of models,  the Reynolds Stress Models,

employ di f ferent ial  t ransport  equat ions for the

individual Reynolds stresse" 
" ;  " i .J

More recent model developnents include Large Eddy

Simulat ion (LES) and rrTwo-F1uid" models of turbulence.

The Large Eddy Simulation technique involves applying

a f i l ter to the Navier St.okes equat ions. There is a

great var iat ion in scale between mean f low quant i t ies

and the turbulence quanti-ties. The purpose of Lhe

f i l ter was to separate the scales of motion which

could be simulated direct ly from the smal ler scale or

sub-gr id detai l  vhich has to be represented

indirectly. This Large Eddy Simulation is

computationally very expensive and is currently under

development. The Two-Fluid model assumes that two

fluids, a turbulent and non turbulent fluid share

oceupancy of space and the intermit,tent naLure of

turbulent flovs can be modelled by consideration of

the interchange of two fluids.

AIl of these higher order models require significant

computer resources and some, such as the LES stress

and Two-Fluid rirodels, are sti1l under development.

There are a large number of different models and,

within each model,  e.g k -  e model,  there may be



i rnportant coeff ic ienLs treated as constants but which

are not truly universal.

There are many reported successes for each rnodel in

simulat ing di f ferent types of f lows ( jeLs in cross

flows, flows in bends, wake flows) and some are given

in Reference l .

In recent years, higher order models have become more

widely used in depth averaged models of relatively

large scale t idal  f lows. I t  was the intent ion of this

research to examine the existing 2-dimensional depth

averaged mean flow models and include the most

appropriate representat ion of the sub-gr id detai l .

3.3 Seminar on Ref ined

Turbulence Model l ing

At a relatively early stage in the exanination of

suitable turbulence models for civil engineering

hydraulics, a one day seninar on Refined Turbulence

Modelling was organised and held under this research

programme at the suggestion of the IAHR UK Liaison

Committee (Appendix I). It was felt that while

refined turbulence modelling in the fields of

mechanical engineering hydraulics and heat transfer

had progressed rapidly,  in civ i l  engineering ref ined

turbulence model l ing was relat ively infrequent ly

used. The class of problem and spat ial  and temporal

scales associated with eaeh branch of engineering

hydraul ics di f fer great ly.  I t  was hoped, however,

that a one day meeting could encourage a useful

exchange of ideas between the two groups.

The invited speakers were Dr A Hauguel, Department

Laboratoire Nat ional d 'Hydraul ique, Electr ic i t6 de

France; Professor W Rodi, Institut for Hydromechanik,

Universi ty of Karlsruhe, Professor D C Lesl ie,  Queen

10



Mary Co1lege, Professor Launder and Professor

Spalding. The subject areas covered by the speakers

r,rere Civil Engineering hydraulics, k - e turbulence

models, Large Eddy Simulation and two-fluid models of

turbulence. The particular examples of flow problems

sLudied covered a wide range of eivil and mechanical

engineering problens and the presentation and

subsequent discussion proved valuable i-n determining

the state of the art in turbulence nodelling in

di f ferent discipl ines. The meeting, however,  did not,

and was not intended to, resolve the problem of the

most appropriate turbulence model to use in the

relatively narrow field of depth averaged mathematical

model l ing of coastal  f lows. I t  did,  however,  indicate

that the more widely used k - e model was at a stage

of development where it could be used without

incurring excessive computational overheads and it was

decided to proceed with the implementation of this

model .as described in the earlier research prograrrne

supported by HR (Ref 2).

MEAl.l FLOW UODELLING

NUMERTCAT TECHNTQUES

There are a wide range of finite difference and finite

element techniques available with which the governing

differential equations can be solved. The solution

procedure can, in fact, have an influence on the

solution far more imporLant than the representation of

turbulence. For time dependent problems, the

advant,ages of mesh refinement and, therefore, locally

improved spatial resolution afforded by finite element

techniques cannot always be exploited. In a model of

tidal flor,rs in a coastal region the area of high

velocity or solute gradient, which nay require a high

degree of resolution, can move by many kilometers

during a tidal cycle and a uniformly fine mesh is

required over the whole area. Finite difference

1 1



methods have been preferred because of the nature of

the problem and their computational efficiency. The

research programme at Universi ty CoI lege, Swansea (Ref

2) involved finite element solutions to the governing

equat ions and, for the class of problem addressed by

this research, iL was concluded that there rras no

advantage Lo be gained from finite element

techniques.

4 .1  F in i te  D i f fe rence

Solut ion Procedure

The Tidevay syStem two-dimensional depth averaged

models fa1I into two groups. There are the models

which use the Distr ibuted Array Processor (DAP), which

employ relat ively simple expl ic i t  numerical  schemes,

and there are those models which use conventional

serial computers which employ both implicit and

expl ic i t  numerical  schemes. Descript ions of the

finite difference schemes used can be found in

References  5  and 6 .

The implicit solution technique employs an Alternating

Direction Implicit technique and this solution

procedure, whi le computat ional ly eff ic ient,  can lead

to phase errors and an inaccurate solution (Ref 7)

depending on the flovr conditions, grid alignment and

modelled area. The serial explicit model does not

suffer from that deficiency but is computationally

expensive to use. As a result, it was decided to

examine the most recent DAP model. Ttris model uses a

relatively sinple explieit numerical scheme, which can

exploit the extremely powerful array processor to give

an accurate and economic solution to the governing

dif ferent ial  equat ions.

T2



MODEL APPLICATIONS

The DAP model has been used in nany project studies

and it is useful Lo examine a few results from these

studies in order to def ine the class of problem of

interest and identify the types of solution which have

been obtained using a prescr ibed, uniform coeff ic ient

of eddy viseosity.

5 .  1  Large  Sca le  S tud ies

5 .1 .1  Pent land F i r th  Mode l

A model of  a large area of the coastal  waters off  the

North Coast of Scot land (Fig l )  was set up to sinulate

t idal  f lows over the large area shown (Ref B).  The

nodel used a 400n gr id and had in excess of 20,000

act ive model cel ls.  The 400m grid prevents the

resolut ion of al l  but relat ively large scale water

movements and Figures 2-4 show some typical results

compared vith Adniralty ti.dal stream data. The model

at least qual i tat ively reproduces the large eddy

pattern indicated by the t idal  stream data.

5 ,L .2  South  Eas t  Dorse t  Mode l

Figure 5 shows the model area off the South East coast

of Dorset modelled using a 400m grid in the DAP rnodel
(Ref 9). Figures 6 - 10 show some typical results of

the recirculation off Port land Bil l  as resolved by the

model compared with Adniralty tidal stream data.

5 .  1 .3  D iscuss ion

In both studies, a large area had to be modelled and a

relatively large grid was used to resolve the rnain

tidal flows. In both cases, the model reproduced

these flows reasonably well. Varying the coefficient

I J



of eddy viscosity within the expected range (5 -

20m2/s typieal ly) had l i t t le effect on the f lows and

it is suggested that a refined turbulence rnodel

would not yield any improvement on this type of

simulat ion.

In Reference 1, Rodi statess rr ln many si tuat ions,

espeeial ly those of large scale, as for example,

coastal waters, the terms involving the depth averaged

turbulent stresses are negl igible compared with the

other terms and the only influence is through the

bottom shear stress tO. In such cases, a model is

needed only to relate t,. to the depth averaged flow

ve loc i t ies .  "

Despite this,  ref ined turbulence rnodels are employed

in coarse gr id models.  The problem reduces to

determining when the problem and grid scale are

sufficiently small to warrant refined turbulence

mode l l ing .

In fact, in examining the problem of rnodelling large

scale recircuiat ions, the f in i te di f ference techniques

used can have an overriding influence on the solution.

In the study of the Pentland Firth, it was found that

the solution compared most favourably with the

Admiralty data when, for the non ]inear terms in the

governing equat ions (eqs 4 and 5),  centred di f ferences

were used throughout, except in the neighbourhood of

the coastline where upstream differences were

employed. This type of modification to the model

produced small but more noticeable changes to the flow

field than varying the coefficient of eddy viscosity.

(The nodel basically uses centred differences to

minimise numerical diffusion effects. Upstream

differences are of lower accuracy and more diffusive

than centred differences but in the vicinity of

coastlines, where cenLred differencing cannot be

I 4



5.2  Loca l  Mode ls  o f

Coastal  Flows

appl ied direet ly,  ei ther a more accurate higher order

solution procedure could be implemented or a lovrer

order diffusj.ve representation of the non-linear terms

could be used, such as thaL which gave the degree of

qualitative conparison shown in figures 2 to 4 between

the model and Admiral ty t idal  stream data).

The flow field in a coastal region is defined by the

locaI tidal conditions and bathymetry and, using

coarse gr ids of the order of several  hundred meters,

the unavoidable lack of resolution of bathymetric

features could be more important than the relatively

small correction which would be obtained by modelling

turbulent exchange accurately. It is also important

to note that at Lhese grid sizes, where the water

depth varj.es, the lack of resolution of the horizontal

mean flow and the assumption that the flow is uniform

over the depth are likely to introduce much larger

fundamental short-comings in the solution than those

resulting from a simple representation of turbulent

exchange. Indeed, in these coarse gr id models,  the

coeff ic ient of 'eddy viscosity is not related to

turbulent exchange but is a rnodel parameter available

to try to improve the modelsr simulations - by

empirical adjustment within established ranges of

values the Reynolds Stress terms simply permit

convenient adjustment to the nodels' results. It

should be noted, however, that in these large scale

coastal flows, the Reynolds Stress terms in the

governing equations are not of great importance.

As the grid size reduces, the model should be able

resolve the variations in bathymetry and the

variations in the nean flow more accurately. The

relative importance of turbulent exchange in the

l 5



solution should improve but the assumption that the

flow is two-dimensional and can be depth averaged

remains. It could be assumed that the vert,ical

prof i le of veloci ty is logari thmie and the

corresponding terms in the governing eguations can be

integrated to yield a result which can be included in

the model led equat ion. However,  the veloci ty prof i le

is not always logarithmic or unidirectional over the

depth and the improvement, if any, to be gained from

represent ing the effects of depth integrat ion in this

way is not easy to determine for the general case. In

addition, examination of the relative magnitudes of

the stress terms indicates that these terms are

unimportant (Ref i) for two-dimensional flows.

Leendertse adds a factor o to the non l inear terms,
0u

on fr  
where q > l ,  in order t .o al low for the effect

of the non-uniform prof i le.  I t  is found to have a

simi lar ef fect on the bed fr ict ion term.

5 .2 .1  Swanage Bav Mode1

As part  of  one recen! study, i t  was required to model

tidal flows in Swanage Bay to examine the location of

a sea outfal l  (Ref 10).  Swanage Bay is contained in

the South East Dorset model area (Figs 5, 11, L2) and

results from this 400m grid model are shown in Figure

13. I t  can be seen that at  this resolut ion, the

coarse gr id model is unable to resolve the local

flows. A fine grid model data set was created using a

50m grid and the same mathernatical nodel was run on

the 50m grid using boundary conditions derived from

the 400m grid mode1. A sequence of results is shown

in Figures 14 to 18.

On the ebb tide, the flow expands into Swanage Bay.

Around low water, the flor.r becomes confused and just

floods round Peveril Point for between I and 2 hours

l 6



5.3 Discuss ion

before a wel l  def ined eddy develops with high shear

along the l ine of shal lower water as the f lood t ide

f lows develop. Eventual ly,  the eddy f i l ls the whole

of the bay and, again, the flow near the shore of the

bay is in an ilebbtr direction on the flood tide.

Li t t le f ie ld data was avai lable with which to val idate

the fine grid model but local fishermen were able to

deseribe the asymrnetric flows in great detail. the

model agreed wel l  with these qual i tat ive descr ipt ions.

Sensitivity tests were carried out on the importance

of the constant coefficient of eddy viscosity. The

nrodel was run with different values and it was found,

for example, that redueing the value from 10m2/s to

5mz/s produced l i t t Ie not iceable effect in the f low

patterns but affected the magnitude of the veloci t ies.

For example, Figures 19 and 20 show t ime histor ies of

veloci ty off  the end of the pier.  I t  can be seen that

peak speeds reduce from 0,2m/s to 0.18m/s when the

eonstant eddy vi-scosity is increased from 5m2ls to

10m2/s. The value of the eddy viscosity is expected

to lie in the range L - Llm?/s and, without detailed,

rel iable f ie ld observat ions, i t  is not possible to

optimise the value of this coefficient. However,

within the range of expected values, its influence is

sma1l.  Figure 2l  shows the effect,  the coeff ic ient has

on the movement of the centre of the large eddy formed

during the flood tide and the effect of varying the

eddy viscosity can be seen.

In the project studies described, quali.tative

agreement between nodel prediction and observed

recirculating flows rras achieved and the coefficient

of eddy viscosity was not found to have a significant

influence on the sirnulated flows, which would suggest

that for these classes of flow problem, for the grid

I 7



sizes used, a more ref ined turbulence model is

unnecessary.

However,  would this remain the case i f  even f iner

gr ids are used?

The representat ion of the very complex process of

turbulent exchange using a prescribed eddy viscosity

is,  intel lectuaI ly,  unsat isfactory. However,  bearing

in mind the other approximations in applying numerical

solution techniques, the assumptions that the flow is

depth averaged.and, more important ly,  the type

encountered in coastal waters, Day in fact mean that

the expl ic i t  inclusion of the Reynolds stress terms in

the governing equat ions is unnecessary. Their

retent ion does provide a means of cal ibrat ing a lnodel

but,  for the coastal  f lows considered, the impact of

the eddy viscosity is smal l .  I f  th is is the case, the

need for ref ined turbulence model l ing in depth

averaged models of coastal  f lows vanishes.

MEETING ON REFINED

MODELLING OF TURBULENT

FTOWS IN COASTAT WATERS

In February 1988, a working group organised at the

inst igat ion of ' the IAHR sect ions on Mari t i .me

Hydraulics and Computational Hydraulics met to discuss

"Refined Modelling of Turbulent Flows in Coastal

WaLersrr. It was intended that the participants should

al l  present br ief  lectures on their  part icular

research and the stated objective of the meeting was:
I'Lhis working meeting, on invitations and without

proceedings, is rather informal and is aimed as an

exchange platforrn for discussion between specialists

in the maj.n f ie ld of 2D model izat ion of coastal  f lows;

in order to enable large and eff ic ient discussions,

the cornmunications should be rather short and be
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cJ.early focused on problems relat ing to numerical

model izat ion of turbulence in 2D coastal  f Iows."

The neet ing was organised by and held at Electr ic i t6

de France Laboratoire Nat ional drHydraul ique, Chatau,

Paris and the l ist  of  part ic ipants and a report  on the

meeting is given in Appendix II.

In fact,  the 3-day meeting included presentat ions on

strat i f ied f lows and simulat ions of the vert ical

structure of the flow and 3-dimensional si.mulations

but,  on the whole, was a useful  conclusion to this

researcn programme.

Appendix II contains a report on the meeting and

summarises the conclusions of the discussions. I t  is

useful, however, to examine the conclusions of several

of the papers presenLed which concentrated on

relat ively large scale and sma1l scale

two-dimensional depth averaged models of coastal

f lows.

6 .1  Large Sca le  Mode ls

G K Verboon stated that his objeetive had been to
'r f ind a formulat ion for ua to compute ( large scale)

recirculat ion f low j .n pract ical  s i tuat ions for steady

and unsteady f low". He i l lustrated his presentat ion

by describing a model study of Anna Friso Polder.

Essentially, he was modelling the flows at the

ent,rance to a small harbour where the depth increased

rapidly fron l0 to 40m over a distance of

approxinately 150rn. He carried out several

experiments using constant values of eddy viscosity of

u ,  =  10 ,  l ,  0 .1 ,  0m2. /s  w i th  mode l  g r id  s izes  o f  45m

and. 22.5m and different model timesteps in his

impl ic i t  f in i te di f ference model.  His conclusions

were that reducing u* from 10m2/s to 1m2ls had a
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strong influence but further reduction fron 1m2/s to

}mz/s had no inf luence - except i f  ua = Omt/s there

was no steady state solut ion for a gr id size of 22.5m.

He concluded that the effects of depth variations can

be as important as the eddy viscosity and that a

constant eddy viscosity can be used to simulate the

fIow. It was thought, however, that the importance of

the eddy viscosity would increase if the modelled area

had a f lat  bottom.

M B Abbott described a model study of Yell Sound in

the Shet land Islands (Ref 13).  The f lows in Yel l

Sound are extremely complex wiLh eddies forming behind

islands and headlands. He concluded that in problems

where the depth is considerably less than the model

gr id size, Lhe eddy viscosity is unimportant and he

suggested that the numerical scheme, provided it was

isotropic and the model used a square f in i te

difference grid, should generate the required momentum

exchange (and the solution should be independent of

the accuracy of the numerical  scheme).

He went further to state that a differential equation

containing an eddy viscosity is a "madnessrr because

the equation is a statement at a point and cannot

contain di f fusion.

P Pechon described a sj-mulation of recirculating flows

in a harbour using constant coefficients of eddy

viscosity and found that, in fact, the treatment of

the boundaries using either rrsliprr or I'no-s1ip'l

boundary conditions was of greater importance in

influencing the solution than the coefficient of eddy

v iscos i ty .
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6,2  SmaI l  Sca le  ModeIs

7 CONCLUSIONS

Some of the presentations at the meeting were

concerned with the simulat ion of c lassical  f low

problems observed in laboratory experiments such as

f lovs past a breakwater or past a step. In these

cases, the use of a constant eddy viscosity -  or zero

eddy viscosity, M B Abbott, - produced good agreement

with observation provided the model grid was

suff ic ient ly f ine. 'k -  e '  models also produced good

results but it vas concluded (Appendix II) that

further work would be required to inprove the model

for coastal  appl icat ions

fn the course of this research project,  at tent ion has

concentrated on two-dimensional depth averaged

rnathematical modelling of coastal flows and the most

appropriate representation of the lateral exchange of

momenfum.

In coarse gr id models,  (gr id size 100m or more) the

turbulent exchange is unimportant compared'with the

other terms (Ref l ) .  In f iner gr id models with gr id

sizes of the order of 50m or less, where the

bathymetry varies within the rnodel area, the

bathymetrie effeets are stil l much more important than

the lateral exchange of momentum.

The coefficienL of eddy viscosity has been found to

have a minor influence on the results of model

simulations and, while some researchers suggest it

should be dropped from the governing differential

equations, its retention does permit minor tuning of

the model results if data on the flow being simrlated

is available. In these circumstances, the eddy

viscosity should be considered just that,  a f ine
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tuning parameter, and its use should not be confused

with a real ist ic representat ion of lateral  turbulent

exchange of momentum.

In very fine grid models such as have been used to

sinulate laboratory experiments, equally good results

have been reported using, for example, k - e models or

constant coefficients of eddy viscosity. The most

appropriate value for the constant eddy viscosity may

have to be determined by ernpirical adjustment. The

use of constant eddy viscosity in, for example, a

model of f lows behind a breakwater (Ref 11),  where

flow conditions vary greatly in relatively short.

distances, fray be successful  as a result  of  the

formulation of the Reynolds stress term in terms of

the product of the velocity gradient and the

coeff ic ient of  eddy viscosity.  This term can only be

important where the velocity gradient is large and,

provided the chosen coefficient is relevant to the

area of high veloci ty gradient,  i ts value is

unimportant in the rernainder of the flow field where

velocity gradients are sma11. The problem remains in

selecting the dppropriate value for the coefficient of

eddy viscosity.

The meeting on refined turbulence modelling (Appendix

I I)  suggested thaL, provided the model gr id is

suff i .c ient ly f ine, the simulat ion of these smal l  scale

flows should not be heavily dependent on the chosen

coeff ic ient.

As a result of the work done so far, it is intended to

re-examine the finite difference schemes employed in

the two-dinensional depth averaged model to minimise

the dependence of the solution on the numerical

techniques used in the vicinity of boundaries, but to

retain the relatively simple use of a constant

coefficient of eddy viscosity. The flow fields which

22



vr i11 be simulated by the model,  vhether large scale or

1ocal coastal flovs where the bathymetry can vary,

have been found to be insensitive to this parameter.

I t  is retained purely as a device with which to

opt imise the model results,  i f  necessary, when

relevant observat ions are avai lable. The use of a

more ref ined turbulence model is not considered

relevant in two-dimensional depth averaged models of

coas ta l  f lows.
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Fig .18  Swanage Bay mode l  -  spr ing  t ide  ve loc i t ies
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APPENDIX I

Ref ined Turbulence Model l ing One Day Meeting





f$Oruttlcs Researctr
Wailinqford

Refined Turbulence Modelling
One DayMeeting

Thursday 28 November 19Bs

Research groups have been apply ing numerical  models to hydraul ic problems for
the civ i l  engineer ing industry for  many years.  Typical iy,  these problems
invo lve  mode l l ing  the  f low,  so lu te  and suspended so l ids  t ranspor t  in  la rge
coas ta l  reg ions ,  t ida l  

' l agoons 
or  es tuar ies .  In  the  pas t  ava i lab le  comput ing

power restr icted the spat ia l  resolut ion which could be achieved in a solut ion
and necessi tated the use of  re lat ively s imple turbulence models.  l l i th recent
increases in computer power tcgether wi th the development of  more sophist icated
turbulence mode' ls,  i t  should now be possible not only to improve the solut ion to
exist ing prob' lems but also to increase the scope of  c iv i l  engineer ing problems

which  can be  s tud ied .

In the f ie ld of  mechanical  engineer ing hydraul ics and heat t ransfer problems,

ref ined turbulence models have been used and deve' loped over many years.

At the suggestion of the UK Liaison Conmittee of the iAHR a one day rneeting wil l
be held on Thursday 28th November 1985 in the Fountain Bui ld ing,  Hydraul ics

Research Limited, Wal l ingford.  The purpose of  th is meet ing is to def ine the
s ta te  o f  the  ar t  o f  tu rbu lence mode l l ing  in  bo th  eng ineer ing  f ie lds  and,  i t  i s
hoped, that this wil l encou!"age a useful exchange of ideas between the two
groups

In order to promote informa' l  d iscussion, the number of  part ic ipants wi i l  be
restr icted. The pre' l iminary programme is given over leaf  and, in addi t ion to the
three invi ted speakers,  t ime has been lef t  for  d iscussion and br ief  descr ipt ions
of pract ical  problems current ly of  interest  to any part ic ipant.



Prograre

09.30 Assembiy and Coffee

10.00 introduct ion by Managing Director
Dr T J l, leare Hydraulics Research Limited

10.15 Dr A Haugue' l  Department Laboratoire Nat ional  d 'Hydraul ique
Electr ic i te de France

li . 15 Prof l, l  Rodi Insti tut fur Hydromechani k
Universi ty of  Kar l  sruhe

12.  15  D i  scuss i  on

13.00  Lunch

14.00  Pro f  D C Les l ie  D i rec tor  o f  the  Turbu lence Un i t
Queen Mary Col lege

15.00  D iscuss ion /Br ie f  p resenta t ions  f rom par t i c ipants

16.30 Tea and opt ional  tour of  laboratory
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