Code description

1. Introduction

The aim of this document is to put together information from several models that were applied to simulate particular study cases in order to understand the differences resulting from their inter-comparison. The cases studied were isothermal in two or three dimensions. A requirement is this document to be as simple and as clear as possible. For this reason and also due to the large amount of information that can be put in, a main table (code description) and two additional tables namely, general equations and comments, have been created. In addition, the main table is divided into four categories, each of them having several sub-categories.

How to complete the table(s)? The first table entitled general equations contains the main equations used in the codes to calculate mean velocity, pollutants concentration, and turbulent kinetic energy and its dissipation. These equations have been numbered so that they may be referred to in the main table. Any additional terms in the general equations should be put in this table and numbered. However, additional terms that are not general should be added in the code description table directly, e.g. equation for the production of pollutants or for traffic induced turbulence etc.

The code description table is the main table. It is divided into four categories:

· Equations. In this section the corresponding number of the main equations used in the code is required plus any extra non-general terms.

· Constants. The value of the constants used by the equations is added here.

· Numerical scheme. The order of the scheme as well as the ways that the differential equations are calculated should be added in this section.

· Boundary conditions. The conditions at the inflow, outflow, top of the domain, and ground for velocity, turbulence, pressure and pollutants concentration are given here.

Further information and comments for each of these categories, e.g. description of the way that the boundary conditions are prescribed, sketches etc., together with the required nomenclature should be added in the comments table given below the main one.

For any comments on the preparation of the tables contact Petroula.Louka@ec-nantes.fr 
2. General equations

Navier-Stokes equations
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Continuity equation
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Reynolds stress
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The transport equation for pollutants

[image: image9.wmf]pol

j

j

j

j

S

x

c

u

x

C

U

t

C

+

¶

¶

-

=

¶

¶

+

¶

¶


(4a)



[image: image10.wmf]pol

j

j

j

j

S

x

c

u

x

C

U

t

C

+

¶

¶r

-

=

¶

¶r

+

¶

¶r


(4b)



[image: image11.wmf]pol

j

j

j

j

S

x

c

u

x

C

U

t

C

+

¶

¶

-

=

¶

¶

+

¶

¶


(4c)

Pollutant flux
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Turbulent kinetic energy
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Dissipation
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3. Code description

EQUATIONS


CHENSI-1

Standard k-(
3-D

Unsteady in time
CHENSI-2

k-( models (standard; Chen & Kim, 1987; RNG)

3-D

Unsteady in time
MIMO

0-,1-,2-equation turbulence models; Standard k-(, various linear and non-linear k-(, k-ω
MISKAM

Standard k-(
3-D
TASCflow

Mean velocity
(1a), (2a)
(1c), (2a)
(1b),(2b)
(1a) buoyancy omitted, (2a)
(1b), (2b)

Reynolds stress
(3a)
(3a)
(3c)
(3a) last term assumed part of pressure perturbation
(3b)

Transport of pollutants
(4a)
(4c)
(4b)
(4a)
(4b)

Concentration flux
(5)
(5)
(5)
(5)
(5)

Production of pollutants
Only in the source cells:
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Only in the source cells: Volume source 

Q [kg/s]
Only in the source cells: Volume source 

Q [kg/s]
Only in the source cells: Volume source 

Q [g/s]
Only in the source cells: Volume source 

Q [g/s]

k
(6a)
(6d)
(6c)
(6a)
(6b)

(
(7a)
(7c)
(7b)
(7a)
(7b)

CONSTANTS


CHENSI-1
CHENSI-2
MIMO
MISKAM
TASCflow

C(
0.09
0.09
0.09
0.09
0.09

C(1
1.44
1.44
1.44
1.44
1.44

C(2
1.92
1.92
1.92
1.92
1.92

(k
1.0
1.0
1.0
1.0
1.0

((
1.3
1.3
1.3
1.3
1.3

Sct
0.90
0.74
0.74
0.74
0.75

(
0.40
0.40
0.43
0.40
0.41

R0
287.0

287.04



NUMERICAL SCHEME


CHENSI-1
CHENSI-2
MIMO
MISKAM
TASCflow

Order in time
1st explicit
1st explicit
2nd explicit
1st explicit
1st or 2nd Implicit

Order in space
Between 1st & 2nd 
1stor 2nd
2nd
1st
2nd

Convection terms
Upstream weighted
Hybrid or HLPA (Hybrid Linear Parabolic Approximation) scheme
2nd order total-variation-diminishing (TVD) or flux-corrected transport (FCT) Adams-Bashforth 
Upstream
Skew–upwind with Physical Advection Correction

Diffusion terms
Centred
Centred
Centred
Centred
Centred

BOUNDARY CONDITIONS



CHENSI-1
CHENSI-2
MIMO
MISKAM
TASCflow


U,V, W
Dependent of the inflow information

read from input file
Dependent of the inflow information

read from input file
Dependent of the inflow information

read from input file
Ideal inflow profile assumed according to the given parameters z0, Href, U(Href)
Dependent on the inflow information

read from input file


k






Inflow
(







P







C







U,V, W
Zero normal first derivative
Zero normal first derivative
Zero normal first derivative
Zero normal first derivative
Zero normal first derivative 


k






Outflow
(







P


Pressure correction to ensure overall mass conservation
Pressure correction to ensure overall mass conservation



C


Zero normal first derivative
Zero normal first derivative



U,

V,
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Zero normal first derivative or boundary layer condition
Dirichlet, staggered Dirichlet (zero normal velocity) or zero normal first derivative
U=const., V=const.,

W=0
Symmetry boundary conditions applied (zero gradients and zero normal velocity).

A general “Opening” boundary condition can also be applied.


W

Zero normal first derivative or zero normal second derivative or boundary layer condition
Zero flux



Top of 

domain
k
Zero normal first derivative
Zero normal first derivative or zero normal second derivative or boundary layer condition
Staggered Dirichlet (zero flux) or zero normal first derivative
k=const.



(
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Zero normal first derivative or zero normal second derivative or boundary layer condition
Staggered Dirichlet (zero flux) or zero normal first derivative
( = const.



P


zero normal first derivative
Zero normal first derivative



C
Zero normal first derivative
Zero normal second derivative
Staggered Dirichlet (zero flux) or zero normal first derivative
Zero normal first derivative



U,V, W
Law of the wall
Law of the wall
Law of the wall
No-slip, U=V=W=0
Law of the wall


k








Walls
(









P







C
Zero normal first derivative, or zero normal second derivative
Zero flux

Zero normal first derivative
Zero flux

4. Comments

NUMERICAL

CHENSI-1
CHENSI-2
MIMO
MISKAM
TASCflow

Staggered grid (Arakawa-C-type). U, V, W are defined at the centre of the corresponding face of the cell, while all the other quantities (Scal(I,J,K)) are defined at the centre of the cel
Staggered grid (Arakawa-C-type). U, V, W are defined at the centre of the corresponding face of the cell, while all the other quantities (Scal(I,J,K)) are defined at the centre of the cell
Staggered grid (Arakawa-C-type). U, V, W are defined at the centre of the corresponding face of the cell, while all the other quantities (Scal(I,J,K)) are defined at the centre of the cell
Staggered grid (Arakawa-C-type). U, V, W are defined at the centre of the corresponding face of the cell, while all the other quantities (Scal(I,J,K)) are defined at the centre of the cell
All variables stored at the grid nodes. Control volume is build around each node by octants of the surrounding elements.
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 EMBED Word.Picture.8  [image: image25.wmf]

Definition of convection terms (e.g. 
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{(1-SIGN(ALF,W))(
[(U(I,J,K+1)-U(I,J,K))/(Z(K+1)]+

(1+SIGN(ALF,W))(
[(U(I,J,K)-U(I,J,K-1))/(Z(K)]}
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else 
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Definition of diffusion terms (e.g. 
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Diffusion terms computed on each integration point through first derivative:
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Second order derivatives 
[image: image35.wmf]¶

¶

2

2

U

Z

:
[image: image36.wmf]2

1

1

1

1

1

1

1

D

D

D

D

D

D

D

Z

K

Z

K

Z

K

U

I

J

K

U

I

J

K

Z

K

Z

K

Z

K

Z

K

U

I

J

K

(

)(

(

)

(

))

(

,

,

)

(

,

,

)

(

)

(

)

(

)

(

)

(

,

,

)

+

+

+

×

+

-

+

+

æ

è

ç

ö

ø

÷

é

ë

ê

+

+

×

-

ù

û

ú


Not needed in a Control Volume approach


Not needed in a Control Volume approach 

BOUNDARY CONDITIONS

CHENSI-1
CHENSI-2
MIMO
MISKAM
TASCflow

Law of the wall for the ground:
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EMBED Unknown[image: image38.wmf]
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2-zonal wall function:
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Zero normal first derivative
e.g. for the concentration:
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Boundary layer condition
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NOMENCLATURE

CHENSI-1
CHENSI-2
MIMO
MISKAM
TASCflow

ALF = 0.8
Subscripts used :

- for convection term :

f for face of the control volume

D for downstream node

U for upstream node

UU for remote upstream node

- for law of the wall :

P for computation node

P+ for grid line “above” (opposite to the wall) node P

zs : distance to the wall
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SOURCE in g m-1 s-1
d : distance between a point and a wall


(w: wall shear stress

z0walls: Roughness of walls



ut: known velocity tangent to wall

A: Function of X, (or Y or Z), z0wall, k and (t.



(n: distance from the wall

B: Function of Z, z0, k and (t.



C=5.2: constant depending on the wall-roughness. For rough walls C in the log law is replaced by 
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The near wall production is:
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e-mails

CHENSI-1
Petroula.Louka@ec-nantes.fr  or  Jean-Francois.Sini@ec-nantes.fr 

CHENSI-2
Emmanuel.Guilloteau@univ-valenciennes.fr 

MIMO
peter@aix.meng.auth.gr or moussio@vergina.eng.auth.gr

MISKAM
MKE@DMU.dk or joachim.eichhorn@uni-mainz.de 

TASCflow
peter@aix.meng.auth.gr or moussio@vergina.eng.auth.gr
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