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Abstract :

This report presents the study that has been carried out frgmsAto October 1999 in the
VECTOR company by Jéréme LEROQY, student at the Ecole Centrale de Nantes.
VECTOR has been developing a wind code called WindSim theseckast. yhe Askervein
hill case, one of the most complete experimental study concefuihgcale wind data
measurements, is used in this study to test WindSim. The stutlisqdarticular case could
be helpful towards the goal of meso scale atmospheric boundary layer modelling.
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1. INTRODUCTION

1.1. The host company

| have done my internship in a Norwegian company called Vettector is a CFD

consulting company. It is located in Tgnsberg, a town that lays owektern part of the
Oslofjord, 100 km south of the capital of Norway. This business vesdext in 1993 by Arne
Reidar GRAVDAHL, who supervised this work.

Vector has realised several studies for Statoil, the majaoonipany in Norway. Currently is
developing Vector a wind code in collaboration with the Norwegian MRésources and
Energy Administration.

1.2. The WindSim project

1.2.1. Electricity in Norway

For the last decades, Norway has relied exclusively on hybtoelity. But the electricity
provided by water resources has turned out to be insufficient duringsthgears. Norway is
no more independent from the energy point of view and has had to import electriciyplp s
its growing national demand. Therefore the Norwegian Water lRe=® and Energy
Administration (NVE) decided to get interested in other renewahleces of energy. Wind
energy proved to be an interesting option, considering the Norwegian wind resources
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Figure 1.1.Estimate of wind resources in Scandmavi
(mean wind speed in open terrain 50 meters aba/gribund)



1.2.2. Wind resourcesin Norway

Norway is a country with rich wind resources. Still, their explaan has been very modest
so far. A cost effective energy production is only obtainable aefteeful positioning of wind
turbines. The energy content of a wind field is proportional to the otitiee wind speed.
Obviously, the energy production is most sensitive to varying wind conditions.

The ideal situation would be to have historical data on wind speed aufiatirfor every
potential locations for wind turbines. This information is of course nailable, but a
combination of experimental and numerical methods can help to achieve this goal.

Thus, the recent interest in wind energy has driven the NVd&titech a project on meso scale
wind modelling.

1.2.3. Description of the project

The project currently undertaken aims at assessing the wiodrces along the Norwegian
coast. Local models are established from the southern tip of Naonthg Russian border in
the north. The wind resources are estimated on a so called meso scale.

Available information on wind resources depends on which length scale peeowns
considered. One can put in evidence three length scales.

The synoptic scale typically covers whole countries. An estimatbe wind resources in
Norway, Sweden and Finland has been established by the U.S. N&emalable Energy
Laboratory (see figure 1.1). It shows the mean wind speed in opaim t&drmeters above the
ground. The hatched area indicates hilly terrain. The figuregrab& seen, puts into evidence
interesting wind resources along the Norwegian coast.

The meso scale covers regions in the order of 100 kntontrast to the synoptic scale, on
the meso scale the influence of local topography is includeds Mell known that
topographically induced speedups can be substantial. One must take ge\wvainthese
speedups when locating wind farms.

o
Figure 1.2. Meso scale models along the Norwegiastc
on which windfields are calculated



The micro scale covers typically an area in the order of 1 K this scale, vegetation,
infrastructure and the mutual interaction between wind turbiniegpisrtant. Before any wind
farm construction, information on the local windfields on this sedlenaturally be obtained

both experimentally and numerically.

WindSim is a simulator for prediction of local wind fields, based3-D digital terrains
models. Its main goal is the assessment of wind resources hMNptwegian coast. There
are also other applications.

WindSim is also used in prediction of dispersion of air pollution on allscale.
Accumulated exposure from continuous sources is determined frasticiatveather data.
During an uncontrolled release the dispersion scenario is calcditateda local weather
forecast and input about the amount, position, time etc. given by the user.

Other fields are concerned, for instance civil engineeringettain locations, the wind load
on buildings is important and must be taken into account. It can besinigréo have a
precise idea of the wind field to design these buildings. Anasiafety is also a matter of
interest in hazardous conditions such as mountainous terrain, where innemag@ow can
be observed : the airplane crash at Veergy Island in 1990 is aplexdmUTNES and K.J.
EIDSVIK, 1996).

1.3. Subject of the present study

The present study aims at testing WindSim on a known case (topograghgxperimental
results) according to different parameters in order to improveethdts. The conclusions of
the study will help towards the goal of micro scale modellingorder to test the results
yielded by WindSim, they are compared with experimental data.

The major experimental study that has been undertaken in tdissfigertainly the Askervein
hill project. This project is regarded as a reference wheanites to test simulation of flow
over hills, both in experimental and numerical studies.

1.4. The Askervein Hill case : background information

This project was a collaborative study carried out under the aaspfcthe International
Energy Agency Programme of R&D on Wind Energy Conversion SystemeXperiments
were conducted in 1982 and 1983 on Askervein, a 116 meters high hill on theoastsof

the island of South Uist in the Outer Hebrides of Scotland. Thevageselected considering
many goals such as suitability from a numerical point of vieagyeaccess, good wind
conditions (uniform and well defined direction), topography.

The hill is nearly ellipsoidal in plan with minor and major axis lofand 2 kilometres
respectively. It is the site of the most complete field expent to date, with 50 towers
deployed, and whose 27 of them were equipped with three component turbulence sensors.



Figure 1.

Askervein is a smooth hill with an interesting topography : the Ha a quite simple
geometrical shape and resembles an ellipsoid. The results teare used in many
verifications and testing of different models, both numerical andriexeetal (wind tunnel
experiments), therefore this case is particularly well docuederithis made the Askervein
hill case the most suitable reference to test numericaltsegersus full scale experimental
data when it comes to micro scale modelling.

Further details of the experiments are described by P.A T@®land H.W. TEUNISSEN
(1986).

For this study, Three sets of data have been available (see figure 1.3 fionaptat
-normalised velocity values at a 10 meters height along the A line;
-normalised velocity values at a 10 meters height along the AA line;

-fractional speed up at the hill top (HT).
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Figure 1.4. Topographic cross-sections throughtlheno vertical exaggeration along A and AA lines
(Source : P.ATAYLOR and H.W. TEUNISSEN)



2. DESCRIPTION OF THE STUDY

This chapter describes the general assumptions that have been ddhe pachmeters that
are varied in the study.
WindSim is based on PHOENICS, the general purpose CFD code developed by CHAM Ltd.

2.1. Preliminary assumptions

The atmospheric boundary layer (ABL) is of course too complex tondeelled without
doing several assumptions : since the domain of interest is docatie first 100 meters
above the ground, we can neglect the Coriolis force. Assuming a remti@@phere, density
variations and temperature gradients are modest, and so enenmgecmahical equations are
decoupled.

2.2. Turbulence model

The model is three dimensional and we note 1 (or x), 2 (or y) tesggcthe two axis
parallel to the ground and 3 (or z) the vertical axis. The Reyegjdation for conservation of
mean mass and momentum are given in standard notation by :

My =0 1
X (1)

U ﬂ__££+i{v(£+ﬂJ_(—u )j o
oo o\ o) T

The (ui_uJ) term, designed as the Reynolds stresses, is evaluated frofBotissinesq
assumption :

[, ) 2
uiuj =-V; IJ-FW, +55|jk

where Kk is the turbulent kinetic energy, ardhe turbulent viscosity.

2.2.1. Mixing length model

In this model, the turbulent viscosiy is evaluated from the distance to the so calledngix
length |, :



v, =1, U
PHOENICS provides mixing-length expressions for issimple geometries with zero- and
one-equation turbulence models which apply in thiy turbulent part of the flow, excluding
the sublayer and buffer layer close to the walleSehexpressions can be modified to make
them applicable over the entire boundary layer, usyng extensions which allow the
influence of viscous effects very close to the w@lhe such extension is that proposed by
Van Driest [1956], which takes the form:

-meli-ee )

where ko is the unmodified mixing lengthy+ = Y

and A+= 26.0. Here,gyis the normal

distance from the wall to the grid node, iBlthe friction velocity at the wall, = Lw andv
\ o

Is the laminar kinematic viscosity.

In general the damping constant A+ is not constant proposals may be found in the
literature which employ a functional relationshgr A+ so as to account for strong pressure
gradients, mass transfer, compressibility, etc.

2.2.2. k-€ mode€

The k€ model can also be used to close the set of eqsatlbuses the dissipation rate of
turbulent kinetic energy.

It is obvious that the k-model can not predict all the details of the flauth accuracy.
Nevertheless, experience proves that this choweges rather good results, even in complex
cases such as separation (T.UTNES and K.J. EIDSYR6). This model is widely used in
engineering applications and proves to be well dented.

The k€ model provides the following equations for k and

=g

J ( )_ J [Vt ok
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This closure introduces several constants whiclyiaen two different sets of values.

The standard values have been tuned to fit sonie fiaw problems such as, shear layer in
local equilibrium, decaying grid turbulence andauidary layer where logarithmic velocity
profile prevails. The model constants can be adglist order to mimic other flow regimes.



Considering a neutral ABL, the standard kaodel is unable to reproduce the right level of
turbulence in the weak shear layer away from tloeiga. In this region the turbulent viscosity
is overpredicted, (DETERING and ETLING, 1985). ®iandard model constants have been
modified in an attempt to improve the situation.eThalue of (, determined from
experiments with decaying grid turbulence, remainshanged. The diffusion constamy,
close to unity following Reynolds analogy, also e#ns unchanged. However, the constant
C., determined from a shear layer in local equilibriwhere it is found to be equal to :

2
u
(%} , has been reduced in accordance with measurenmetite ABL (Panofsky, 1977).

Finally, the constants £and G, can be adjusted, guided by the relation from antaty
layer where the logarithmic law is valid :

K2

Co

(Tt

Csl = Cez -

Note thak is the Von Karman constant, set to be 0.4.
The different values of the model constants testedis work are given in the table below

Constants names Cu Ca Ce Ok O¢
Standard values 0.09 1.44 1.92 1.0 1.3
Modified values 0.0324 1.44 1.92 1.0 1.85

2.2.3. Two scale k-€ model

In this model the total turbulence energy, k, dBd equally between the production range
and transfer range, thus k is given by :

K=k, +k

where k is the turbulent kinetic energy of eddies in theduction range and ks the energy
of eddies in the dissipation range. For high twehulReynolds numbers, the transport
equations for the turbulent kinetic energies are:

olek,), { U _ pv; ﬁ]

clk,) ax =elp. <)

9] 0 ouU pv: ok | _
v G % o TR | _
at(’°k‘)+<3xi [’Oaxi ‘ C(kt)axij ple, e

wherein; g, is the transfer rate of turbulent kinetic energynf the production range to the
dissipation rangeg; is the dissipation ratey ps the volumetric production rate of turbulent
kinetic energy; and Cgkand C(K) are constant coefficients.

The corresponding transport equations for the gneegsfer rate and the dissipation rate are
given by :

-10 -
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where C¢p), CE), G, Goo Gz, Cu, G and Gg are constant model coefficients. The
Coip’/k, and Gie?/k; terms can be interpreted as variable energy arfshctions. The
former term increases the energy transfer rate vpieduction is high, and the second term
increases the dissipation rate when the energgfeamte is high.

The model constants are given as:

C(ko) | C(ep) | C(k) | Cep) | Cp1 | Co Cis C Ce Cis
0.75| 1.15| 0.75 115 021 124 184 0.9 1|28 1.66

The eddy viscosity is computed from:

The model may be used in combination with equiliri (GRND2) or non-equilibrium
(GRND3) wall functions (see part 2.3.2.2).

2.3. Numerical setup

2.3.1. Calculation domain

The physical domain is discretised with a 54*44lgrovering an area of about 3000 meters in
x and y directions. The height of the domain igdixat 1100 meters, with a variable number
of cells and a variable geometrical distributiomonare tested in this study.

2.3.2. Boundary conditions

2.3.2.1. Inflow
Two different inlet profiles have been tested.

First, inlet profiles for velocity, kinetic energynd dissipation rate of kinetic energy are given
by the following analytical expressions :

v, = L |n( z j for z<500m

Zyo

u = 10m.s * for zz500m

-11 -



U(1_4_)
Tk z L

obukov

Where U is calculated so that there is no discontinuityhi@ velocity profile at z=500m,gL
Is the thickness of the boundary layer, aggldeyis a parameter set to be equal to 1000 m.

Another inlet profile is also tested in this studis profile is fully developed, meaning that
it is obtained by running the simulator on a flamputational domain. In practice, this profile
Is obtained by letting the model run itself on aells long computational domain having the
same number of cells and distribution in y and reaions than the Askervein hill domain.
The inlet condition is cyclic, that is to say tlia¢ outflow is constantly applied at the inlet of
the domain. This is equivalent to compute the ftegulting from a constant profile on a long
flat uniform terrain.

Pressure is calculated at each node on the boyratamgrding to velocity so that the equation
of continuity is satisfied (“mass flow” boundaryratition).

2.3.2.2. Ground boundary

On the ground, the law of the wall is applied, ey to bridge the viscous sublayer and cut
computational costs. Thus, we apply "near-wall" imtary conditions for the mean flow and
turbulence transport equations. It gives the valithe dependant variables at the first cell
row above the ground. These grid nodes are prestwniél outside the viscous sublayer in a
fully turbulent flow. This approach reduces compiota time and moreover simplifies
computation outside the layer since viscous effdotsiot need to be taken into account any
more.

PHOENICS provides 2 different types of wall funaigo: equilibrium log-law functions and
non-equilibrium log-law functions called respechiveGRND2 and GNRD3 in the
PHOENICS parlance.

Equilibrium log-law wall functions

U Ey"’
e
U, K (1)
u,?
k - Cyz (2)
_ Cﬂ0.75.kl.5 (3)
£= Ty

where :p is the fluid density, E the roughness parameat¢he Von Karman constant, y the
distance of the first grid point to the wall; the resultant velocity parallel to the wall at the
first grid node, ¥ the dimensionless distance to the wall given Dy (4

-12 -



=7, (4)

U= — ()

The law (1), the so called logarithmic law of thallwvmust be applied strictly at points where
30<y+<130.
The law (2) assumes that turbulence is in locallibgum (production = dissipation).

These laws are implemented in the model by waypofce terms.

The E factor takes the roughness into account. péiameter is considered as a function of
the roughness Reynolds number :

U H
Re = ’Tr , Where His the absolute value of the equivalent sand-gmilghness height.

T

H, is given a value of 0.01 m, which is the typicalue for the grass and few trees vegetation
of the hill.

Re<3.7 E=E,
1
E = 5
3.7<Rg<100 (Re,) l1-a
al +
b Em2
Re>100 E=b/Re
Where :
Em=0.9
a= 1+ 2X - 3%
b=29.7
100- Re

X = 0.02248W

For the 2-scale k-model, the following boundary conditions are apglfor the turbulence
variables:

k, ==X
p 1+ﬂ
_ KB
K—1+ﬂ
075 I
. :C# K15
p
Ky
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2
Here K = (gfj , Y is the normal distance of the first grid pdir@dm the wall, andg3 is given

K2
C,’ B
C(fp ) (CpS ) Cpl ) CpZ) :

which yields a value d3=0.25.

Non equilibrium log-law wall functions

This law uses the root of the kinetic ener@}? rather than the friction velocity as the
characteristic length scale.
Thus, equation (1) is replaced by :

Uk _ In( EthyJ

2
Ur t
where
kK, = kC , %%°
— 025
E =EC,

The equations (2) to (5) remain unchanged. Theevafik at the near wall point is calculated
from its transport equation, considering that epeliffusion is set to zero to the wall.

For the2-scale k-model, the treatment is similar to that employadtiie standard k-model,
with k, and k determined from their respective balance equatemds for simplicity it is

assumed thagy=¢;.

2.3.2.3. Other boundaries

On the lateral sides and on the top of the domeeniraposed zero normal derivatives and
zero values for velocities, k ard At the outlet, zero gradient boundary conditiare
imposed, meaning that plane geometry downwind timeain is assumed. Pressure is set to be
equal to zero.

-14 -



3. SIMULATIONSAND RESULTS

3.1. Grid testing

The grid can be modified in z direction, accorditty the number of cells and their
distribution. The cells distribution use an arithimsequence, providing a convenient method
for smooth grid construction. Let us callthe height of cell number k (from the ground), we
have thus :h., =h, +Ah. n is the total number of cells in z directiondag is the grid

grading defined by:

hl
g - hn
Thus the height of the first cell is given by, mofiH the total height of the domain:

H

v n(1+ 12_ggj

and the arithmetic reason by :

2H
Ah =

n(n- 1)(1+ 2(:)

l1-c

Note that tests have been done with tleenkedel and equilibrium boundary condition, with
analytical profile at the inlet.

Firstable, we study the effect of varying g, witfix@d number of cells. We choose a grading
g=0.1.

3.1.1. Number of cells
Table shows the different tested cases, figuresi3olvs the different grid repartitions.

Grid Numbgr of .cells in Grading
z direction
A 20 0.1
B 25 0.1
C 30 0.1
D 35 0.1

-15 -



Tested grids

varying n
1500.0
E
< 1000.0 - 8
c
>
o
>
[0}
>
o
Q
©
=
o2 500.0 8
Q
<
0.0 =
a b c d

Figure 3.1. Tested grids

Note that the total height of the domain is nobastant since the hill is 116m high, but this
only affect the cells height in a 10% uniform rate.

The results of simulations are compared againséraxgental data : see respectively figures
3.2, 3.3 and 3.4 for results along lines A, AA atndhe HT point.

Figure 3.2 displays the first velocity componemrg the A line.

It should be noted one of the grids catches themmax speed up. The error is about 15% at
the hill top. Grids a, b, c and d give comparabkkutts upwind the hill. Results on the lee side
vary according to the grid. As expected, the resafte getting better as the number of nodes
in z-direction is increasing,

Figure 3.3 is similar to figure 3.2 except thasifor the AA line.

As in figure 3.2, the hill top speed up is undezdicted. Nevertheless maximum speed up is
quite good predicted. Grids a, b, ¢ give aboutdhme results right up to the top. Grid c
predicts maximum speed up with very good accur&mnd d, on the contrary, gives good
results for the first measurement points but largelderpredicts the hill top speed up. On the
lee side, the finer he grid is, the lower velositsge predicted.

Figure 3.4 displays the fractional speed up ahthé¢op point defined by :

_ U(z) —Uref (2)
Uref (2)

AS(2)

where Uref is the upstream the hill (without obkag Note that for the Askervein hill case,
the reference velocity profile is chosen 500 metgrsind the hill top. This is worth to notice
since the results can be affected in the ordei08&6 Whether reference is taken at the inlet of
the domain or at some other point downstream. Trhalations results are interpolated from
the first grid node.

-16 -



normalized velocity

normalized velocity

Aline

varying n
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AA line
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Figure 3.3
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100 |

height above ground (m)
=

hill top

0.0

fractionnal speed up

Figure 3.4

varying n
\\\\\ e exp results
\\ grid a
\Q\ grid a
e -——-gridc
o\ }_._{ gridd
\
| \\ L4
=
.
.
0.5 | 1.0

Figure 3.4 shows the inability of the grid to prdhe flow within the first meters above the
ground. Results of the simulations always undeiptexperimental data below 20 meters.

Figures 3.5 to 3.8 show the total velocity field the different simulations with grids a, b, ¢
and d. Velocities are displayed at the first ceWywith contours for the first component of
velocity. These results can not be compared agaxpsrimental results but can help towards
further understanding of the different cases.
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Figure 3.6. Grid b
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Figures 3.5 to 3.8 put on evidence a zone of lolwoittes downstream the hill. This zone is
varying according to the different grids. Thusdgiishows an area with reversed flow, which
means that there is separation downwind the hill.

However, grid d underpredicts velocity on the leke dor both of the lines. This means that
separation is not as important as it is calculated.

On the other hand, it should be noted that the cgiu not be refined too much towards the
ground, since too thin and long cells may causearioal inaccuracy.

Then the number of cells is fixed at 30 and theligigis varied.

3.1.2. Grid grading

The table below shows the different tested cases :

Grid Numbe_r of _cells in Grading
z direction
e 30 0.2
f 30 0.15
c 30 0.1
h 30 0.075

Figure 3.10 shows the different grid repartitions.

Tested grids

varying g
1500.0 ‘ ‘
E
< 1000.0 -
c
3
o
o
[]
>
o
o
©
=
S  500.0 -
[0]
<
0.0 === I
[ e f g
Figure 3.10

Figures 3.11 to 3.13 display data comparisons.
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Figure 3.11 : grids e and f show slight discrepasevith experimental results downwind the
top, but fail in predicting downwind the top flo@rid g gives good results, with remarkable
accuracy for the maximum speed up and velocitietheree side.

Figure 3.12 : grids e and f give quite good resallithe line long, except for the velocity drop
upwind the hill. Grid g captures this drop but giekoo low velocities everywhere else along
the line.

Figure 3.13 : grid g provides the best results theite is no significant difference between the
three tested grids.
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Figure 3.16. Grid g

Grid ¢ seems to give the best results accordintbaaxperimental data. Therefore this is the
grid that is going to be used in the following slations.
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3.2. Inlet profiles

The two inlet profiles are tested with grid ¢ atahslard ke model and equilibrium boundary
conditions. The analytical and fully developed pesfare called respectively inflows N°1
and N°2.

Data comparisons are displayed on figures 3.171©.3

3.3. Boundary conditions

This part aims at finding what boundary conditidgs the flow better. The simulation is done
with grid ¢ and standard &model and inlet profile N°1.

Data comparisons are displayed on figures 3.17119.3

Figures 3.17 and 3.18 show slight differences betwbe results yielded by the two different
inflow profiles. However, results with the fully deloped profile tend to provide lower values
than with the log law profile. This is obvious agure 3.19 at the hill top.

The non equilibrium boundary condition yields ratigeod results on the line A, but fails
along the line AA. Nevertheless, the maximum spgedsee figure 3.19) is quite acceptably
predicted.
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Figure 3.17
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As can be seen on figure 3.17, the inflow n°2 seeoh$o change the results a lot.

On the contrary, the non equilibrium boundary ctindiseems to yield unphysical solution
on the lee side (see figure 3.18). This boundanglitimn seems not to fit the case.

3.4. Turbulence model

In this part, different turbulence models are téstetandard le- model, modified ke model,
mixing length model and two-scalesknodel.

The c grid is chosen, boundary condition on theugdois GRND2, inflow is the log law
profile.

Aline
2.0 ‘ ; ‘ :
I ® exp results
k—eps mod
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normalized velocity
—
o
T
|

05 . “~—\//;;/ i
0.0 L | L | L | L
500.0 1000.0 1500.0 2000.0 2500.0

distance along A line (m)

Figure 3.17. A line with different models

Figures 3.17, 3.18 and 3.19 : The mixing length ehgtelds rather good results along A line
but underpredicts velocities along AA line. The nfied constants in the k-model do not
seem to improve the results in comparison withdamdard values (is that a mistake in the
simulation parameters ?), whereas the two-scaenicdel, as expected, slightly improves
results on the lee side, predicting the same easlthe ke model upwind the hill top.
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Figure 3.19. Hill top with different fluid models
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Figures 3.24 and 3.25 show the different speedrofiigs at 4 points along line A for both of
the standard k-model and the two-scaleskmodel. The points are respectively located 400m

before HT, HT, 400m after HT and 1000m after HT.

z/h

X/Lh

Figure 3.23. Schematic of flow over a hill showfeliént regions of the flow :
inner, middle, outer and wake regions. Source .. KAIMAL
and J.J. FINNIGAN, 1994, "Atmospheric Boundary Lalféows".

Figure 3.23 shows the regions of the flow and @rpldhe shape of vertical profiles at
different points on the hill. It should be notedattithe wake region has large extension

downwind the hill, as it can be seen on the follugviigures.
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4. CONCLUDING REMARKS

The results from the WindSim code have been teggathst experimental data.

We saw that the results turn out to be varyingtaatwording to grid changing. This grid

dependency shows the need for grid refinement @rasement. The first cells above the
ground are essential to capture the physics oflthe There is an important gradient in this
region. But a too high refinement in z-directionvémds the ground causes long thin cells,
which may lead to numerical inaccuracy. Thereforaame refined grid in x and y directions

should be tested. This can not be done withougaatisation from a more accurate map of
the hill. Exponential distribution, that has notehetested in this study, might improve the
results.

Unfortunately, the complete results of the Askemveill experience have not been available
for this work. Additional experimental results centing turbulence quantities could
contribute to further analysis of the simulatioasthis study.

This case still raises questions about separafibe. question to know whether or not the
separation bubble exists is crucial. Such a phenomaffects the whole velocity field, not

only in the separated region.

In fact, it seems that separation occurs or almostirs. Unfortunately, there is not yet simple
applicable rules concerning rough wall turbulergasation. The slope of the hill, as well as
surface roughness, are sensitive factors for separd&innnigan et al (1990) established that
for rough cones, a 20 degree slope is the loweit lisnensure steady separation. For the
Askervein hill, geometrical parameters have beeaswed to be approximately H=104 m

and L=220 m (see figure), yielding a maximum slopthe order of 14 degrees.

Wind direction
ﬁ

L * H2

A 4

Figure 4.1. Normal cross section of the hill withtations

If there is separation -and it seems to be virgudle case- how should it be modelled? Is the
modelling approach still valid ? Should the assuomst be questioned? Unfortunately, most
of information we have about such cases come frathematical simulations. It should be

noted that carrying out experiments in these ségénagion conditions is not an easy thing
to do, since the velocity never reaches its avexadge. Measurements have though to be
carried out on a very large time scale.

As emphasised by J.L. Walmsley and P.A. Taylor §)9pointing out that a lower roughness
gives better results for the hill top in a study e Askervein hill case, there are still

guestions about the roughness length that shoulddbpted. A lower roughness seems to
give better results for the hill top. Should we jpida varying roughness model?
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It is also stressed in this paper that the velotgld on Askervein may be affected by the
neighbouring hills downwind. These hills may prolygiiroduce some upwind blockage. (see
figure 4.2). Actually, in most cases, the speedhanhill top is underpredicted. This could be
related with the fact that the topography aroune site is not taken into account. It is
assumed to be a flat plain, but even a low hill davnd the Askervein hill could explain that

the model provides lower velocities than the mezdones.

Askervein Map A Master Topographic Grid
72465 74465 76465 78465

T T
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s [4
21015 ;\'L A5 21015
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x (m)

Figure 4.2. Contour map of Askervein hill.
Source : P.A. TAYLOR and H.W TEUNISSEN (1986)
"The Askervein Hill project : overview and backgnoudata"

However, the results are almost as accurate agimgmgal results, as far uncertainty allows
us to judge.

Note that as long as wind energy is the mattemtdrest, the most important point is to
predict maximum speed up in the right locationg], ahpossible, with good accuracy. The
details of flows on the lee side is not relevamtsiach an application. However, in the interest
of micro scale modelling aimed at other purposetrsas pollutant dispersion-, the study of
other cases may be desirable.

-35-



5. REFERENCES

A.R. GRAVDAHL (1998) "Meso scale modelling with aeffolds Averaged Navier-Stokes
solver-Assessment of wind resources along the Ngiamecoast”, 31st Meeting of experts-
State of the art on wind resource estimation, Rimmmark October 29-30 1998.

Vector, Tagnsberg, Norway

P.K. CHAVIAROPOULOS and D.l. DOUVIKAS (1998) "Medinw-field simulations over
complex terrain scale”, 31st Meeting of expertdesStd the art on wind resource estimation,
Risg, Denmark October 29-30 1998.

Center for Renewable Energy Sources, Attiki, Greece

L.K. ALM and T.A. NYGAARD (1995) "Flow over completerrain estimated by a general
purpose Navier Stokes solver"”
Institutt for energiteknikk, Kjeller, Norway

T. UTNES and K.J. EIDSVIK (1996) "Turbulent flow evmountainous terrain modelled by
the Reynolds equations”
NTNU, Trondheim, Norway

J.C. KAIMAL and J.J. FINNIGAN (1994) "AtmosphericoBndary Layer Flows"
Oxford University Press

P.A. TAYLOR and H.W TEUNISSEN (1986) "The Askervdifill project : overview and
background data"
Atmospheric Environment Service, Downsview, Onta@ianada

K.J. EIDSVIK and T. UTNES (1997) "Flow separationdahydraulic transitions over hills
modelled by the Reynolds equations, Journal of wiedgineering and industrial
aerodynamics”

NTNU, Trondheim, Norway

H.W. DETERING and D. ETLING (1985) "Application dhe E-epsilon model to the
atmospheric boundary layer"
Institut fir Meterologie und Klimatologie, Univetdt Hannover, Germany

D.R. LEMELIN, D. SURRY and A.G. DAVENPORT (1988) itSple approximations for
wind speed-up over hills"
Boundary Layer Wind Tunnel Laboratory, UniversifiMdestern Ontario, London, Canada

J.L. WALMSLEY and J. PADRO (1990) "Shear stresailtssfrom a mixed spectral finite-
difference model : application to the Askerveiri project data"
Atmospheric Environment Service, Downsview, Onta@anada

J.L. WALMSLEY! and P.A. TAYLOR (1995) "Boundary-layer flow over topography :

impacts of the Askervein study”
1. Atmospheric Environment Service, Downsview, GiotaCanada

-36 -



2 :Department of Earth Atmospheric Science, Yorkvémsity, Ontario, Canada

J.R. SALMON, A.J. BOWEN, AM. HOFF, R. JOHNSON R.E. MICKLE, P.A.
TAYLOR? G. TETZLAFP and J.L. WALMSLEY (1987) "The Askervein hill project :
mean wind variations at fixed heights above ground"

!: Contractor, Ontario, Canada

2 Dept of Mechanical Engineering, University ofrerbury, New Zealand
3. Institut fur Meterologie und Klimatologie, Unirgtat Hannover, Germany

F.M. WHITE (1974) "Viscous fluid flow"
McGraw-Hill Publishing Company

PHOENICS documentation
CHAM Ltd

-37 -



