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Figure 2: Plan view for 6 = 5% at a height of 2.9 m.

For ail wind divections tested the maximum concentrations af
a height of 0.75 m are found at 2-3 m fram the leeward wall,
The reason for this consistency is that the vortex, which is
induced in the cross-canyon flow, is maintained despite the
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Figare 3: Plan view for 0 = 207 at a height of 2.9 m.

down-canyon flow introduced  as  the angle-of-approach
mereases. Figure 4 shows the effect of the vorlex on the
concentration field for perpendicular flow,
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Figure 4: Cross-section at mid-canyon for perpendicular flow,

Tt has already been noted that peak concentrations oceur pear

the canyon ends. Figure 5 shows the concentrations in the Table 1
vertical section at 03 m from the Jeeward wall for
perpendicuiar flow. As the angle-of-approach increases ) -
perpenc cular flow A\ the angle of ipproach increases the Angle 0° 5o e 150 e
maximum  concentration 0.3 m from  the leeward wall
decreases {Table 1), Max. Concentration | 7.7 7.6 4.7 4.3 4.0
(ppra)
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Figure 5: Along-canyon cross-section 0.3 m from the feeward wall, for perpendicular flow.
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2.2 Sensitivity to Source Strength, Length and Placement

Tests confirmed that prediced concentrations were directly
proportional to source strength, verifying the accuracy of the
source simulation. {1 was found that reducing the length of the
source so that it did not extend the full length of the canyon,
condenses the area over which significant concenations are
found but does not change the distribution pattern. The actual
height of the line source was not & critical factor either.
Placing the source {a small volume source) at heights of
0.1 m, 0.25 m and 0.3 m had little impact oa congentrations
above 0,75 m.

As a further test, the source was placed close w the windward
wall (at 1.5 m) rather than at cenlre-canyon. Figw in that
region is stronger and putting the source there, resulted in
reduced concentrations but the overall pattern through the
canyon did not change appreciably.

2.3 Sensitivity to Canyon Geometry

A previous study (Johnson et al,, 1995) has investipated the
sensitivity of concenfrations {0 Capyon  geomelry. It
established that, near the leeward wall and close o the giound
concenirations decreased as the canyon width increased. These
resubts are confirmed by an independent numerical modelling
study {Lee et al., 1994) and by a wind tunnel study (Hoydysh
et al., 1094). They also found that, inereasing the length of
the canyon incrensed the concentrations. and then postuiated
that the decreased vortex speed at mid-canyon gives rise to this
increase.

2.4 Summary

SCAM produced results which suggest that the numerical
procedures used are stable with respect to changes in input
parameters. Further, the assumptions mads in the formulaiion
of the model have not rendered it especially sensitive to input
changes and the variations in predictions observed  am
physically plausible and in accord with other numerical and
wind-tunnel studies.

In particular, predictions are not sensitive to changes in wind
direction except at canyon-znds. Thus there is value in
comparing model predictions with fisld messurements even
though they will be taken in unsteady flow conditions. Of
course it will be desirable to choose those periods of least
variability.

On the basis of these preliminary modelling studies it was
determined that in the field program most measurements
would be 1aken mid-canyoa (lengthwise) both near the Jesward

wall and at centre-canyon {widthwise),

3 FIELD PROGRAM [ {(FPD

3.1 Skimming Flow Regime

The analysis of the wind data {see Part ) suggested that a
skimming flow regime was pressnt with & characlersic
vortex flow counter to the prevalling wind direction and
essentially decoupled from the ambient flow. This conclusion
is counter to the prevailing wisdom which is typically
expressed in terms of the relative geometry of the canyon. In
thig context it is assumed that skimming flow doss not occur
for aspect rarios less than .65, The aspect ratio {or FPI 13
042,

What flow doss SCAM predict for FP17 If vortex circulation
is present, then as the approach flow deviates from the
perpeadicular a spiral (cork-sorew) pattern should develop due
to the presence of increasing down-canyon [ow. To
investigate these issues , the wind-flow model was run with
spproach  directions of (°, 3%, 10° and 20° from Ihe
perpendicular. Vertical cross-sections at mid-canyon (Figuze ©)
show clearly that the medel predicss a vortex circulation in
each case, indicating qualitative agreement with the observed
data. Plan views (Figure 7) show along-canyon flow
incroasing as the approach angle increases indicating an
increasing  spiral pattern, again in  agresment  with
observations.
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Figure 7: Plan views of modelled velocity vectors at (a) 07.(b) 107 and {c) 20°

3.2 Sealar Concentrations 4

In our preliminary studies we have not matched the field
programt scalar source terms. This will be done laler. The
simutations reported here are based on a uniform line source
runsing the fength of the canyen at the same height as that
used in the field program. Thus at this stage we can only
compare concentrations in a relative sense.

At the Jeeward wall the messured fleld showed  high
concenirations in the slow moving air near the base of the
wall, with lower concentrations at higher levels due to the
increased  air movement there (Figure 83 Diecreases in
concentrations were also observed in simulations which used
the wind direction averaged over the 30 minutes during which
the measurements were taken (Figure 93, In the field program
lhe rafio between the concenirntions was 0.78 on the run of
21 September and 0.49 on that of 19 Ociober. For the
simulations the rattos were about 0.73 and (.40 respectively,

b}

28m{73)

1.5m {150 ¢
Qinmitag)

Figure 8: Measured concenlrations at leeward wall an
(&) 21 September and (b) 19 October.

Censantration (npm}

Figure 91 Madelled concentrations at leeward wall on
E.’
(a} 21 September and (b} 19 October.

The fuctations in the concentration field arising Trom
changes in wind direction were studied further for the run on
i9 October, a day with relatively steady perpendicular flow.
The mean measured wind direction was caleulated (2657 and
measured concentrations  comrespanding o a  gne-minute
average wind direction more than one standard deviation {207
from the mean were discarded. Coefficients of variation were
caleulated for four sensors on the rwduced data set. SCAM
simulations were then run with an upwind profile at each
extreme direction (245° and 283"} and the model variation (£3)
calewated. A comparison of these coefficients (Table 2) shows
that SCAM predicts {taking the average of the 285° and 245°
values) about the same variation as that measured at the lower
sensors but less variation than was measured at the higher
sensors, Some of the variation in the measirements would be
due to wind speed changes rather than directional changes so,
in a sense, the model variation is of the comet order of
magnitude.
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Table 2

Measured Model (2837 | Model (2457)
Site Coefficient of | Model todel
variation {V) variation (£33 1 variation (£33
ML 1.5 18% 1 9% 3%
ML 29 2449 3% 10%
MC 1.5 19% 9% 21%
MC 2.9 225 % 9%

Correlations between different sites within the canyon were
also considered. On 21 September conceniralions  were
measured at two sites (MLO.75 and ML1L.5) over a period of
30 minutes when the average wind direction was about 215
The concentraiions at the two sites were well comrelated (¢ =
0.9) and the linear regression between the concentrations was

[ML1.51 = D.7*{MLD.75].

Performing linear regression on the modelled concentralions
procluced the same relationship.

The literature soggests that highest concentrations at mid-
canyon occur when flow is normal to the canyon, and that
concentrations increase towards the leeward wall (Wedding et
al., 1977 Dabberdt et al., 1991). To investigate these issues
SCAM simulations for 19 Qciober were studied. Given a
mean measured approach angle of 263, simulations for
angles of 243°, 265° and 2857 were used, Figures 10 and 11
show that predicted and messwed concentrations are greater
near the leeward wall than at centre-canyon, and conceatrations
decrease with height,

E 265 dagrass dmoean) B 248 dogrecs {-20)

Figure 10: Modelled concentrations at leeward wall and
centre-canyon for B = 2657 and 2457,
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Figure 11 Measured concentrations al leeward wall and
centre-canyon for mean = 2657,

4 FIELD PROGREAM 2 (FPZ)

4.1 Flow Regime

The canyon used in P2 had an aspect ralio of unity and it
was  eapecled  that the  within-canyon  flow  would  be
characterised by a cross-canyon vorlex as a component of o
skimming flow regime. On an analvsis of the measurements
from the few sensors within the canyon it was difficult (o
establish the presence of such a fliow, The reason for this wag
the mereased importance of lateral flows. Once established, it
appears that the lateral component within the canyon is
maintained until overcome by an opposing {low from the
opposite direction (see Part 1),

The field data suggested that significant lateral flow would be
induced once the approach {low was other than perpendicular
to the canyon. Simulations with SCAM were performed to
test the sensitivity of the predicted flow (o variations in
approach-angle {or a canyon of the dimensions of that used in

P,

Figure 12 shows plan views of modelied velocity vectors {or
the given canyon for approach angles of 07, 5% and 45%. The
small shift in {low direction to 57 iz sulficient to induce
distinet lateral flow, Ingreasing the anple (o 457 dramatically
enhances the ateral flow, so much so thal any cross-canyon
flow is obscured. These predicted flows are entirely in accond
with the characteristics of the flows actually observed, even
though those flows were guite unexpected and their features
sugpest that some of the current rather simplistic descriptions
of canyon flows may prove to be inadequate.
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Figure 12: Plan views of modelled velocity vectors at () 07, () 57 and (¢) 457,

4.2 Scalar Concentrations

At this point no simulations of the concentration flelds of
FP2 have been simulated. Due to the resulis which surfaced
from the analysis of the unusual flow fields all of the
simulations for FP2 were related to those fields and no work
has yet been done investigating scalar dispersion.

5 CONCLUSIONS
{a) SCAM is sble to predict the detailed structure of within
canyoni flows based on a knowledge of the upwind profile and

the canyon geometry.

{b) SCAM shows promise of being able to predict the
dispersion of scalars within canyons, especially to identify the

locations of maximum conceptrations. Further evaluation of

this aspect of the model should be pursued using the data
gathered in the field programs.

{c) SCAM simulations indicale that the assumption that
canyon aspect ratio is the sole determinant of flow regime
requires further study. in particular through a series of model
runs using selected canyon geometries,
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