Simulations of Near-Ground Hurricane Winds Influenced by Built Structures

Introduction

Accurate  hurricane  near-ground; wind! forecasts are
important, but difficult due to; uncertainties in how the
wind linteracts with structures onshore.

This: study. examines winds in: four separate structural
environments: by using 4 km Weather: Research and
Forecasting (WRF). mode!l hurricane wind| forecasts as
input:in the Fluent.computational fluidi dynamics solver:

Resulting: velocity. magnitudes: arel normalized to, the
predicted ] WRE modell 10-meter; windl and: toi the ambient
“undisturbedt winds: at: all elevations to| assist: forecasters
injissuing guidance,

Methodology

Hurricanes: Rita, Katrina, and: Wilma were simulated
using| GES analysesint WRE with 4. km|gridispacing'and: 35
vertical|levels

Upon| meking| landfall,  verticall wind; profiles; were
extracted fromj the region: ofi highest: predicted: 10-meter;
winds, and:were used; tolinitialize!wind tunnels:in/ Fluent.

Fouridomains; including asingle story: house, a two, story,
house; a suburbaniarray, and an urbanl environment: were
constructed int Gambit for: flow simulation (Fig. 1)

Domains: were! run; in; Reynolds-averaged! Navier-Stokes;
(RANS): mode  using| the' k=g; turbulencel mode!, providing,;
time averaged: 3-DVariability to  the resultsi (Hanna  et-all)
2006).

Horizontal grids: ofi spatial uniformity’ were! generated! in|
close! proximity, to! the structure(s) upon which! two! types,
ofinormalization were applied (Fig. 2 and!3).

Figure 1. Visual display.for the a) single story house, b) two
story, house, c) suburban array, and d) urban environment
domains.

Figure 2. Time series of central
minimum pressure near-landfall for a)
Hurricane  Katrina and b) Hurricane
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Figure 3. a) Time series of the
observed 10-meter wind| from an
instrument  tower deployed in
Hurricane Katrina at Belle' Chase, LA
and' b) WRF 10-meter: winds forecast
for Hurricane Katrina, Arrow denotes
location of wind! profile extracted: for
Fluent simulations,

Figure 4. Horizontal grids of normalized  2-meter winds for the a) single
story house, b) two story house, c) suburban, and d) urban domains

WRF

In our best simulations, the central minimum pressure.
was' 10, to; 151 mb: weakerat landfalll than| that observed
(Figs. 2a  and 2b), likely due to the coarseness of! the
modelfsinitialization data’(Kimballland Dougherty, 2006)..

Barker et al. (2004) show that assimilating|observations.
inte. model| initialization can greatly: improve, a| hurricane
forecastiusing WRE=3DVAR. Thus, future efforts will focus:
on data assimilation to\improve our WRESimulations.

\While: the: central ‘minimum pressurelis underpredicted)
WRF's' predicted: 10-meter. winds! near. landfall (Fig: 3b).
compare well with| observations: from|instruments| placed: in
Katrina‘s/path|(Fig. 3a).

We' determined that a profilel extracted | from the: region
ofimaximumy predicted. landfalling winds would be sufficients
forflow/simulations)in Fllent::

WREF Profile Normalization

The suburbaniand urban environments: reduced| al larger
percentage; ofy the \wind speeds; near the ground: than the:
single:story; and|two story houses,; corresponding toja 10%
101 40%; reduction| from, the original value; (Fig¥ 5)F  This)
corresponds tothe blug contoured|regions ofiFigurei4,

The, single’ story’ and, two' story: house| environments)
increased |a portion of the winds near; the ground (Eigs: 5a
andibb)labove theiroriginal value. This!cofrespondsitothe:
orange contoured regiofs of Figure 4ajand 45

The suburban environment decreased, virtually. the entire:
profile from the expected| valuesiin the lowest: 20, meters:
(Figs: 4c and 5¢).

The urbanienvironment had the most substantial impact
onl thel profile: (Eigs: 4d: and' 5d). The! winds| are!
substantially: decreased| orlincreased, from| their: originall
value; depending upoen height:

WRF 10-Meter Wind Normalization

Figure 6  revealsihow welll the WRE1.0-meter; forecasted
winds (black:line)|compare to; Fluent’sidepjction’|of flow: in,
thestriicturallenvironments (contours).

Forecasts) using, the: WRE' 10-meter wind may be
reasonable: for the' single; story: and: two; story: Rouse
environments| (Figs, 6a dnd:6b), but:wouldfnot work, well
for;suburban andurban envirenments (Figs. 6¢ and 6d).

Height- dependent: scaled; adjustments: relative: to the
WREA O imeterwindlare recommended.

Figure 5. Distribution contour plots (0-10%) normalized to
the initializing, WRF profile for the a) single story house; b)
two story house, ) stburban, and d) Urban domains.

Figure 6. Distribution contour plots (0-10%) normalized to
the WRF' forecasted 10 meter wind for. the a) singles story
holse, b) two' story. holse; c) suburban, and d) urban

Conclusions

The WRE forecasted: 10-meter winds from our
Hurricane Katrina simulations compare well with
winds. measured by instruments placed in
Katrina’s: path.  While these results appeared
reasonable for: subseguent Fluent simulations;
our’ goal' remains to improve our hurricane
simulations by utilizing' WRE-3DVAR.

In general, the structural eavironments act to
decrease the magnitude of: the incoming profile
in’ regions! at. or: below the elevation ofi the
structure(s), and act to slightly increase winds at
higher elevations:

Height dependent scaled adjustments are
recommended when forecasting winds for each
structural environment; based on the
implications- of Figure 6.
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