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Real world building effects
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Building module formulation
Buildings influenced flow & dispersion

Cavity Figure edited
from PRIME

documentation

Streamline
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Near wake

A ADMS & AERMOD include:
I Near wake (cavity)
I Main wake (descending streamlines)

CERC I Two plume approach

Main (far) wake
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Building module formulation
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Using ADMS and AERMOD to model building effects
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BPIP combines buildings using the ‘a’ lines and only those 'b’ lines that are

less than L. All 'a’ lines are assumed to be less than L. The outside portion
of the lines used form the perimeter of the Gap-Filling Structure (GFS).
L=min (building heighprojected building width)
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Building module formulation

Using ADMS and AERMOD to model building effects
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Building module formulation

Using ADMS and AERMOD to model building effects

ltem Comparison Details

mgﬂ]nv]\t/lglz\éin Different ADMS uses wake deficit model; AERMOD uses a fractional deficit of 0.7 modified by the location within the wake

Turbulence Different ADMS assumes velocity variances increase in proportion to the wake-averaged surface shear stress; AERMOD
derivesthe turbulent velocity from empirical expressions and ambient values.

Effective . ADMS applies an algorithm that assesses each buil di |

ildi Different height and crosswind separation; AERMOD combines buildings if they are separated by less than a characteristic

building dimension of each building (larger of height and projected width).

Caybvienath  simiar e

Wake Ot AERMOD depends solely on effective building properties; the ADMS formulation also includes a dependence on

height/width Uo/Up.

Streamline defl " Different Similar concepts but different expressions used.

Plume spread Different ADMS: calculates wake-affected spread parameters from non-building parameters accounting for differencesin
flow & turbulence; AERMOD models a p.d.f. growth (near wake) transitioning to eddy diffusivity growth (far wake).

Cavity Different Both models determine a fraction entrained into the cavity, but the expressions used for the amount entrained and

concentration for the resulting cavity concentrations differ.

Wake Ot Both models have sum a non-entrained part of the original plume and a ground based plume from the cavity

concentration

region; the formulations of those expressions differ.
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Building module formulation

ADMS wake modelling

A Divided into regions:

I RT recirculating flow (near
wake)

I WT wake

I UT directly upwind

I AT remainder of perturbed
flow around building

I ET region external to the
wake

A W and E form the main wake
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Building module formulation
ADMS wake modelling T near wake
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Building module formulation
ADMS wake modelling T main wake

A Flow field: S
u=Up {1 — i Eil [i—j g(f]h(n)}

- similarly for v and w

A Wake averaging:

L e el e - Pa )
du_1.(Ws (ﬁ) (ﬁ) At = UHau{ z } Ao, fo? = Ao, 2/c,? = At/ul
u, 2 \2L,/\LJ\a (x — %)

= k-1

A Wake spread parameters:

oy 1/2
Ao\ Auy | doy g
1+—2 1——
i ( N crvz) 1’(}( UH)] dx

doyy _ (JYW) d(Au/ UH:]
dx 2 dx

- similarly for w
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Building module formulation
ADMS model developments

A Improvements to the transition P A,EL
between building effects regions: 3 M RW o

I smooth the concentration in the LA BT
transition from the near wake to I I |

. ELEVATION | - |

the main wake { e

i Ensure plume spread continuity for | |04 1 " \

a rising/falling plume crossing
between the Wake and External
regions
A Adjustments for wide buildings
when the flow may be close to
2-dimensional
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ADMS model validation
Thompson

A Wind tunnel study
A Varying stack heights & locations Wind mmp [
A 4 different buildings:
I acube
I awide building (2 cubes aligned crosswind) ‘ "2"}
I awider building (4 cubes aligned crosswind,
I along building (2 cubes aligned along wind)

. . Thompson R.S., 1993: Building Amplification Factors for Sources Near
Sources and receptors a“gned Wlth the Buildings: a Wind Tunnel Study. Atmos. Environ. 27A, 2313-2325.

building centreline
Receptors at ground level | Scalel : 4000
OBuil diom@d banpd di

o To o o

scenarios
Neutral meteorology  HS
(free stream wind ~ 4 m/s) XS ~
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ADMS model validation
Thompson i Wind Profile

Windspeed with height A 2 minute average for the results in

450

Joo Thompson study; concentrations

350 [ reproducible within 5%.

300 /l
E 250 . .
2 o / A ADMS uses measured vertical profiles of
5 / wind speed and turbulence

100 // A Wlnd Speed: U(Z) — 2_2(% 0.136

N i A Measured turbulence profiles show

. ) ) ; . some decay along wind tunnel

Windspeed/ms!

= \WNindspeed === Building height Boundary layer height

CERC DMUG 2016



ADMS model validation
Thompson i Observed and modelled data 1 No building
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ADMS model validation
Thompson Cubic building. Observed - Max building/Max no building
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ADMS model validation
Thompson i Observed Data. 32m stack, cubic building
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ADMS model validation
Thompson i Modelled Data. 32m stack, cubic building
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ADMS model validation
Thompson i Comparison. 32m stack, cubic building
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ADMS model validation
Thompson i Observed Data. 92m stack, cubic building
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ADMS model validation
Thompson i Modelled Data. 92m stack, cubic building
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ADMS model validation
Thompson i Comparison. 92m stack, cubic building

CERC DMUG 2016



