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Research topic: Urban micro-climate and built environment
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Potential exhaust flow  Room scale (~10m)

Street/Neighborhood/City scale
(~100m/1km/10km)

Similar with room/building ventilation: FH{LA1% 5 X 5l

Street/urban/city Ventilation refers to the process of supplying external
(rural)air into the urban canopy layer and distributing it within it.
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What's happened in between is more of an engineering

issue in built environment?
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Xie et al, Indoor Air 2007;17:211-225
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Floor level exhausts
(0.25m X 0.25m)

Qian and Li (2010), Indoor air




From Prof Julian Tang
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Jian Hang, Yuguo Li*, Ruiqiu Jin. Building and Environment
2014; 77: 119-134
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Velocity (m/s) and velocity vector inz=1mat /=5.4s in Case |

Velocity (m's)

Iso-surfaces of velocity (0.4 m/s)

Concentration
at=0s
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Jian Hang , Yuguo Li*, et al. Potential airborne transmission
1 between two isolation cubicles through a shared anteroom.
Building and Environment 2015. 89, 264-278.
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Sampling point at P2 in Room 2
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Spread from Block E to other blocks in the Amoy Gardens Outbreak
MR A, MEREEREIA. By C. DESEFUH MK

Li et al. Pop Dyn and Infect Dis in Asia 2006:305-327 (left)
Yu, Lietal NEJM 2004;350:1731-39 (right)
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Wind and water PK Science of Built and urban environment
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Xia Yang(#M %, FHA N —1E&), Cuiyun Ou, Hongyu Yang, Li Liu,
Hualiang Lin, Tie Song, Min Kang, Jian Hang* (il #\{f #). Transmission
of pathogen-laden expiratory droplets in a coach bus. Accepted by
Journal of Hazardous Materials 2020 (PRI — X #AT], IF=7.7).
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and Environment, 2012, 47:58-66.
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Temperature (7, K) and normalized velocity (U/Uref) at y=0, RH=35%

z(m)

z(m)

x(m)




Droplet number

Droplet deposit on susceptible person under RH=35% (L=0.5m or 5m)
AR XS = BN, AR Je b o0 B I Tl R B iR 1, AF R =

10um droplet, L=0.5m
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Research topic: Urban micro-climate and built environment

building-street scale(~10m-100m)
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Rapid urbanization: More and more people are moving into cities

World urban and rural population, 1950-2050
10000

High-rise and high-dense urban construction, anthropogenic heat
9000
sources and sources of pollution increased __ 8000 mUrban = Rural -
; =3 é 7000 5 all
S 6000
.g 5000
E 4000 /I i/
2 3000 | | —F ——
2 oo I A1
wo L1 L]
NIEEEEDR
GG G A o i U gt
Source: UN World Urbanization Prospects, 2009 Year
®51% (i.e. 3.5 billion) of 6.9 billion Land use in Pear River Delta region(2000->2016)

by 2010; 60% (i.c. 5.0 billion) of ey

8.3 billion by 2030.

®Large cities worldwide (>1
million): 355, by 2000; 449 by 2010 , '
668 by 2025. | e




0.041 °C/year >> 0.019 oC/year by global warming

23.5
Annual -y
T (°C) in .
Guangzhou

1980-2008=;
y =0.041x+21.73
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In the last five decades, T in Beijing/Shanghai/Guangzhou rises 2 to 2.5
°C, much greater than 7 rise due to global warming (0.76°C) in the last
century. i 2% 50 LA _ERESE RIS RFRELEH T 2 2
2.50C, & i T it 2 — A A BRAR R IR FE T (0.76°C) .




Building ventilation and city ventilation
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Source: Prof Yuguo Li in the University of Hong Kong



For indoor-outdoor ventilation: dynamic force and buoyancy force

Atmospheric conditions ]_ Urban turbulence Urban ventilation/
: UCL+UBL llutant ex r
Urban morphologies ( ) pollutant exposure
Oke (1987)
T F T T T T T T T 7 'UBL ventilation__---""

| m i x Mixing layer

Planetary boundary layer L7 UCL ventilation
,* Urban boundary layer

(UBL) =™ =

F = Uy Urban ventilz{tion depends on dynamic force and thermal buoyancy force.
gHAT /T, 0

Fr>10 Wlnd-dl‘lVel’} gxr}amic force 0.1<F{<‘1(2§)t‘h for@i‘nteracts Fr<0.1 Buoyancy force dominates
— — — N 25°C

alal -HEi )




An example of urban wind environment simlation in Hong Kong

B W3 X RIS ST 7~
Wit LB Two design schemes

Proposed scheme Base scheme
#E#F veit: 203m IRt 110K
Two-tower design

Fully open at the podium level>>20m Four-tower design .

Varying gap from the podium level to 20m gap above the podium level
Height. +110mPD

the upper level

Height: +202.9mPD



Square:(30,27) Windrose in 16 Directions

...........

/ NNE+NE+ENE+E+ESE+
~ SE+SSW+SW=79.4%>7
________________ ban__ =y
Dimetion | Oweumemte () | Diection | Ocerreme () | Dicton | Occurrente (3) | Direeion | Occurrents (30
N 3.6 E 15.3 S 3.4 w 1.7
NNE 6.8 ESE 9.2 SSW 5.8 WNW 1.3
NE _|___ 126 SE 6.0 SW 5.5 NW 1.0
T ENE | 185 2| ssE 42 WSW 2.7 NNW 22

o Numbers in green represent the selected prevailing wind directions for simulation




Computational approach

.+,  Computational domain:
4000mx4000mx1000m

CFD solver: Ansys 12.1 (Fluent 6.3)
Turbulence model: RNG K-¢£ model

(AlJ guideline-Yoshie et al, 2007, COST2004 )

1000m

Boundary conditions:

v Inflow---power-law profile n=0.35
n
Fi *._' : Outflow---Zero gradlent fully developed
: ————— Lateral, top boundary---Symmetry

107
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krhiE X - 1R T ~ igkhfzSurban morphologies

SEIREFERN: BXEMNESHFNAL. SHHSIBALRBR.

5 ;ﬁg‘,?&g Air change rate per hour (ACH) 15 B M/ 3 1 T B3 T

Air exchange efficiency U 1..{, _____ 1..
Exchange velocity and In-canopy velocity 5

—

SRR
Age of air

TSFUIIEIRIEE Net escape velocity
TSYIFERRIMER Purging flow rate
b ES (57

Hang J, et al., Atmospheric Environment 2009. 43(4): 869-878.

Hang J, Li YG, Atmospheric Environment 2011. 45(31): 5572-5585.

Hang J, et al. Building and Environment 2012. 56, 346-360. (5] F118/kX. &#i5])
Hang J, et al. Building and Environment 2013. 70:318-333.

Hang J, et al. Building and Environment, 2015. 94:166-182.
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People spend 90% of their time indoor. The human exposure of
outdoor pollutants mainly occurs after pollutants enter indoor.

AFE0%HMNEEEEREIN, BhEFESERSHITANIGEERZERN
ABRENRE, 3 Eﬁ%é&& JXUZ%JE DARZTEREARE. _ _ ___

Solar
radiation

Heat release

S urban phys%csmve(:t

Room/Building/Street scale (~10m to 100m)

»> Vehicular human exposure in near-road buildings requires special

more concern; [FHRFARSHERISHNTMEES KT
» Urban layouts and atmospheric conditions influence both urban
ventilation and building natural ventilation.




Sustainable urban morphologies can help reducing overall

ITh ARSI InfE

EIRAB SRR

Most studies found leeward-side concentration is higher than
windward side. But vertical profiles are reported differently ,
e.g. from the ground to high levels, concentration decreases

exponentially, or linearly or keep nearly constant (Chan et al.,

2000; Kalaiarasan et al., 2009; Ouane et al., 2012)

N

TSP
y= 1649, 9 4039
R = 0.9983
PMyg
y = 6007 5e 02
R’ =0,9957

100 120 1400 (114

concentration (ug/m’)

Chen, C., Zhao, B., Zhou, W.T., Jiang, X.Y., Tan, Z.C., 2012. Build. Environ. 47, 339-348

Height (m)

pollutant exposure in near-raod buildings .

I IMEEEERTHIST

TSP
y=-0.3109x + 49,212
=1

PM,q

y=-0.4491x + 54.2
R =0,9805

80 90 100 110 120 130 140

concentration (ug/m*)

A methodology for predicting particle penetration factor through cracks of windows and doors for actual engineering application.

Ji, W.J., Zhao, B., 2015. Estimating mortality derived from indoor exposure to particles of outdoor origin. PLOS. ONE. 10, e0124238.



Urban layout ~ vehicular pollutant exposure

Time fraction for four activity patterns

Indoor athome Otherindoorlocations Inornear vehicle Other outdoorlocations

Daily Pollutant Exposure (mg/m3-day) HZ&EE

= : the extent of human beings’ contact with M =1 W =2 w=3 W =4

different air pollutants within one day 5.5% 0" 1ot 8.6%
61.7%

represents 1g of air pollutants 1s inhaled by an
exposed population from one ton of pollutants
emitted from the source

16.7%

Intake fraction (IF) {S4MRAEL: 1ppm=10- ‘\‘ ’\‘ 5937 W‘\‘ e

28.9% 28.7%

Children Adults Elderly

Allan et al. (2008)

VOCs-
rban layout
U b you NOX-O3
Urban pollutant chemical
Atmospheric dispersion/mixing ,
condition > reactions
Source/VOCs-
NO,-O; Pollutant exposure Hang J, Luo Z*, et al., Environmental Pollution 2017, 220:72-86.
reaction He L, Hang J*, et al., Science of the Total Environment, 2017, 584-585: 189-206
Zhang KE, et al., Science of the Total Environment, 2019, 653: 968-994




Scale-model outdoor measurement of urban climate and health: SOMUCH
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3000 models
(50 rows, 60 columns)

Urban energy balance
at z=2.5H
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» An example of unsteady wind speed variations (20Hz, 1 s averaged data)
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Realistic cities are complicated. High-quality measurements/CFD
simulations have big challenges as thermal effects are important.

Thermal boundary conditions are complicated, and vertical profiles are not easy to measure.

| Yang and Li, Atmosphenc Enwronment 2009

kil |

Table TV. Values of parameters relevant to the surface energy budget.

Land use classification adopted for the Buildings Asphalt Grassland Water Trees
present study Can we use one constant for all building???

Albedo [—] (Ichinose et al., 1999) 0.18 0.18 0.16 0.08 0.16
Surface emissivity [—] (Thara et al.. 2003) 0.96 0.91 0.95 0.93 0.95
Evaporation efficiency [—] (Ichinose et al.. 1999) 0.05 0.05 0.30 1.00 0.30
Density [kg m—] (Ichinose et al., 1999) 2.4 x 10° 21 2 TP 1.8 x 10° 1.0 x 10° 1.8 x 10°
Specific heat [J kg=' K!'] (Ichinose et al., 1999) 882 882 1176 4200 1176



Heights of measurement -Elaﬁpleﬁ
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The impacts of each factor have not been clearly known

g " Solar radiation | r
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Anthropogenic heat

Regional air pollution

Anthropogenic heat
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Urban turbulence/ventilation/air

pollution/pollutant exposure
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Scaled Outdoor Measurement of Urban Climate and Health
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In real cities, urban thermal storage can not be measured directly

g
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Scale-model city:
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25 R R WM SRER 58K (SOMUCH)

Scale-model Outdoor Measurement of Urban Climate & Health (

» Building model unit:
B=0.5m

‘l}i<—>|

Hollow concrete
models;
thickness=1.5cm;
2000 models 1n total.

Aspect ratio:



Novelty:
300
Building heat flux(Watt/m?2)
oo
~ 200+ / '#Jwﬂlﬁﬂ
£ “e_Sand model
= ’ A
S 100- et
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Heat storage/convectio

7 describe the city thermal inertia and thermal

n heat transfer

storage capacity

Scale-model city(H=1.2m) : 7=87s (empty), 1224s(sand)

» Actual city : 7=2500s (1:10 ratio, H=12m)

Considering impacts of building thermal storage, focusing on medium-high building density

ENIEE )

m—

BET L T
K A

Re=pUL/1>>11000 full turbulence(10°)

Reynolds and Froude numbers (7yan-T4i=10K)

Aspect ratio

ar=aw | Y ke r
HW=3,2,1| 2.0m/s 152964 10.2
H=12m 0.5m/s 38241 0.625

Satisfy Reynolds independence



Objectives: To quantify the effects of aspect ratio (H/'W=1,2,3) and building thermal storage

on the spatial-temporal features of turbulence and temperature in the street canyon
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Narrow street canyon Wider street canyon

Different building thermal capacity
(sand model\empty model)

R500

Al

Three-dimensional thermocouples
sonic anemometer
300 thermocouples 40 ibutton T/RH sensors

Sampling rate: 1 Hz (1record 10minute)

o T z4=11m
o *1F z3=0.9m

I L. z2=0.6m
. 1----4--z1=0.3m

44 °C
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Due to solar radiation capture / heat storage and release, the wall

temperature has 24-hour daily cycle characteristics

Analy51s object : 0:00-23:00, June 26, 2017, hollow model facing north (H/W=1), sunny day

Dally cycle

o I‘III II

07:00 08:00 09:00 10:00

H=1.2m

! II II II [ oo id

19:00 20:00 21:00 22:00 23:00




H/W =1, west wall, 20190728

Effect of street orientation

R

Diurnal characteristic of wall temperature
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Tyau (East wall) measured by thermocouples on November 4th, 2019

T th
T T Tyau (East wall) measured by thermocouples on November 4%, 2019
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Air temperature (H/W=1, 2, 3)
@ Thermocouple (@0.127 mm)
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X-Z plane (side view)
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X-Y plane (top view)
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MEAREUERMSEEARER) , I—1Ha ENNUESKh=(B+W/2)/tan75°
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H/W=1, tracer gas and CFD simulation show
consistent result with the literature (one main vortex)

Normalized concentration K in case N[4R=1, 0.5 ]
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SOMUCH )}

» Wind velocity & turbulent characteristics:

|
Sonic Anemometer upat z=2H 240cm
(Windmaster PK-020, 20Hz,
GILL instruments Ltd.)
Sampling rate: 20Hz z=1.2H144cm

4

5 anemometers placed in 90cm
each street canyon at 5 Olcm
different heights along the | H=1.2m
center line of street canyon. 30cm

| v

u, at z=0.25H
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Discussion » Flow pattern with high wind speed in SOMUCH tests:

> Aspect ratio: H/W=2
-U=south wind
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W=12m W=1.2m



present Urban vegetation impacts 1A SZR&ZAMEXIEEE

research Shading Vs Evaporation

Urban vegetation effects in streets
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® Mini shelter
® Sensors
PM, CO2 and Temp/RH

@ Data logger
@ Communication




WRF-Urban Experiment Setup

- Base: Before rapid
e = urbanization (USGS 1993)

Witaded Tumndda

Water Bodies

i » Case1: Urbanized
st Guangzhou city (MODIS

Shrubland

v 2001)

Crapland/Grasslard Mosais

Irrigated Cropland&Pasiure

mmcwenne o Case2: Urbanized
Guangzhou city with GZ-
UCPs

Base Case1 Case2

Dai W. and Wang X.M., 2015



A 3D map of building models in Guangzhou city to

Urban database in grids | /N & 315 B AL EIE E
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Urban Morphology Parameters

2l hy )
N

mean building height: & =

mean building height;, =~ _ Ziz1 Ach:

weighted by building 1A e
plan area:
A, =2p

building plan area P Ar .
fraction:

a,(z) = APA(Z) °
Building Plan Area d
Density:

he

Roof Area L(z) = j a,(z)dz'
Density: J
Building Frontal Area _ Aproj
Index: 40 =—4
Frontal Area . A(e)proj (Az)
Density: 4 (2,0) = =4 Az
Complete Aspect |, _ Ac _ Aw +4r +4g
Ratio: T Ar Ar
Building Surface Area to Ay + Ag
Plan Area Ratio: Ap =4
Height-to-Width
Ratio: As = (H ;HZ)/Z
12

Burian et al., 2007, Development and assessment of the second
generation national building statistics database.
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ABSTRACT: Urban land surface schemes have been developed to model the distinct features of the urban surface and
the associated energy exchange processes. These models have been developed for a range of purposes and make different
assumptions related to the inclusion and representation of the relevant processes. Here, the first results of Phase 2 from
an international comparison project tojevaluate 32 urban land surface schemes fare presented. This is the first large-scale
systematic evaluation of these models. In four staégeas. participants were given increasingly detailed information about an
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BB MBRRIRNS RE. BFHLHR (SOMUCH)
(Scaled Outdoor Modelling of Urban Climate and Health)
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To quantify the influencing mechanisms of each factors
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From Stewart & Oke (2012)




