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Atmosphericturbulence

Turbulencas producedwhenthe air flow is shearedt building

walls or vegetationelements Under windy conditions, the ] .
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La modellazione della vegetazione
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Cirection o rotanon= +235° = clockwise
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the same, outseen from the model area
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Equidistant grid
{excapt lowest box)

Different concepts for organizing the vertical grid layout: (A): Eguidistant Grid, (B): Telescoping

E1

Az(1)

Talescoping grid
with extension factor 5

A{d)=Az| 3)+st Az (3]

Az 3)=Ar|2)+5" A (2

A=Az 1 )+s"Az( 1]
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B2 C

Az(Bl=Az(4 )5 Az(4)

AR [ 4 :l=."12 +8 AT
@

1= Ip

AZ iz

Az e
Telescoping grid Telescoping (7) grid
stariing after z= z, {no extension factor)

grid and {C): Telescoping grid with no extension factor

Nei modelli 3D completi la
griglia verticale e fissata
una volta creato il modello.
[ Qdzy A O2 Y2R?2
cambiarla e di convertire il
modello verso il basso per
un modello 2.5D (e
perdere tutte le
informazioni del 3D),
modificare le impostazioni
di rete e poiri-convertirlo

in 3D. In breve, quando si
crea un modello 3D si
dovrebbe pensare alla
messa a punto della griglia
verticale in dettaglio
PRIMA di iniziare a
modificare il modello.
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Figure B: (Better) Flow around two Buildings with 5 Nesting Grids Figure A - Flow around two Buildings with 3 Nesting Grids
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The problem... Ly aidlgeENNENRE y dzY SN

In complex Model Areas (and sometimeseven in configurationsyou consideras being

G & A Y kdu Bightexperiencenumericalinstabilitiesfrom time to time. Thesenstabilities
appearasa t | B Hz¥ LJa €

(if ENVAmet has detected that something went wrong) or simply as error messages or
ONHzaKSa 2F GKS Y2RSt® ¢KS Yz2ad FNBIdsSSyi
t 2AY U0 9 NNENEOD

These messages do not contain any useful information except of the general message, that something went wron

fact a 5APAAA2Y o0& %BSNRé Ad Y2alhd 2F GKS GAYSa z2yfe GKS
(and very wrong) numbers.

Why is it like that...

First of all, remember that you are working with a very complex numerical model.

There is a conceptual difference between error messages you might get from, say, a tex
processing program, and those you get from EN&fl Error messages (and the numerical
problems which cause these messages)raeperably}connected with the whole process

of numerical modelling.

If it would be possible to construct any Model Area and get guaranteed results, numeric:
modelling would no longer be an advanced technology ;). In other viia= you decide

to use nodiner models like EN¥fiet, you must be prepared that things are not always
running as you would like them to r@&mmetimes models run on the edge of numerical
stability and a complex configuration might cause that they fall over this edge and send
an error message.
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ENVI-met Database Tables l S
— Default With Project DB
g il ’ h ol BOOR

&)
Logic of merging database items

Definition of building walls

’? 1'3- Each database entry is defined by a unique ke

S B vneceenk | which has to be a twasign alphanumerical 1D
NENVIY SO 6S®3d €l nédad !
database entry, may it be in an Area Input file
or some other table of the database is given by
using this ID.

Definition of emission profiles
for 6 chemical spedes.

Definition of simple 1D plants
(e.g Bress)

Definition of complex 3D
plants (e.g. trees)
Managed in Albero
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Fig 2: Schematic of thres nods model
The energy balance of the outer fagade surface can be written as
abT er 4 - .-'?. i C mu-_ﬂ'jl.l' #
Qﬂu.mr +qu,mr_mj;,2 +hc.ﬂ-{rmr _E;. :H_EI:'T; _'Tl ]= RM ::'Tl _TI.}
with Qf:fm and Qf"m being the absorbed incoming short wave and long wave radiation [W], £ the emissivity
[#:], & the Stefan-Bolzman constant, hm is the convection coefficient for the outside wall [WAmM=K]], A the heat
transfer coefficient [W/AmK)], Ax the distance between two nodes [m], €. Neat capacity of the wall [J(kgk]],

1'::‘:' the temperature at node n at present (I, ) or future l[.i';,1 } time step.
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Lt Y2RSft fto3 ydzYSN

outside inside
wall
A Ax
T @ @713
T2
'With the Fourier Equation
5T A 8T
& ¢ 0 8 Fig 2 Schematic of thes node model

the energy fluxes at the node in the center of the wall can be summed up as

(P+1) -, =PL, + L,

For the node at the inside of the wall the energy balance sums up to

B
2

h Ax
o _T

P
+1)I ==T. +
}.’! 13 ,.'?_ i

wWith }1'“ as the heat convection coeflicient at the insids (7. TWHMK]).



3D Plant Geometry

ENVI-met  supports  simple
vertical plants such as grass
or corn, but also allows
complex 3D vegetation

geometries like large trees. All
plants are treated as
individual species with an
integrated water balance control and heat and
water stress reaction concept.

Vegetation water supply
Plants are living organisms
and wil only contribute in
positive way to the local
microclimate, if enough water
is available in the soil within
the root zone. Together with
the simulation of the soil
water content and the new sophisticated 3D root
model, the dynamic water supply of the plant and
the resulting water extraction from the soil can be
calculated.

ST GEan

Cosasi pud modellareco

MET(¢ Vegetazionee
Alberature

Foliage temperature

The temperature of the leafs
is calculated by solving the
energy balance of the leaf
surface with respect to the
actual meteorological and
plant physiological conditions
for each grid box of the plant
canopy. The health status of the plant and the
water supply by the soil regulate, beside other
factors, the plants transpiration rate and thereby
the leaf temperature. ENVI-met uses a
sophisticated model to sinmulate the stomata
behaviour of the wvegetation in response to
microclimate, CO2 availability and water stress
level.




Surface and soil
temperature

The surface temperature and
the distribution of soil
temperature is calculated for
natural soils and for artificial
seal materals down to a
depth of -4m. For each
vertical grid layer a different soil or sealing
material can be chosen in order to simulate
different soils structures. The heat conductivity of
natural soils is calculated with respect to the
actual soil water content.

Detailed building materials
In Detailed Design Mode,
ENVI-met allows to assign
individual wall types to each

wall and roof surface. The
\r wall types can be composed

out of 3 layers of different

materials with individual
physical properties such as solar radiation
transmission, heat capacity or heat conductivity.
The different wall and roof materals can be
designed graphically using the Database Manager.

/| 2 &RIAB2 RSIA2(YNIR B €A RA BA DI 2 §

Each wall and roof segment in
ENVI-met is represented by
its own  thermodynamical
model consisting of 7
prognostic calculation nodes.
The temperature of the
outside node is updated
continuously with respect to
the meteorological wvariables
at the facade and the thermal state of the
buildings and other objects within the view range
of the facade/roof element considered. The
thermal state of the inner wall nodes is calculated
from the physical properties assigned to the
wall/roof based on Fourier's law of heat
conduction

J— Full 3D building geometry &
ﬁ Single walls

== Complex buildings and other
structures can be
constructed in full 3D with no
limitations in complexity as far
as the cubic base structure
allows. This allows the simulation of semi-open
spaces such as the soccer stadium shown in the
icon and in this example. Moreover, ENVI-met
Professional allows the usage of single thin walls
that can be applied to any grid which can be used
to represent spaces wich are enclosed by walls
but do not behave like a building e.g. bus stop
shelters, shading structures...




Turbulence
Turbulence is calculated using
the E-epsilon 1.5order closure

7

("E-epsilon” or “k-epsilon”

model). Two prognostic
equations for turbulent energy
production (&) and its
dissipation (€) are used to
simulate the distribution of turbulent energy.
Exchange coefficients (Km) in the air are
calculated using the Prandtl-Kolmogorov relation.
For low wind situations, the 1st order mixing
length model can be used instead of the E-epsilon
model (which often fails in this situations).

Soil water content

Simulating the water balance
of the surface and the soil is
a crucial aspect in urban
microclimatology. While humid
soils can act as cooling
devices, dry soils are often
hotter than asphalt. In
addition, the cooling effect, and -on a longer time
perspective- the vitality of vegetation depends on
available soil water. ENVI-met dynamically solves
the soil hydraulic state of the soil based on
Darcy's law

Water bodies and pounds
Water bodies are represented
as a special type of soil. The
calculated processes inside
the water include the
transmission and absorption of
shortwave radiation inside the
water. No second energy
balance is used for the ground surface of the
water pool, so that heating of shallow systems is
lower than under real conditions where the main
source of energy is the convection from the water
ground surface rather than the absormption of
radiation. In addition, no fturbulent mixing is
included in the model so that the use is restricted
to still waters (e.q. lakes).
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Table 1
Sky view factors at the locations of monitoring points in each site at 1 m above
ground level and indicative values of solar radiation (direct and diffuse) and long-

Energy and Buildings 108 (2015) 156-174

Contents lists available at ScienceDirect

Energy and Buildings wave radiation at summer noon (calculated by ENVI-met v3 on specific days at
14:00). /\
journal homepage: www.elsevier.com/locate/enbuild
Site| date | monitoring point SVF Solar Longwave
radiation radiation
Microclimate development in open urban spaces: The influence of @Cmmk (Wfim?) (W/m?)

form and materials
Site A - large square | 29 July

Angeliki Chatzidimitriou™*, Simos Yannas®

ot University o Thessloti, School of nginering. Thesafontl Greece Marble black and white 0.90 998 3
At Associrion Grduate Shodl ondon U Marble white and black 0.86 998 4
Cobble stone grey granite 0.89 998 3
Porous stone beige 0.86 998 4
Marble white 0.79 897 4
Grass 0.79 918 4
Grass (below tree shade) 0.20 109 4
Site B - coastal park | 26 August
Concrete tiles 0.73 830 11
Grass 0.71 826 15
Concrete tiles (below tree) 0.32 561 29
Grass (below tree) 0.31 576 13
Concrete tiles (below tent) 0.16 320 40
Concrete tiles (below canopy) 0.11 288 75
Site C - park with fountain | 25 August
Asphalt 0.77 748 39
Marble grey 0.87 779 10
Grass 0.87 780 9
Water 0.87 779 9
Site D - open square | 29 June
%, e Concrete and gravel white - grey 0.93 856 3
NN ‘ Site E - confined square | 29 June
site D open square Site £ confined square University campus Ceramic tiles red 0.65 790 53
Site F — university campus | 03 August
Asphalt 0.70 989 87
Marble white and grey 0.65 986 106
Concrete tiles 0.31 934 261

Brick red 0.30 933 265




Valutazione e proprieta dei materiali e morfologia urban

158 A. Chatzidimitriou, S. Yannas / Energy and Buildings 108 (2015) 156-174

n

Fig. 2. Ground surface materials at the examined urban sites: (a) marble white (and black), (b) marble black (and white), (c) porous stone, (d) cobble stone by grey granite,
(e) marble white (plain), (f) marble dark grey, (g) water surface (fountain), (h) concrete with gravel, (i) red ceramic tiles, (j) red bricks, (k) concrete tiles, (1) marble white (and
grey), (m) asphalt and (n) grass. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of the article.)



+ ] fdziFT A2vS S LINRLINRA S

A. Chatzidimitriou, S. Yannas / Energy and Buildings 108 (2015) 156-174 171

il

Fig. 25. Views of the monitoring points at the university campus (site F): (a) marble white and grey, (b) asphalt, (c) concrete tiles in NW courtyard, (d) red bricks in central
courtyard.

SITE F] 03-08-2007
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Fig. 26. Ground surface temperatures at the university campus (site F) on 03-08-2007.
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Fig. 12. Monitoring spots at the coastal park at site b: (a) concrete tiles exposed, (b) grass exposed, (c) grass below tree shade, (d) concrete tiles below tree shade, (e) fabric
tent shading concrete tiles and (f) timber gallery shading concrete tiles.

surface temperature ["C)

SITEB | 27-07-2007
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Fig. 13. Ground surface temperatures at the coastal park (site B) on 27-07-2007.
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Fig. 6. Ground surface materials at site A: (a) marble black and white, (b) marble white and black, (c) granite cobble stones grey, (d) marble all-white, (e) porous stone beige

and (f) Grass.
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Fig. 1. Study locations: (a) Nanaimo location from Google map (http://maps.google.com), (b) street photographs of the Nanaimo sites (left, Nanaimo_1; right, Nanaimo_2
and 3), (c) fisheye lens photographs of the Nanaimo sites (left, Nanaimo_1, sky view factor (SVF)=0.427; center, Nanaimo_2, SVF = 0.408; right, Nanaimo_3, SVF = 0.349) (Park,
2011, 2012), (d) Changwon location from Google map. Dots are site locations, (e) street photograph of the Changwon site, and (f) fisheye lens photograph of the Changwon
site (SVF=0.785) (Park, 2011, 2012). Fisheye lens photographs were taken using a Nikon Coolpix 8800 camera with Nikon FC-E9 fisheye converter lens and Nikon UR-E18
converter adapter. The collected ¥y values were determined using the BMSky-view computer program (Gal, Rzepa, Gromek, & Unger, 2007).
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Wind speed data at the Nanaimo sites.
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Fig. 5. ENVI-met wind speeds at (a) 11:30, (b) 14:00 and (c) 16:30 of Changwon and (d) 9:30, (e) 13:00 and (f) 16:30 of Nanaimo.
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Fig. 3. Study area using Envi-met in each scenario.
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Fig. 1. Analysis of the empty and built spaces of the selected urban areas. From the left: Casco Viejo, Abando/Indautxu and the Txurdinaga.
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Fig. 3. The analyzed urban canyons with the position of the receptors, location of trees, distance between the trees (D, ), distance between the receptors (D)
and foliage coverage of the trees. H/W = 3.5 Compact low-rise, H/W= 1.5 Compact mid-rise, H/W = 1.3 Open-set high-rise.
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Fig. 4. The seven scenarios and the green actions analyzed in this work.
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Fig. 5. The values of PET measured in all 14 receptors within the urban canyon in all the scenarios of open-set high-rise urban areas. Each box collects all the
PET data recorded during the simulation day (7th of August): the bottom square, in dark blue, represents the 2nd or lower quartile (Q2) that is equal to 25%
of the distribution of the all data under the average value of PET; the top square, in clear blue, is the 3rd or upper quartile (Q3) with the 25% of the data over
the average value of PET; the average value marks the mid-point of the PET data and is shown by the line that divides the box into two parts. Half of the PET
values, distributed in Q2, are greater than or equal to this value and half, distributed in Q3, are less. The upper (Q4) and lower (Q1) whiskers represent the
distribution of the values outside the middle 50%. The whiskers also underline the outliers (extreme values). The upper whisker represents the peak of PET
value recorded in each scenario. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 4. The seven scenarios and the green actions analyzed in this work.
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Fig. 8. The hourly evolution of the average peak values of PET calculated from the peak values of PET recorded from all 14 receptors within the urban
canyon for scenario S1. The hourly evolution of PET for the different ratio of height (H) and width (W) have been represented: H/W = 3.5 for compact low-
rise, H/W = 1.5 for compact mid-rise and H/W = 1.3 for open-set high-rise.

40 T
Hot
35
Warm
30 T
¢ Slightly
= 251 warm
5
By
20 Neutral
15
10 f f f f f f f f
0 3 6 9 12 15 18 21 23
Time [h]

s §1 - H/W=1.3
== S53-H/W=15

e 81 - H/W=1.5
sessasnee §3 - H/W=3.5

====s 3 -H/W=1.3
S1-H/W=3.5

Fig. 14. Comparison of typical PET trends between scenario S1 and S3. Data related to receptor R04. The hourly evolution of PET for H/W = 3.5 for compact
low-rise, H/W = 1.5 for compact mid-rise and H/W = 1.3 for open set high-rise have been represented.
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Fig. 16. (From left) Visualization of the green action in compact low-rise, compact mid-rise and open-set high-rise urban areas. (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 12. Comparative diagram of hourly surface temperatures at the central point of the square in the cases of pavement (BASECASE.H20W40), natural soil with relative
humidity 50%, 25% and 75% (SOIL50, SOIL 25 and SOIL75, respectively), full cover by trees, grass and water surfaces (TREES100, GRASS100 and WATER100, respectively):
simulation results by ENVI-met software.
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Fig.13. Comparative diagram of hourly mean radiant t the central point in the cases of pavement (BASECASE H20WAD), natural soil with relative
humidity 50%, 25% and 75% (SOILS0, SOIL 25 and SOILTS respectively), full cover by trees, grass and water surfaces (TREES100, GRASS100 and WATER100 respectively):
simulation results by ENVI-met software.
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Fig. 9. Simulation results for air temperature at noon (1200 h), in the square, 1 m above ground level, in (a) the base case and (b) the case of 100% cover by trees (simulation

results by ENVI-met).
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Fig. 10. Simulation results for ground surface temperature in the afternoon (1500h), at the square, in (a) the base case and (b) the case of 100% cover by grass (simulation

results by ENVI-met).
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Fig. 11. Simulation results for ground surface temperature in the afternoon (1500 h), at the courtyard, in (a) the base case and (b) the case of 100% cover by grass (simulation

results by ENVI-met).
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Fig. 18. PET values at noon in the square 1 m above ground level, in (a) the base case and (b) the case of 50% cover by trees.
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Fig. 1. Experimental area (image is from Google Earth), the layout of measurement points, and the features of the studied ground surfaces (right). For points 5, 6 and 7, both sub-
and above-surface variables were measured. For point 9, only the above-surface variables were observed. For points 1, 2, 3,4, 8 and 10, only air temperature and relative humidity at
0.2 m and 1.5 m above ground were measured. The anemometer sensor was located in the center of the square, 2 m above ground.



Available online at www.sciencedirect.com

*.* ScienceDirect SOLAR

ENERGY

www elsevier com/locate/solener

Solar Energy 81 (2007) 742-754

Effects of asymmetry, galleries, overhanging fagades and vegetation
on thermal comfort in urban street canyons

Fazia Ali-Toudert *, Helmut Mayer

Meiwearalogical Insiitwe, University of Freiburg, Werderring 10, 79110 Freiburg, Germany

Received 29 December 2003; received in revised form 9 October 2006; accepted 10 October 2006
Available online 15 November 2006

Communicated by: Associate Editor Mattaios Santamouris

Case | Case ll Case lll

Case IV Case V

Hi

Hp

1
i
i
1
i
! i L
i
1
i
|
i
|

Length L not at scale. Vertical profiles at scalel|

Fig. 1. Urban canyon geometries used in the simulations with ENVI-met 3.0.
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Fig. 2. The site layout before (a) and after (b) intervention (¢, d) (credits: L. Ferrari, D. Galassi)




