MODELING WIND & VENTILATION
FOR HUMAN COMFORT

Environmental elements that
affect people’s comfort




Energy mediator devices= Human skin & Building skin



Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)

EFFECT OF WIND ON TEMPERATURE (Apparent Temperature)




Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)




Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)
WIND CHILL- Siple e Passel del 1945 reviewed in 2001




MODELING WIND @ VENTILATION
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UN CHIARIMENTO PRELIMINARE:

LA RELAZIONE TRA ALTA/BASSA PRESSIONE & ALTA/BASSA TEMPERATURA
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- Air Movement & Passive Ventilation

MOVEMENT OF AIR BY METEREOLOGICAL PRESSURE

Monson season

Winter Monsoon Summer Monsoon




- Wind & Passive Ventilation

IN METEOROLOGIA

FROM HIGHER PRESSURE TO LOWER PRESSURE

TEMPERATURE Lower Higher
DENSITY Higher Lower
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MOVEMENT OF AIR BY WEIGHT AND PRESSURE

Mountain and Valley Breezes




MOVEMENT OF AIR BY WEIGHT AND PRESSURE

Sea and Land Breezes




MOVIMENTO PASSIVO DELL’ARIA NEGLI EDIFICI

Cinetica f (velocita del vento) spinta direzionale
A Pressione f (velocita, altitudine) movimento verso bassa pressione

Densita f (temperatura, altitudine) movimento verso 'alto



MOVIMENTO PASSIVO DELL’ARIA NEGLI EDIFICI

Cinetica f (velocita del vento) spinta direzionale
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MOVIMENTO PASSIVO DELL’ARIA NEGLI EDIFICI

A Pressione f (velocita, altitudine) movimento verso la bassa pressione

FROM HIGHER PRESSURE TO LOWER PRESSURE
) NG

Bernoulli principle= higher speed lower pressure
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MOVIMENTO PASSIVO DELL’ARIA NEGLI EDIFICI

A Pressione f (velocita, altitudine) movimento verso la bassa pressione

FROM HIGHER PRESSURE TO LOWER PRESSURE
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A Pressione f (velocita, altitudine) movimento verso la bassa pressione

FROM HIGHER PRESSURE TO LOWER PRESSURE
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Wind & Passive Ventilation

WINDS & AIRFLOW MODELING



WINDS & AIRFLOW MODELING
+ )=

Understanding the air flow and distribution patterns for buildings.

The building form and shape can affect how air flows through the building and across neighboring developments into the
building.

This is an important consideration for natural ventilation and can significantly reduce costs of air-conditioning provisions.
There are Computational Fluid Dynamics (CFD) tools available that can help simulate the air-flow patterns within built-spaces
as well as for whole building estates

Basic software tool:
Flow Design http://www.autodesk.com/education/free-software/flow-design (student version available)

Other popular software tools:

Fluent by Ansys: http://www.ansys.com/. (student version available)
FloVent from Mentor Graphics: http://www.mentor.com/.

Comsol Multiphysics modeling software: https://www.comsol.com/.
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- Wind & Passive Ventilation

WINDS & AIRFLOW MODELING

LOW PRESSURE

Skinny buildings create
deeper low pressure area

Taller buildings create (proportionally)
deeper low pressure area



- Wind & Passive Ventilation

WINDS & AIRFLOW MODELING

2L

0,93L

0,66 L

LOW PRESSURE

Shorter building creates (proprotionally)
a deeper low pressure area

Longest building create
A deeper low pressure area



- Wind & Passive Ventilation

WINDS & AIRFLOW MODELING // wind analysis

1- determine the coldest and the hottest seasonal period and hours
2- for that periods find the most frequent wind directions



- Wind & Passive Ventilation

WINDS & AIRFLOW MODELING // wind analysis

3- define wind speed for the hottest and coldest periods
4- reduce the speed according to altitude and roughness of the site



- Wind & Passive Ventilation

WINDS & AIRFLOW MODELING // wind analysis

5- Orient the model according to the wind direction



- Wind & Passive Ventilation

WINDS & AIRFLOW MODELING // wind analysis

6- Set the wind velocity & analyze results (low, high pressure zones)

NOTE: in order to get a better visualization, wind speed can be proportionally increased



WINDS & AIRFLOW MODELING // wind analysis

EXTERNAL \WIND PRESSURE: GABLE VIEW




WINDS & AIRFLOW MODELING // Passive strategies
7- Design buildings according the wind pressure zones and cinetic forces

e Effect on ventilation related to the building rooms dimension



WINDS & AIRFLOW MODELING // Passive strategies
7- Design buildings according the wind pressure zones and cinetic forces

e Effect on ventilation related to the building angle
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WINDS & AIRFLOW MODELING // Passive strategies
7- Design buildings according the wind pressure zones and cinetic forces

e Designing skin openings for good cross ventilation
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WINDS & AIRFLOW MODELING // Passive strategies
7- Design buildings according the wind pressure zones and cinetic forces

e Designing skin openings for good cross ventilation

45°

Diagonal wind (around 45°) is
better than hortogonal for an

homogenous distribution of
ventilation inside the building




WINDS & AIRFLOW MODELING // Passive strategies
7- Design buildings according the wind pressure zones and cinetic forces
e Designing skin openings for good cross ventilation

VENTURI EFFECT : Higher speed (lower pressure) if the entrance is smaller than the e

Pairing a large outlet with a small inlet
increases incoming wind speed.



WINDS & AIRFLOW MODELING // Passive strategies
7- Design buildings according the wind pressure zones and cinetic forces

* Designing fins for good cross ventilation
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MODPRELING WIND & VENTILATION
FOR RUMAN COMFORT

STACK EFFECT & VENTILATION

Peso f (temperatura, altitudine) movimento verso I'alto



- Stack Effect and Ventilation

Air movement: VERTICAL VENTILATION

Multiple sources airflow



MOVEMENT OF AIR IS RELATED TO GAS DENSITY

f [ cinetic energy f(velocity), gravitational energy, f(altitude), thermal energy f(temperature), mass/volume f(density) ]

FROM HIGHER WEIGHT TO LOWER WEIGHT
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Air movement: VERTICAL VENTILATION

FROM HIGHER WEIGHT

TO LOWER WEIGHT
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Air movement: VERTICAL VENTILATION
FROM HIGHER WEIGHT TO LOWER WEIGHT

B m— (O

= — Lower
weight

Higher
weight

++ ++

_ During the night
- the stack effect is
less effective




Stack Effect and Ventilation

Air movement: VERTICAL VENTILATION
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Air movement: VERTICAL VENTILATION

Working with natural ventilation Air movement: Cross ventilation + Stack effect room diagrams
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WORKING WITH NATURAL VENTILATION




Working with natural ventilation

Wind Towers



- Working with natural ventilation

Wind Towers
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Working with natural ventilation

Wind Towers



Working with natural ventilation

Wind Towers



Working with natural ventilation

Exhaust Vent Towers



Working with natural ventilation

Chimney



Working with natural ventilation

Wind Chimney




Working with natural ventilation

Operable Windows



MIQDELING RUMAN BERAVIOURS AND
COMPUTING COMIFORT CONDITIONS

WORKING WITH WATER EVAPORATION IN HOT DRY CLIMATE




Working with water evaporation in hot dry climate




Working with water evaporation in hot dry climate




LATENT HEAT vs SENSIBLE HEAT

is the energy absorbed by or
released from a substance during a phase
change from a gas to a liquid or a solid or vice
versa. If a substance is changing from a solid
to a liquid, for example, the substance needs
to absorb energy from the surrounding
environment in order to spread out the
molecules into a larger, more fluid volume. If
the substance is changing from something with
lower density, like a gas, to a phase with higher
density like a liquid, the substance gives off
energy as the molecules come closer together
and lose energy from motion and vibration.

is the energy required to
change the temperature of a substance
with no phase change. The temperature
change can come from the absorption of
sunlight by the soil or the air itself. Or it
can come from contact with the warmer
air caused by release of latent heat (by
direct conduction). Energy moves
through the atmosphere using both
latent and sensible heat acting on the
atmosphere to drive the movement of
air molecules which create wind and
vertical motions.



How much energy in water state transformation

0,09 W/h
0,079 kcal
Sostanza Calonte latente di Tem|:.>eratura di
fusione (J/g) fusione (°C)
Acqua 333,5 0
Azoto 25,7 -210
Alcol etilico 108 -114
Ammoniaca 339 -75
Mercurio 1 -39
Zolfo 54 115
Sostanza Calore latente di Temperatura di
ebollizione (J/g) ebollizione (°C)
Acqua 2272 100
Azoto 200 -196
Alcol etilico 855 78,3
Ammoniaca 1369 -33
Mercurio 294 357
Zolfo 1406 445

—> 1litro=630W/h —— 1litro=45W

Tempo medio 15-20’



How much is the benefit from evaporative cooling



How much is the benefit from evaporative cooling

REAL TEMPERATURE:
30° (40%) >> 22°(80%) >> diff -8°
APPARENT TEMPERATURE
o

170 34°  >>30°  >>diff-4°
34° >> 28 >> diff -6°
34° >> 32° >> diff -8°

O
O
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Working with water evaporation in hot dry climate




Working with water evaporation in hot dry climate







Working with water evaporation in hot dry climate




Working with water evaporation in hot dry climate
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WORKING WITH MASS LATENCY
or THERMAL LAG




What is THERMAL LAG?

describes a body's thermal mass is the
with respect to time. A body with high thermal  thermal conductivity divided by density

mass (high heat capacity and low conductivity)  and specific heat capacity at constant
will have a large thermal lag. pressure

thermal mass is a property of the mass of a
building which enables it to store heat,
providing "inertia" against temperature
fluctuations. It is sometimes known as the
thermal flywheel effect.

This is distinct from a material's insulative
value, which reduces a building's

thermal conductivity, allowing it to be heated
or cooled relatively separate from the outside,




Working with Mass Latency or Thermal Lag

A thermal flywheel effect from Nature: Marine breezes



Benefit of Thermal Mass

thermography

Thermal mass affects the temperature
within a building by stabilising internal
temperatures in three ways:

e stabilising internal temperatures by
providing heat source and heat sink
surfaces for radiative, conductive and
convective heat exchange processes;

e providing a time-lag in the
equalisation of external and internal
temperatures; and

e providing a temperature reduction
across an external wall (the decrement
factor).



Internal temperatures stabilisation

Thermal mass influences comfort by radiant exchanges
with the skin. In fact radiant exchange with mass surfaces
is singularly the most efficient way of maintaining comfort
compared with an other technique as the body is more that
twice as sensitive to radiant losses and gains than all other
pathways combined (conduction, convection, respiration,
evaporation) and more than four times as sensitive than any
other single pathway (see 2.3 below).

Thermal comfort exists when a body’s heat  Relatively small changes in mean radiant

loss equa|5 its heat gain or vice versa. temperature have afar greater eﬁ‘ect than similar
The body exchanges: changes in air temperatures (Ballinger 1992).

.62% of this heat via radiation, This gives r{se to the importance of recognising the
, overall Environmental Temperature [T(env)], as
-15% by evaporation,

) opposed to jusf‘r the dry bulb temperature.
-10% by convection,

-10% by respiration and
3% by conduction.

http://www?2.ecospecifier.org/

T(env) =  2/3 Mean radiant surface temperature + 1/3 Air temperature



Internal temperatures stabilisation

Thermal mass effects on diurnal indoor temperatures of various materials.

When heat enters a space directly by
penetration of sunlight, lighting, equipment
losses or heating, the temperature rise will
be in inverse relationship to the accessible
volume of thermal mass. Therefore, the
indoor temperature will rise almost
immediately if there is little thermal mass in
the room. Figure uses an example of a
simple box 1150 x 1530 x 1570 mm, with a
single window 660 x 1010 mm to
demonstrate the effect of thermal mass on
internal air temperature using a variety of
materials.

This diagram represents unventilated
spaces.



Working with Mass Latency or Thermal Lag

Internal temperatures stabilisation using different structural materials

Thermal mass effects on diurnal indoor temperatures of comparative insulated
cavity brick & lightweight structures (Think Brick Australia 2006)



Working with Mass Latency or Thermal Lag

Heat capacity by materials

Specific heat is the amount of heat
needed to raise the temperature of
one kilogram of mass by 1 kelvin.

http://www?2.ecospecifier.org/knowledge_base/technical_guides/thermal_mass_building_comfort_energy_efficiency



Working with Mass Latency or Thermal Lag

Radiant energy stored by different materials during the 24 hours
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Time lag + temperature reduction

Times Lag-

Hours
—*
x il
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The effect of using heat generated during the
day to warm at night in winter and vice versa in
summer is known as the ‘thermal flywheel’
effect. The effectiveness of the flywheel
depends on the time lag introduced to a
building by an external wall or other boundary
element. As can be seen from Figure 3, time
‘lag’ is the time delay between external
maximum or minimum temperatures and
internal maximum or minimum temperatures
respectively



Working with Mass Latency or Thermal Lag

Effect of Thermal mass storage

COOLING vs HEATING: Thermal storage strategy



Working with Mass Latency or Thermal Lag

Effect of Thermal mass storage

SOLAR ENERGY TIME DELAY



Locating mass in a building

HIGH IMPACT on
CLIMATE DOMINATED BUILDING

- skinny buildings

- single houses,

- medium density residential,

- low-rise commercial buildings

- small scale educational and industrial
buildings.

MEDIUM INTERNAL on
LOAD DOMINATED BUILDING

- medium and high-rise commercial and
educational structures,

(Baverstock (1994) has shown that mass used in
this way can provide 27% of the overall building
cooling benefits and 38% of the overall building
heating benefits.)



Locating mass in a building and operations in buildings with thermal mass

e External walls require minimum levels of added insulation for wall types under 200kg/m2

In the case of if adequate solar heat various kinds of earth walls such as adobe, rammed earth and compressed
earth blocks, with their time lags of 10-11+ hours, is recommended left unsealed or finished with a ‘breathable’
paint.



Working with Mass Latency or Thermal Lag

Locating mass in a building



Working with Mass Latency or Thermal Lag

Locating mass in a building

THERMAL STORAGE FOR HOT ARID CLIMATE



Working with Mass Latency or Thermal Lag

Trombe wall



Working with Mass Latency or Thermal Lag

Modified Trombe wall



Working with Mass Latency or Thermal Lag

Locating mass in a building



