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Context and Objectives

Natural ventilation of a building Is driven by the combined forces of wind and
thermal buoyancy. When opening areas are large enough, and except for high
volumes, the natural ventilation is mainly driven by the wind forces. In tropical warm
climates, the coupling between the thermal forces and the wind driven forces is
generally assumed as negligible.

Air exchanges across buildings openings depend on:

» wind speeds In the urban area (regional wind climatology)

* buildings shapes (pressure coefficients on external walls)
 openings efficiency (geometric area and discharge coefficient)
* Internal design (indoor pressure losses)

Challenge for designers: choose the most appropriate openings strategy to
iImprove the air change rate and optimize the thermal comfort according to
the local climatology

Main purpose : Introduce a combined CFD-Network method in UrbaWino

* To compute automatically the pressure fields on the building envelop and the air
exchanges associated according to the urban climatology

* To Include the indoor design with a simplified network model

* To deliver statistical data of the air change rate to assess the thermal comfort

The CFD part to compute the outside flow and the pressure field

UrbaWind solves the averaged equations of mass and momentum conservations
(Navier-Stokes equations) for steady flow and the incompressible fluids:

Colpmm) P 6 _ﬂ[@u. ﬁujj —| £ _o

——+—| Y —+—|—pu,u, . =
OX. ox,  OX;| | Ox; Ox ‘

J a .

The turbulent fluxes are parameterized by using the turbulent viscosity considered
as the product of a length scale by a speed scale which are both characteristic
lengths of the turbulent fluctuations.

o . (w\ok ou, ou, \ou, k32
- K —| = = — Ly L_C ——and i, = pk*°L
OX, _'Ou' [Uk J OX; ﬂ{axj OX, Jaxj ‘L H = KL

The generation of the boundary conditions is automatic. The vertical profile of the
mean wind speed at the computation domain inlet is given by the logarithmic law in
the surface layer, and by the Ekman function ([1]). A ‘Blasius’-type ground law is
Implemented to model frictions (velocity components and turbulent kinetic energy)
at the surfaces (ground and buildings). The non-structured solver MIGAL-UNS is
used in UrbaWind. It is a fast and robust coupled multi-grid algebraic solver which
allows a complete resolution of 3D equations for fluid mechanics (RANS method).

The CFD code delivers mean velocity, mean pressure and turbulence intensity ([2]).

The Network part to compute the air change rate based on CFD pressure field
When using the Network approach, the indoor pressure Pi is unknown and the flow
rates through the openings are solved by an Newton-Raphson iterative process
([3]). First step: at the iteration n, the flow rates Qk for openings k are computed by:

Ql|=A 2P ~P|/ p
Second step, the outflow rates are updated by solving the equation

F(R)= 2.0} =0

K
with a Newton-Raphson iterative method, the internal pressure at step n+1 being
calculated as :

P™ =P"—wF(P")/F'(P")

where F(P) is the first derivative of F(P;) with respect to P, , and w is an under-
relaxation coefficient. The flow rates are adjusted and the iteration Is stopped when
convergence Is achieved.

In the case of a multi-volumes configuration, we distinguish the main room with
multiple openings and the secondary rooms with only one door to the main room.
The aerodynamic surface Ak of the opening k Is replaced by an equivalent
aerodynamic surface taken into account the door aerodynamic surface A, With :
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Results : simple example

Example of computation on a detached simple house located in countryside

1. Computation of mean pressure field (UrbaWind‘;)iffi'

Mean Cp values close to the values for low rise I
buildings (AIVC, [4)]) F
Cpuw=0.7 Cpside=-0.35 Cpdw=-0.4; |

2. Computation of Air Change Rate ACH with the

natural ventilation tool
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By including to the local climatology (Wind roses)
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By including internal pressure losses in the macroscopic

ap p ro aC h <> Doors+ - —<mmp> Windowsy

EX : doors area=windows area = 2 m? => Internal pressure losses reduce ACH by 20%

Results : design application

Assess the natural ventilation in new designed class rooms according to the
local climatology (weak trade winds) and by including the neighbouring
buildings

1. Uploading of the buildings geometries and computation of the flow

Velocity field and the mean pressure coefficient field for many wind directions
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2. From the local climatology to the indoor thermal comfort (design tool for building)

Wind roses and distribution give distribution of Air Change Rate throw UrbaWind

Total average speed for all directions = 3.08 m/s
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Wind speed rose Air change rate histograms

Indoor velocity on occupants (CFD and [5]) and PMV comfort index ([6])) into the
class room i,
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== ACH=50 Vol/h + mixing - T(indoor)=32°C
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Conclusions

Urbawind was upgraded to introduce a cross ventilation tool based on a mixed
CFD-Network approach. The software first computes the pressure fields on the
building for every wind incidence with the wind reference velocity, then evaluates
alr exchanges for each climatology event and finally builds statistical data of the air
exchanges as inputs for thermal tools for thermal comfort assessment.
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