ENVI-met 4

The three-dimensional microclimate model ENVI-met is used in the different fields of urban climatology ranging from general urban planning over urban architecture down to individual building design.
The software has attracted more than 1700 registered users since its first public release in 1998. The next main version 4.0 of ENVI-met is planned to be released in early 2010 and will include a number of major
Improvements and new features from whose some of them are presented In this poster.

Fig. 1: Above: New 3D editor. Below: New 3D plant editor (Prototype)

Full 3D editor

ENVI-met versions prior to version 4.0 use an extruded 2.5D geometry
model for constructing and saving the model area. 2.5D means, that for
each horizontal grid cell, only one upper and one lower boundary value
for a building or a plant can be set.

The new editor features a full 3D mode in which every three dimensional
grid cell can be assigned with plants or buildings. The advantages of this
approach are:

- more accurate representation of architectural elements like balconies
etc.

- individual materials for each facade element possible
- three dimensional plants instead of ‘plant columns’
- enhanced visual feedback for user, including interactive analysis tools

All databases (e.g. for plants or wall materials) can easily be modified by
the user. An extra editor for the new three dimensional plants is also
available

Model areas designed with an older version of the editor can easily be
converted into the new format.

As ENVI-met 4.0 also calculates the energy balance of buildings it is now
also possible to define the borders of individual buildings or building
zones within the editor. A standard algorithm detects all adjacent grid
cells of different buildings as one building. Additional building borders
(e.g. for row houses) can be added manually.

Heat Aux through facade

Fig. 2. Display of different parameters of a buildings facade

In Leonardo. (a): wind speed in front of
facade, (b): heat flux through facade,
(c): air temperature in front of facade,
(d): temperature of facade
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Advanced calculation of facade
temperature and energy balance

ENVI-met 4.0 features a completely rewritten module for the
calculation of facade temperature. The new model uses a
transient state model with three nodes (inside, middle, outside of
wall) and considers all physical properties of the facade material
(see Tab 1) when calculating energy fluxes perpendicular to the
facade. The physical properties of each facade material are
stored in a user accessible database and can easily be modified. 305

It is (at the moment) not possible to build walls that consist of
several layers of different materials, like e.g. any heat insulated 295
wall, as each facade element can only feature one kind of

material.
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The inside of the building is treated as an empty volume of air (no CET
heat capacity from inner walls / furniture) with uniform
temperature. This allows a rough estimation of either the building Fig. 3: Simulated temperature of westward facing facade, air in front of

energy balance (heating/ cooling load if the indoor air temperature
should remain constant) or of the indoor air temperature

amplitude.

westward facade and inside building on a summer day. Simulated building:
cube with brick walls with glass roof.

Fig. 4: Schematic representation of the implementation of the forcing

feature in ENVI-met

Forcing

ENVI-met 4.0 finally introduces the possibility of user defined
diurnal variations of atmospheric boundary conditions (forcing),
allowing the creation of user specific weather scenarios. Thus
the model results can be compared to the data obtained during
measurement campaigns or the effect of specific scenarios, like
e.g. climate change on the micro climate of the model area can
be simulated.

The diurnal variation of the boundary conditions is defined via a
specially formatted text file. A software that helps creating
these files will also be available.

The parameters that can be forced include radiation, wind
speed and direction, air temperature, specific humidity and
background concentration of particles/ gases.

Forcing has been tested within the course of the joint research
project KLIMES (www.klimes-bmbf.de) and the results of the
simulation have been found to be in good accordance with the
measurements (Fig. 4). The local deviations of PET seen in
Fig. 4 are mainly due to the cubic geometry of the model area

and the resulting inaccuracy of radiative fluxes (shadowing) in
the morning and evening (low altitude of the sun).
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Fig. 5: Measured PET (physiological equivalent temperature)

against simulated PET for 24.05.2007 08:00 CET to
25.05.2007 08:00 CET within Erbprinzenstrasse in
Freiburg, Germany.

Conclusion

Version 4.0 of ENVI-met is a huge step forward in terms of accuracy and realism of the simulations. Due to the new 3D format there are no longer any limits to the architecturally detailed reproduction of
the model area. Each facade element can be attributed with its own physical properties and the new calculation of the wall temperatures allow a much more detailed and realistic simulation of the urban
micro climate. The implementation of Forcing, I.e. user defined diurnal variation of the boundary conditions, finally allows a realistic comparison between measurements and simulations and facilitates to

simulate specific scenarios, e.g. the impact of climate change on the simulation area.




