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Abstract. We developed natural ventilation simulation tool to provide an integration of BIM
and CFD simulation in one simple, time efficient and cost effective solution. There are three
main working procedures in this GrBEST developmental work. Firstly, we work with an
Architect to prepare a clean BIM-REVIT model (IFC output) for GrBEST flow solver. A
modelling protocol for REVIT base geometry creation was developed to help create a clean
BIM-REVIT model (IFC output), allowing for seamless conversion algorithm to convert the
primitive REVIT IFC file for GrBest flow solver. Secondly, a unique geometry handling tool
to perform BIM conversion to CFD input file has also been developed. It involves the
development of a new triangular mesh repair solution that automatically rectifies common
geometrical and topological errors that are inherent in the processes of CAD modelling and
simulation. Finally, we use an in-house CFD code and customize it for building ventilation
simulation. GrBEST Flow Solver consists of UNIX executable modules to conduct meshing
and incompressible CFD computation activities. Solver enhancement with immersed boundary
method for building geometry adaptation has also been developed. This GrBEST software
could promote building designers and architects to implement good natural ventilation
strategies during conceptual planning and master design stage, and therefore resulting in larger
impact towards urban sustainability effort in new town development.

1. Introduction
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The Singapore Building and Construction Authority (BCA) Green Mark Scheme (BCA, (2018)) was
launched in 2005 and the latest version being evolved to promote passive and climatic responsive
building design. Following up from this national effort, CFD simulation for natural ventilation study
has becoming more popular among designers and consultants in Singapore. However, constraints
associated with CFD studies have often prevented practitioners from bringing apparent value to
building projects for the following reasons: 1) complexity, 2) turnaround time, 3) software cost and 4)
hardware cost.
1) Complexity
Modelling and simulation tools are complex to use and usually require the domain knowledge
and expertise of a CFD specialist. The requirement to obtain significant knowledge in a short time
frame sometimes prevents architects who are involved in the design of a development from
undertaking the study themselves. Moreover, engineers performing detailed CFD analyses are usually
uncertain about the level of simplification required for modelling purposes without undermining the
original design intent of the building.
2) Turnaround Time
The architectural design process evolves quickly and hence requires the airflow modelling and
simulation analysis to be conducted in a timely manner for it to be relevant.
3)Software Cost
Commercially available software is generally costly to acquire and hence typically only well
capitalized specialist companies, rather than smaller enterprises, can afford investment in applications
and the necessary licences.
4)Hardware Cost
The computational time required to perform airflow simulation is often dependent on
computational hardware, including, processing, memory, and data transfer resources. The larger and
faster a CFD simulation, the greater the hardware cost required.

2. Literature Review
The very first work to use CFD for the simulation of airflow within building environments was made
in the 1970s (Nilesen, 1974). Since then, CFD has been widely adopted by the architectural,
engineering, and Heating, Ventilating and Air-Conditioning (HVAC) industries in building design,
especially with the advancement of computational resources. Following this rapid development, the
CFD community has formulated a design handbook and guidelines for the application of CFD to
indoor and outdoor environmental airflow analysis (Tominagaa, Y, 2008, Blocken,B, 2012). The
validation of CFD simulation results, based on certain test case studies, has been pursued extensively
for both outdoor (Murakami, S., 2006) and indoor (Chen, Q, 2002) airflow studies. The difficulty in
converting architectural geometry to a CFD-specific watertight computational domain necessary for
mesh generation, has also been addressed (Zhang, R, 2010). In addition, research has been conducted
on customizing CFD software for flow simulation in the urban built environment (Broderick 111, 2000,
Karola, A., 2002). Following up from this literature, a summary on the four challenging issues for
developing and customizing a CFD software application to perform large scale flow simulation in the
urban built environment are identified as follows:

1. Architectural geometry conversion to a watertight CFD-compatible geometry

2. Application usage workflow to reflect CFD modelling and simulation tasks

3. An efficient and accurate CFD solver for building airflow simulations

4. Comprehensive validation of CFD results using test case data.

3. Motivation and Objective

The Green Building Environment Simulation Technology (GrBEST) project aims to address the above
constraint by developing an intuitive and cost-effective airflow modeling software for usage by the
green building industry. The software enables master planners, architects, sustainability consultants,
BCA Green Mark officers and general green building practitioners to perform timely CFD analyses for
detailed green building conceptual design and assessment.
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We seek to develop the GrBEST package into a robust, efficient and user friendly airflow simulation
tool for green building applications for both Residential Buildings (RB) and Non Residential
Buildings (NRB), with the following features and attributes:
i. Collaborate with architect in order to prepare a "clean" BIM-Revit model (IFC output) for
GrBEST flow solver
ii. Geometry conversion on BIM Revit model - Development of a new triangular mesh repair
solution that automatically rectifies common geometrical and topological errors that are
inherent in the processes of CAD modelling and simulation
iii. Web-based GrBEST client for model submission
iv. Immersed Boundary method for Building Geometry Adaptation - new solution could be
computed much faster than that for the re-meshed model

Figure 1 below summarizes the work flow of GrBEST, with automated process from geometrical
modelling towards simulation and assessment.

Automatic Processing: Geometry — Boundary Cond. - Simulation - Assessment

BIM-REVIT geometry Geometry conversion Software
preparation to CFD input file Development

Research into REVIT geometry Work with collaborator Geometry exploration

protocol for CFD water-tight model

CFD simulation

with GrBEST

Validation

Read in IFC and
Visualize

| i % Simplification and % -
substitution of ”
peomet Proﬂbﬂanaser{w’mc{uwsl

Boolean operation

to extract internal
—— & external surfaces

! | T ae——— Water tightness Solver (Unix)
H analysis = -2

. Conversion to
GrBEST input file

Figure 1. Work flow of GrBEST process.

4. Results & Discussion

Preparation of clean BIM-REVIT model (IFC output) for GrBEST flow solver

Our team work together with architect to develop AUTODESK REVIT 2016 Modeling for
Computational Fluid Dynamics User Manual in order to generate a clean and readable building
geometry data for CFD mesh generation. It provide step by step tools to guide a user how to develop a
clean BIM-Revit Model (IFC output), which help the user to perform seamless conversion algorithm
to convert the primitive REVIT IFC file for GrBEST flow solver. Figure 2 shows the BIM-Revit
geometrical modelling protocol to simplify the building envelop with surrounding building in order to
facilitate the external wind flow simulation.
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Figure 2. BIM-Revit geometrical modelling for GrBEST CFD simulation.

Geometrical conversion of BIM-REVIT model for GrBEST flow solver

Research work has been carried out to improve the “mesh-ability” of the IFC output model from the
geometrical conversion module of GrBEST. New mesh-based model optimization algorithms are
developed to improve the triangulated BIM models in terms of building facades and external domain.
It automatically rectifies common geometrical and topological errors that are inherent in the processes
of CAD modelling and simulation. This methodology would reduce intensive manual intervention in
the repair and re-creation of simulation models and thus provide a more robust conversion process.
Figure 3 shows the overall process of the input BIM model converting into GrBEST solver-ready
model.

51(Clean-up)
+ Geometry Clean-ups
*  Model Validity Checks

Geometry Checking of the BIM Model

$

52(Repair)
+ Sliver Surface Repair
* Overlapping Repair

Final Geometry Generated for Domain Boolean Operation of
GrBEST Simulation (Solver) the BIM Model

Figure 3. Overall BIM model enhancement and conversion process for
GrBEST simulation.

Generation of web-based GrBEST client for model submission

A Web-based GrBEST client for model submission is developed. It’s web-based application allows
the easier integration of additional solver modules future R&D development. In addition, it does not
require installation needed on user side, except for a downloadable tool for model verification and
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visualization before submission of BIM models for simulation. In Figure 4(a), a user can create
simulation projects based on simulation type, e.g. Estate air-flow simulation, simulation of Turbulence
models, modelling using immersed boundary method. The user will then attach a project with the
BIM model and the related simulation parameters (non-graphical) before submitting it for simulation.
This application can support multiple submissions and results will be updated on the user’s dashboard.
Figure 4(b) & (c) shows the automatic BIM model to solver model conversion and the running of
simulation in the Linux solver when the simulation model is ready, respectively.

W i s R e T RTINS B B VD M e e e .

Figure 4. GrBEST web-based application.

Immersed Boundary method for Building Geometry Adaptation
For conventional CFD calculations, it is always necessary to generate the meshes in computational
domain. If the domain contains complex geometry, especially for complicated building shape for
natural ventilation analysis, it will take a lot of effort to generate the meshes. Our proposed immerse
boundary method (IBM) can help to reduce re-meshing time associated with the changing of building
geometry. Our IBM code has been developed and tested with external flow simulation carried out with
Architecture Institute of Japan (AlJ) test case study (Yoshie, R, 2005).

Figure 5. Schematic diagram of AlJ test case study on the building geometry.
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In our simulation study, we model the flow past clusters of building with a building block which is
behind the high-rise building by using the immersed boundary method (See Figure 5). With our
present immersed boundary approach, (See Fig. 6), user just need to input the STL files as the newly
introduced building blocks. The massive time for mesh generations can be reduced.

N

+ Generate the based mesh

* Run the simulation with
based mesh

* Define the building blocks
asSTL files

* Run the new simulation
with based mesh and
immersed boundary
method

Figure 6. Advantage of immerse boundary method developed in
GrBEST.

Comparison on the velocity field simulation with immersed boundary method and conventional
method is shown in Figure 7. It can be seen that good agreements with between this two methods have
been clearly established, hence the app and efficiency is further confirmed.

Figure 7. Predicted results using present GrBEST solver. (a) Convectional
method; (b) With immersed boundary method; (¢) Without immersed
boundary method. Note that purple block is not explicitly included during
the simulation.

5. Conclusion

We develop the airflow modelling software in order to provide an integration of BIM and CFD
simulation in one simple, time efficient and cost effective solution. It is an enabling technology for the
planners, architects, ESD consultants and general green building practitioners to widely adopt CFD
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software for green building conceptual and detailed design. It is the Computational Fluid Dynamics
(CFD) airflow modelling and simulation coupled with the geometry input from BIM-REVIT. CFD
enables airflow simulation over an estate landscape and within the building interior to be conducted as
a design optimization and assessment tool towards achieving a comfortable naturally ventilated
environment in buildings in the Tropics. More importantly, this GrBEST technology can increase the
productivity in Green Building design cycles and provide cost-effective and time-efficient CFD
simulation software.
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