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1 Introduction

In India less than 10% of the urban residential dwellings are actively cooled. Affordable
housing, which is following a rapid development path, should be planned with the best possible
natural ventilation potential. Generally, this aspect is not successfully addressed as no low
cost and easy to use tools of this kind are available. With the objective to actively support
proper designs, a freely distributable tool for analyzing wind driven air movement between
buildings for natural ventilation has been developed by BEEP. It is a “real comprehensive”
Computational Fluid Dynamics software (based on OpenFOAM, the best public domain
software in this domain) which can be distributed freely. Equivalent commercial software’s do
generally cost in the range of ¥ 4 to 20 lacs for one license.

Vayu Pravah has been developed in collaboration with the University of Applied Science
Western Switzerland (HES-SO Valais) a free CFD (Computational Fluid Dynamics) tool for
assessing wind driven air movement between buildings for large residential projects and/or
local municipal planning. It has been compared/validated against wind tunnel experiments and
other expensive commercial software. Its user interface has been developed for non-specialist
users like architects, HVAC engineers, urban planners.

The beta version of the tool has been tested successfully by the Indian BEEP team and by
other stakeholders.

The potential use of this software goes beyond India and is relevant for all the dense urban
tropical areas. SEforAll has already shown interest in promoting its use in other countries.

1.1 Background about the software development of Vayu

Pravah (dTq Udlg)

Vayu Pravah (a1 9dTg) is a simulation environment tool using OpenFOAM with an
environment specially developed for non CFD specialists.

OpenFOAM® is the leading free, open source software for computational fluid dynamics
(CED), owned by the OpenFOAM Foundation and distributed exclusively under the General
Public Licence (GPL). The GPL gives users the freedom to modify and redistribute the
software and a guarantee of continued free use®.

The scientific methodology approach for the version 1.0 has been published (see below).

lOPSC|en Ce Journal of Physics: Conference Series

Development of a freely distributable CFD tool for approximate and detailed
simulations of the flow around a complex of buildingsDevelopment of a freely
distributable CFD tool for approximate and detailed simulations of the flow

around a complex of buildings

J. Decaix* (HES-SO), P. Jaboyedoff (Effinart), G. Duthé (ETHZ), E. El Sergany (EPFL Master
Student), L. Aiulfi (ESRI) , CISBAT 2021 — Lausanne, Switzerland Carbon Neutral Cities - Energy

Efficiency & Renewables in the Digital Era EPFL, 8-10 September 2021
https://iopscience.iop.org/article/10.1088/1742-6596/2042/1/012069

1 https://cfd.direct/openfoam/about/
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https://cfd.direct/openfoam/free-software/contributors/
https://cfd.direct/openfoam/computational-fluid-dynamics/
https://cfd.direct/openfoam/computational-fluid-dynamics/
http://openfoam.org/
http://www.gnu.org/copyleft/gpl.html
http://www.gnu.org/copyleft/gpl.html
https://iopscience.iop.org/article/10.1088/1742-6596/2042/1/012069

2 Installation

2.1 System requirements
The software can be installed on Windows 10 systems (and has also been tested on Windows
8.1.)

The Vayu Pravah installation package consists of the OpenFOAM 1.0.26 and above.exe

% OpenFOAM 1.0.26 and above.exe A" Vayu Pravah 1.0.27.exe

, and Vayu Pravah exe files.

a) Toinstall the software, first run the OpenFOAM 1.0.26 and above needs to be installed
as system administrator

% OpenF( "~

Ope
A Vayu Pr n
Enable/Disable Digital Signature lcons

Run s administrator
@ R

b) followed by the Vayu Pravah exe file Dl .

All the files (including project files) should be saved under the C drive in the system.

Any previous version of Vayu Pravah in the system must be deleted before any new
installation.

Figure 2-1 Virtualization and Hyper V status

If it is not, virtualization must be allowed in the BIOS or UEFI. After making these changes,
the machine should be restarted.

After these settings have been made, the software package can be installed.

Vayu Pravah User Manual Page | 6



3 Functional user guide

This part of the manual deals with creating a new file of a building design, adjusting various
parameters to prepare a simulation, running a simulation, and visualizing the results.

3.1 Home Page and File Input

3.1.1 Open or Create a Project

The user can initiate a project by directly clicking on the Browse option and loading the file.
The home screen of the software also has the list of recent projects which can be reopened
by clicking on the project name. The user can also specify another project to load by clicking
on ‘Open project’.

A" Vayu Pravah
File Edit Results Tools Help
Drawing Edror ‘Smulation Setup Results Visuakzation

VXV PR || v direction (000 e + = uicings it == C D H O e i

dig udie
Vayu Pravah

test review - C/CFD Projects/test review
test new version — C/CFD Projects/test new version
test 2 - C/CFD Projects/test 2

test new — C;/CFD Projects/test new

test_project — C/CFD Projects/test_project

[ Simulation ___| Open project] [_Browse_| [New project

Figure 3-1 Home Page: create a new project or open an existing project

3.1.1.1 Creating and saving a new case

A new case is added by clicking on ‘Create new case’. The user is first prompted to save the
case with a name, providing a brief description, and then start working on it by adding different
layers.
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Project: Unnamed Drawing Edtor Simuaton Setup Resuks Visuakzation

| Drawings IR0 000 ‘ + =i ity == COHR OB &
Choose and process input floor plar

Create a new case
Case version overview

Name Date Added

Case name

Description

Save Cancel

Duplicate

Choose the version to be used in th

- ok

Figure 3-2 'Create a new case' prompts the user to name and save a new case
3.1.1.2 Importing a dxf (or a part thereof)

Once a case of the project has been created, the user can begin adding the dxf files by adding
‘Layers’ (explained in detail later). This is done by clicking on the ‘+’ icon next to the Layers in
the Drawing Editor.

The dxf file should be a 2 D drawing with dimensions measured in meters (not
feet/mm/inches). Also, the drawing should be cleaned before loading to remove internal
elements like furniture etc from the plan.

The polygon representing a plan view of a building layer must be closed.
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4 Vayu Pravah
File Edit Results Tools Help

Project: unnamed Drawing EdRor Smuston Setup Resuks Visualzaton

wind direcsion [0.00 |2 Lavers < || = guitdings a8 e~ 2 &
Choose and process input floor plar Add a new layer to
the selected drawing
Create a new case

Case version overview

Name Date Added
~ test case 1 2021-10-29 03;

test .. 2021-10-29 03

Duplicate

Choose the version to be used in th 00 0.2

04 06 08 10
test case 1 ver 1 - Ok

Figure 3-3 Importing a dxf file for one layer

A building which is monolithic will consist of one layer only. If the contour changes over the
height, then layers must be added accordingly.

The user can click on a part of the drawing when importing to include or exclude it from the
plan. By default, all the drawing in the dxf is selected, but the user can manually select or un-
select part of the dxf to be input in the plan. The selected part of the drawing is highlighted in
blue (against the grey input file).

3.1.1.3 Importing a dxf with selections of building dxf components

The user can choose to select a part of a dxf building or the entire building (as shown in
example below).

Vayu Pravah User Manual Page | 9




Select and process input file
N
Choose 2D floor plan (dxf) Make sure north is aligned with this indicator @
| longues inclinées fermé.dxF| | Browse | : : : |
Rotate drawing to align with north 40 [ Input
[0.00 [2]| roate | B Selected
Select which parts to import (dick on preview) - 30 -
| Select all | | Unselectall | |;| |E
Simplify the drawing L2g i
L 10 4
0.04 Eto |
>
0.02 - 10 1
L —20 4
0.00 -
Set the layer height [m] r—30 b
[os0 g
F —40 —40 —-20 20 40 g
| Ok | Cancel | L L L L
X [m]
Figure 3-4 Importing the entire building (in blue)
Or the user can choose to select only part of the building by clicking on it.
Select and process input file
N
Choose 2D floor plan (dxf) Make sure north is aligned with this indicator @
| longues indinées fermé.dxfl | Browse | : : : : :
Rotate drawing to align with north 40 [ Input
[0.00 [2]| rotate | 'l B selected
Select which parts to import (dick on preview) 30 A I i
| Select all | | Unselectall | |i| |g
Simplify the drawing I 20 I 4
v M
B 10 A HI 1
0.04 Eto —| I—‘| .
0.02 10 I I ! 1
L —20 4
0.00 -
Set the layer height [m] r—30 1
[o00 B w
F —40 —40 —20 20 40 B
| Ok | Cancel | L L L L L
X [m]

Vayu Pravah User Manual
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3.1.1.4 Building selection

Similarly, in case of multiple buildings, the user can select any number of buildings for the
plan.

Select and process input file
Choose 2D floor plan (dxf) Make sure north s aigned with this |r|d\mtnr A
|tmp/CFD_BEEP fpartie A.dxf| |  Browse |
Rotate drawing to align with north r 40 : Input
| 0.00 2| Rotate | I Selected
Select which parts to import {dick on preview) F30
[ selectal || nselectal | |o|[C]]
Simplify the drawing
r20
F 10
0.04 Eto
-
0.02 r-ie
t-20
000 l——MM
Setthe layer height [n] -
|0.00 B
_ t —40
| ok || Cancel | m [m
Figure 3-6 Loading a new file: By default, all the buildings have been selected (in blue)
Select and process input file
u
Choose 2D fioor plan (dxf) Make sure narth is aligned with this indicator @
|tmp/CFD_BEEP fparte A.dxf | Browse |
T T T T
Rotate drawing to align with north r 40 0 Input
| 0.00 3| Rotate | mm Selected
Select which parts to impart (dlick on preview) L 30 4
| Select all ‘ | Unselectal | |“'| |[]
Smplify the drawing L 20 |
L 10 ]
0.04 Elo g
>
0.02 e 1
L —20 ]
0.00
Set the layer height [m] r—30 b
5 g
t —40 o 0 2| El 4
ok Cancel . y . .
| e | i

Figure 3-7 Manually selecting part of the dxf to import in the plan

The entire project consists of multiple dxf ‘Layers’ which can be at different heights from the
ground. At the time of loading the file, the user can enter the height of the layer from the
ground. This is represented by the red line in the graph.
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Select and process input file
«
Choose 2D flaor plan (dxf) Make sure north is aligned with this indicator @
|tmp/CFD_BEEP/partie A.dxf| | Browse | . . . . .
Rotate drawing to align nith north r4o 1 Input
|0.00 [2]| Rotte | m selected
Select which parts to import (cick on preview) f3o0
| selectal || unselectal | 4|3/
Simplify the draing L0
10
4 Eto
-
3 -10
=20
0 d
Set the layer height [m] —30
s =l
—40 1Y) 2 a4
| Ok || Cancel | X ['m] L

Figure 3-8 The red line represents the height of the layer from the ground

Select and process input file !
Choose 20 fioor plan (dxf) Make sure narth is aligned with this mdlamr H
|tmp/CFD_BEEP/partie A.dxf|  Bromse | i
Rotate drawing to align with north r 40 |:| Input 7
|0.00 2| Rotte | B Selected
Select which parts to impart (dlick on preview) b 3o
| selectal || unselectal | oe||[]]

Simpify the drawing 20
Y O o
10
8
6 g. ro
>
4
-10
2
—-20
od—
Set the layer height [mi] r—30
fo00 ]
- —40
| ok || Cancel | x [m

Figure 3-9 Entering layer height (shown by the red line in the graph); all existing layers in
the project are shown by black lines on the same graph

3.2 Basic use of the Drawing Editor

Once the building(s) has been loaded in the drawing editor, the user can modify and edit it in
the Drawing Editor.

3.2.1 Selecting a building

In a particular drawing, the user can select a building by clicking on it. The selected building
in the dxf file is highlighted in brown as contrast to the unselected buildings in blue. It is on this
building that all the changes are done.

By default, the building no. 1 is selected.
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& Vo Pravan
Fle Edt Resuls Took Help

Project: C:/_Atmp/CF.../Residential test

Drawng Edtor Simuistion Setup Resuits Visuaization
TR | i oeecion 18000 5 Lo [1-0m = | o] (= g [+ <[ (4] (4] (][] (€ (D[4 L (3] e (0 T2 &
Chaoae and precess put foor gsn

Greste 8 e e

[T

a0

name Dae Addod

- Residentisl (N 2021-10-13 0618
Resdersall . 2021-10-13 0618
Resdersall..  2021-10-130645
Resdensalt | 2021-10-19 2018

¥[ml

-10

-20

Chouse the verwon 1 be uasd ) the sdston

—a0
Residential LN ver 3 - | ok —60 0

i

Figure 3-10 Building 1 is selected and highlighted

3.2.2 Selecting multiple buildings

The user can select multiple buildings in a layer at once to work on by clicking on the " icon

and moving over the desired area in the drawing editor. All the buildings in this area will be
selected.

i
To select multiple buildings in different layers, click on the ‘

"icon. This will select all the
buildings in the highlighted area in all the layers.
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& Vayu Pravah - a X
File Eft Resuts Tooks Help

Project: C:/_Atmp/CFD_BEEP/test layers Drawing Edtor

Wi drecion 70 (3 Tl el ERRAIE NN M NIl &
s

o

4 oy Pravah
File Edt Rests Took Help

Project: C:/_Atmp/CFD_BEEP/test layers

Drawing Editor

word drecton | 20,00 |3

|
i
i
H
ga

erson suerven,

= Date Added

- pamied 2021-10-04 1601
partie Aver 1 2021-10-04 16:01
Emlmz 20711004 1610

¥ Case2 2021-10-06 1813

Cose3ver2  2021-10-08 1815

5

¥ [m]
o
-

X [m]

o o X

i SR 1 -t == CD+ T Basn— 2
Choose anc process rput fioor plan

Y[m]

Chovse Tz version 1 be used n the simdation
lvdﬁﬁuwdnhu'; Ck |

Figure 3-12 Selecting multiple buildings across all layers
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3.2.3 Enter building heights

The user can enter the height of a building layer in the drawing editor by clicking on the building
and entering its height in the ‘Height’ option on the top right. This ensures that the heights are
correctly mapped and is particularly useful when the number of buildings is large.

& Vayu Pravan
Fle Edt Resuls Took Help

Project: C:/_Atmp/CF.../Residential test

Drawng Edtar Snuion Setup Resuts Visuatzation —

oo J v 10w = ) = s (=) (3] [4] 4] =] ] (€] () 36 o A/cb
e ———

Crnte 3 e g
Versan areroen

tame Dte Addec
v Residentol (N 2021-10-13 0618
L. 221113061

Resderaal 0-13 06
Resural | 2021-10-13 0645
Resderad L H2110-192018

2

-10

-20

Dupiane -30

Choose 2 verwan s be d m he smston _an

-60 a0 -20 20 40 60

e i

a0

5 ] H

¥[m]

Figure 3-13 Entering building heights

3.2.4 Deleting a building

A building can be deleted by selecting it and clicking on the " icon next to it.

& Vayu

Project: C:/_Atmp/ CF.../Residential test Draving Edtor Smuston Setup Resuls Visualzation
TR | crecion |00 |2 e [1-00m = | o] (=] m (3= (3] (] (3] [==] =] [C] (D) (] (O] (8] e (300 2 x
(Choose and process input fleor plan

Cresie snem dravng

mp—

a0

Hame.

- Residential N 2021-10-13 0618
Resdensall_ 2021-10-13 0&:18
Rescental L 2021-10-13 065
Resdentiall 2021101 26:18

20

10 4 ayu Provsh %

e Deletethe sefected butdings?

Y| No

¥ [m]
o

-10

Chocse the verson tabe uoed i the smdatan a0
emdentl i ver 3 - -0 0

il

Figure 3-14 Selecting a building to delete

Vayu Pravah User Manual Page | 15



3.2.5 Adjusting view

+
The view of the plan can be moved using the S icon.

& oy Pravan
Fle Edt Reaulic Took Help

Project: C:/_Atmp/CF.../Residential test

Version avervien

Chosae snd process rput Sour s

Wi drecton | 180,003

Dravng Edtor

Layers [1-00m = | 4| | = Buidngs | 2

w0 = (O (OS] regr (030 [3]

&

Hame

Resdens L

Redentil 1 ver 3

= Fesidential LN
Fesderaall.

Date Added
2021-10-13 0618
22110120612

Resdersul 201-10-13 06

2021-10-13 0645
2021-10-192018

Choose the version o be used i the smdton

¥[m]

a0

JI\

3.2.6 Creation of ‘Layers’

Figure 3-15 Moving the drawing view for selected building

A project in the Vayu Pravah consists of different layers of a building wherein the user can
represent several floors of a building, different facade profiles (like windows etc) and visualize
the internal flows. The layers are added as separate dxf drawings of individual layers and
added at specified heights. An example of layers is presented below.

Vayu Pravah User Manual
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ABCBC

ABC

3.2.6.1 Original plans with the different facades and openings

"

—
e———r e
e

|
LTI
INNNNUNENI
TTTIT

ﬁﬁﬁﬁﬁﬁrﬁ
—_— e
— ——

(z

Figure 3-16 : facade profiles A) Bottom and top Rectangular closed fagade profile B) closed
facade with patterns  C) open fagade with aerodynamic elements

For the example above, we are using 3 different layers A (bottom and top), B (closed profiled
facade), and C (profiled fagcade with opening and aerodynamic elements) to construct a
building with straight and closed facades for the bottom and top part.

3.2.7 Adding a layer

The example above would be constructed with five layers (A,B,C,B,A) on top of each other.
A A
\3
\i
\ 1
N5
N
H
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Layers |1-0.0m = Layers |2-10.0m e |

Layers |3_11.0m = | Layers | 4-14.0m = |

Layers |5-15.0m *

A layer is added by clicking on the ‘+’ on the top panel. This will prompt the user to add a new
dxf drawing as the new layer. The input process remains the same as described earlier. The

height of the layer can be specified here. It will be shown in the graph with a red line. Any
preexisting layers are denoted by black lines on the same scale.

3.2.8 Moving between layers

The user can choose the specific layer to work on from the drop-down menu of Layers.

4 Yoy Pravah - a8 x
Fle Edt Rets Took Help
Project: C:/_Atmp/CF.../Residential test Drawing Edtor Simuiation Setup Results Vsualzation
I | oo [ 2 s (= fmi 2 =@ (4] [ ] [C] DI [ 8] v (1m0 [z &
hoose and process nout fooran 2-100m
reste 3 new dranmg 5-11m
Vewnowewer | |7 |an .om
Hame oate added
* Resdential (N 20211013 618
ResdentalL..  2021-10-13 0610 40
welL 2021-10-13 0615
Rescental L 2021-10-15 X
20
o
£
=
-20
-0
Oupleate
Choose the version t be s the smiston
el Tl -100 50 o 50 100
X [m]

Figure 3-17 Switching between different layers by the drop-down menu

3.2.9 Deleting a layer

An existing layer can be deleted by selecting it from the Layers drop down menu and clicking
on G_‘

| —
Project: C:/_Atmp/CFD_BEEP/test kyers Drawing %m i Smulation Setup Results Viugization

i on [0 3

Choose and process rout foor pan

Figure 3-18 Adding and deleting layers
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Drawing Editor Smuiation Setup Resutts Visualzation

s recsm (D000 3 s [370m = [ (=] i WA= C D[ * D remn = @&
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TTITL.
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;

\If
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TITTTIITTIT
INNNNNNANN

T1TT
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2

60

s
s
8
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Figure 3-19 Deleting a layer by clicking on '-" icon next to Layers
3.2.10 Project, case, and version control

In the Vayu Pravah software, each project can consist of multiple cases (i.e. different design
files), and all the variations done in a particular case are saved as different versions. The user
can select any version of any case to work on in the current project by selecting it from the
‘Case and version overview’ panel on the left of the drawing editor.

3.2.10.1 Duplicate versions

In the version control, one has the option to duplicate a version to create a new copy and save
it as another version.

Clicking on Duplicate copies the version and creates a duplicate as a new version.
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4" Vayu Pravah

File Edit Results Tools Help
Project: Unnamed Drauing Edhor Simusaton Setup Resuks Vissalzaton

BT vod diection [0.00 (3 Layers 1-0.0m - | = Buildings |1 <l b D O B et - (= @&
Choose and process input floor plar

Create a new cse

Case version overview

Name Date Added

~ testcase 1 2021-10-29 03 100
testc.. 2021-10-29 03

~ Test case 2 2021-10-29 05
Testc.. 2021-10-29 05

- testcase 3 2021-10-29 05
testc.. 2021-10-29 05, o

¥[m]
=

| Simulation ___| o
Choose the version to be used in th
test case 3 ver 1 - | Ok —200

=&
- L N

Figure 3-20 Case version overview, (on the right-hand side)
3.2.10.2 Modification of the building massing and setting up wind direction.

Wind direction can be adjusted by adding the degree of rotation clockwise from North (toward
East) at the top left of the drawing editor.

3.2.10.3 Setting the orientation of buildings

One can rotate and/or move the buildings in the editor by selecting the building number to be
moved and using different arrows to make the required move.

For example, building n°1 in the the drawing below has been moved and rotated here.

- 0 x
Drawing Edtor Smustion Setup Resuits Visusizaton

W drecsen 20003 Loy [1-00m ~| | [= Bz |1 == =CD O s @

¥[m]
e

|_.
I_.
|_.
|_.
|_
|_.
|_.
|_.
|_.

X[m)

Figure 3-21 Building 1 (highlighted) is moved and rotated
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The modification is saved and stored as a separate case in the project.

3.2.10.4 Preparing for the simulation setup

The case for simulation can be selected from the drop-down menu “Choose the case for
selection,” in the right-hand pane and clicking Ok on the selected case.

4 Vayu Pravan
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Figure 3-22 Selecting drawing version for simulation

3.3 Simulation Setup

Choosing a case for simulation and pressing “OK” leads the user to the simulation setup

screen. Here the user can prepare the simulation case by entering building parameters such
as height, wind direction, reference height, surroundings etc.
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Figure 3-23 Simulation setup

3.3.1 Entering the buildings height

The user can enter heights in the simulation setup by clicking on ‘Heights’. The buildings are
numbered with their corresponding Layer number for better clarity.

Dravang verson
lparte A ver 3
Enter buldng heights

5.0 * ma
Enter the reference vand hegnt. Usuaby 109,

w00 &/ m

Project: C:/_Atmp/CFD_BEEP/test layers

>

40
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Enter bail

Draving Editor

1

Building number _ Height [m]

50
50
50
50
50
50
50
60
50
30
o1
1]
o

o1

Simulation Setup Results Visualzation

o
Cancel

Figure 3-24 Building numbering is done for each layer separately for better clarity

Once this is done, one can proceed further by clicking on the Ok button. This will generate
the 3 D model of the drawing basis the heights entered.
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Figure 3-25 3-D model generated

3.3.2 Clipping pane

The user can click on the ‘Clipping Plane’ to clip the 3 D view along a specified axis.
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Project; Unnamed Drawing Edior Semulton Setup Resuts Visualzaton
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Figure 3-26 Clipping the view along an axis

3.3.3 Prepare the simulation

The drawing is then prepared for simulation by defining the environment and the wind
conditions for the simulation.
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3.3.3.1 Choose surrounding environment

The surrounding of the building massing (wind profile typology) can be chosen from the drop-
down menu (cities, village etc.)

File Edit Results Tools Help

Project: C:/_Atmp/CFD_BEEP/test layers Drawing Editor Simulation Setup Results Visualiza
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Drawing version
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Run simulation !

% [m]

Figure 3-27 Selecting the surrounding environment for simulation

3.3.3.2 Choose the wind profile

Wind profile can be defined by choosing the wind direction and entering reference wind
velocity and reference wind height. This will be reflected in the 3D model.

3.3.3.3 Chose the number of CPU to allocate to the simulation

Normally, significant reduction in simulation duration is obtained by choosing up to 4 physical
cores (if available on the machine).

3.3.3.4 Chose the simulation precision model

The user can choose to have either an approximate or detailed simulation. During work
meetings, the approximate mode can be used to help understand tendencies. The
approximate version takes a few minutes to obtain a result indicating the main tendencies.

The Detailed simulation may take between 1 and 3 hours or more depending on the building
size, numbers, and geometry, and the computer performance.

Before running the simulation, the project should be saved with a name, details (optional) and
specifying a saving location. The project is now ready to be run for simulation.
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Figure 3-28 Saving a file by specifying name, description, and location

3.3.4 During the simulation

A pop-up window will appear indicating the status of the simulation. A first bar indicates that
the meshing is ongoing. Once it is finished, the simulation blue band shows the progress and
the estimation of the remaining time before the end of the simulation.

3.3.4.1 Simulation running

Project: Ci/_Atmp/CFD_BEEP/test layers Drawing Edtor Smuston Setup Resuts Visuatzation

Figure 3-29 Simulation running with estimation of remaining time (after meshing)
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At any stage, the simulation can be cancelled or ‘aborted’ by clicking on Abort simulation.

3.3.4.2 The simulation is completed

e

Simulation in progress

Running simulation

e (I ©
— L

Simulation

Figure 3-30 Simulation completed

3.4 Results Visualization

Once the simulation is complete, the user can move to the Results Visualization tab to view
and analyze the simulation results.

3.4.1 Select the Results Visualization pane

Left click with the mouse on the top banner on Results Visualization to enter the visualization

pane.
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Figure 3-31 The Results Visualisation pane
3.4.1.1 Loading results
To view the results of the simulation, left click on the ‘Load results’ button.

3.4.1.2 Select the simulation just completed

Left click on the ok button and select the case for which simulation results are to be viewed.
The ‘reload results’ window is in a matrix format where each simulation is shown along with
the related simulation parameters, which leads to clear identification and selection of results

to load.

Project: Ei/Appl./Cas Test P12 211003 Drawing Editor Simulation Setup Resuts Vissakzaton
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Figure 3-32 Selecting the case for which simulation results are to be viewed
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3.4.2 Selecting, preparing, and adjusting the View

3.4.2.1 The different options of variables

One can select five different parameters to visualize in the simulation, along with its color on
the result from the drop-down menu in the top left of the pane. These parameters are:

1) Pressure

2) Velocity magnitude (velocity direction as the resultant of all X, Y, Z components in
the 3D space)

3) X-Velocity (component of the velocity in the X direction (wind direction in the
results))

4) Y-Velocity (component of the velocity in the Y direction (horizontal transversal to
the wind direction))

5) Z-Velocity (component of the velocity in the Z direction (vertical wind direction))

Fe Edi Resuls Took Help
Project: C:/_Atmp/CFD_BEEP/test layers Drawng Edtor Smuiston Setup Resuts Visualzation
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reassri pory |0 conentoon O 1X X] 2v] Y, 42 177 comgpene o e O 8
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90 18 e

Y [m]

Figure 3-33 Selecting the variable to analyze in simulation results

3.4.2.2 Buildings in the 3D representation

The user can choose to either view or not, the buildings in the results by checking (or un-
checking) the box “Buildings” on the top of the results screen.

Vayu Pravah User Manual Page | 28



Fle Gt Resuts Took Help

Project: C:/_Atmp/CFD_BEEP/test layers
Colormep varetie | Pressure .4 V Buldngs

Restsrun: partie 32 ver 1 approx

-

Drawing Edtor Simubtion Setup Resuts Visuaization
Wsusbeatin tipe |Sice - Zoamal | || Show ske kst skeepostion (500 (3 m ! veocty vectrs derow scae (200 13 Gererate
comenie Q I x| v by, [z |7

Figure 3-34 Simulation results with buildings
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Figure 3-35 Simulation result without buildings shown

3.4.2.3 Zoom and un-zoom

Zooming is obtained
by rolling backwards.

Vayu Pravah User Manual
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Zooming is obtained also by moving the mouse with the right button kept pushed (by sliding
the mouse toward the screen)

3.4.2.4 Panning with the cursor

Panning is performed by pushing the wheel of the mouse at the center and moving the mouse
in the direction of the desired movement.

If the Show slice indicator is selected (ticked), then one can only pan if the cursor of the mouse
is outside of the slice indicator rectangle.

Project: C:/_Atmp/CFD_BEEP/test layers Drawing Edtor Smulbton Setup Resuts Visuakzation
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U s D, 1% ] 9] Y, 42 (2 oo st e 51> §

F \

If the Show slice indicator is not selected (unticked), then one can pan with the cursor in any
position on the screen.

Project: Ci/_Atmp/CrD_BEEP/test layers Drawing Eor Simubstion Setup Resuts Visuatzation

3.4.3 Selecting the kind of results presentation

One can select five different kinds of representation of the results for visualization.
3.4.3.1 Slice

This can be selected in the visualization drop down menu (as shown in figure). The slice
visualization are planes perpendicular to the X, Y, or Z axes which can show the colored 5
variables (The different options of variables as mentioned in earlier), this example show the
colored pressure values in horizontal plane (Z-normal, perpendicular to the vertical axis) at a
height of 5 m.

The ‘Show Slice’ indicator can be ticked on or off according to visualisation requirement.
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Figure 3-36 Simulation slice result with slice indicator shown
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Figure 3-37 Slice visualization without slice indicator

3.4.3.1.1 Velocity vectors

In the slice visualization mode, one can show the velocity vectors by checking velocity vectors

box and adjust their scale over a range (see figure above).

3.4.3.2 Threshold

This representation shows the volume in which the value of the threshold variable is in
between two specified values. This visualization can be selected in the visualization type drop
down menu and selecting the parameter on which the threshold is to be applied. The range of

values can then be defined in the adjacent bar.
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Figure 3-38 Threshold type visualization

3.4.3.3 Streamlines

A streamline is a line in the fluid whose tangent is everywhere parallel to the local velocity
vector instantaneously. It shows the general pattern of air flow movement, is more informative
than quantitative, but can help in explanations and presentations. The intensity and the domain
size for visualization can be adjusted by the streamline density bar (from low to high) and

clicking on ‘Generate’.

Fle Edn Resits Took Help
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Figure 3-39 Streamline visualization

One can chose if the colors of the streamlines are set to the pressure or to the velocity.

One can also vary the density of the streamlines and adjust the size of the streamline box
(seed box) on the three axes.
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3.4.3.4 Building surfaces

This visualization displays the buildings with their facade colored by either one of the fives
possible variables (pressure, velocity magnitude, X, Y or Z velocity component). They are
used to determine the potential of the wind velocity and pressure on each facade. Pressure
on the building surface can be used for simplified calculation for air change.

Fle Edt Resuks Took Help
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Figure 3-40 Building surface visualization, for viewing parameters at the building facade
3.4.3.5 Labels

Choosing the labels variables

Each of the visualization allows to add labels displaying values of the variables like the
variables of the color maps by choosing Labelling tools and selecting the parameter from the
drop-down menu.

1) Pressure

2) Velocity magnitude (velocity direction as the resultant of all X, Y, Z components in the
3D space)

3) X-Velocity (component of the velocity in the X direction (wind direction in the results)

4) Y-Velocity (component of the velocity in the Y direction (horizontal transversal to the
wind direction)

5) Z-Velocity (component of the velocity in the Z direction (vertical wind direction)

Vayu Pravah User Manual Page | 33



Fe Edt Resuts Took Help

Project: C:/_Atmp/CFD_BEEP/test layers Drawing Editor Simubstion Setup Resuts Visuatzaton

Cokmap varaie |Presmre - " - Zoomsl = | | Showskoe st Skce possion (50 [3/m

Rashsrun: partie A ver 3 approx Coneia ile Q fex x| eyl by [z [

Figure 3-41 Inserting quantitative labels in the simulation result

Placing labels

Once the variable is chosen, the user can left click on the label icon and then to move the
mouse cursor to the location of the labelling and left click.
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Figure 3-42 Results with pressure labels added

The labels are attached to one plan level, the value is fixed, if one changes the position of the
visualization plane position, they disappear.

They can also be added on the building surface representation.

To remove the labels, press on the “ % ” icon next to the Label icon.

The scales of the variable representation can be adjusted on the Results Visualization panel
to customize the results view.

3.4.3.6 Adjusting the color map for the pressure, velocity magnitude and X, Y, Z directions
of the velocity

Under the results menu, select the Use of Custom Colormap Range
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Figure 3-43 Adjusting color scale

Adjust the values for the variables Pressure, Velocity magnitude, X-velocity, Y-Velocity, Z-

Velocity
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Figure 3-44 Adjusting the variable range

Click Ok to validate.

3.4.4 Visualization type

3.4.4.1 Pressure in a horizontal plane (Z-normal)

The graph below shows the pressure values (for colors see scale on the scale on the right-

hand side) on a horizontal plane.
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Figure 3-45 Visualizing pressure variable
In this visualization case, the user can choose to show the velocity vectors or not.
3.4.4.2 Axis denomination

The axis along the wind direction is the X axis, the axis perpendicular to the wind direction is
the Y axis, the vertical axis is the Z axis. For example, a horizontal plane qualified as Z-normal,
a plane perpendicular to the wind direction as X-normal, a plane parallel to the wind direction
as Y-normal.

3.4.5 Clipping Plane
The user can clip the result along a particular axis at a desired height to see the internal flows

in the building. This is done by clicking on the check box left of ‘Clipping plane’, choosing the
axis along which to clip and specifying the clip height.
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Figure 3-46 Without and with Clipped plane on Z axis
3.4.6 Generate pdfs reports

The program allows to automatically generate pdfs of slice mode plans at different intervals.

Under the File option, clicking on the Generate PDF report, the pop-up menu allows the user
to select the colormap variable to be mapped (pressure, velocity etc.), the variable color scale
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bounds, the plane orientation, the axis bounds and the interval between the planes. The pdfs
can be used to systematically compare versions after calculations.

1 T
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Figure 3-47 Preparing for a pdf report

Select the location of the report to be saved.

A\ Select the file name and save location x
4[] « Windows-SSD (C) > _Atmp > CFD_BEEP > 200526 projects > test01.a > Reports v 0| | SearchReports p
Organize v New folder = @
Images A Name . Date modified Type Size

InstallAnywhere
Musique
3 This PC
B 30 Objects
[ Deskiop
& b ts

&] Pictures

B Videos

5 Windows-SSD (C

& Nebunrle v
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Save as type: | Portable Document Format Files (" pdf) v

~ Hiide Folders Cancel

Figure 3-48 Saving the pdf report
The file displays the planes with a zoom on the building domain.
Example of analysis of Rajkot SMART GHAR buildings pdf reports

Analysis of the project design for a building can be done to make comparative study with
different building heights, orientations etc. and the resulting wind flow.

Case 1: X velocity with standard building heights
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210218_test_shapes
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Case 2 : X velocity analysis with heights of all but two buildings minimized to 1 meter.
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Other examples:
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3.4.7 Loading another project

An existing project can be loaded into the software under the Open Project option under File
by selecting the project in the directory.
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Figure 3-49 Opening an existing project
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Figure 3-50 Choosing another project to be loaded

3.4.8 Load results from another case in the same project

The user can load results from another version of the same case or another case in a project
(stored as a different case in the project) in the results pane. This is done using the reload
results option. For each version one can generate pdfs with same parameters (range of
pressure, velocity etc..) for comparing different cases.
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3.4.8.1 Reload results

The reload results allows to load another option than the one shown.
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Results run: projectl_updated_s01_approx

3.4.8.2 Selecting one of the alternative designs

Project: :/Appl../Cas Test P12a 211003

Bemits . Rame

Colorme varble |Presmre - o Buings Visusbeation type |Siee

Drawing Edtor Simulaton Setup RESURS VSualzaton
comnnen D, 106 3] o¥] ¥, 2 17 Ccummasee g [remes <] E> G
iecon | Veckyimél | Fegint |

%0 1w 100

1650 1] 100

1850 0 100 Chia 0211003 1122

Figure 3-51 Choosing another simulation result to load
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4 Buildings with external and internal air flows

This chapter introduces one important feature showing the possibility of having external and
internal flows simulation. This chapter focuses on the different kinds of buildings with openings
like fins and how the simulation is done in the Vayu Pravah software. Two such examples are
being discussed here.

4.1 Closed building with fins

The figure shows a simple building design with fins. A design element as shown has been
added for the meshing to indicate the closed building.

¥[m]
o

VI

0
X [m]

Figure 4-1 dxf file of building with fins

When the simulation is run for the same, we can see the results with the pressure labelled at
the building fagcade.

Figure 4-2 Simulation results for building with closed flow
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4.2 Open building with fins

This is an example of a building with internal flows.
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Figure 4-3 Dxf building with open flow

The simulation results of the building with internal flows is as shown below.

Figure 4-4 Simulation results for building with internal flows
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5 Practical examples for analyzing airflow in
projects

5.1 Strategies to increase the ventilation rate by incremental
architectural modifications: An example

Here an example is taken to show how incremental modifications to the building design can
have a big impact on the ventilation and airflow. The modifications do not represent fully
featured architecturally developed designs, but they reveal technically how it is possible to
significantly enhance the cross-ventilation air flow across a flat by small specific features on
the facade.

By working on the fagade and building envelope, one can have a significant impact on the
cross-ventilation achieved with the wind flow parallel to the building fagades. This knowledge
at the time of building design can be useful in improving natural wind driven ventilation.

5.1.1 Analyzing incremental benefits of facade elements by using Vayu
Pravah
The analysis for the case is done through Vayu Pravah software and the results show that the

software gives a good qualitative results and reasonable comparison between the different
cases for the change in airflow with each increment.
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5.1.2 Results

A comparison of the velocity magnitude (representative of the airflow in the building) shows
the incremental changes and the consequent improved ventilation in the building. A slice of
the result in each case is shown for comparison. ( Building height : 10 m, slice at 5 m)

ojo
s Ak
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Case 1 : Base case Resulting wind velocity in base case

—

1\7(1
Fir\
I

A

Case 2 : Adding a sloping element and
Creation of a recess to have the wind entering Simulation result with modified design
it and gain pressure

Vayu Pravah User Manual Page | 47



5.2 Wind parallel or perpendicular to the project facade

To expose the radical different ways to get air movement in a project, here is a case where all
the buildings are perpendicular to the wind direction, and then the other extreme case where
the buildings are “aligned” to the wind direction. As shown in the simulations, change in project
design can change the air flow in the project to large extent.

These cases are being discussed for two layout cases here.
5.2.1 Case with buildings perpendicular to the wind direction

First is the example of a project where the wind falls perpendicular to the fagcade. As can be
seen, although the buildings facing the wind direction receive good air flow, the rest of the
project, including the buildings in the back receive poor ventilation.

100

Velodity magnitude (n/s]
160

Figure 5-1: buildings massing perpendicular to the wind direction

In this case the first row of building is windward. The next rows are left with hardly any wind
speed neither pressure difference from one facade to the other. The cross ventilation would
not be efficient in this case for most of the buildings.

5.2.2 Case with the buildings massing parallel to the wind direction

This another extreme case with wind passing along the buildings. This example is not a real
project, but it is described to explain the difference in the principle between the fully pressure
driven natural ventilation (windward, leeward) and the case where the buildings long facades
are more in line with the wind direction.
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Figure 5-2: long facades aligned with the wind direction

In this case the usual way to consider the pressure difference between the fagade as the
driving force for the cross ventilation is no more relevant.

5.2.3 Mass building project with elements like openings with recess, inward

inclinations, and fins

The next case is of a project with multiple buildings considering various openings in the
buildings and the resulting airflow through the entire project. As discussed above, the
orientation of the buildings vis-a-vis the direction of the wind can significantly change the
resulting air flow and ventilation through the different buildings, especially the ones which are
not directly facing the wind.
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5.2.3.1 Project with buildings perpendicular to wind direction

This is the case where the buildings are perpendicular to the wind direction (90° N, 3m/s). The
resulting wind velocity through the project can be seen in this simulation result.

Here it is seen that the buildings which are not directly facing the wind receive poor airflow
and the natural cross ventilation is limited to the buildings directly facing the wind.

A4 Veyu Pravah
File Edit Results Tools Help

Project: C:/Atm.../Residential project 1 Drawing Editor Simulation Setup Results Visualization
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Figure 5-3 Project with wind perpendicular to facade, simulation for wind velocity
magnitude, slice at 12 m height

5.2.3.2 Project with buildings almost parallel to wind direction

This is the case where the buildings are nearing the parallel direction to the wind direction.

When the project is subjected to wind parallel to its orientation (at 165" N, 3m/s) and a
simulation is run, the results are as shown below. There is airflow throughout the project, even

in the buildings which are not directly facing the wind. Hence there is good natural cross
ventilation throughout the project.
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47 Vayu Pravah

File Edit Results Tools Help

Project: C:/Atm.../Residential project 1

Drawing Editor Simulation Setup Results Visualization
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’ 4 -—
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Figure 5-4 Buildings with buildings parallel to wind direction

Hence, we see with the help of the Vayu Pravah how the building orientation can affect the
overall airflow in each of the buildings in a project.
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