S b 1 SR U TR SR AR /7% (CFD) R
Natural Ventilation Potential and use of Computational

a$ 14 ”f’ Fluid Dynamics (CFD) in Residential Buildings

“ ral
%, v t* ‘e

ﬁi Free software for the simulation of wind driven air movement around and inside buﬂdlngs
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Introduction to Vayu Pravah 2.0

Updated version of the freeware CFD developed by BEEP project under Indo-Swiss collaboration between Bureau
of Energy Efficiency (BEE), Ministry of Power and the Swiss Agency for Development and Cooperation

Plerre Jaboyedoff, Effinart, Associate  Vayu Pravah 2.0 A4
P AP0 A7) JA] AT P 3 RSl 2 S S B A, FH R DR RE RIUR (BEE) G LA RS

13th of April
SVENSTEITE, ENE-Fit BEEP 10 H JT & )% 2 CFD 4t A 8 9 i A
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{ /_ __:\. | ° ° ° ° ° 0 E ration suisse
wrae Basic passive design rules for non-AC buildings ~===

3R A R H A B A B A

f@éeduce heat gains Ji/b #u 25
Lower window to wall ratiof# ik ks ke
External dynamic shading =» less solar
QaiNs MBI FH 95 A BH 4R
Low conductivity wallingfift 5 4544

=> possible to change the orientation
of the building .....AT Ls A d s i i

« Improve thermal inertia accessiss #uii
P i

« Generally, in dwellings, the thermal
mass is directly exposed to the air
flow (Earthquake ...) fEfdEd, #mE
BRSNS GhE

« Also mostly heavy like concrete,
bricks, etc ekt RLHLE FA R

« Night ventilation cooling# i & JX 4

« Removes the heat accumulated
during the day, (should be more than

Schweizerische Eidgenossen schaft

Swiss Ag y for Develop
and Cooperation SDC

Direction of
the heat flux

Hot fluid
T1

Heat Heat
exchange by exchange by
convection conduction

Cold fluid
T2

Heat
exchange by
convection

10 Air change per hour (ACH)) #Hkx B RBUERRIIE GN8N T 10 200
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' The background behind Vayu Pravah (1) |\

Vayu Pravah (1) 5 5t e Cocprson S5 A BE Ep

BEEP has been involved in some residential building projects
BEEP =5 | — S E 5T H

In India and in other hot climate countries the residential buildings
are not equipped with central air conditioning except few high ends

cases  TEENEEAIEAM A MER, BAREmERN, &
R AT B2 v R 1 "

Large part off residential dwelling’s are not yet equipped or only
partly with active cooling systemsjz #8058 e AR 4 B \Eﬂ
# LR H RS

The importance of access to wind for natural night 31477 8] [ 4R K, 3 XU
cooling ventilation is very high for all these situations [/ 5 24 5 5

The wind pattern around buildings in some of the projects we
could see that the air velocity was very different in some part

of the project?E 1l H (32855, KA 1R KA A

Building which had their facade windward were getting
good condition for night cross ventilation but they were

shielding the building behind with very little wind
Ve|oc|ty rema|n|ng LREE@L %TEIETJ@XLR/TJ&F Eﬁ} 1EI
AT T T ARSI, Tl RO AR /)y

It was very difficult to to assist in studying and giving
advice without the use of CFD tools

IRAEH] CFD T A, sUARXE P B s AN S A il
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@ « Influence of the Air Change
Rate on the convective

heat flux from inside surfaces

PSR SR E PN 2R T X HGE s
« With a Delta. TOf 4K =>»

factor 5-6 of heat flux
increase from2 ACHto 13

ACH Delta_TO0f4 K-> % 5-6 FFEEM 2 6F| O  Displacement O 13 ACH: '~ 1.36 Wm'K ]

ACH 15 /1%1] 13 ACH
« True for mixing and

displacement ventilation

po’r’rem
SR A G W N RS Gl K S

Cﬂ%'-‘»‘-b
_Q &

|

Figure 2.  Basic principle of cooling by night-time ventilation.

C 1(

Y Why the night cross ventilation is important - 4 ll\

Swiss Agency for Development N y B E E P

a ooperation SD
nd Coopera C BUILDING ENERGY
EFFICIENCY PROJECT

Passive Cooling of buildings by night-time ventilation (
Artmann, Nikolai; Manz, Heinrich; Heiselberg, Per

Artmann, N., Manz, H., & Heiselberg, P. (2008). Passive Cooling of buildings by night-time ventilation.

Schlussbericht. Eidgendssisches Departement fur Umwelt, Verkehr, Energie und Kommunikation, UVEK. AALBORG UNIVERSITY

Bundesamt fir Energie BFE. DENMARK

7 1 ] 1] L] L] 1] L] 1] 1]

X Mixing

A ACH: h'= 1.36 W/m K J
L67ACH: h~ 1.01 Wm® K
o

/!

-‘/

(W/m?)
.

6.7 ACH: K= 072 Wm'’K  _
X 3.1 ACH: k=058 Wm'K

3.3 ACH: b= 0.40 Wm’K

/:,1 ACH: k= 0.28 Wm'K

cony, k¢

L)
B
o
»
-
~d
Fa

9 10
(K)

Swrface Inlet

Figure 23. Mean convective heat flux from all surfaces depending on the difference between the mean surface
temperature and the inlet air temperature; hourly values, first hour excluded; different colours relate to different

experiments. Uncertainty estimate for OOO,,V ot - £ 16 % [73].
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@ e Measured influence of controlled ‘ —

w— O times’h

ACH on indoor temperature —— 10 times/h

- i , o e | 4 times’h
52 17 ACHXT 25 PN 15, FEE 5 M) 1) il o 455 R f e paatural ventilation
4umesh

— Stimes’h
Energy Reports : 12timesh

Volume 8, November 2022, Pages 8426-8436

Night ventilation scheme optimization for an Ultra-low energy
consumption building in Shenyang, China

Xiao-Xu Li*°, Kai-Liang Huang *", Guo-Hui Feng *, Wan-Yu Li*, Jia-Xing Wei °

* School of Municipal and Environmental Engineering, Shenyang Jianzhu University, Shenyang 110168, China
Y College of Petroleum and Natural Gas Engineering, Liaoning Shihua University, Fushun 113001, China

Table 1 Gl A
The ventilation simulation scheme. Date

Ventilation time Ventilation frequency (times/h)
21:00-7:00 the next day 2 4 6 8 10
23:00-7:00 the next day 2 4 6 8 10
1:00-7:00 2 4 6 8 10

(a) ventilation time 21:00—next day 7:00



https://www.sciencedirect.com/journal/energy-reports
https://www.sciencedirect.com/journal/energy-reports/vol/8/suppl/C
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2 Smart Ghar lll example
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4
s

Smart Ghar Il 7~ St A Yo D W4’ BEEP

: BUILDING ENERGY
EFFICIENCY PROJECT

° B E E P S m G r.I- ——Qutside Temperature —\Nest: Bedroom_Base case ~West: Bedroom_incorporating all strategies

Ghar lll
charrette
results

BEEP Smart Ghar TI1 &5

)

17.05.2012 12:00 -
17.05.2012 18:00
18.05.2012 00:00 -

17.05.2012 00:00
17.05.2012 06:00 -

Figure 10: Peak operative temperature of a west-facing bedroom on an intermediate floor in a typical summer day- in the
base case and with all strategies (Project 3, Rajkot)
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. Actual measurements in Smart Ghar lll (RCIjkOB T
Smart Ghar Il (Rajkot) FJSERFRIl 45 5 pte - v

)7
N BUILDING ENERGY
- EFFICIENCY PROJECT

E « Very high natural air
IR ) SR
change measured

CO2 injection A=k 43.0
40.5

* Ambient DBT

| 90% Acceptability

Calculation of the Air AT R &1,
Change par hour R 3 ’// n

35.5

At night ~23 ACH 33.0

=> very good night 305

. NN N 28.0
cooling il ~23 ACH >l

AR K 1 2.8

23.0

.. iag o |
\
J._'_n\i

aql
o S

'
|
K1

B

l

17.05.19 : 00:00

18.05.19 : 00:00 - ,,

12.05.19 : 00:00
13.05.19 : 00:00
14.05.19 : 00:00
19.05.19 : 00:00
21.05.19 : 00:00

15.05.19 : 00:00
16.05.19 : 00:00
20.05.19 : 00:00
22.05.19 : 00:00
23.05.19 : 00:00

Monitoring period

Figure 4: Graph showing monitored ambient temperature and temperatures inside the test flat (bedroom)




Other more recent study with a mix of B Cpemmmens
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experiment and simulations HfEFHLR SEDME AT s swa o
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@ e Measured influence of ‘ —

w— O times’h

controlled ACH on indoor 38 fmah

e | 4 imes’h

.I.e m p erO .I.U re § e patural ventilation

4umesh

S ACHH 25 P JELJ2E S T 4 5 ; s

Energy Reports
Volume 8, November 2022, Pages 8426-8436

Night ventilation scheme optimization for an Ultra-low energy
consumption building in Shenyang, China
Xiao-Xu Li*°, Kai-Liang Huang *", Guo-Hui Feng *, Wan-Yu Li*, Jia-Xing Wei °

* School of Municipal and Environmental Engineering, Shenyang Jianzhu University, Shenyang 110168, China
Y College of Petroleum and Natural Gas Engineering, Liaoning Shihua University, Fushun 113001, China

Table 1
The ventilation simulation scheme.

Ventilation time Ventilation frequency (times/h)
21:00-7:00 th td 2 4 6 8 10 . . .

S (a) ventilation time 21:00—next day 7:00
23:00-7:00 the next day 2 4 6 8 10
1:00-7:00 2 44 6 8 10

i)atc



https://www.sciencedirect.com/journal/energy-reports
https://www.sciencedirect.com/journal/energy-reports/vol/8/suppl/C

@‘- Importance of bringing
high ventilation rate s szt

C{z gy fl i-f_h;
¢m

I -

Figure 2.  Basic principle of cooling by night-time ventilation.

Heat removal (%)

() 8
Air Change per Hour (ACH)

Peak temperature (°C)

Peak temperature (°C)
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Vayu Pravah as an additional tool for the energy  © e \
#

eff|<:|enc:y specially for non AC buildings ::;cx,;;;,;;;m e W 4 BEEP
_ "VayuPravah BRI R R E AT IR R ES )
,@’ - Why dldy;  Udle  (Ar
« Eco Niwas Samhita - Flow) ¢ g"?%ﬁéﬁ
. . . 2V i
* Guidance/Compliance for EONWASSIMHTA OIS, 2 « Natural (or ventilative cooling) F#ii) At
energy efficient building > : - . i
. HE 7
SIVelOpe HHE LS et & i 1z night ventilation very important giiﬁ

S for the majority of residential = pen o

« Major improvement in the fE I HATRERFE A e
orotection against overheé{%{ﬁﬁﬁﬂ%@j‘EﬁUﬁ = buildings in India and other hot ﬁ;ﬁggi
ﬁ‘

against solar heat gains ik | SRR countries not actively coole
- Reduction of heat gains across /\ﬂ\r b (ho Air conditioning)
fhe envelope, design for i « Need to remove maximum
natural ventilation openings -)UZ,[\?M_.E. -m@ heat during the night i LEAE A 8] B KPR S A

e (Rl e ss XaE XD

lower rate of AC equipment @il FAREXIF I, BRI 132 (10156 A %

. (preferably cross venftilation
« But does not deal with building & ——— - Night cool air
massing and its impact on [ & . | removes heat
natural ventilation e from the
structure

AN R SR SRR B N R B ARIE X

A Reduce peak and

average temperature \_j \_j




frah Main new features of Vayu Pravah 2.0 in a nutshell N

: ' Vayu Pravah 2.0 ] = ZL 3 ThRE R IR e oo 5 BEEP :
BEEP's freeware CFD tool Vayu Pravah 2.0 for designing building projects with better ventilation
T BE @ IR S A7 (1) 22 525 B R (SRR S FE SRR

« Vayu Pravah 2.0 is developed to provide (isothermal model = pressure and veloci’ry)%ﬁm
« Early simulation of wind patterns around buildings based on 2D dxf drawings in a very short simulation time

(few minutes for most cases) H:T =4k dxf AR, 7ERAT EASABLA [ Py o) 2 S50 Jo 6] A RS kA T B R ASE 0

« It can read building outlines, set heights, select wind velocity profile and direction at night for a given
location, and generate @ base case simulation. A VAR YA R . B B e 354 o i R AR (A ] PRI 51 T A XL ]
, . o A A UL , , ,
« It allows easy comparison of different building orientations and locations in a project at an early stage

Y Iv desian decision tool & 723 H F 3R BOG A A A S A AL B HEAT H AL
is seen as an early design decision too LA U e TR
« The meshing generation is automatic H 34 %

« Additionally, Vayu Pravah can simulate

* Internal air flows W BERAN N EA 0, T

: : TFHEALR R, BEAJTHE
« and calculate air flow across openings

« accounting for resistances like mosquito nets

* Vayu Pravah 2.0 is based on a robust simulation engine (OpenFOAM) and has a very user-friendly graphical user
interface. It has been designed to help the local town and country planning teams, architects, building designers,
and HVAC consultants calculate the natural/assisted ventilation potential of buildings
PR EE - S, Howrt H 82 5 B 730 2 AT B0, B SR v U i 3 = 8 ot e o+ St 54D 1) 98/ 4 B e XU )




SFLNT S Ve P 11 view
Vayu Pravah -&-[«-'-]iﬁ " Projectfrom | ——uf tundings (dxf

Y - 1 1 |
(o i b e, architect/client file)

L'a’'s

.
v

create a project
with a base case
L]
Prepare for
simulation
1
Perform Auromatically
approximate model saves each
(fast) simulations altermative design

1
M odify the

building layout

1

PO MM AR AL LA P LMY Qﬂan"‘ﬁ\v?
assessment of the
different allematives

Select alternative J
design to be
simulated in detail
1

Further
Detailing of the facade
element strategy

]
Develop cases wath
internal flow ona
typical floor

'

Visualisatioh of the
air flow mside the
buildimng (s)

Environment,
wind velecity.
direction, profile

]

Razeng simadeton

Velocity and presswre at
different heights,
distances generare pdf
file
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Indo-Swiss Building Energy Efficiency Project (BEEP)



: e
The background behind Vayu Pravah (2) |\

Vayu Pravah (2) 35 3% SRR o

* Commercial CFD tools are very expensive and therefore mostly out of reach for many consulting firms or architectural
offices Ml CED TRARK By S, DUH TV 2 %2 ml sl 5L 55 ok, K2R mT M A5 i L £

* Public domain CFD are available since the 2000’s but their interface and their use has kept them mostly out of reach for
practitioners ) jisinbiy CFD SL7E 2000 4EFCHE T HE, (ISR Oy i

* At the same time the importation possibilities may not correspond to the regular architectural drawings
FAHIARES B s Bl 4i A —2

* Looking at the complementary role for Vayu Pravah with Eco Niwas Samhita it was developed with a version 1
#JE%| Vayu Pravah 55 Eco Niwas Samhita FJHAMEH, JF& T 5 —fix Vayu Pravah

» After looking at the questions and using it it was decided to develop the version 2 with many more features

* During this session we are going to present the new version 2 to illustrate what’s possible to do with this software and
how to do it, then we will welcome question remarks comments in order to get first feedback

FEARR W E, BATRAGHIIEE 2 B BAUEBZ A a] DA 24 LR AT, SR 5 B TR
WO R APEE,  PAOARTGER —F i




(e - Freely distributable Computational Flvid Dynamics (CFD) tool for © i
w4y simulations of the flow around and inside a complex of buildings ... cc

and Cooperation SDC

@ TERES /1% (D) TR, ATHRBEFHEBEMARBRIERL

Il INDO-SWISS BUILDING ENERGY
SEEp  EFFICIENCY PROJECT (BEEP)

Software based on the OpenFOAM
simulation engine .|
Running on Windows 10/11 PC’s Z—N
(tested also on Windows 7, 8.1) W\
16 Gb RAM
User manual explaining how to use it .

N\

BEEP
BUILDING ENERGY
FFICIENCY PROJEC

E

|OPSC|ence Journal of Physics: Conference Series

Development of a freely distributable CFD tool for.approximate and detajled
simulations of the flow around a_complex ui Deyelopment of 3 treel
istributahle 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 .
*jean.decaix@hevsich  https://iopscience.iop.org/article/10.1088/1742-6596/2042/1/012069

Nalaz

T
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* The pictures = present
the comparison
between /& 1Ll FxiL

* The wind tunnel
measurement Xl

A commercial CFD
(Flovent from Mentor
Graphics part of i o B
Siemens Simcenterii it | 2ok
softwares)and | ==

* The free software %# cm
(OpenFOAM, used as
the simulation engine of

a-l-q-o qa—lg)- -u hu/sl'

Figure 2: wind velocity (u) just before the winward facade as a function of the height (z), the building is 25 m high at x=-11.4
m
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Vayu Pravah di¥;: UdlgScientific Development CFD model cross- R e e

comparison Flovent X< OpenFOAM using wind tunnel test cases s Agency for Develon -1

and Cooperation SDC

BUILDING ENERGY
EFFICIENCY PROJECT

BHR R CFD BRI AL > OpenFoaM fEFIRUIARS S © Flow around buildings: ALJ case G

Comparison of air flow around nine buildings (Wind
tunnel case of the Architectural Institute of Japan (AlJ

Case C)) v 50l il 1 A H
With colour matching (special development by Effinart)

Mentor, a Siemens Business FIOVENT® 3D
Computational Fluid Dynamics Software

F l o v E N T ® Figure 16 - Velocity magnitude cr:nm::]x:;1 :i t.l_lels(;ﬂution generated using FloVENT, for

Optimizing Airflow
Design by Simulation

Figure 17 - Velocity magnitude contours of the solution generated using OpenFOAM, for
plane z — 10.




Air flow inside buildings (Internal air flows)
AN ST (RHSID

Swiss Agency for Development
and Cooperation SDC

N

BEEP

UILDING ENERGY

EFFICIENCY

PROJECT

. Comparison of the velocity profile inside the simple building between
[ ]
@ CFD compdrison the wind tunnel experimental data and Vayu Pravah (environment

between wind using OpenFOAM as simulation engine with an automatic meshing
tunnel experimen’[g| algorithm, user does not have to care about it)

data and diYz; RS HIRS Vayu @ ' g - b r &R .
Pravah (f##H] OpenFOAM 1E %
Udle wpraamismms, aee. -
, ISR > FIR) T8 5
« (Jean Decaix, HES-SO dld  gs py sk 2 ith 28 11
YUdle development
: " d 1. . e - f . .
vx 1 I \ “y" » :
' H| ] . 096 X
4 L i L L . K . .
On the accuracy of CFD simulations of cross-ventilation flows for a generic isolated building: Comparison of g s abcdefyg

RANS, LES and experiments, T. van Hooff a, b, *, B. Blocken a, b, Y. Tominaga c

a Department of Civil Engineering, KU Leuven, Kasteelpark Arenberg 40 e bus 2447, 3001 Leuven, Belgium

b Department of the Built Environment, Eindhoven University of Technology, P.O. Box 513, 5600 MB Eindhoven,
The Netherlands

¢ Department of Architecture and Building Engineering, Niigata Institute of Technology, 1719, Fujihashi,
Kashiwazaki, Japan

Building and Environment 114 (2017) 148-165




* For
illustration

* Few other
studies
with
OpenFOAM

gllustration)

Some other validation/comparison modelling with © e ll\

OgenFOAM in the academic domain
16 Z R F OpenFOAM HEAT I HA— S I01E /B A GRAI

Swiss Agency for Development
and Cooperation SDC

BEER

EFFICIENCY PROJECT

Applied Mechanics and Materials Vol 554 (2014) pp 696-700 Online: 2014-06-02
© (2014) Trans Tech Publications, Switzerland

doi:10.4028/www.scientific.net/AMM.554.696

A Verification and Validation Study of CFD Simulation of Wind-induced

Ventilation on Building with Single-sided Opening

Nur Farhana Mohamad Kasim, 1, a, Sheikh Ahmad Zaki 1, b*,

Mohamed Sukri Mat Alil, ¢, Ahmad Faiz Mohammad1, d and Azli Abd Razak2, e
1Malaysia-Japan International Institute of Technology, Universiti Teknologi Malaysia, Malaysia
2Faculty of Mechanical Engineering, University Technology MARA (UiTM) Shah Alam, Malaysia
anfarhana.mk@gmail.com, b*sheikh@ic.utm.my, csukri@ic.utm.my,dafaizm12@gmail.com
eazlirazak@salam.uitm.edu.my

A D C DT

——
-

X. Zhang, A.U. Weerasuriya, K.T. Tse, CFD Simulation
of Natural Ventilation of a

Generic Building in Various Incident Wind Directions:
Comparison of Turbulence Modelling, Evaluation
Methods, and Ventilation Mechanisms, Energy &
Buildings (2020), doi: https://doi.org/10.1016/j.enbuild.

2020.110516
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N
1



http://www.scientific.net/AMM.554.696
http://www.scientific.net/AMM.554.696
mailto:anfarhana.mk@gmail.com
mailto:sheikh@ic.utm.my
mailto:sheikh@ic.utm.my
mailto:eazlirazak@salam.uitm.edu.my

“yzis Scale of simulation: district level
Ay e wix—o%

and Cooperation SDC

e Study of
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% Scale of simulation: inside buildings o
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e Visualize air flow
. o AT RAL RS A £ %< i) ,
Inside buildings M it T
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- Facade design B —

iInfluence

« Estimate the air
flow rates by
measurement
air flow across
openings




« Dense urban residential project &bt

» Building placed with long facades wind ward for the first row
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A Schematic example, influence of building massing"
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« Modification directly in the
drawing editor
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A Schematic example, influence of building massing"
EH R HIR prary-ls it o iy
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Type Sice * | Shce Showindator  Zoomd v 1200w S Vectors ¢ Ensble Dewty 0 5 Sose 200 S Generate
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« Results after re-
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« Compare the
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velocity
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- A Schematic example, influence of building mds%iﬁg
EHAE BRI s ecopeouan soc

Type Buldngs Surfaces ~
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* Wind almost
parallel to the
long facades
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A’ + Wind (visual comparison)
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Example 1 single sided ventilation
Bl 1: EOLES

A Versoes Ovenview Drawng Ecitoe
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Bl 1: BRES

e 2m/sec

No wind guide

Project: examples _a
Single sided ver 10

| BulGegs
v Show Buidegs

v Shom Buidegs Cutine widh |3 §
v Shom Farn

v Show Porous Surfaces
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@ « Flow parallel to the long facade
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Example 1 single sided ventilation
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Example 1 single sided ventilation

Bl 1: EUE

« Flow parallel to the long facade AT TS T

e 1 m/sec

roects oxamples . © Wind guiding system e
Single sided ver 9

¥ Show Buildings

fesds i Sl sided ver 9

¥ Show Buildings Outline Width |3 |+
V| Show Fans
V| Show Porous Surfaces

Enable Clipping plane

Surrounding environment
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Wind direction
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Reference wind velodty
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Reference wind height {usually 10 m)
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Use custom wind profile
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Run simulation !

1 K/#P
SRARG

' ) ' h
Cameratocs +X X 4y .Y
. .« e

Schweizerische Eidgenossensch
Confédération suisse
Confederazione Svizzer:
Confederaziun svizra

Swiss Agency for Development
and Cooperation SDC

Vetors ¥ Tradds Serwty W o L9 - erecars

Labeing ook pebooty Wegrhate Q a r~-!

at

t

BEEP

EFFICIENCY

ENERGY
PROJECT




Example 1 single sided ventilation e
Bl 1: HES St Aoy for Bvaepmens

* Flow parallel to the long facade
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% Example 1 modified with cross ventilation :
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Example 2 add a fan

1 2.

z

e
L —

Growp ty Vet pocitun
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Example 2 add a porous surface e
Bl 2: TIMEFLEE mremniee Ny BEEP
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Part

Fan
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Example 2: Simple equation for calculation of air across a window e ||\

Bernoulli Equation a refresher for an opened window without resistance e R
%l 2: IFEFSESEPRE, AZFHE

pl+1/2xrho*ul?= p2+1/2xrho*u22

if one admits that the pressure differential across the opening is from ambient to a negative pressure in the zone then the

velocity far away is ~to 0 =» so the equation p1=p2+1/2 x rho x u2  AIERIATTAI T LRI i 22 A 22 R DX B B
AR A R E 2 ~ 0

so the velocity through the opening is equal to u= sqrt(2 x DeltaP/rho)

by multipliying the velocity by the area of air passage, then one introduces a discharge coefficient (Cd) to take care of the
real conditions of the air flow pattern (restriction, edge). Generally for an opened window without any resistance the

value of Cd=0.72 is used. 3 B e L 23 AR TR, SRS BINHEE RE (Cd), DA R AR SR
BRI W) o — kYL, WAL FEE, Cd=0. 72,

Q=Cd x A x u=Cd x A x (sqrt(2 x DeltaP/rho)

Cd=0.72 A=2 m2 DeltaP=5 Pa Rho=1.2 kg/m3

Q =Cd *\,41 * 2 x DeltaP/Rho m3/sec

Q = 4.04 m3/sec for a window opened without resistance (simplified Bernoulli equation)
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Example 2: results for an opened free window S = & A
Bl 2: FFEHHEER S i Conparain 30 b L?EEF’,

FFICIENCY PROJECT
Category

Part

 Bernoulli _ T
5% 7 T . S

equation
« CdO0.72

* ) =4.04 m3/sec
for a window

opened without

resistance @ = 404 UK/ (RN T e -
BRI s e e

Bema ack at arrar peamos  Transparant

(simplified Bernoulli e
: r
equation) ——

Debete Duphcate

Part
Part

Porous Surtaces (1)
Vameal postan L30m

* Simulation with Vayu " e v

1.50 m $ 0.00¢ s 0.00

Pravah 4.26 m3/sec i |

Vayu Pravah #E404. 26 77 K/Fb 4daFar

At T

#dd Forous Surface

| Bt Parms Mades
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, Example 2: with a resistance like mosquito net==
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Example 2 visualise results (pressure)
Bl 2: FTALER ()

Swiss Agency for Development
and Cooperation SDC

Schweizerische Eidgenossenschaft
c Confédération suisse

Confederazione Svizzera

Confederaziun svizra

N

BEEP
BUILDING ENERGY
EFFICIENCY PROJECT




and Cooperation SDC

* Flow rate 2.47 m3/sec 247 siik/p
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Example 3: Ventilative cooling |\
] 3: SERAH e me el BEEP

« When the wind is not sufficient to allow natural cross-ventilation one can
add a fan ensure a high air change rate with very low power
RS UASEHL [ SRS SO RN, T DU KU, LU BTG I h 2 S i e .

« The example of areal test and simulation with Vayu Pravah
i Vayu Pravah #EATZFRI, 7EF ARMFSmart Ghar T1THEAT 56

* The experiment on areal scale at Rgjkot (Smart Ghar i)

« Objectives

« Demonstrate the feasibility of a balanced ventilative cooling system on 7 floors with

14 flats
WY G 75 7 EHE 14 AR R ATE A 5 R G AT
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« The principle of the test st

« Concept and design of a balanced ventilative cooling system wihout any
damper or other control system st & 5 a4 R S s

« Schematic concept of the system #zisik (\)

« Test bench for the exhaust component HA B#ﬂﬂJﬁ‘*

P“r
mpo ﬂ dn byth
/—\ pres w dilleranice-hanvenn the hox
and the ambsem pressure —
P 0 TN
’ [ Fresh Airintake
; Exhaust fan y '8 4 R [ (approx zero refa(:\a
# \ pressure)
4 \, /
& no velocity’ pressunzed box Na P
Roof / Roof t total
P ) (velocity negligible
A R s
Pressure = drving pressure \
( % va 1abl
}: [ DN 150 mm duct for velocity/fi m ™ ]
e T
& Iz Var@ble
—g_ vaequency dnve
differential | (VFD)
S S I LU A
4 pressure
! Flat 2 manometer
COMMON ¢ \ hot wire anemom: 10
SHAFT - measurement lﬂ 6 Estimation of
] N d«ame!d«s for flow rat
water gauge tablished profile)
diffierential scale
le 1.10
N

Conceptual sketch of assisted ventilation
through the common shaft between flats
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16h38 with pet

spead DN 0,153 m 6.50

diam 0.153
radius 0,077
p4) 3.14
Area 0.018
debval 0.120
debvolhr 430
number of exhausts 2
exhaust ¥, e total flow rate 850

At water column 1:10

om water st 4 sope of
1:10
Water mm4G

Diif manometer

— ) Carpet ares
-. - ] height

Pressurised box (no air velo

: Volume
Cover can be changed to adapt ACH

different air exhaust/supply to
be measured for their

pressure/flow characteristics Pressurised box (no air velocity) | Twin centrifugal fans
: controlled by VFD

Cover can be changed to adapt
different air exhaust/supply to
be measured for their
pressure/flow characteristics
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8
|
!

wik
i

Location of
the exhaust

it |

=

fans

t—

uoyId! lw Sea
g
[ \ T oo
|

J

Vertical shaft

-
e
-E

Summary of design and measured values of pressure at top of shaft and total
air flow rate

30'000 1) P Design at top of
_‘ shaft (Pa), -30

25'000 i

2) P measured at top
of shaft (Pa), -30.6

4) Measured total

] — 1 exhaust measurement —— 5) Measured total air —

design value (m3/hr), (m3/h), 15'500 flow through 14 flats
14000 (m3/h), 14'500

£
A

20'000 3) Total flow rate

-~
5

- -

- " :‘ - ": f s

15'000

10'000

- - - -

¢ -

5'000




Example 3: Ventilative cooling
) 3: 38 XAH]

« Modelling with Vayu Provoh

5 Vayu Pravah —jift M

« 7 flats with the

corresponding system
7/\%%%#%% 9 5Y

« A fan which generates @
pressure jump of 30 Pa

7 30Paf A BR A 05054

 Calibrated exhaust to the
shaft for 30 Pa pressure loss
Gt RS T, FE 4153 30Pa

e Total air flow: 7200 m3/h

SR 7200 75K/ /N




Example 3: Ventilative cooling
f13: BRI H et

Rajlot wer 18

3rd floor

2nd floor

- 3rdfloor ot
L s 5th floor




Example 4: analysis of the potential of ceiling fan © oo
in cross ventilation #14: @REZXHSFHE '

. i ' ' P 21 L BT _E R
,@‘ Ceiling fans are blow air vertically down or upward il Sy

« They do not generate air change at the exception of a little bit of air diffusion

* Vayu Pravah allows 1o analyse the concept on slightly inclined option and
its iImpact for improving the cross ventilation 7 i 1 Gl s 5 i ok s 2 SUs KR

o |f the fan is in vertical position as usual there is No cross flow across a room

with tw NINQS WRRE G R R FREME, o
© openings TEAT W 11 e ] B A 2 R O

* |t confirms the practice
« Fan generating 1.5 Pa pressure difference
« Downward flow i T

WU P2 AR 1. bPalf) i 2

« No cross flow i R L)
T3 X




Example 4: analysis of the potential of ceiling fan in@ross: =
ventilation  #ia. BEERXHRSFHEHI -

D o
Inclination angle of 15° from [T

horizontal downward AP B S AR 7 2 B U
P10 ACH
HEN 1 XK

« Cross flow generated with the
ceiling fan just inclined a little bit

* More than 10 ACH generated

« With a Diameter of 1 meter

width
length

free height
volume

air flow rate by ceiling fan
air flow rate by ceiling fan

Air change rate from ceiling fan




Example 5: analysis of the potential of ceiling fan single:sided Il\
ventilation #is: &msmERE M B — 'BEEP
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Center normal center inclined 15° near window inclined 15°

length
free height

volume

outdoor air flow rate by ceiling fan

air flow rate by ceiling fan

Air change rate from ceiling fan
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