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PRINCIPLES



Why Natural Ventilation

Thermal Comfort

* Physiological cooling:
* Convective heat transfer from skin
* Evaporative heat transfer from skin

» Convective cooling: air carrying/ taking away
heat with it. Prevent overheating in summer



Why Natural Ventilation

Air Quality

. Supply of fresh air to remove indoor pollutants
. (CO,C0O2,VOCS,microbes)




How Natural Ventilation works

Wind driven Cross ventilation

_cross-ventilation
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How Natural Ventilation works Lower building heights towards windward side

B
Wind driven Cross ventilation : ventineg 5 2
Wind ilated E '§-—
Direction egion g
H Recirculation area g %
> w —

~ - Width (W) — The average distance from the building facade edges to the
shortest distance to the adjocent block.

Incase building heights cannot be varied, and
Greater wind buildings are placed one behind the other in the
shadow wind direction, following needs to be ensured.

Buildingplan
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. * W For quality outdoor
W - [_' Spaces like boulevards,
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How Natural Ventilation works

Buyoancy driven / Stack ventilation




How Natural Ventilation works

Cooling effect of Ventilation

.\@_f{ T.=36°C
=32°g \¥ * %
1.5 KW =
§ T.=33°C Indoors warmer than Outdoors
o ¥ 2 KW
To=287°C 7 0 Enough quantity / flow rate to remove
N o > B { rﬂ internal heat
NN EE— L
q 5
q — Assisted with Passive Design elements

High pressure Low pressure
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Design for Natural Ventilation
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Indespensible part of vernacular architecture



Design for Natural Ventilation

Wind Tower

Exhaust Wind = Wind Direction

Air Drawn
into Qanat

b
Cooled

\isement

Low pressure zone

Earth
Earth

Air Current (cooled b

convection and evaporation)

Water flowing in ganat




Design for Natural Ventilation

Indespensible part of vernacular architecture



Design for Natural Ventilation
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Design for Natural Ventilation

Indespensible part of vernacular architecture



Design for Natural Ventilation

8 Corcréte Tiombe wal
b Contralled went

Interior

Indespensible part of vernacular architecture



Modern Adaptation - Levaraging Mechnaical asistance with NV
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Double skin - ventilated facades and Ceiling Fans



Modern Adaptation - Levaraging Mechnaical asistance with NV

Solar chimneys and Passive Downdraft Evaporative Coolers



Modern Adaptation - Levaraging Mechnaical asistance with NV
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Modern Adaptation - Levaraging Mechnaical asistance with NV

Trickle vents in windows
Trickle vent

= in window frame
W Fresh air
‘Fi

Outside Inside

Weep/drain holes

Trickle windows and Swirl Ventilator for Fresh Air



BUT THESE FEATURES ARE
BECOMING LESS COMMON



Dissappearing Design for Ventilation - UNIVERSALIZATION OF ARCHITECTURE
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Dissappearing Design for Ventilation - Global warming and rising Pollution

/ Decarbonlzation G‘Bﬂf"ﬂ\
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Natural Ventilation
opportunity based on
Climate Classification



Thermal comfort and Ventilation
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Adaptive THERMAL COMFORT

Model Model
Predicted Mean Standard Effective
Vote (PMV) Temperature (SET)
. [°C]
conventional approach adaptive comfort approach Thermal Sensation 37.5
3 very strong heat stress
34.5
2 strong heat stress
30
1 moderate heat stress
perative Temperature operative Temperature 29°C
24°C tempered air + elevated air speed 0 I e T 256
22.2
1
slight cold stress
-2
17.5

moderate cold stress

14.5



Adaptive THERMAL COMFORT

E CBE CBE Thermal Comfort Tool Help  Other CBE tools
Z

centerror e auir enviconment  ASHRAE-55  EN-16798 Compare Ranges Upload Fans & Heat PHS

| « Complies with ASHRAE Standard 55-2023
nputs
80% acceptability limits = Operative temperature: 24.5 to 32.7 °C
Comfortable
Select method: Adaptive method v 90% acceptability limits = Operative temperature: 25.5 to 31.7 °C
Comfortable

Operative temperature .
. ; Adaptive chart

31.5 B°C Use operative temp
Prevailing mean outdoor temperature 34
33 o *C
Air speed
0.6 m/s (118 fpm) v

Set pressure  SI/IP
Local discomfort

Reset Save Reload Share

Operative Temperature [°C]

Documentation

10 12 14 16 18 20 22 24 26 28 30 32
Prevailing Mean Outdoor Temperature [°C]



Thermal comfort and Ventilation

RH_..
Humid Hat and Humid

=

= Natural Ventilation Within the 80% acceptability band 30% -70%

= Heating < Lower limit of 80% acceptability 30% -70%

g Heating and Dehumidification < Lower limit of 80% acceptability >70%

i Cooling > Upper limit of 80% acceptability 30% -70%

al ﬁﬂ]{j Comfortable Hot Cooling and Dehumidification > Upper limit of 80% acceptability >70%

?; Dehumidification Within the 80% acceptability band =>70%

m

T Humidification Within the 80% acceptability band <30%

o Heating and Humidification < Lower limit of 80% acceptability <30%
Cooling and Humidification > Upper limit of 80% acceptability <30%

Cold and Dry Dry Hot and Dry
D TL‘ TLE TLI'I TLIE

Temperature comiort Imits as per IMAC
(Range T ,-T,, and T,,-T , vary for different climates)
Figure 2: The logic for categorization of annual hours based on
temperature and humidity thresholds. Source: Manu et. al. {20186).

Source:-
LeCAVIR CARBSE CEPT



Thermal comfort and Ventilation

12 AM I ¥ I

7 AM i l‘
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January February March April May June July August September October November December

3 A
i

e
I y

% OF HOURS (TOTAL
No. Condition IN THE YEAR)
. Cold & Humid 24.9% 2182.0
Cold 4.7% 410.0
3 Cold & Dry 0.0% 2.0
4 Humid 19.4% 1703.0
5 Comfortable 15.2% 1333.0
6 Dry 3.2% 277.0
Hot & Humid 5.6% 493.0
Hot 16.3% 1430.0
Hot & Dry 10.6% 930.0

100.0% 8760.0



Thermal comfort and Ventilation - Different Climates in India

H&D C C H&D W&H W&H W&H W&H
8,760
7,300
5,840
4,380
2920
1,460

Ahmedabad MNew Delhi Hyderabad laipur Murnbai Chennai Kolkata Pune

Ma. of Hours

=

B MNatural Ventilation W Cooling W Heating and Humidification M Out of IMAC Range

H Cooling and Humidification  m Cooling and Dehumidfication B Humidification
B Dehurnidification B Heating B Heating and Dehumidification

Figure 3: Number of comfort hours in o year for different operating modes as per IMAC-MM for eight Indian citfes.

Source:-
LeCAVIR CARBSE CEPT



Thermal comfort and Ventilation - San Francisco Climate Zone 3C (Warm Marine)

Natural Ventilation Potential:

Climate Analysis: San Francisco
Our building in San Francisco

2500 100%
90% -— wm+ Large windows
2000 - ®Too hot 80% - =Small windows
E = Too cold 70%
: 1500 - ®Too humid » 60%
.: bl
= = NV viable 3
s _gﬁﬂ%
g 1000 2= 40% -
Io 30%
500 20%
10% -
0 1 T 7 T T i U% = e 1 oo T Y T L T T T e, T =
A P >R T DA LS P Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
R I S i I
Temperature (F)

NV potential:

NV viability 73% of year - 43% of year (small windows)
- 59% of year (large windows)

Source:- BuildingGreen.com



Natural ventilation for
thermal comfort

- Wind driven Cross
ventilation




Wind driven Cross ventilation
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Mode of Operation - Mixed Mode

Windows open for fresh air

Ventilation for Air quality
Ventilation for thermal comfort T <T;

Mixed Mode

35.00

Window openings designed

.

J i [;EJ:\\[ < G 33.00
T I z : 31.00
- -l..u'., -."
E k) — a \I-l 29.00 “/\
Y 27.00

and operated to achieve min.
fresh air requirement.

'1-"‘..“ -------
Lt B e 7 N 25.00
| 23.00
|_ I 21.00
| 19.00
17.00
Concurrent mixed- mode MM - (AC+NV) 15.00
™ o0 owy O W e D s o MW T WD
= M W WD D N MM W M gD N W
L B B I I I I I T o B

o B+ band R AM - band

273
290

307

324
341

[ ]

358



When to ventilate?

| Night Flushing throughout the year from 12am to 7am |

1mpeM's
January

it

MEe e

February

March April

May

7-9am - NV

Sam-5pm MM

August September October November December

June July

7-10am -

NV

10am-5pm

MM

31

Condition

Cold & Humid

Cold
Cold & Dry

Season 1- (Jan to March)

% OF OCCUPIED HOURS
1.3%
0.0%
0.0%

Hrs.
51.0
1.0
0.0

Humid
Comfortable

27.3%
7.3%

1097.0
292.0

No.
4
5
6

Dry

0.0%

0.0

Hot & Humid
Hot

5.4%
58.0%

216.0
2329.0

Hot & Dry

0.7%

29.0

Season 2- (April to September) Season 3- (October to December)

Thermal comfort map - IMAC Mixed mode

Natural ventilation only with Fans. AC will be off.
Maximum flow rate will be derived from maximum internal load of the buildings

Limited NV:
Maximum flow rate for only meeting minimum fresh air requirements.




Wind driven Cross ventilation

4. Wind Patterns on site

Warm winds — Pre ferably have a
tree buffer and avoid o penings to
reduce heat gains from this direction

= Preference 1
- Preference 2

Favorable and Predominant Wind Directions for
increasing Thermal comfort through Natural ventilation.
Windows and Openings should be placed along this
direction to focilitate unobstructed movement

170°-225°

Predominant Wind Direction for Building blocks

—— Preferonce 1
Proferance
oo Wi angle for OFD

w L e
. : — .._r'_:'.-"N HE
il § // - — ?6 . L
| | Frur SRR
e[ NGETDN ) ||| |-
e (U "

ESE

SEE

Annual wind rose
Wind speed > Tms-1
DBT<35°C

Inputs for CFD
Wind direction: 2107
'Wind speed : 3ms-*



Wind driven Cross ventilation

CFD Analysis | Primary block
Analysis & Recommendations

High wind zone area: Outdeor play area con be ploced e s

High potential of cross low due to breaksand volds in the form. 'IllllllllllllllllllI_Tllll

Enhanced airflow in corridors due te staggered breaks inthe bullt- e
form.

Air movement observed even in the corridors facing leeward side due
to pressure difference induce by irregular & tapered voids.

RN NN NSRS R EEEEEE N

The aspect of the courtyards
allow for the winds to regain
its momentum towards the
ground hence, air movement
can be observed inthese
spaces even when in the
leeward wind direction.
[Canyon effect)

) HIW>2, referred W,

For quality outdoor s

{—.._ b Spaces like boulevards, i -1
_,-o-’j =

= Plazas, playfields a.—_u_-.
0




Wind driven Cross ventilation

How to size Windows?



Calculate Heat Load

Qvent = CpaAT =pa'vr'cpa'AT

Heat from :-

1. Envlope - Glass, Walls, Roof, floors
2. Occupants

3. Equipment

4. Lights

THIS HEAT NEEDS TO BE REMOVED

High pressure Low pressure



Calculate Flow rate

Qvent = CpaAT =pa'vr'cpa'AT

Space (type and Typical Week (October) Typical Week (October) Hot Week (May) | Hot Week (May)
Location) 8-9am 10-12pm 8-9am 10-12pm
Avg. Heat Air changes Avg. Heat gains Air changes Avg. Heat gains Avg. Heat gains
gains (W) required (W) required (W) (W)
Activity room 1 1410 15 1640 10 1420 1880
(circle West facing)
Activity room 2 1800 19 2690 27 1950 2900
(Square West facing)
Activity room 3 1440 12 1605 15 1550 1790
(Octagon East facing)
Activity room 5 1500 13 1544 12 1600 1790
(Square East facing)
Activity room 5 1370 4 1500 6 1470 1600
(Circle East facing)




Calculate Window Size

W< 5H
ﬁ

)
=

F Y

H

Reference : CIBSE AM10 - Natural Ventilation Design

e

A = Total opening area m2

q = Flow rate m3/s

Cd = Discharge Coefficient

U = Wind speed adjusted for height m/s
ACp = Pressure difference between
windward and leeward side



Calculate Window Size

ACp = Pressure difference between
windward and leeward side

Table 3.5 (iv) Wind Pressure Coefficient Data

Low-rise buildings (up to 3 storeys)

Length to width ratio: 2:1 5
Shielding condition: Exposed 3 1 4
Wind speed reference level: Building height
Wind Angle
Location Wind Angle
0° 90° | 135° | 180° | 225° | 270° | 315°
Face 1 0.5 05 | 08 [ -07 | 08 | -05 0.25
Face 2 0.7 05 0.25 | 05 025 | 05 | -0.8
Face 3 0.9 0.6 02 | -09 | -06 | -035 | 06
Face 4 -0.9 035 | 06 | -0.9 0.2 0.6 0.2




Calculate Window Size

U = Wind speed adjusted for height
m/s

U=U,,.qn k 2°
Umean: wind speed at weather station
at 10m height

z is the building height

k and a are constants

Terrain Coefficient

k a
open, flat country 0.68 0.17
country with scattered wind breaks 0.52 0.20
urban 0.35 0.25
city 0.21 0.33
On-site Weather station
wind profile wind profile
E Measured
E velocity
E I ittt T e R
[0
T
Building
---------- .P- -y . ;
Actial height
velocity

Figure 12.7 Influence of Wind Profile and Terrain

Characteristics on Local Wind Speed




Calculate Window Size

Cd = Discharge Coefficient

Ap;= Fyy- Ry-Apy g7 (4.2)
where B, and F, are the external and internal hydrostatic
pressures respectively at ground level (Pa), Ap, is the
density difference at ground level (kg-m™), g is the
gravitational force per unit mass (m-s%) and z, is the
height of opening 7 above ground level (m).

The density difference is defined by:

Apy = P~ Py (4.3)

CIBSE AM10 Manual Page 40

Cd

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

Windows




Planning Window design

Based on the inferences from the Daylight and Shading mask analysis and the requirements for Natural ventilation, a window design scheme is worked out following a series of
optimization studies. This window design scheme adequately serves all the purposes and allows for optimum Visual and thermal comfort.

Total
{2.2m)

WINDOW ELEVATION

(1m)

Daylight
window
(0.35m)

Visio
window
opaque
(0.75m)

sill (0.2m)

S—

Fixed Glass

WINDOW SECTION

As per the Calculations for Natural ventilation,
a minimum of 8m2 of window area must

be operable to create air changes of 10-15
per hour.

Option 1 — Casement windows with Stays

with Insect
mesh

Fixed Glass/
Opaque

Kid’s height
(1.2-1.4m)

Option 2 — Double sliding window




Testing Window design

Inlet and outlet at low height. Inlet at moderate height and outlet at higher level

Windows opening at 0.75m from the ground allow a better air distribution compared to lower level. The air in case
of lower windows sinks further and can only be felt till 300mm from the flooring level.



Natural ventilation for
thermal comfort
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Buoyancy driven
ventilation




Buoyancy driven Ventilation

INDIA
Climate Zone Map
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Modes of Operation - NV
Ventilation for thermal comfort T ,<T;

MNatural Ventilation

35.00
33.00

31.00 e
79.00 \
: 5 z T 27.00
E 3 Fi ! §
L £% \L, 25.00
Windows open for fresh air ik 23.00

I L

'u--i.'_ . '..- ------- ey, '?’I'—'\ 21.00
Window openings designed  +_ T i % % """ 19.00
and operated to achieve min. f T 17.00
fresh air requirement. % ﬁ 15.00

Natural Ventilation (NV)

L I W oun oM

" =+ = e T = N L
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358

w1+ hand  e—hY- band



Buoyancy driven Ventilation

High temperature - Low density

= w il I+ w |

Low temperature - High density



Buoyancy driven Ventilation
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Buoyancy driven Ventilation

: i Openable Window
Louvered Window: _ RS
----- i T Louvered Ventilator
Louvered Ventilator

Openable Window

Fixed Ventilator

Openable Window

Openable Ventilator

Typical Dwelling Unit

Openable Window

Louvered Ventilator

Openable Window 1
Fixed Ventilator
0.00

Typical Corner Unit



Buoyancy driven Ventilation Reference : CIBSE AM10 - Natural Ventilation Design

Figure 4.9 Case 1: single-sided ventilation, two identical openings Figure 4.11 Case 3: single-sided ventilation, single opening, driven by
driven by buoyancy alone wind alone

T;= internal temperature (°C)
- AT = difference between the internal and external
1 q ||{TI+2?3) air tem.perétures (K) |
C; 1||| ATgh g= gravitational force per unit mass (m/s?)
h = height between the openings (m)




Buoyancy driven Ventilation

Single Sides SINGLE Vent by Buoyancy Alone

e
= Req. . Present window
5 Ar::af Flow |Discharg| Temp ACH Optimize | Window e Rt
| Rate | eCoeff | Diff d window Dimension eq
| Space Opening window area _ _
= mE (F s AT e LN ~TT T Fomd Ventiator
2 A q cd DeltaT | AcH A ! h
O |Living i
e 0.09 0.65 2 0.9 (1.35 Satisfied
8 Room 1.21
T [service 0.02 | 0.65 2 207 |09 |23 Satisfied
O [Bedroom 0.09 | 0.65 2 146 [1.22(1.2 Satisfied , 148 s
0.05 0.65 2 1.09 0.91]1.2 Satisfled | = pApanshie ve e el T :
Typical Dwelling Unit
Single Sides SINGLE Vent by Buoyancy Alone
Reqg. Present window
- Ar::ui Flow |Discharg| Temp ACH Optimize | Window area vs Required
£ Rate |e Coeff| Diff d window Dimension e
| Space Opening window area
£ m2 m3fs K ACH m2 m m
g A q cd DeltaT | AcCH A i | n
5 Bedroom 0.09 0.65 2 2.18 1.2211.79 Satisfied
gLiving 009 | 065 2 0.75| 1.6 Satisfied
S Room 1.2
0.05 0.65 2 1.09 091]1.2 Satisfied
Service 0.02 0.65 2 2.07 09|23 Satisfied

Typicol Corner Unit



Buoyancy driven Ventilation

/: 1.46 sqm

Assesment for Thermal comfort

0.5 sgm

12 AM

Fixed Ventilator Rr &PM

12 PM

6 AM

12 AM

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Comfart (hr)
dow:0.9 sgm 1/1 to 12/31 between 0 and 23 @1

r: 0.3 sqgm

Comfortable hours - 6187 Hrs

Typical Corner Unit



Buoyancy driven Ventilation with Mechanical assistance

Operative Temperature Ventilation- Air change rate
38.00 20.00
15.00 A
37.00 10.00 ¢
5.00
36.00 0.00

1 2 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24

35.00 == ACH Without Mech vent === ACH with Mech vent
Vent on - 7pm to 7am
O 34.00
g
=}
®© 33.00 z Cross Air Flow
o ACC Wall ACH Increase by 40%
g’ I~ T "% Avg Temperature L]
\ : S
lcI_J 32.00 ; difference is 0.3- 0.5° C :
1
- :
1 . .
1 1
31.00 ; : i
1 ik 1
| 1
1
30.00
29.00
28.00
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hours
e A\|| PCS QT e===== Baseline OT === Baseline OUTdoor DBT Mechanical ventilation

Shading Reducing
the Radiative gains

o———-—--

Ventilator Increases the ACH



Temperature inside the
25°C whole house

Hot Air
Exiting

35°C Hot Air
Exiting

Stack effect



Solar Chimeny and Earth Air Tunnels

INDIA

Climate Zone Map
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Stack effect - Earth Air Tunnels

High Thermal Mass
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Modes of Operation - AC

Ventilation for Air quality
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DOAS system with energy
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Modes of Operation - AC

Minimum ventilation rates of ASHRAE 62.1

People Outdoor Air Rate

Area Outdoor Air Rate

Default Values

Occupant Den-

Combined Outdoor Air Rate (see

Rp R4 sity (see Note 4) Note 5)
cfm/person L/s*person cfm/ft? L/s*m?* #/1000 ft? cfm/person L/s*person
Occupancy Category Notes (#/100 m?)

Educational Facilities

Daycare (through age 4) 10 5 (.18 0.9 25 17 8.6
Classrooms (ages 5-8) 10 5 0.12 0.6 25 15 74
Classrooms (age 9 plus) 10 5 012 0.6 35 13 6.7
Lecture classroom 75 38 0.06 0.3 65 8 43




Stack effect

i
—>
Z=115m
Te=259C
a4 Aa=8-3m
4 2=51m
#=1-B5m

;= 0448 md-5?

P ;= 0448 mi-g"

I

o ;= 0448 mis?

h=28°%

— external temperature: Ty =25 °C

— internal temperature: T; = 28 °C

— temperature difference: AT, =3 K

— wind speed: U =0 m/s

— dynamic pressure: 0.5 p U2 =0 Pa

— reference density: p, = 1.2 kg/m?3

— density difference Ap,= 0.01208 kg/m?3
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Earth Air Tunnel sizing

Q= h, XAXT,,

Where,

® ()= is the cooling load.

e h, = is the heat transfer coefficient.

e A = surface area of heat exchanger from where heat will be exchanged between the pipe and the soil.
® T, = logarithmic mean temperature difference.

A Ta
AT
Temp.
=11
gl
y N a2
-
T f
D>
Lenght of heat exchanger
e T, <T,, this happens mostly during winter
A T, ~ ’L
A 4 a2
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Ventilation for Air Quality
Outdoor CO2 levels

* Concentration of CO2 in earth’s atmosphere is measured at
certain locations globally.

* The average maximum CO2 concentration recorded lies between
400-418 ppm recorded in March 2021.

* The graph extrapolates data using scientific calculations to
estimate the CO2 ppm levels in different locations in India.

* For Delhi, the outdoor CO2 level can be assumed to lie in the
range of 400-405 ppm
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Ventilation and Air Quality
Measured and simulated data

Concentration PPM

Typical Co2 concentration
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Time of the day

ECD

= Education dept === Common area == Water dept

== Meeting room === Break room Manager

e Admin

On-site measurement
with AC (windows and doors closed)

Time of No. of TVoC
Room measurem Temperature CO2
Occupants ppb
ent
Meeting room 13:37 pm 4 27°C 1569 | 952 ppm
ECD room 13:37 pm 30°C 59% | 759 ppm
Manager's room 26°C 63% |920 ppm
Education room 3 27°C 51% | 680 ppm
Water & sanitation
2 NA — AC off 1207

dept Co 07 ppm
Admin dept 2 NA — AC off 1081 ppm
Common area 14:30 pm 3 28°C 65% (1257 ppm




Ventilation and Air Quality
Measured and simulated data

Fresh Air /person

(m3/s) 0.0025 As per ASHRAE 62.1 Minimum
. . 0.0003
Air During (m3/s)
Occupied Hours
Nominal Number of Zone Fresh air
Volume |[Area [m2] ACH
Occupants [m3/h]
[m3]
ECDROOM 1 45.32 15.11 25.8588 0.6
MEETINGROOM 14 141.8 47.27 178.6716 1.3
BREAKROOM 4 27.34 13.02 49.2516 1.8
ADMIN 3 46.94 15.65 43.632 0.9
WATER DEPT 3 46.84 15.61 43,5888 0.9
COMMON AREA 2 79.21 26.4 46.332 0.6
EDUCATION DEPT 4 59.26 19.75 56.88 1.0
MANAGERS CABIN 2 33.74 11.25 30.33 0.9

CO2 sensors to raise an alarm for opening windows

https://tinyurl.com/uzh59myd
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