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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,CO2,VOCS,microbes)



How Natural Ventilation works

Wind driven Cross ventilation



How Natural Ventilation works

Wind driven Cross ventilation



How Natural Ventilation works

Buyoancy driven / Stack ventilation



How Natural Ventilation works

Cooling effect of Ventilation

Indoors warmer than Outdoors

Enough quantity / flow rate to remove 
internal heat

Assisted with Passive Design elements



PRACTICE



Indespensible part of vernacular architecture

Design for Natural Ventilation
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Design for Natural Ventilation

Indespensible part of vernacular architecture



Modern Adaptation - Levaraging Mechnaical asistance with NV

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

Earth Air tunnels



Modern Adaptation - Levaraging Mechnaical asistance with NV

Trickle windows and Swirl Ventilator for Fresh Air 



BUT THESE FEATURES ARE 
BECOMING LESS COMMON



Dissappearing Design for Ventilation - UNIVERSALIZATION OF ARCHITECTURE

India Dubai London



AIR CONDITIONING
=

AIR TIGHTNESS
=

SUPER INSULATED



Dissappearing Design for Ventilation - Global warming and rising Pollution



Natural Ventilation 
opportunity based on 
Climate Classification



Thermal comfort and Ventilation



Adaptive THERMAL COMFORT



Adaptive THERMAL COMFORT



Thermal comfort and Ventilation

Source:- 
LeCAVIR CARBSE CEPT



Thermal comfort and Ventilation

January February March April May June July August September October November December

7 AM

5 PM

12 AM

11 PM

No. Condition
% OF HOURS (TOTAL 

IN THE YEAR)
1 Cold & Humid 24.9% 2182.0
2 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
7 Hot & Humid 5.6% 493.0
8 Hot 16.3% 1430.0
9 Hot & Dry 10.6% 930.0

100.0% 8760.0



Thermal comfort and Ventilation  - Different Climates in India

H&D H&DC C W&H W&H W&H W&H

Source:- 
LeCAVIR CARBSE CEPT



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

Source:- BuildingGreen.com



Natural ventilation for 
thermal comfort

- Wind driven Cross 
ventilation



Wind driven Cross ventilation

Warm Humid Climate



Mode of Operation - Mixed Mode

Ventilation for Air quality
Ventilation for thermal comfort To<Ti



When to ventilate?

Thermal comfort map - IMAC Mixed mode



Wind driven Cross ventilation



Wind driven Cross ventilation



Wind driven Cross ventilation

How to size Windows?



Calculate Heat Load

To = 28 °C

1.5 KW

2 KW

Ti = 33 °C

500 W/m2 Ts = 36 °C

Ts = 32 °C

Qvent  = � Cpa ΔT   = ρa · Vr · Cpa · ΔT

Heat from :-
1. Envlope - Glass, Walls, Roof, floors
2. Occupants
3. Equipment
4. Lights

THIS HEAT NEEDS TO BE REMOVED



Calculate Flow rate

Qvent  = � Cpa ΔT   = ρa · Vr · Cpa · ΔT



Calculate Window Size

A = Total opening area m2
q = Flow rate m3/s
Cd = Discharge Coefficient
U = Wind speed adjusted for height m/s
ΔCp = Pressure difference between 
windward and leeward side

Reference : CIBSE AM10 - Natural Ventilation Design



Calculate Window Size

ΔCp = Pressure difference between 
windward and leeward side



Calculate Window Size

U = Wind speed adjusted for height 
m/s

U=Umean k za

Umean: wind speed at weather station 
at 10m height

z is the building height

k and a are constants 



Calculate Window Size

Cd = Discharge Coefficient

CIBSE AM10 Manual Page 40



Planning Window design



Testing Window design



Natural ventilation for 
thermal comfort

Buoyancy  driven 
ventilation



Buoyancy driven Ventilation

Warm Humid Climate



Modes of Operation - NV
Ventilation for thermal comfort To<Ti



 Buoyancy driven Ventilation

High temperature - Low density

Low temperature - High density



Buoyancy driven Ventilation



 Buoyancy driven Ventilation

Qvent  = � Cpa ΔT   = ρa · Vr · Cpa · ΔT



Buoyancy driven Ventilation

TI= internal temperature (°C) 
∆T = difference between the internal and external 
air temperatures (K)
g= gravitational force per unit mass (m/s2) 
h = height between the openings (m)

Reference : CIBSE AM10 - Natural Ventilation Design



 Buoyancy driven Ventilation



Buoyancy driven Ventilation

Assesment for Thermal comfort

Comfortable hours - 6187 Hrs



Buoyancy driven Ventilation with Mechanical assistance
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Stack effect



Solar Chimeny and  Earth Air Tunnels

Hot and Dry Climate



Stack effect - Earth Air Tunnels



Modes of Operation - AC

Ventilation for Air quality



Modes of Operation - AC

Minimum ventilation rates of ASHRAE 62.1



PC LAB  MTECH BUILDING ENERGY PERFORMANCE CEPT 
UNIVIERSITY 62

Stack effect

— external temperature: TE = 25 °C
— internal temperature: TI = 28 °C
— temperature difference: ∆T0 = 3 K
— wind speed: U = 0 m/s
— dynamic pressure: 0.5 ρ U2 = 0 Pa
— reference density: ρ0 = 1.2 kg/m3

— density difference ∆ρ0 = 0.01208 kg/m3
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Earth Air Tunnel sizing



64

Ventilation for 
Air Quality

PC LAB  MTECH BUILDING ENERGY PERFORMANCE CEPT UNIVIERSITY



Ventilation for Air Quality



Ve n t i l a t i o n  a n d  A i r  Q u a l i t y
M e a s u r e d  a n d  s i m u l a t e d  d a t a
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Time of the day

Typical Co2 concentration

Meeting room Break room ECD Manager
Education dept Common area Water dept Admin

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

Room
Time of 

measurem
ent

No. of 
Occupants Temperature TVoC 

ppb CO2

Meeting room 13:37 pm 4 27°C 1569 952 ppm

ECD room 13:37 pm 1 30°C 59% 759 ppm 
Manager's room  2 26°C 63% 920 ppm

Education room  3 27°C 51% 680 ppm

Water & sanitation 
dept   2  NA – AC off  1207 ppm

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



Ve n t i l a t i o n  a n d  A i r  Q u a l i t y
M e a s u r e d  a n d  s i m u l a t e d  d a t a

Average Outdoor 
Air During 

Occupied Hours

Fresh Air /person 
(m3/s) 0.0025 As per ASHRAE 62.1 Minimum 

ventilation standardsFresh Air /space 
(m3/s) 0.0003

Nominal Number of 
Occupants

Zone 
Volume 

[m3]
Area [m2] Fresh air 

[m3/h] ACH

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 0
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Typical Co2 concentration - windows and doors open

Meeting room Break room ECD Manager
Education dept Common area Water dept Admin

AC is switched off and 
windows open to make 
Co2 fall below 1000 ppm

https://tinyurl.com/uzh59myd

CO2 sensors to raise an alarm for opening windows



Thankyou


