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3,000 Years of Airflow Design, Now Validated by CFD
Simulation

Courtyard ventilation patterns match what computational fluid dynamics predicts. Exactly.

At a Glance

Courtyard ventilation in Mughal gardens follows the same convection patterns CFD simulation predicts. Air
heated in the courtyard rises. Cooler air from covered colonnades flows in. No fans. Just thermal
buoyancy. Three millennia of field-tested engineering. [1]

Deep Dive

Mughal architecture in India (16th-18th centuries) integrated three thermal systems: (1) Courtyards as
thermal mass and ventilation drivers. (2) Water features for evaporative cooling and humidity. (3) Masonry
walls for thermal buffering across 9-month heat seasons. The resulting buildings maintained occupant
comfort without mechanical systems across India's March-to-November heat period. [1]

Courtyard convection operates on the Boussinesq approximation: density differences created by
temperature variation drive air movement. When a courtyard surface is heated by solar radiation, the air
immediately above it warms. Warm air has lower density (approximately 1.17 kg/m3 at 40°C versus 1.29
kg/m3 at 15°C). This density difference creates an upward buoyant force. The heated air accelerates
upward. [2]

As air leaves the courtyard vertically, it creates a pressure deficit at ground level. Cooler air from
surrounding shaded colonnades (temperature typically 5 to 8 degrees Celsius lower than courtyard due to
shade) flows in to replace the rising air. This inflow carries cooler air into the courtyard. The process is
self-sustaining as long as solar radiation maintains the temperature differential. [3]

CFD validation of historical courtyards (IIT Bombay, 2020; Raj Rewal Architects, 2019) showed that
Mughal courtyard designs generated air movement rates of 0.3 to 0.5 metres per second at occupant
height, equivalent to 0.54 to 0.9 metres per second air velocity during peak solar hours. This is perceptible
to humans and measurably improves evaporative cooling from human skin. [4]

Water features (tanks, fountains) amplified this effect by adding evaporative cooling. Water surface
exposure to sun causes evaporation, which cools the water body and the air immediately above it. This
cool air, denser than surrounding courtyard air, creates a secondary convection cell, further driving
ventilation. Combined, courtyard solar heating + water feature evaporative cooling maintained thermal
comfort even during peak afternoon heat. [5]

Why modern buildings abandoned this: Mechanical air conditioning offered controlled, predictable comfort
at the expense of natural ventilation dependency. Buildings became sealed to allow thermostatic control.
Courtyards were eliminated to maximise usable floor area. The engineering was forgotten. [6]

Biothermal Microconditioning rediscovers this: Areca palm clusters serve as scaled-down, portable
versions of water features and thermal mass. Evapotranspiration from plant clusters produces local
cooling and humidity, mimicking the effects of historical water features. Shade from plant canopies



protects from solar radiation, mimicking jalis and deep overhangs. Combined with natural ventilation where
possible, modern offices can approach the thermal comfort of courtyard buildings. Easy Retrofit. One day
deployment. Sensible by nature. The three-thousand-year insight returns. [7]

Summary

Computational fluid dynamics (CFD) is a mathematical tool for predicting air movement through spaces.
Modern architects use CFD to verify courtyard ventilation will work. When they run these simulations on
historical courtyards in India, the predictions match the actual designs exactly. The historical designers,
working 500 years ago without computers, optimised the same thermal principles. [1]

The mechanism is stack ventilation. A courtyard exposed to solar radiation heats throughout the day. Air in
the courtyard becomes less dense (warmer air is less dense than cool air) and rises vertically. This creates
a low-pressure zone at courtyard level. Air from surrounding covered colonnades, which remain cooler
because they are shaded, flows in to replace the rising air. The result is continuous ventilation without
pumps. [2]

The geometry is precise. Courtyard width, colonnade depth, opening sizes, and surface materials all
interact to control ventilation rate. A Mughal courtyard 30 metres across with colonnades 8 metres deep,
surfaced in stone and water features (which absorb heat), maintains a predictable convection pattern. CFD
models confirm this pattern. [3]

In March-to-November Indian heat, this ventilation system maintained thermal comfort in spaces before air
conditioning existed. The occupants were not cold. They were adaptively comfortable in the spaces that
the architecture provided. The engineering was validated across centuries. [4]

Biothermal Microconditioning returns to this insight: thermal comfort comes from thoughtful interaction
between occupants, plants, light, and airflow, not from oversized mechanical systems. Areca palm clusters
in entry zones, combined with natural ventilation and shade, recreate courtyard principles in modern
offices. Easy Retrofit. One day. Sensible by nature. Three thousand years of physics. [5]



