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ABSTRACT

Motorized road transport is a significant contributor to poor air quality as well as to the carbon
footprint which can be alleviated by a well-designed public transport system. Passenger thermal
comfort, especially in warm/hot and humid climates, and safety related to virus transmission, affect
the attractiveness of public transport. Thermal comfort can be augmented by air-conditioning
which is energy intensive and increases the carbon footprint. Most buses in low/middle income
countries where such climates are common not air-conditioned, have open windows, and are
crowded. Open windows improve airflow inside the bus and augments thermal comfort. The
airflow in these buses with passengers has been studied minimally and an understanding of this

airflow can give insights into thermal comfort and airborne virus transmission.

Experimental and numerical investigations have been performed on a naturally ventilated open
window bus to understand: (i) the effect of ground condition (moving vs stationary) on flow pattern
around a bus, (ii) flow pattern in an around closed and open window bus with passengers, (iii) air
borne virus dispersion inside an open window bus, and (iv) change in flow pattern and thermal

comfort in an open window bus with ventilation interventions (slots and deflector).

The two simulations with stationary or moving ground for a closed window bus show that the
ground boundary conditions weakly affects the flow pattern on the top and sides with minor
changes below the floor and in the wake. For this reason, the ground condition is not likely to

influence the cabin airflow when windows are open.

The time-averaged flow structures on the top and bottom, and in the wake are almost similar for
closed and open window buses. The time-averaged flows at the sides are very different when
windows are open as against when they are closed. With open windows, the flow enters the cabin
from the rear windows and exits from the front windows and interacts with the oncoming
freestream flow and alters the flow structure significantly by forming multiple vortices. Mean
velocities inside the cabin are less than 1 m/s. The instantaneous flow around the bus is highly
unsteady and three-dimensional. At the top, bottom and sides, multiple sub-vortices are formed in
separation bubbles for both Cases. The wake region for both is characterized by multiple sub-

vortices and these are affected by window openings. The interior flow structures are affected by



the seated passengers which results in formation of recirculation zones in the vicinity of passengers

and in the aisle.

The dispersion of sub-micron particles, representative of virus emanating from the face mask, was
studied. Passengers at the window seats in the last rows are safe as they experience outside airflow
on their faces. However, if these passengers are infected, they can spread the virus to passengers
seated ahead of them. At other seats, an infected passenger could transmit the virus to adjacent

passengers. Hence, leaving alternate seats vacant is desirable.

The introduction of one front slot and two rear slots substantially increases flow velocities inside
the bus. The number and extent of the separation bubbles at the bus sides decreases. The extent of
top and bottom separation bubbles and the wake region are smaller. The drag coefficient decreases
by 8 % compared to the open window bus without these slots. Introduction of a deflector along
with front and rear slots, and closing of front windows improves air velocities at passenger faces.
The drag coefficient is unaffected. These interventions substantially improve flow over passenger

face that enhances thermal comfort in hot and humid climates.

Keywords: Open window bus, ground condition, numerical simulation, wind tunnel, air borne

virus dispersion, ventilation interventions.
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Density

Viscosity

Chord to thickness ratio

Reynolds number

Distance between wall and first cell
Largest of three-direction spacing
Detached eddy simulation constant

Shielding function

Ratio of model length scale and wall distance

eddy viscosity
Kinematic viscosity
Karman constant
Streamwise velocity
Transverse velocity
Spanwise velocity
Free stream velocity

Length of the bus
Height of the bus
Width of the bus

Drag coefficient
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