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a b s t r a c t

Proper ventilation is primarily necessary in buildings and industries to provide healthy atmosphere. The
turbo ventilator is simple operating device and is available at affordable price. It removes hot gases,
fumes and bad odor by enhancing ventilation. It is observed through the available catalogues of the
manufacturers in India, that ldings and there is inadequate data and testing facilities for predicting
performance of turbo ventilators. Present study is carried out to analyze the performance of turbo
ventilator with respect to wind velocity and inlet throat diameter. This would give proper guideline to
the user to select appropriate turbo ventilator and understand the extraction capacity of the ventilator at
different wind velocities. In this work, we have made an attempt to make detailed literature survey of the
previous research in this area. The effect of throat diameter and wind velocity on the performance of
turbo ventilator is studied experimentally and using CFD software. Turbo ventilator models with throat
diameter 600, 500 and 300 mm are tested for their performance. It is observed that turbo ventilator with
lager throat diameter gives more mass flow rate and less rotational speed compared to small size ven-
tilator. It is also observed that the mass flow rate of the turbo ventilator increases with the wind velocity,
irrespective of the type of the ventilator. The simulation study has been conducted using CFD tools to
compare the experimental performance. The Experimental results for 1 m/s, 2 m/s, 3.5 m/s, 5 m/s, 7.5 m/s
and 9.5 m/s wind velocities are validated with CFD analysis. It is observed that CFD mass flow rate results
are 12% to 15% higher than the experimental results. Unique feature of these ventilators is that it remains
operational even in absence of wind flow due to stack effect.

& 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The turbo ventilator is a ventilation device which has simple
operating mechanism. It is very light in weight and is available at
affordable price. It is driven by natural wind force and is always a
preferred choice to ventilate buildings without depending on
power driven system such as air conditioning systems, electric
exhaust fans. Commercial turbo ventilator was manufactured by
Edmonds of Australia in the year 1934 [1]. These devices are
commercially available in the market since many years; however
still there is scope for further modification of ventilation device to
improve its performance. It is defined by American Society of
Heating, Refrigerating and Air conditioning Engineers (ASHRAE)
(2011) as a heat escape port located high in the building and en-
closed properly for weather tightness with the primary motive

forces being stack effect and wind induction [2].
Wind driven turbo ventilators are used in many countries, be-

cause of its very low initial capital cost. They are more consistent
than any other ventilation system. Turbo ventilator is intended to
withstand high wind speeds in unusual weather conditions. It is
made of stainless steel or aluminum, which is virtually main-
tenance free for more than ten to fifteen years.

A turbo ventilator having a number of vertical blades (curved or
straight blades) in a circular array mounted on a frame as shown in
Fig. 1.

A weatherproof dome is on top of the frame. The entire blade
assembly is mounted on the central shaft which rotates under
influence of impinging wind velocity. The shaft is mounted on the
roller bearing. When wind impinges on the surface of the curved
blades the resulting lift and drag forces cause the turbine to rotate.
Due to this rotation inside air is thrown outward direction due to
centrifugal force which produces a negative pressure inside the
turbine which extracts stale air. However with this analysis it is
seen that as air velocity increases beyond certain limits there ap-
pears slight blocking of the outgoing air. In the absence of wind, a
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turbo ventilator still remains effective due to stack effects [3] and
[4]. Dale et al. [5] studied the effectiveness of the 305 mm turbo
ventilator in improving ventilation of a room already fitted with
two soffit vents of free vent areas (0.08 m2). It is observed that
there is reduction in temperature of the room by 0.56 °C. West S.,
[6] studied the effect of blade height of turbo ventilator on the
performance. It is observed that mass flow rate increases by 13.5%,
if the vanes height of turbo ventilator is increased by 50%. Lai C.M.
et al., [7] have conducted flow visualization in and around the
turbo ventilator and found that ventilators with larger diameter
gives better ventilation rates, tested three different size ventilators
of 152, 356 and 508 mm in diameters under wind speeds ranges
between 10 and 30 m/s, but ventilation rate exhausted due to 356
and 508 mm ventilators are more or less the same. Shao Ting J.
Lien et al., [8] studied the effect of roof angle on the performance
of turbo ventilator and effect of forces on the ventilation device.
Findings show that with increase in inclination of roof angle there
is decrease in the rotational speed of ventilator which results in
minimum extraction rate at low wind speed. This is due to, forces
acting on the ventilator decrease with increase in inclination an-
gle. Ismail M. et al., [9–11] investigated the performance of hybrid
turbine ventilator for Malaysian climate conditions. The turbo
ventilator is provided with the opening of 80 mm on the top and
solar powered extracted fan at the bottom level. The inner duct of
diameter 200 mm is fitted inside the turbo ventilator. This com-
bination creates constant air flow and provides uniform distribu-
tion to extract heat effectively. It is observed that indoor air tem-
perature drop down by 0.7 °C and humidity reduced by 1.7%. Al-
Obaidi K.M. et al. [12] design and developed attic vent that pro-
vides a better solution to reduce solar heat gains trapped in a roof
attic. This paper compares the performance of attic ventilation by a
single hybrid turbine ventilator for a specific volume under both
unvented and vented conditions. The study was done in an actual
roof attic (10 m3) located in the University Sains, Malaysia. The
results showed that the reduction of the air temperature was
6.4 °C and humidity to about 40–50%. Lai C.M. et al., [13] has
conducted flow visualization of turbo ventilator with the Gas-
Tracing Technology and understand the direction of flow. The flow
of air entering the turbo ventilator moves in the same direction as

that of the rotation of the turbine and naturally becomes the force
to push on the rotation of the turbine. The left-hand side flow then
flows along the turbo ventilator to the wake region. The direction
of the flow on the right is opposite to that of the rotating turbine,
and thus becomes the defected field of airflow that blocks the
turbine from rotating. The separation of outer flow takes place and
air is forced outside which results in the up rise of air in the duct
(connected to the ventilator). KaramM. Al-Obaidi et al. [14] review
has shown that the attic ventilation strategy in Malaysia using the
hybrid turbine ventilator (HTV) is a promising technique to ven-
tilate the buildings. Author has designed and developed system
which consists of an inlet vent from the gable and outlet vent as
the turbo ventilator with curved blades of 450–500 mm diameter
in size. Shieh T.H. et al., [15] in this study, carried out experiments
by combining an air driven turbo ventilator and extractor fan
operated by solar-power. The prototype of 500 mm diameter hy-
brid turbo ventilator with inner blades fitted at bottom of the shaft
developed by Lai [7] which is replaced by the existing inner blades
with 400 mm extractor fan run on solar panel. It is observed that
with increase in the mass flow rate, rotational speed of fan in-
creases up to 1500 rpm and wind speed of up to 5 m/s. If wind
velocity goes beyond 5 m/s, the extractor fan do not contribute to
the additional airflow extraction rate.

Some researchers have worked on the geometrical modifica-
tions in the ventilator to improve the mass flow rate. For small
wind velocity the straight blades ventilator gives the better mass
flow rate as compared to curved blades ventilator. The increase in
mass flow rate is observed by increase in blade height of the
ventilator. Mounting of extractor fan at the bottom of ventilator
which was operated by external power and/or natural resulted in
no change in the mass flow rate. It was found that very little work
has been done on operating parameters like diameter at throat,
diameter of turbo ventilator for performance of turbo ventilator.
The present work aims to study the effect of throat diameter and
wind velocity on the mass flow rate. These ventilators are tested
on the experimental test rig. The CFD analysis is done to compare
the experimental results.

2. Methodology

The test rig is designed and developed to test performance of
different models of ventilators [16]. It is used to measure the mass
flow rate of the turbo ventilator. Schematic diagram of experi-
mental test rig is as shown in Fig. 2. Turbo Ventilator is placed on
horizontal roof of a fully leak proof plenum chamber. The leakage
test is performed on the test rig before experimentation. At first

Nomenclature

lps Litre per second

TV Turbo ventilator
Q Mass flow rate

Fig. 1. Turbo ventilators under test.

Fig. 2. Schematic diagram of test rig.
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